MS-165C
MU-1651

SWEEP TIME,/bly

$ TRIO




<Note >

Differences of the MS-1650, MS-1650A, and MS-1650B

* Function * Circuitry
The MS-1650A is the MS-1650 plus FREE RUN func- The MS-1650A is the MS-1650 plus the FREE RUN unit
tion. The MS-16508B is basically the MS-1650A quad- (X77-1230-00). The MS-1650B is the MS-1650A plus
trace digital memory scope plus FREEZE function. the VERTICAL SUB UNIT (X73-1470-00) and
1 MHz fixed read out function, expanded memory posi- HORIZONTAL SUB UNIT (X74-1330-00) units.

tion range, control signal output lines for the MU-1651,
and memory waveform input connectors (BNC type)
from the MU-1651. Its memory is backed up with big
capacitor and, therefore, no battery compartment is pro-
vided for.
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SPECIFICATIONS; MS-1650B

CATHODE RAY TUBE
Type
E2713B31A
Acceleration voltage
Approx. 2 kV
Display area
8 divx 10 div (1 div=9.5 mm)

VERTICAL AXIS
Sensitivity
10 mV/div — 20 V/div, 5%
Attenuator
10 mV/div — 20 V/div, 1-2-5 sequence
11 ranges, fully adjustable
Input impedance
1MQ, £5%
Frequency response
Oscilloscope

26 pF =3 pF [22 pF +4 pF]

DC: DC-10 MHz (—3 dB)
AC: 2 Hz-10 MHz (-3 dB)
DC: DC-250 kHz (—3 dB)
AC: 2 Hz-250 kHz (-3 dB)

Digital memory

Rise time
35 ns (Oscilloscope operation)
Maximum input voltage
600 Vp-p or 300 V (DC+ AC peak, at 1 kHz)
Operating mode
REAL: Oscilloscope operation or memory free-run
DUAL: Real time and memory waveforms, dual trace
operation (CHOP mode of approx. 500 kHz)
MEMORY: Memory waveform readout
X-Y: X-Y scope operation

A/D CONVERTER
Resolution
8 bits
Conversion system
Successive Approximation type A/D converter
Scale-over
8 div vertical scale

SWEEP CIRCUIT

Sweep system

Trigger sweep (NORM), auto sweep (AUTO)
Sweep time

1 wus/div — 1 s/div, +5%

1-2-5 sequence

19 ranges, fully adjustable
Magnifier

X5 MAG+=10%
Linearity

Less than 3% (5 ps/div — 1 s/div)

Less than 5% (1 ps/div — 2 ps/div)

{

1: The item bracket is for MS-1650A

SYNC CIRCUIT
Sync input
INT:  Vertical input signal

LINE: Line frequency
EXT: EXT TRIG input signal
Polarity

Positive or negative
Sync voltage
INT: More than 1 div of amplitude on the CRT
LINE: Within the specified power supply voltage
EXT: More than 1 Vp-p
Sync frequency
INT: 20 Hz — 10 MHz
EXT: DC — 10 MHz
External sync input voltage
+15 V (DC+AC peak) [20 V (DC+ AC peak)]

HORIZONTAL AXIS
Operating system

DISPLAY MODE selector switch to X-Y position
Sensitivity

150 mV/div (£20%, HOR. GAIN MAX)
Frequency response

DC: DC—1 MHz (-3 dB) (HOR. GAIN MAX)
Input impedance

100 kQ2+20%, 35 pF or less
Maximum input voltage

50 V (DC + AC peak, HOR. GAIN MAX)

MEMORY UNIT
Memory capacity
1024 words (100 words/div)
Write speed
0.1 ms/div — 1 s/div, 13
1 pus/word — 10 ms/word)
EXT (MS-1650B only):
Rising edge of EXT CLOCK input signal.
Repetition rate frequency: Less than 500 kHz
High leve pulse width: Not less than 1 ps
Low level pulse width: Not less than 500 ns
Rise time: Not less than 500 ns
Readout speed
SCOPE: Same as write speed
Fixed read out. (at 1 us/word for DISPLAY TIME
pulled position).

ranges (equivalent to

PEN: 10 ms/word, 20 ms/word 50 ms/word, 3 ranges
(Switchable to 100 ms/word, 200 ms/word,
500 ms/ word by changing jumper wire connec-
tion on the P.C. Board).
EXT: Rising edge of EXT CLOCK input signal.
Repetition rate frequency: Less than 1 MHz
Input signal:
High level pulse width: Not less than 1 ps
Low level pulse width: Not less than 500 ns
Rise time, Not less than 500 ns



SPECIFICATIONS: MS-16508

Input voltage: TTL level
Maximum input voltage: 20 V (DC + AC peak)
Input resistance: Approx. 30 k{2
Delay
— DELAY (0—9 div, DIG SW setting)

SIGNAL OUTPUT

Display time

The amount of time for which memory signals are
displayed can be varied from approx. 1 to approx. 20
seconds.

Memory out and Memory out for pen (Output only in PEN
mode)
Display time
Output wave: Memory wave
Output voltage: 1.6 Vp-p, full scale (at 8 div)
Output resistance: Approx. 430  [approx. 470 Q)
Read gate
Output wave: Positive pulse (1 word) of final address
Output voltage: TTL level
Output resistance: Approx. 220 Q
Read gate for pen (Output only in PEN mode)
Output voltage: TTL level (LOW active)
Output resistance: 220 Q
Sweep gate
Output wave: Positive pulse coincident with sweep
signal
Output voltage: TTL level
Output resistance: Approx. 220 Q
CAL (Calibrating voltage)
Output wave: 1 kHz, = 10%, square wave
Output voltage: 1 Vp-p 5%
Data out
Data output:
8 bit binary parallel output, positive output (TTL level)
Timing pulse:
Positive and negative outputs (TTL level)
Read gate out:
Positive output of the final-address one word
Output resistance: Approx. 220 Q (TTL level)
Ext. clock:
TTL level clock input of 1 MHz or below
High level pulse width: Not less than 1 us
Low level pulse width: Not less than 500 ns
Rise time: Not more than 500 ns
Input resistance: Approx. 30 kQ

MEMORY SIGNAL INPUT (mMS-16508B only)
3 inputs for MU-1651(T), MU-1652(T)
Sensitivity: 1.6 Vp-p, full scale

(200 mV/div)
DC— approx. 1 MHz

(—3 dB), Smoother; off
DC— approx. 150 kHz

{—3 dB), Smoother; on
Input impedance: Approx. 60 kQ
Maximum input voltage: 20 Vp-p or 10 V (DC + AC peak)

Frequency response:

INTENSITY MODULATION
Input voltage
TTL level (Intensity increasing with more positive levels)
Input impedance
Approx. 15 k@2
Input frequency
DC — 1 MHz
Maximum input voltage
50 V (DC+ AC peak)

POWER REQUIREMENT
Voltage 100/120/220/240V, £10%, 50/60 Hz
Power consumption Approx. 60 W [approx. 50 W]

DIMENSIONS

Width 284 mm (328 mm)

Height 138 mm (153 mm)

Depth 400 mm (463 mm)
{ ) dimensions include protrusions from basic
case outline dimensions

Weight Approx. 9 kg

OPERATING TEMPERATURE
Operating temperature for guaranteed specification:
0°~40°C
Full operating temperature: 0° ~50°C

ACCESSORY

Probe (PC—22) ... 1 piece

AttenuUation .........ouivii s 1/10

Input iMpedance .........cocoviiiiiiiiiici 10 MQ

Less than 18 pF
Replacement fuse .........cccoceeviviininennn 1.5 A, 2 pieces
0.7 A, 2 pieces
Instruction manual............cccoiiiiiiiciien 1 copy
AC powercord.......coooiviiiiiiiiiiicicee e, 1 piece
Digital output plug.........cooviiiiiiiiiiiiie, 1 piece
PIN CONFIGURATION

14-pin cable | contents| | +-Pin cable Data contents

receptacle # receptacle #

Pin # 1 DataLSB | Pin # 8 MSB

Pin # 2 BIT 2 Pin # 9 | Timing pulse MOS

Pin # 3 BIT 3 Pin # 10 | Timing pulse MOS

Pin # 4 BIT 4 Pin # 11 EXT. CLOCK

Pn# 5| BIT5 | Pin#12 GND

Pin # 6 BIT 6 Pin # 13 GND

Pin # 7 BIT 7 Pin # 14 | READ GATE OUT

OPTION (MS-1650B only)
Joiner CZ-84



CIRCUIT DESCRIPTION; MS-1650B

VERTICAL AMPLIFIER UNIT (X73-1370-02)

The vertical signal input via the BNC connector is applied to
the first ATT via the AC-GND-DC switch which is selected
as required. The ATT output signal is applied to the dual
FETs {IC201), which has a high input impedance. (Use of
dual FETs ensures stable DC balance under varying
temperature conditions.) The signal is then applied to emit-
ter followers Q204 and Q205, which have a low output
impedance and are connected to the second ATT. The se-
cond ATT varies the degree of amplification by changing
the emitter resistances of Q206 and Q207. DC balance of
the source follower at the first stage of the second ATT is
obtained with VR201. The vertical signal is then applied to
the variable amplifier consisting of Q208 and Q209, where
the signal level is adjusted. VR203 adjusts the DC balance
of the variable amplifier so that the trace does not shift
when the VR is turned. VR1a varies the DC level balance
between the collectors of Q208 and Q209 to adjust ver-
tical positioning of the waveform on the CRT. The vertical
signal is then applied to both the mode selection circuit and
the buffer amplifier stage of the A/D converter.

The mode selection circuit consists of IC203, IC205 and
IC206. IC203 operates as a mode selection switch, IC205
passes the input signal and IC206 passes the memory
signal. Q216 and Q217 form a cascode amplifier which
amplifies the signal to a sufficient level. The signal is then
amplified by the output amplifier consisting of Q220
through Q227. Finally, the vertical signal is applied to the
vertical deflection plates of the CRT.

VR205 and VR206, connected to pins 1 and 13 of IC205
and 206, respectively, adjust their gain. The memory
signal is amplified by IC204 after it is subjected to D/A con-
version, and is then applied to IC206. Vertical positioning
of the memory signal waveform is adjusted with VR18,
which is connected to 1C204.

The D/A buffer amplifier output signal applied to the
cascode amplifier consisting of Q210 through Q213, its
level is shifted by zener diodes D204 and D205. The signal
is then applied to 1C202, which has single ended output.
The 1C202 output signal is applied to the D/A input ter-
minal of the control section. The signal from the emitter of
Q214 is interconnected with the horizontal circuits and is
used as the sync signal.

VERTICAL SUB UNIT (X73-1470-00)

Logic signals from the UNIT SELECT and DISPLAY MODE
switches of MEMORY UNIT (MU-1651, 1652) are con-
verted to a 2-bit signal by IC802 and IC803.

IC801 selects MEMORY OUT signals from, MAIN and
MEMORY UNIT 1, 2, and 3 according to the 2-bit signal.
Q801, RY1, and RY2 controls attenuation for the output
signal of IC801.

Q802 and Q803 are switches of the circuit which inter-
polate between sampling points of Q801's output. The

rear-panel SMOOTHER switch turns on and off Q802 and
Q803.

When the MU-1651 is connected, a switching signal
comes from it to IC802 and IC803. IC801 and Q801
selects either the memory signal output from IC201 of the
MS-1650B’s vertical amplifier or the memory signal
entered from the MU-1651 to MEMORY SIGNAL IN 1, 2
and 3, and delivers the signal selected to IC203 of the ver-
tical amplifier. 1C804, RY1, and RY2 select attenuations
1/1, 1/2 and 1/4. When the MU-1651 is not connected,
only the memory signal comes into IC203.

HORIZONTAL UNIT (X74-1240-02)

The trigger signal selected with the SOURCE switch (IN-
T/LINE/EXT) is applied to differential amplifier IC401. The
rising or falling edge of the waveform is used to determine
the sweep starting point. The edge used is selected with
the SLOPE switch. Variable resistor VR4 varies the DC
level of the trigger signal to shift the sweep starting point.
The trigger signal, after selection with the SLOPE switch, is
applied to a Schmitt trigger circuit consisting of gate cir-
cuits in 1C403 through emitter follower Q402. The
waveform of the trigger signal is shaped into a square wave
which is used as the clock pulse signal for sweep control
flip-flop IC404. The flip-flop inverts its state according to
the clock pulse signal to turn Q403 OFF, then the Miller in-
tegrator starts charging.

The Miller integrator determines the sweep time according
to the time constant of C and R, which is selected with the
SWEEP TIME/DIV selector. It produces a saw-tooth
waveform with good linearity. The state of hold-off timer
IC405 is inverted when the Miller integrator output level at
Q413 rises. Therefore, sweep is stopped for the time
determined by the hold-off time constant. After the hold-
off time has been passed, the next clock pulse is waited.
When the TRIG AUTO switch is ON, the trigger signal out-
put from the Schmitt trigger drives the automatic sweep
circuit, which consists of Q406 through Q408. The collec-
tor level of Q408 is LOW and the flip-flop is in the free run-
ning state when adequate trigger signal is absent. The flip-
flop is synchronized with the clock signal when the trigger
signal is input.

The saw-tooth wave generated with the Miller integrator is
applied to the horizontal amplifier, which consists of Q416
through Q421, via the SWEEP/EXT H selector IC407 , and
its signal level is amplified to the desired level. Then, the
saw-tooth wave signal is applied to the horizontal deflec-
tion plates of the CRT.

When the DISPLAY MODE switch is set at EXT-H, the
SWEEP/EXT H switch switches from the Miller integrator
to the buffer amplifier and connects to horizontal output
amp. The sweep circuit stops if the DISPLAY TIME switch
is in the pushed position at this time. The signal coming
from the vertical amplifier enters the Y-input. When the



CIRCUIT DESCRIPTION

DISPLAY TIME switch is pulied, the sweep circuit operates
and the MEMORY OUT signal comes to the Y-input. And
memory read-out clock is fixed to 1 us/word rather than
determined with the SWEEP TIME/DIV rotary switch.

MEMORY SIGNAL FIXED READ OUT CIRCUIT

If DISPLAY TIME is pulled during observation of memory
waveforms, SWEEP TIME/DIV is electrically fixed at
0.1 msec/div. Normally, Q708 is on and Q706, Q704,
and Q703 operate. During fixed read out, Q707 is on with
Q705, Q702, and Q701 operating to sweep. D704,
D705, and IC702 work to stop sweeping during X-Y
operation at REAL mode.

HORIZONTAL SUB unit

Part of the Miller integrator of the horizontal sweep circuit
is installed in this units and is switched with READ/WRITE
signal for fixed read out operation.

DIGITAL MEMORY CIRCUIT

The vertical input signal applied to the A/D converter from
the A/D buffer amplifier is converted into a digital signal.
The A/D converter circuit consists of the following circuits:
analog comparator IC530, which compares the A/D con-
verter input signal with the D/A converter output signal; se-
quential comparison register IC529, which compares and
latches MSB through LSB of the analog comparator output
in that order, and D/A converter consisting of Q507
-Q514. The A/D converter output is latched by register
IC578 each time one word is converted. The sampling
speed is determined by the A/D start signal supplied by the
time base unit.

The time base unit consists of a crystal controlled oscillator
(IC541), which generates 10 MHz, and a frequency divider
(IC553, IC564, ICb63, IC552, IC551, IC540 and
IC539). The frequency dividing ratio is determined by the
SWEEP TIME/DIV switch. When the CLOCK switch is set in
the INT position in the SCOPE mode, a clock signal with a
period of 1/100 of the period specified by the SWEEP
TIME/DIV switch is output from pin 8 of IC538. When the
CLOCK switch is in the INT position and in the PEN mode, a
clock signal with a period of 10, 20 or 50 ms (according to
the setting of the PEN SPEED switch) is output from pin 11
of IC538. When the CLOCK switch is in the EXT position,
the clock signal input to the EXT CLOCK terminal is output
from pin 12 of IC549. However, when the SWEEP
TIME/DIV switch is set in the range from 1 us through
50 ps, the frequency divider stops operation so that the
A/D converter does not operate.

The clock signal generated by the time base unit is applied
to the address counter (IC526, IC519 and IC511) and the
delay counter (IC533, IC532 and IC531) to write the data
into memory (IC574 and IC575) in sequency when the

6

WRITE START switch is depressed to ON. When a trigger
pulse comes in, the delay counter starts counting by the
number which is the complement of the number set by the
digital switch of TRIGGER POINT until the member of the
end which is 1024 and stop writing into memory. A latch
circuit (IC503 and IC502) stores the initial point number.
Memory read out starts in synchronization with the SWEEP
GATE signal after memory write has been completed.
Memory output data are latched by IC573, then applied to
a D/A converter consisting of Q515 through Q522 so that
it is converted into an analog signal. The analog signal is ap-
plied to a voltage follower consisting of IC501 and IC580
(FOR PEN), then is applied to the memory amplifier in the
vertical amplifier and to the MEMORY OUT terminal.
IC584 is a buffer used to deliver control signals to the
MU-1651 and it is connected to CONTROL OUT.

FREE RUN CIRCUIT

Sla,b (X77-1230-01) switches between the normal and
free run modes.

The free run mode is selected by pulling the S1a,b knob
out. In the free run mode, the ground level is applied to one
input terminal of IC2 via diode D1 and the R/W C signal is
applied to the other input terminal of IC2. When the R/'W C
signal becomes low during its READ period, the gate output
level also becomes low; therefore, the timer (IC1) is trig-
gered. This ground level signal from the gate circuit is ap-
plied to pin 2 (the clear terminal) of IC203 in the vertical
amplifier and pin 2 (the clear terminal) of IC404 in the
horizontal amplifier through diodes D2 and D3, respective-
ly. The timer (IC1) holds pin 2 at the high level for the time
determined by VR1. When pin 2 of IC1 drops to the low
level, pin 6 of IC555 in the control unit is set to the low
level through diode D1 so that the write state is entered
(i.e., the R/W C signal level is high). After memory write
has been finished, the gate of IC2 described above outputs
a GND level signal again to trigger the timer. The above pro-
cess is repeated automatically.

CRT POWER SUPPLY CIRCUIT

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

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



MS-1650B BLOCK DIAGRAM
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CIRCUIT DESCRIPTION; MS-1650B

ABBREVIATIONS
MCLK 1 10MHz CLOCK CLK
PEN PUSH PEN-SCOPE SW READ MODE
(RMD)
FRZ PUSH FREEZE RMD
SCOPE PEN-SCOPE SW RMD
WR CLK CLOCK for WRITE & READ CLK
WSTS PUSH WRITE START SIGNAL WRITE MODE
(WMD)
PSTS PUSH PEN START SIGNAL WMD
Swp SWEEP SIGNAL from IC 404-6 pin WMD
W R WRITE MODE or READ MODE
SIGNAL WMD
LAS DECISION LAST (FIRST) ADDRESS WMD
PWRES POWER ON RESET WMD
csP COUNT DOWN STOP PULSE
(CARRY) WMD
cup COUNT UP PULSE (BORROW) WMD
WSP WRITE STOP PULSE 390Qx
1000P (usec) WMD
WP WRITE PULSE WMD
WRS WRITE RESET WMD
PSP STOP PEN
WST WRITE START
PST PEN START
PLD PEN LOAD
CHAT
CUK COUNT UP CLOCK WMD
CDK COUNT DOWN CLOCK WMD
SWP SWEEP CLOCK WMD
CLK (EXT)  OUTPUT of EXTERNAL CLOCK IN-
PUT
CLK (PEN) ~ CLOCK OUTPUT of PEN MODE
CLK (W & R) CLOCK OUTPUT of WRITE MODE/
READ MODE
PST PEN START

PEN START signal goes out when the PEN
START button gets depressed.

PRES PEN RESET
PEN SCOPE signal developes at IC559 pin 3
and one-shot pulse goes out. When PEN
MODE is entered with PEN-SCOPE SW
depressed, this state gets reset with initial
address by PEN LOAD and PEN OUT output
changed to saturation level.

PSTP PEN STOP
This signal is used to stop pen action and is a
signal developed (at IC569 pin 11) when
ADDRESS reaches 1024 is utilized.

PLD LOAD FOR PEN
LOAD signal for PEN.
The first address enters ADDRESS
COUNTER.

CHAT Retaining signal while PEN-SCOPE SW is
OPEN.

READ Signal output during READ MODE.

RLD LOAD FOR READ MODE
By SWEEP SIGNAL during READ MODE.

PCLK PEN CLOCK
READ CLOCK during PEN MODE.

RCLK READ CLOCK
READ CLOCK during READ MODE.

W CLK WRITE CLOCK
WRITE CLOCK during WRITE MODE.

R CLK READ CLOCK
READ CLOCK during READ MODE.

LOAD LOADs the first address of ADDRESS
COUNT.

SWpP Signal used to perform read in time with
SWEEP SIGNAL during READ. SWEEP
SIGNAL is output in time with CLOCK.

SWPP See TIME CHART. (See Fig.11.)

(I) CLOCK

CLOCK (MCLK 1) of 10 MHz coming from IC541 pin 6
changes to CLOCKs of 1 usec, 2 usec, and 5 usec and to
CLOCKs of 1 usec, 10 usec, 100 usec and 1 msec pro-
cessed by IC553, IC563, IC552, IC551, IC540 and
IC539. INTERNAL CLOCK for WRITE/READ is determined
according to control signals coming from P506 and the set-
ting of SWEEP TIME/DIV. IC549 pin 8 is associated with
1 sec/div. (See Fig. 2, 3)
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CIRCUIT DESCRIPTION

0.1m, 0.2m, 0.5m sec/div

1m, 2m, 5m, sec/div

10m, 20m, 50m, sec/div

0.1, 0.2, 0.5 sec/div

1 sec/div
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CIRCUIT DESCRIPTION

START

— DELEY |
@ | | |
' l

¥
TRIG POINT LAS

(I) WRITE MODE

WRITE mode is entered by WRITE START. It COUNTs
DOWN according to —DELAY function (or COUNTs UP

during LOAD mode) and waits for trigger. When a trigger
comes in, it COUNTs UP and generates LAS signal, ter- _ DELEY POINT (1024)
minating WRITE mode. The COUNT DOWN count cor- @
responds to —DELAY and data which have come before COUNT DOWN
the trigger are stored. }4 >|
After the trigger, therefore, the COUNT UP count is 1024 COUNT UP LAS
-COUNT DOWN count. TRIG POINT
Address are given right. (Fig. 4) .
Fig. 4
{4) Outputs CDP .
= Counts down (6) Sets address to O
(1) WRITE START (2) W/R signal {(COUNT DOWN (5) Outputs CDK -
START SW ON. Write starts. - becomes WRITE. P PULSE) and starts = {COUNT DOWN CLK) — b DErI;':;{t S/Igt’eNTER e ;r(\)dv&zutputs BOR “
count-down, Y P ' :
e (3) LOADs —DELAY el (1)
COUNTER.
NO
(8) Outputs CUP (9) Outputs CUK < {13) Outputs SIG. in-
(a) wmsmel{  (COUNT UP PULSE) (COUNT Up elock), [F======>1  Count-up state Count up. el (12) Outputs CARRY. [l dicating address 1024 > (c)
and starts count-up. ). > is reached.
(11) check trigger.
Check the output
SWEEP SIGNAL.
(7) CLEAR —DELAY (10) LOAD —~DELAY > (11) check trigger. L
b) e - e - Check the output (d)
o COUNTER. COUNTER. LOAD state NO SWEEP SIGNAL.
o
=l (o)
End of
(16) Resets W/R
() el i nal to READ. x‘;’:gﬁon
{(14) CLEAR —DELAY
() e OUNTER.
(15) Outputs LAS
(e} emmmmmsl) singal and points to
address 0. Fig. 5
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CIRCUIT DESCRIPTION
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CIRCUIT DESCRIPTION
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CIRCUIT DESCRIPTION
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CIRCUIT DESCRIPTION

(I} READ or PEN MODE

CLK (EXT)
CLK (PEN)
CLK (W & R)

PST

PRES

PSTP

PLD

CHAT

READ
RLD

PCLK

RCLK

WCLK

RCLK

LOAD

SWP

SWPP
CLK’

TCHG

14

Output then EXTERNAL CLOCK comes in.
CLOCK output during PEN MODE.

CLOCK output during ‘WRITE MODE and
PEN MODE.

PEN START
PEN START signal goes out when the PEN
START button gets depressed.

PEN RESET

PEN-SCOPE signal developes at IC559 pin 3
and one-shot pulse goes out. When PEN
MODE is entered with PEN-SCOPE SW
depressed, this state gets reset with initial
address by PEN LOAD and PEN OUT output
changed saturation level.

PEN STOP

This stops PEN operation started in PEN
MODE. The signal developing (at IC569 pin
11) when ADDRESS reaches 1024 is utiliz-
ed.

LOAD FOR PEN
LOAD signal for PEN. The first address
enters ADDRESS COUNTER.

Retaining signal while PEN-SCOPE SW is
OPEN.

Signal output during READ MODE.

LOAD FOR READ MODE
By SWEEP SIGNAL during READ MODE.

PEN CLOCK
READ CLOCK during PEN MODE.

READ CLOCK
READ CLOCK during READ MODE.

WRITE CLOCK
WRITE CLOCK during WRITE MODE.

READ CLOCK
READ CLOCK during READ MODE.

LOADs the first address of ADDRESS
COUNT.

Signal used to perform read in time with
SWEEP SIGNAL during READ. SWEEP
SIGNAL is output in time with CLOCK.

See TIME CHART. (Fig. 9, 10)

CLK (W & R) during READ.
CLK (PEN) during PEN.

Switches clock.
During READ, generates 1-2-5 sequerice.

PENSIG

Swp

RCLK

SWPP

During PEN, generates 1-2-5 sequence.
(from 10, 20, and 50 msec)

Outputs signal for PEN during PEN.

LOAD

PST

ECN

PSTT

PCLK
(RCLK)

SWPP
LOAD

—=| }+—= 90 nsec.

Fig. 9 READ MODE

|

—=| =~ = 90 nsec.

Fig. 10 PEN MODE



CIRCUIT DESCRIPTION

0.2 iv.
(N)r WRITING 2usec C|1-:,<se(c msec/div. )
How to enter WRITING state. (3)
All you have to do is put the system in the state in which a WCLK

trigger signal is waited for as shown in WRITE MODE tim-

.
ing diagram. A red LED lights to indicate WRITE MODE. The wsT —V——-—l__'\——

easiest way to check WRITING is to see that a signal which

has the same waveform as of the input signal is developing EOC 1 —
at two inputs of COMP (NE529).
SAI- . . . é
WE Write enable signal which enables write into STROBE s
memory. r-—1
WST A/D conversions start signal: .
WE
EOC Signal indicating the end of A/D conversion —

and the establishment of digital data.

STROBE Latch signal.
ADCLK Address clock signal. .

Fig. 11 WRITE MODE
WCLK Write clock signal.

1usec CLK(0.1 msec/div.)

|
[}
200m 1.5V E
EoC ! / L/ L/
1
STROBE ;i l.—‘ M
I
WE J'\ L 1
I
WE '*
N/ e/
AD CLK ==emed | ] L
| 1.2usec |
(2) I 1

EXT CLK

EXT CLK

EOC

STROBE




CIRCUIT DESCRIPTION
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CIRCUIT DESCRIPTION
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CIRCUIT DESCRIPTION

(V) READING memory and delivered to D/A and DATA
As the description, timing chart, and circuit diagram of ouT.
READ MODE, data are read, triggered by LOAD, latched in CL Clears data latched and makes the outputs
LAC, converted to analog data and output. Digital data are of D/A and DATA OUT to saturation level.
output through the DATA OUT terminal. . o

VST Basic switching voltage for the switching
LAC Latches data of each address read out from transistor of the D/A converter.

DATA OUTPUT

5
6
P502,PIN2

ﬁr—"D"- ——
S |—p e
Y )
= A\
1 T X
ol G S e
|
o— —>
—>
&
T 8

1
1]

+5V +5V

%
]

IC562
12, "
'IN: 5]

T
10 E

IC509

IC525 IC518 IC510 5517
COl

1

:

1IC502

READ MODE
LAC

1

P503,P

)L

IC574

IC503

P504,PIN3

]

WE
Ts
RCLK >—IC526

LOAD



CIRCUIT DESCRIPTION

DISPLAY MODE FUNCTION TABLE (VERTICAL

SUB UNIT)
DISPLAY MODE
REAL DUAL |MEMORY | X-Y
DISPLAY PUSH A B C D
TIME PULL E F G H
A; REAL WRITE ENABLE
(READ)
B; REAL WRITE ENABLE and MEMORY READ
C; MEMORY READ
D; REAL (READ)
E; (REAL) WRITE and MEMORY READ
F; REAL READ only
MEMORY READ only
G; MEMORY READ
H; MEMORY READ
H; REAL SWEEP OFF

SWEEP TIME DIV;

H=

MEMORY

SWEEP TIME/DIV;

0.1 msec/div fixed

0.1 msec/div fixed

19
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TROUBLE SHOOTING

Check sync
SLOPE (+),(—) select

Check the
pilot lamp

Check V amp
operation

Check sync
operation

~ Check blanking

START

YES YES YES YES YES YES YES

NO NO NO NO NO NO NO

/\
Check spot

(set DISPLAY
MODE to X-Y)

Check the
pilot lamp

*2 Check voltages in P.C.B. X74—
1240 between terminal A and
GND, and between terminal B
and GND.

*1 Check voltages in P.C.B. X73—
1370 between terminal (&) and
GND, and between terminal
and GND.

Check +230V

(P102 8) Check voltage at
P102 — pin

CN6 — pin 3

Check —1.8kV
D4 <(CRT socket,
CNG6 pin 7)

D106, 107
H. AMP Q109
1C403, 404(X74)

D 102, C1,

Power transformer Check 22.5V
A)n secondary side

of power transformer}”  yEgg

D102, Q4

NO

Check collector
waveform of Q108

D105

Power transformer

a1, 2,101,102 Q107,108
%1'01' ’ DC-DC converter

Check trace
{with TRIG LEVEL
set to PULL AUTO)
YES Note: 1) Apply sine wave of 1 kHz, 2 V to HOR. INPUT.

2) Apply sine wave of 2 kHz to vertical input.

NO
P
Check H-amp Check X-Y voltage

operation (with\ Check collector of 1C407 pin 6 - N 1C407

DISPLAY MODE .~ YES waveform of Q413 YES (+12V) pin 12 and VES

set to X-Y) T pin 13 (0 V)

(Note 1) (Note 2)
NO NO

Check collector 1C407 Sweep circuit; Q415

waveform of Q410 Q416 ~421 Q403 ~405, 408, D208, 408

412, 413, D402
HOR. SUB; Q1~8,
IC1, D701, 702
*MS-16508B only

Q409 ~ 411

Check waveform of
calibrating voltage

NO

Check 6.3V
(secondary side of
power transformer)

NO

6.3V terminal
broken

YES

Repair completed
YES

CRT

21
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Check V-amp
operation

waveform between
collector of Q208
and collector of Q209  YES

NO

Check

waveform between Q143, 149, 109
emitter of Q204 >"-b : '

and emitter of Q205

Check input
waveform of
Q228

$202

Check sync
SLOPE (+), (—)
select

Check blanking

Check
waveform at
IC559 pin 8

1C559

TROUBLE SHOOTING

Check Check
(0]
1c204 TRIG waveform waveform at emitter
Q216 ~ 227 (P401-8 pin) of Q401

YES ~112

Check
waveform at 1C401
pin 11 and 8

Check
waveform at 1C403,
pin 11 and 6

Check
waveform at 1C403
pin 12and 13

Q406 ~ 408
YES

1C401 Q402 1C403

Note: Apply sine wave of 2 kHz to vertical input when
checking items 4 ~ 6.

Check waveform of Repair
calibrating voltage /\ S. completed

YE

NO

1C103

Check
waveform at emitter
of Q110

R135

YES

Q110, 112, 113

Fig. 15 — Waveform in Sweep Circuit.
(Input signal 2 kHz, sine wave, SWEEP
TIME/ DIV. 0.1 ms/div.)

e \f\/\/\[

wkEmOY MY N

1C403 pin 11

SVj ] T B

1C403 pin 6
0 e e
3V
1C404 pin 2
nge _I
ol— L
3V
1C404 pin13
g
0
3V
1C404 pin 8
nqr
0

Q413 collector

Q110 emitter 80V [~
(blanking) I
40V




ADJUSTMENT: MS-1650B

CONTROL SETTINGS

The control settings listed below must be used for each ad-
justment procedure. Exceptions to these settings will be
noted as they occur. After completing a adjustment, return
the controls to the following settings.

SWEEP TIME/DIV 0.1ms/div
SWEEP VARIABLE CAL

H POSITION mechanical center
x 5 MAG PUSH

INTENSITY 3 o’clock position
TRIG LEVEL PULL, mechanical center
SOURCE INT

FOCUS optimum position
V POSITION mechanical center
AC-GND-DC DC

VOLTS/DIV 10 mV/div

V VARIABLE CAL

FREE RUN PUSH

DISPLAY MODE REAL

CLOCK INT/EXT INT

CLOCK PEN/SCOPE SCOPE

TEST EQUIPMENT REQUIRED
The following instrument or their equivalent should be used
for making adjustments.

Digital muitimeter DL-720 TRIO
Sine wave generator SG-502  TEKTRONIX
Square wave generator PG-506  TEKTRONIX
Q meter 4343B YHP
Oscilloscope CS-2100A TRIO
Time marker TG-501 TEKTRONIX

High voltage probe

Frequency counter FC-754A TRIO

Check of transformer’s primary voltage

1. Select the equipment to 100V and measure the
resistance of the power transformer’s winding at the AC
input connector.

2. Perform the same procedure with the equipment
adapted to each of 120 V, 220 V, and 240 V.
100 V....... approx 8 220 V....... approx 36 Q
120 V....... approx 9 Q 240 V....... approx 40 Q

Check of power supply voltage
1. Check +5V, 12V, +230 V and +200 V at check-
point on the power supply board.

— 1.8 kV adjustment

1. Measure the voltage at P103 pin 2 with a dc voltmeter,
through a high-tension/high-impedance probe.

2. Adjust VR103 so as to read — 1.8 kV.

INTENSITY adjustment

1. Set the DISPLAY MODE to X-Y to display a spot.

2. Adjust VR 104 so that the spot disappears when the IN-
TENSITY control is between '’9 and 12 o'clock’’ posi-
tions.

ASTIG adjustment

1. Adjust VR105 to make the trace equally thick
everywhere.Perform the ASTIG and FOCUS controls ad-
justments together.Once adjusted, no readjustment is
needed.

SCALE ILLUM adjustment

1. Make adjustment so that the illumination is bright suffi-
ciently and equally on the screen when rotated the
SCALE ILLUM control to maximum clockwise.

Check of the TRACE ROTATION
1. Rotating the TRACE ROTATION control, check how
much the trace varies to the center of the graduation.

VERTICAL ATT adjustment

Control setting SWEEP TIME/DIV; 0.2 ms/div

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

2. Select the VOLTS/DIV control to 0.1 V/div position and
adjust TC202 to make the square wave appear best.

3. Make adjustment similary with TC204 then TC206
respectively at 1 V/div and 10 V/div ranges.

DC BAL adjustment (I)

1. Perform the adjustment below if the trace moves ver-
tically when rotating the VOLTS/DIV control.

2. Set the DISPLAY MODE to REAL position and AC-GND-
DC to GND and adjust the V-position control to bring the
trace on the center of the screen.

3. Turn the VARIABLE of the vertical attenuator fully
counterclockwise. Adjust VR201 so that the trace does
not move vertically when rotating the VOLTS/DIV con-
trol.

DC BAL adjustment (II)

1. Perform the adjustment below if the trace moves ver-
tically when rotating the VARIABLE control.

2. Turn the VARIABLE of the vertical attenuator fully
counterclockwise and adjust the V-position control to
bring the trace to the center of the graduation.

Next, turn the VARIABLE control fully clockwise and, if
it has moved, bring it back to the center with VR203.

‘3. Repeat the above steps until the trace stays at the

center when turned the VARIABLE.

V. POSITION adjustment
1. Set the V POSITION control to its mechanical center and
bring the trace to the center of the graduation with
VR208.
23



ADJUSTMENT

Vertical sensitivity adjustment

Control setting SWEEP TIME/DIV; 0.2 ms/div

1. Select the VOLTS/DIV control to 10 mV/div and turn
the VARIABLE control to fully clockwise (CAL position).

2. Apply a 50 mVp-p square wave to the vertical input ter-
minal.

3. Adjust VR205 to display a waveform of 5div vertical
amplitude.

Input capacity adjustment

V input;

1. Set the VOLTS/DIV control to 10 mV/div and measure
the input capacity using a Q-meter and note it’s value.

2. Adjust TC201 for 0.1 V/div so that the input capacity
becomes same as the noted value above.

3. Adjust TC203 for 1 V/div and TC205 for 10 V/div
respectively.

HOR input;

1. Check that the input capacity is less than 35 pF with a
Q-meter.

Overshoot adjustment

Control setting VOLTS/DIV; 0.1 V/div, SWEEP

TIME/DIV; 2 us/div

1. Apply a 10 kHz or 100 kHz square wave of fast rise
time to the vertical input terminal.

2. Adjust middle range of the waveform with TC207.

3. Shape the rise portion of the waveform with VR207.

Check of the frequency response

Control setting VOLTS/DIV; 0.1 V/div, SWEEP

TIME/DIV; 1us/div. SWEEP TIME/DIV; 1 ps/div

1. Using an oscillator of good frequency response, apply a
1 kHz sine wave to the vertical input terminal to display
a waveform of 6 div vertical amplitude.

2. Keeping the oscillator’s output voltage fixed, check that
the amplitude is less than —3 dB at 10 MHz.

Sweep time adjustment

Control setting VOLTS/DIV; 1 V/div

1. Turn the SWEEP TIME/DIV and VARIABLE controls fully
clockwise to CAL.

. Adjust sweep time with reference to time markers.

. Adjust VR407 for sweep time of 1 sec to 20 msec.

. Adjust C431 for sweep time of 10 msec to 0.2 msec.

. Adjust TC402 for sweep time of 0.1 msec to 2 usec.

. Adjust TC401 for sweep time of 1 usec.

O WN

Sweep length adjustment
1. Adjust VR406 so that the total length is 11 div with the
reference to time marker.

X 5 MAG adjustment

1. Set the SWEEP TIME/DIV control to 0.1 ms/div and ap-
ply a 0.1 msec time marker to the vertical input.

2. Adjust H. POSITION so that 11 shots of pulses appear

24

each just on a vertical graduation of the screen.
3. With the MAG switch pulled, adjust VR408 so that
every interval between pulses becomes 5 div.

MAG center adjustment

Control setting X 5 MAG; pulled out

1. Set the SWEEP TIME/DIV to 20 us/div and apply a
0.1 msec time marker to the vertical input terminal.

2. Make adjustment so that three shots of pulse appear
each just on the left-end, center, and right-end gradua-
tion of the screen.

3. With the MAG switch pulled out, adjust VR409 so that
the pulse appearing at the center and the center gradua-
tion of X 1 stay there.

EXT H, horizontal position adjustment

1. Set the DISPLAY MODE to EXT H and H POSITION to its
mechanical center.

2. Turn the sweep VARIABLE fully clockwise to CAL posi-
tion.

3. Adjust VR405 so that the spot comes to the middle of
the horizontal axis.

EXT sensitivity adjustment

Control setting DISPLAY MODE ; X-Y

1. Apply a 1.5 Vp-p, 1 kHz sine wave to the HOR INPUT
terminal.

2. Adjust VR404 so that the trace extend for 10 div on the
screen.

Trigger level adjustment

1. Apply a 1 kHz sine wave to the vertical input terminal.
Set the SOURCE switch to INT position.

2. Adjust VR401 so that, when switched the SLOPE to +
and — respectively.The trace starts at the same position
on inverted waveforms.

Trigger start point adjustment

1. In the same setting as in '’trigger level adjustment’’, set
the trigger level control at its mechanical center and ad-
just VR410 so that the trace begins right at the vertical
center.

Check of the sweep start position

1. Bring the spot at the center of the graduation, then let it
sweep.
At this time, measure the difference between the left
end of the trace and that of the graduation line. (If it ex-
ceeds 1 div, make adjustment with R465(4.7 kQ)

Calibration voltage adjustment

1. Apply a calibration voltage to the vertical input terminal.
Select the VOLTS/DIV to 0.2 V/div and the SWEEP
TIME/DIV to 0.2 ms/div.



ADJUSTMENT

2. Adjust frequency to 1 kHz with VR102 and duty ratio to
50:50 with VR106.
3. Adjust output voltage to 1 Vp-p with VR101.

Memory input adjustment

Control setting DISPLAY MODE; MEMORY

1. Apply a 1.6 Vp-p sine wave to MEMORY INPUT ter-
minal (1) of MS-1650B.

2. Set the MU-1651, UNIT SELECT to UNIT (1) SINGLE.

3. Adjust VR206 so that the amplitude becomes 8 div.

Memory waveform adjustment
Control setting AC-GND-DC; DC
DISPLAY MODE; REAL
FREE RUN; pulled out
DISPLAY TIME; fully CCW
SOURCE; INT
FREEZE; pulled out

1. Apply approx. 1 kHz triangular wave to MEMORY IN-
PUT terminal to display two cycles of waveform of 6 div
vertical amplitude on the screen and memorize it. Then
adjust VR503 and VR504 to make a smooth MEMORY
waveform as shown below.

VR503

VAVERVAVIERVAY

VR504

A
YAV VAV

2. Connect an oscilloscope to MEMORY OUT and observe
waveform.

3. Memorize a waveform which extends beyond gradua-
tion.

4. Get the top and bottom of the waveform saturated, and
adjust its saturation level and gain with VR506 and
center level with VR505.

5. The satdration level should be within =(4+40.2) div of
the vertical center.

6. Adjust gain of the oscillator so that the waveform
amplitude becomes 8 div.

7. Connect an oscilloscope to MEMORY OUT. Observing
and writing waveform, adjust MEMORY waveform
center level with VR502 and gain with VR501 at
1.6 Vp-p.

8. Set the DISPLAY MODE to REAL, and adjust deviation
of REAL and MEMORY waveforms. Adjust gain with
VR801 to remove deviation.

9. Memorize the trace along the top and bottom of the
graduations. Set the PEN/SCOPE at PEN. And depress

Fig. 16

PEN START. Observation MEMORY OUT FOR PEN ad-
just VRBO7 to attain +0.8 V at the top and —0.8 V at
the bottom.

>
o Saturated point
3
2
&l
<
L Center of the graduation
5
<
<
AR R
Saturated point 3
<

Fig. 17

Check of FREEZE

Control setting FREEZE ; pushed in

1. Push and turn on the FREEZE control and check that any
new waveform is not written. Next, pull and turn off
FREEZE and check that new waveforms may be written.

Check of minus DELAY

Control setting FREE RUN; pulled, DISPLAY TIME;

fully CCW

1. Memorize a waveform of one cycle at O on the CRT
screen.Check that it moves by approx. 1 div at every
position of up to 9.

FREE RUN waveform adjustment

Control setting FREE FUN; pulled out

1. Set the DISPLAY MODE to REAL position. Let 1 kHz ap-
pear on the screen.Turn on FREE RUN. Adjust MEMORY
waveform along the time base with VR701 so that it fits
to REAL waveform.

MEMORY OUT FOR PEN adjustment

Control setting CLOCK PEN; pushed in, START

1. Apply a triangular wave to the MS-1650B and adjust
the oscillator so that its amplitude becomes 8 div.

2. Start with waveform written and CLOCK at PEN, adjust
VR507 so that MEMORY OUT FOR PEN becomes
1.6 Vp-p.

READ GATE OUT FOR PEN

Control setting CLOCK PEN; pushed in, START

1. Operate PEN START, and READ GATE OUT FOR PEN
level varies from Hi to Lo.
As PEN OUT ends, READ GATE OUT FOR PEN varies
from Lo to Hi.
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VERTICAL UNIT (X73-1370-02)

TC . S202A_  S2028C

ADJUSTMENT

s201
VR201

]

VR206

P201

2010 N VR202 VR203 VR204 Orezor
16,0 | [TE02 VR205 O VR208
i 5
1850 | [Tcz0a
Tc206] VR207
P202

P203

HORIZONTAL UNIT (X74-1240-02)

VR407 VR406

VR409

VR410

VR4O1 O
O

O VRO4°5 vasos O VR403|:”:]VR402 H H H

OTC40|

$403

sao! [:
5402[:

CONTROL UNIT (X77-1170-02)

VR503

VR50I

VR502 O
O

VR507

VR 506

O VR505

VR 504

Fig. 18 Location of Adjustment Controls
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“SPECIFICATIONS; MU-1651(T), and MU-1652(T)

AMP SECTION
Sensitivity ‘
5 mV/div-10 V/div, +3%
Attenuator
5 mV/div-10 V/div in 1-2-5 sequence, all 11 ranges
with fine adjustment.
Input impedance
1 MQ+3%
Approx. 32 pF
Frequency response
DC: DC-300 kHz (-3 dB)
AC: 2 Hz-300 kHz (—3 dB)
Maximum input voltage
500 Vp-p or 300 V (DC + AC peak)
input over lamp
LED lights up at an input of over approx =4 div

TRIGGERING
Output voltage
Approx. 1 V/div
Output impedance
Approx. 1 k@
Frequency response
DC: DC-300 kHz (—3 dB)
AC: 2 Hz-300 kHz (—3 dB)
HF..,: DC-1.5 kHz (approx. 3 dB attenuation at
1.5 kHz)

A/D CONVERTER
Resolution
8 bit (1 word)
Conversion system
Successive approximation type A/D converter

MEMORY SECTION
Memory capacity
1024 words (100 words/div displayed)
Write speed
Via MS-1650B
INT: 13 ranges selectable 1 us/word-10 ms/word
(equivalent to 0.1 ms/div-1 s/div )
EXT: Rising edge of EXT CLOCK input signal repetition
rate frequency: less than 500 kHz
Read out speed
Via MS-16508B
SCOPE:Same as write speed
Fixed at 1 ps/word for DISPLAY TIME switch at
pulled out position.
PEN: 10 ms/word,
20 ms/word,
50 ms/word
3 ranges switchable
With the internal switching, 100ms/word,
200 ms/word and 500 ms/word are possibie.

EXT: Rising edge of EXT CLOCK input signal repetition
rate frequency: less than 1 MHz
Delay
Via MS-1650B
0-9 divisions (adjustable each 1 div step on the screen)

D/A CONVERTER
Memory out for scope: 1.72 V+3% full scale
Memory out for pen: 1.72 V3% full scale
Output impedance: Approx. 430 Q
(Output of only PEN mode)

OPERATING TEMPERATURE
0°C — 40°C, Less than 80% of relative humidity

FULL OPERATING TEMPERATURE
0°C — 50°C, Less than 80% of relative humidity

POWER SUPPLY

Line voltage
AC100/120/220/240 V+10% (50/60 Hz)
Selectable by internal wiring

Power consumption
Approx. 15 W

WEIGHT
Approx. 4.0 kg

DIMENSIONS
284 mm(W) x 60 mm(H) x 400 mm{D)

ACCESSORIES
AC power cord
Instruction Manual
Connection cable (CB-2402F)
BNC cable (CA-34)
Replacement fuse 0.2A
0.4A
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CIRCUIT DESCRIPTION; MU-1651(T), and MU-1652(T)

The AMP UNIT (X73-1460-00) amplifies or attenuates the
input signal of a certain level and its signal is converted the
output signal of 3 Vp-p at full scale and is fed to the
MEMORY UNIT (X81-1170-00 or X81-1310-00).

After amplified further to 8 Vp-p at full scale, the signal
passes through the TRIGGERING switching circuit to TRIG
OUT.

In the MEMORY UNIT, the output signal passed the AMP
UNIT is converted to digital signal according to control
signals coming from the MS-1650B, stored in C-MOS
memory, converted back to analog signal, and output to
MEMORY OUT. The waveform is observed on the CRT of
the MS-1650B, and it is possible to produce hard copy of
analog signal coming from PEN OUT.

Vp-p
8V

Digital data are output through the DATA OUT terminal.
The POWER SUPPLY UNIT (X68-1380-00) not only sup-
plies power to the AMP UNIT and MEMORY UNIT but also
relays control signals coming from the MS-1650B.

The control signals control operations of the MEMORY
UNIT such as WRITE/READ, become controls signals such
as DISPLAY MODE and UNIT SELECT of the AMP UNIT and
POSITION SET of the rear panel, and control the VERTICAL
SUB UNIT (X73-1470-00) of the MS-1560B to control
operation of the CRT display.

The MU-1651 is also capable of suspending WRITE opera-
tion of the MEMORY UNIT with FREEZE switch.

3V

40mV

sl ¢

IN 1

}%

LAl M CAL
1st ATT 2nd ATT  GAIN BAL

!

3

Fig. 19
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MU-1651(T), and MU-1652(T)
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®

CIRCUIT DESCRIPTION
® ® ®

®

®

INPUT AcG 15t ATT. 15t AMP. 20d ATT. 2nd AMP.
-GND-DC : 25; V1,102,108 . GAIN
1L 1 1 GAIN: 25; 28dB 72, 130, |—=- 10 BUFFER
SELECTOR i 6‘ ’6} ufo A iy lli‘-aCAZIN 3:9.5d8 VARIABLE o8 Fi
51 s2 le1 RI5~17°
e 10 VRI: OFFSET BAL. VR3: GAIN ADJ. VRS
' VR2: OFFSET BAL. VR4: OFFSET
Te2: 1/100. (FINE) BAL.
Tea: 171000 | NPUT
: CAPACITY
TC4: 1710 3. TEST POINT TEST POINT
TCs: 17100 1 2
TC6: 1/1000
BUFFER AMP. REAL AMP TO TRIG OUT
> . POSITION GAIN: 2, 8.5 dB
ic4 1c8 @
VRG: OFFSET BAL. VR13: GAIN ADJ.
VR7: OFFSET BAL. VR14: OFFSET BAL DC ELIMINATION
VR9: REAL POSITION FILTER. s
ADJ. TRIG OUT
TEST POINT
TEST POINT TEST POINT TEvEL oven @
4
INDICATOR
(PEAK DETECTION) LOW PASS FILTER
P—" +oven:a1.3, (FRQ = 1.5 kHz)
1C 7a, D4 ™ co
- OVER: Q2,4
IC 7b, D3
BUFFER AMP
I
ics Pe
VR12: OFFSET BAL. TESTPOINT
5
.
Fig. 21
EXTENSION
P10
F10-0e-0leee] f—
P9) 1 I
P11 P13 P14
@ @ POSITION
? SELECT
@ @ Sta, b, ¢ d
CONTROL ’ : | I _.l
—_— ] - 14
SIGNAL IN @
X73-1460-00 P2
DRIVER
@® ics
7
P12 I
@ —_———
7 o |
re]
@ +5v +5V
—— —L o] 1c2 a3, 4 M
e em— 03,6 —12v
I ST
I VOLTAGE .
:D— FILTER | ] FPOWER Pl {euse |1 secectom —12v:
SWITCH IC16, Q2 P8
P2,4,5 - +5V
- D2, 5 7 ~9 1) ——
+12V, +5V;
|_ [N — N— VR1 )
P3 | cP3
P8
POWER I 2V S| v
TRANSFORMER,| P6| IC 1a. Q1, D1 l
I cP2 | pg
| CP1
| I

Fig. 22
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CIRCUIT DESCRIPTION
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CIRCUIT DESCRIPTION
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ADJUSTMENT; MU-1651(T), and MU-1652(T)

The control setting listed below must be used for each ad-
justment procedure. Exceptions to these settings will be
noted as they occur. After completing an adjustment,

return the controls to the following settings.

MU-1651

Control Setting

POWER ON
AC-GND-DC DC
VOLTS/DIV 5 mV/div
VARIABLE CAL

REAL POSITION
MEMORY POSITION

12 o’clock position
12 o’clock position

PUSH FREEZE PULL

UNIT SELECT MAIN

DISPLAY MODE SINGLE

TRIG COUPLING DC

POSITION SET 1 (on Back panel)
MS—1650B

Control setting

POWER ON

INTENSITY 3 o’clock position
FOCUS Optimum position
VOLTS/DIV 1 V/div

V. VARIABLE CAL
AC-GND-DC DC

DISPLAY MODE REAL

PULL FREE RUN PUSH

V. POSITION
MEMORY POSITION

TRIG POINT(—DELAY) (0]

CLOCK INT/EXT INT

PEN/SCOPE SCOPE

SWEEP TIME/DIV 1 ms/div
H.VARIABLE CAL

H.POSITION 12 o’clock position
FINE 12 o’clock position
PULL x 5 MAG PUSH

PEN SPEED 10 ms/word

TRIG SOURCE INT

TRIG SLOPE +

TRIG LEVEL 12 o’clock position
PULL AUTO PULL

12 o'clock position
12 o’clock position

Adjustment of the power supply

1. Turn on power and make sure that the POWER LED
lights.

2. Check the voltage at CP 2 and adjust VR 1 to read
12.0 V.

3. Check the voltage at CP 3 and CP 4 and make sure that
youread —12+0.3 V and +5+0.2 V respectively.

ADJUSTMENT OF THE AMP UNIT
Control setting

REAL POSITION: 12 o’clock position
AC-GND-DC: GND

DC OFFSET adjustment
1. Turn OFF (rear panel side)S 7 (X73-1460-00) and ad-
just voltage to O V at the pins given below.

Pin | Control adjustment Voltage
@ | VR 1{coarse) 0Vx0.2mV
VR 2(vernier)

® | VR4 oOVx2mV
® | VRé OV£10 mV
@ | VR7 0OV+10 mV
® | VR12 oOV+10 mV
® | VR14 ovVx10 mV

2. Turn ON (front panel side}S 7(X73-1460-00) and ad-
just voltage to O V at the pins given below.

Pin | Control adjustment Voltage

@ | vRo OV+10 mV

Checking of STEP ATT BAL.

Control setting VOLTS/DIV; 1 V/div (MS-1650B)

1. Connect a BNC-BNC cable between MU-1651 TRIG
OUT terminal and MS-1650B vertical input terminal and
observe the real time trace.

2. Make sure that, when turned the VOLTS/DIV control,
the trace does not move vertically.

Checking of VARI BAL.

Control setting VOLTS/DIV; 1 V/div(MS-1650B)

1. Connect a BNC-BNC cable between MU-1651 TRIG
OUT terminal and MS-16508B vertical input terminal and
observe the real time trace.

2. Make sure that, when turned the V.VARIABLE control,
the trace does not move vertically.
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ADJUSTMENT

Checkmg of AC-GND-DC switch
. Connect a BNC-BNC cable between MU-1651 TRIG
OUT terminal and MS-1650B vertical input terminal and
observe the trace.

2. Apply a 1 kHz square wave signal to MU-1651 vertical
input terminal and check that the waveform varies as
shown below when switched the AC-GND-DC switch to
from AC to DC.

I ™
_J —I_' L I 1T C
(pe) (ac)

Fig. 25

3. The trace should not move more than 0.2div when
operated the AC-GND-DC with no signal applied.

Waveform shaping

1. Observe the TRIG OUT signal with an oscilloscope.

2. Apply a 10 kHz square wave signal to MU-1651 INPUT
terminal to display a waveform of 6 div vertical
amplitude.

3. Make adjustment with trimmers listed below so that the
waveform is the best when turned the VOLTS/DIV.

VOLTS/DIV | Adjustment
setting control
50 mV TC4
0.5V TCS

5V TC6

Input capacity adjustment

Control setting, VOLTS/DIV; 5 mV/div

1. Check that the input capacity is 32 pF +3 pF.

2. Make adjustment with trimmers listed below so that the
input capacity do not vary when turned the VOLTS/DIV.

VOLTS/DIV | Adjustment
setting control
50 mV TC1
0.5V TC 2

5V TC 3

GAIN adjustment

Control setting AC-GND-DC; AC

1. Apply a 1 kHz sine wave signal of full scale to INPUT
terminal (VOLTS/DIV setting by 8 division) (see note).

2. Checking the voltage with DMM({digital multi meter).
Make adjustment as given below.

34

Pin | VOLTAGE | Adj.control
® | 1.06 Vrms | VR 3

(3 Vp-p)
® | 2.83Vrms | VR13

(8 Vp-p)

Note; Signals of full scale are as follows.

VOLTS/DIV Voltage(p-p) Voltage(rms)
5 mV 40 mVp-p 14.14 mVrms
20 mV 160 mVp-p 56.57 mVrms

OVER LEVEL LED adjustment

1. Apply a 1 kHz sine wave signal whose amplitude is 8.2
times of VOLTS/DIV setting (see note).

2. Turn VR11 until the **+’' LED lights. Then turn VR11
reversely just until the LED goes out.

3. Make adjustment for the ‘“—'' LED in the same way
with VR10.

Note;
VOLTS/DIV Voltage(p-p) Voltage(rms)
5 mVv 41 mVp-p 14.50 mVrms
20 mV 164 mVp-p 57.98 mVrms

Adjustment of memory unit

A special jig is required to adjust the memory unit, (R/W
(READ/WRITE) jig), and it is fitted up in the following se-
quence (see Fig. 26).

1. First turn off the set’s POWER switch, and connect the
R/W jig to P1 on the memory unit (disconnect connector
P1 from the power supply). '

- Wire up P5 on the R/W jig to P5 on the memory unit.

3. Attach the clip of the R/W jig to pin 16 (5 V line) of IC
12 on the memory unit.

4. Disconnect connector P2 from the memory unit.

5. Cut out the 2 jumpers (in front of VR2 at the front right
as seen from the front, and to the left of R54 on the left
of the unit).

CAUTION:

1. When adjusting the memory unit, input the supply test
voltage directly to P2 unless otherwise specified.

2. When adjusting the memory unit, use test point 3 (TP3)
on the earth side for voltage measurements.

3. Before making adjustments, check that the 2 jumpers
are out of circuit.

N



ADJUSTMENT

A/D OUT offset adjustment (J;, J, shorted)
Connect jumper J;. Adjust VR2 such that when P2 is
shorted, the LED of the R/W jig indicates 7F.

(X81-1310)
® ® ®
P5 Pl
aes
icl2
. .
Jumper (J2)— -{jﬂ@ ﬁ"" Pin 16
R VR2
®
® .—(_‘—_J—-Iﬁ ®
/Y
Front Jumper (J1)
Fig. 26

4. When adjusting the memory unit, adjust to a higher
precision than the specification. The specification cor-
responds to the values obtained when carrying out a re-
check after making adjustments. Take readings with a
digital multimeter.

Set the R/W jig as follows:

N
( WRITE READ PEN OUT
OFF

ON ON

00000000

DATA
7 6 5 4 3 2 | 0

lllumination is indicated by 1, and non-illumination by O.

Fig. 27

D/A OUT full-scale adjustment (J,, J, open)
Supply 5 V DC to connector P2 on the memory unit from a
DC power supply (denoted hereafter as DC standard), and
then measure the voltage at TP1. Check that the voltage at
TP1 does not vary even if DC standard is greater than 5 V
(i.e. TP1 is saturated).
If the latter does vary, make the voltage a saturating
voltage by supplying more than 5 V.
Let the voltage at this time be E,. Adjust VR4 such that E,
satisfies the equation:

E; = (B, + 1.72) + 3mV

Specification 1.72V £ 10 mV

D/A OUT offset adjustment (J, shorted)

Connect jumper J,. By varying DC standard, apply a
voltage to P2 within the range 1.6 V + 0.5 V. Adjust the
DC standard output voltage such that the LED of the R/W
jig indicates 7F (7F shows, in 16-bit code, that the LED of
the R/W jigis 01111111).

Then adjust VR5 such that the voltage at TP1 is OV
3 mV.

CAUTION:

A/D OUT full-scale adjustment (J,, J, shorted)
Apply 1.6 V to P2 from DC standard. Adjust VR6 such
that the voltage at TP2is 0.8 V + 3 mV.

Specification

0.8V = 10 mV

Checking A/D, D/A (J,, J, shorted)
Check that, when the following voltages are input to P2,
the voltages at TP1 are as given in the table below:

P2 input voltage

Voltage at TP1

ov ov+i0OmV
1.6V 0.8V+x10 mV
-1.6V —-0.8V+10mV

Checking DC offset on PEN OUT

Check that PEN OUT of the R/W jig in ON. Short P2 and
measure voltage at TP2. Let the voltage at this time be E,.
Check that E, is within specification.

OV+10 mV

Specification

PEN OUT full-scale adjustment
Input 1.72V to P2 from DC standard, and measure
voltage at TP2. Let voltage at this time be E;. Adjust VR6
such that E; satisfies the relation:

E; = (E, + 0.86 V) £+ 3 mV

E; = (E, + 0.86 V) + 3 mV 1

Specification

Checking PEN OUT A/D, D/A

Check that, when the following voltages are input to P2
from DC standard, the voltages at TP2 are as given in the
table below:

P2 input voltage Voltage at TP2

If jumper J, is connected, the voltage at TP1 is halved. ov oOvVx10 mVv
1.6V 0.8V+20mV
| Specification ovsiomv .| —1.6V —0.8 V420 mV
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ADJUSTMENT

Linearity check on MEMORY OUT

Apply the voitages in the table below to P2 from DC stan-
dard, and check that the voltages at the PEN OUT and FOR
SCOPE terminals on the rear of the set correspond to the
following values:

'?/%‘;’;Z‘: PEN OUT terminal | FOR SCOPE terminal
Short OV+10 mV oOV+10 mV
0.4V 0.2V+20 mV 0.2V+10 mV
0.8V 0.4 V20 mV 0.4Vx10 mV
1.2V 0.6 V20 mV 0.6 V10 mV
1.6V 0.8 V20 mV 0.8 V10 mV
More Saturated at more Saturated at more

than 2 V than 0.86 V than 0.86 V
-0.4V -0.2 V20 mV -0.2V+£10 mV
-0.8V —-0.4Vx20mV -04Vx10 mV
-1.2V —0.6 V20 mV -0.6 V10 mV
-1.6V —-0.8Vx20 mV -0.8Vx10 mV

More than | Saturated at more Saturated at more
-2V than —0.86 V than —0.86 V

Checking MEMORY OUT

Set up a oscilloscope for monitor as follows:
AC-GND-DC-DC

VOLTS/DIV—0.2 V/DIV approx. (when using as a probe,
set to the 20 mV range approx.)

SWEEP TIME/DIV —0.5 mS approx.

Input the following signal to P2 from the function
generator.

A WAWAWANE
VV VAL

Chopping wave of frequency approx. 1 kHz

Fig. 28
Observe the points TP1 and TP2 on the oscilloscope by

means of a probe. Check the waveforms do not have any
of the features shown below:

~a———— Step dislocations

! e Breaks

N.B. The waveform at TP2 is
somewhat more rounded
than that at TP1.

Vo
\_/

Difference in width

Note: The above are unsatisfactory, and constants, etc.,
must therefore be revised.

Fig. 29
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ADJUSTMENT

Checking UNIT SELECT DISPLAY MODE

The 3 MU-1651 (-T) are first connected up, and the wave-

forms for MS-1650B and each unit are memorized.

e DISPLAY MODE — SINGLE
Switch UNIT SELECT from MAIN through UNIT 3, and
check the corresponding memorized waveforms are
displayed in a single mode.

¢ DISPLAY MODE—MULTI 8 DIV
UNIT SELECT—QUAD
Check the memorized waveforms on MAIN, UNIT 1, UNIT
2 and UNIT 3 are displayed in quad-trace.
Check also that when DISPLAY MODE is set to 4 DIV and
2 DIV, the amplitudes of the corresponding waveforms
are cut to 1/2 and 1/4 respectively.

° UNIT SELECT—DUAL
Check that when UNIT SELECT is switched from UNIT 1
through UNIT 3, the waveforms for MAIN and UNIT 1,
MAIN and UNIT 2, MAIN and UNIT 3 are displayed in
dual-trace.

Checking POSITION SET
MU-1651

UNIT SELECT—QUAD, DISPLAY MODE—MULTI
MS-16508
DISPLAY MODE—~MEMORY

Set for quad-trace operation as described above. Switching
through POSITION SET and operating MEMORY POSI-
TION, check the unit behaves as follows:

POSITION SET—ALL

The positions of all waveforms, from UNIT 1 through UNIT
3, are controlled by turning the MEMORY POSITION.
POSITION SET—1

The position of the waveform for UNIT 1 is controlled.
POSITION SET—2

The position of the waveform for UNIT 2 is controlled.
POSITION SET—3

The position of the waveform for UNIT 3 is controlled.

Checking variable range of MEMORY POSITION

UNIT SELECT—ALL J

Measures the voltage on pin 25 of connector P9 of the
power unit (X68-1380). Check that when the MEMORY
POSITION control is set as follows, the pin voltages are as
given below:

Control

Full clockwise rotation...........cceevivennnns more than —1.5 V
Full counterclockwise rotation............... more than +1.5 V
12’0’ clock pOSItioN.......coviieiuiiiveinineenens o0VvVx0.75V

Checking PUSH FREEZE
MU-1651

AC-GND-DC—-DC, PUSH FREEZE—PULL
UNIT SELECT— UNIT 1, DISPLAY MODE—SINGLE

MS-1650B

DISPLAY MODE—REAL, PULL FREE RUN—PULL
DISPLAY TIME~MIN, TRIG SOURCE—EXT
PULL AUTO—-AUTO

Input a suitable signal, and memorize the waveform in the
FREE RUN mode above.

Then, FREEZE the unit by pushing the PUSH FREEZE but-
ton. Set AC-GND-DC to GND, and check that the memoriz-
ed waveform has been retained.

Switch POWER SW to OFF, leave a certain time to elapse,
and switch POWER SW to ON again. Check that the
memorized waveform has been retained.

Checking AUTO FREEZE (MU-1652(T) only)

Set POSITION SET at rear to 3.

Pull the PULL FREERUN (PULL WRITE/READ) control of
MS-1650B, set DISPLAY MODE to REAL, and set TRIG
control to PULL (AUTO). Apply a suitable signal to the input
terminals, and display it on the screen of MS-1650B.

By varying the PULL FREERUN control on MS-1650B, set
DISPLAY TIME so that WRITE/READ operation is easily
visible.

Observe WRITE/READ lamp of MS-1650B and FREEZE
lamp on the unit. Check that when AUTO FREEZE is set to
AUTO-RESET, WRITE/READ of MS-16508B flashes on and
off 4 times, and the FREEZE lamp on the unit lights up
green.

Note:

When toggle switch is set to upper position, AUTO FREEZE
is “NORMAL’"’ and has the same functions as MU-1651.
When the switch is set to lower position, the unit is RESET,
and the FREEZE condition is released. When MS-16508B is
set to REAL, and DISPLAY TIME is set to PULL, the unit
enters the WRITE condition, i.e. the trigger waiting condi-
tion.

When the no. of times for FREEZE is set with POSITION
SET and the unit is RESET by the AUTO FREEZE switch,
AUTO FREEZE can then be executed by setting MS-16508B
to FREE RUN.
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ADJUSTMENT

MEMORY UNIT (X-81-1310-00)

TPI
VR6
TF(’)ZO o
L J L J L ]
O
TP3
[e]
VR5
O VR
we O
P3 P2
- O
AMP UNIT (X73-1460-00)
oB
P9
4 VR? oo jpe
C— o2 04 :
\6 . 5 VR3 V&S O %—] veiz 7
ol Ao o2
O O s7 VR"O VRI4 ©5
VR (o ————— D VRIO 06
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Fig. 30 Location of Adjustment Control
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Independent operation of the MU-1651(T),
MU-1652(T) WRITE/READ function of the memory unit when the
The device shown below is helpful to check and adjust MU-1651 is used independently.
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Device for independent operation of the MU-1651

Switch
PEN;

READ;

When this switch is on, data coming
from D/A develops at the PEN OUT
terminal.

When this switch is on, data may be
read from the memory. The WRITE

CLK/WRITE;

switch below may also be used to
enter READ mode.

When this switch is set at CLK, write
to the memory becomes possible. At
this time, the READ switch must be
off. When this switch is set at WRITE,
write data is output from D/A.




PARTS LIST; MS-1650B

CHASSIS ASSEMBLY (MS-1650B)

Fig. & Index No.| Parts No. Description Fig. & Index No| Parts No. Description
A01-0895-08 Case G02-0606-04 Spring (for handle)
1-1 A13-0761-08 Frame (R) 1-32 G13-0705-04 Rubber (for CRT)
1-2 A13-0762-08 Frame (L) 1-32 G13-0710-14 Rubber (for CRT band)
1-3 A23-1640-03 Rear pan‘-_‘,| 1-33 G13-0711-14 Rubber (for CRT band)
1-4 A20-2753-25 Die cast pane' 1-34 G13-0712-14 Rubber (fOI’ Iamp)
1-5 A21-1017-04 Decorative panel (1) H01-2965-04 Carton box
16 A21-1013-04 Decorative panel (2) H10-2812-12 Pad (formed styrene)
1-7 A21-0871-04 Decorative panel (3) :;5?3?;?2 :ZKI:;S;Z:L bag
1-8 A22-0819-03 Sub panel (1)
1-9 A22-0822-03 Sub panel (2) jgig:gé:g: ;Zir
1-10 B07-0122-04 Push escutceon 121-2907-05 Ring R
1-11 B07-0706-04 Push escutceon (rectangular form) 121-2912-05 Holder (for LED)
12 g?g:g;;?:gg iﬁ;eswtcem 1-35 J21-2956-04 Mounting hardware (for BNC)
" 1-36 J21-2974-08 Mounting hardware (for electrolytic cap.
1-13 B19-0710-04 Acryl (for light fucus) 1-37 J21-2975-08 Mounting hardware :for transfo:/mer) P
B20-0916-04 Graticule 1-38 J21-2976-08 Bracket (for push SW)
1-14 B30-0920-05 Lamp (for graticule) DN1 ~4 129-0508-08 Retainer (for TR)
B09-0011-04 Cap {rubber) J39-0516-08 Post (cyndrical)
1-156 B40-2765-04 Serial number plate 39-0517-08 Post {cyndrical)
B41-0726-04 Voltage indication sheet J39-0518-08 Post (cyndrical)
B50-2979-00 Instruction manual (M) J39-0519-08 Post (cyndrical)
118 D23-0061-04 Retainer J39-0514-08 Post (bakelite, cyndrical)
1-17 D22-0402-056 Coupling J29-0509-08 Retainer plate (bakelite)
1-18 D21-0905-08 Extension shaft J39-0520-08 Post (bakelite, cyndrical)
1-19 EO01-1404-05 CRT socket J59-0001-05 Gromet
1-20 E18-0351-05 Power connector J59-0002-05 Plunger
1-21 E08-1081-05 Voltage selector (reseptacle) J42-0521-08 Bushing
1-22 E09-0681-056 Voltage selector (plug) J61-0049-05 Cable band
1-23 E21-0654-04 CAL terminal (TP1) K01-0512-05 Handle
E21-0657-04 Metalic terminal (TP1, 2) 1-66 K21-0293-14 Push knob
E30-1818-05 Power cord (JIS) 1-39 K21-0819-03 Knob
E30-1819-05 Power cord (CEE) 1-40 K21-0822-14 Knob
£30-1821-05 Power cord (SAA) 1-41 K21-08256-04 Knob
E31-0781-05 Lead wire anphenole connector (14P) 1-42 K21-0831-24 Knob
E04-0251-05 BNC receptacle 1-43 K21-0832-14 Knob
E29-0526-08 Pin connector (plug) 3P 1-44 K21-0833-14 Knob
E29-0527-08 Pin connector (receptacle) 3P 1-45 K27-0526-04 Lever knob (grey)
E29-0528-08 Pin connector (plug) 2P 1-46 K27-0504-04 Knob (rectangular form, lightgrey}
E29-0529-08 Pin connector (receptacle) 2P 1-47 K27-0505-00 Knob (rectangular form, lightblue)
E29-0530-08 Pin connector (receptacle) 6P 1-48 L01-9286-08 Power .transformer
E29-0531-08 Pin connector (plug) 6P 1-49 L79-0504-08 Noise filter (FL-1)
E29-0532-08 Pin connector (plug) 10P L77-1002-05 Crystal 10MHz
E29-0533-08 Pin connector (receptacle) 10P :-g? ;?3?:22:)77:%?3 :(,I?:jt:t:\:v;z:'l\
Eig:g;g;:gg #‘;?n::::'”a' 1-52 $37-2005-05 Lever switch
1-63 S$32-2013-05 Lever switch
E08-2483-05 Lead wire/anphenole connector (24P) 1-54 $32-4007-05 Lever siwtch
F01-0231-14 Heat sink 1-58 $02-1501-05 Rotary switch
F07-0908-14 Handle cover 1-55 S42-3509-08 Key switch
1-25 F11-0950-02 CRT shield cover (1) 1-56 $29-1501-08 Thumb wheel switch
1-26 F11-0954-04 CRT shield cover (2) WO01-0503-04 Cord wrap
1-27 F11-0960-04 CRT shield cover (3) 1-57 002-0006-05 Shield gaseket
F15-0701-04 Felt 1-69 CRT E2713B31A
1-28 F15-0712-04 Reflector 1-60 R23-9501-05 Variable res. 1kQ/5kQB
1-29 F19-0703-04 Voltage selector plate 1-63 RO1-8503-05 Variable res. with push SW 2MQ
F20-0637-04 Insulation sheet (for handle) 1-61 R19-9504-08 Variable res. 5000/10k0B
FO5-1521-06 Fuse 1.5 A 1-62 R19-9505-08 Variable res. 5kQ/10kQB
F05-7011-05 Fuse 0.7 A 1-64 R01-4507-08 Variable res. 50kQ
F10-1562-08 Sheild cover {for push SW) 1-63 RO5-8503-08 Variable res. 3MQ
F15-0726-08 Blind cover 1-65 R03-2504-08 Variable res. (with SW) 5kQ
FO7-0922-08 Shield cover (vertical amp. P.C.B.) 1-67 S01-2509-08 Rotary switch
FO1-0834-08 Heat sink (for Tr) 1-69 R03-8503-05 Variable res. 2MQ
1-30 F02-0508-08 Fin |1-68 S01-3503-08 Rotary switch
1-31 F02-0509-08 Fin
F10-1563-08 Shield cover R1 RW98A3H201J Winding res. 200Q +5% 5W
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PARTS LIST; MS-1650B

Ref. No. Parts No. Description
R2 RCO5GF3A185K Carbon res. 1.8MQ +£10% 1W
Cc1 CEO2W2V470M Electrolytic cap. 47uF 350W
Cc2 CK45E3D103P Ceramic cap. 1000pF +=10% 2kV
Cc3 C91-0566-05 Gold cap. 1F 6.5V
D1, 2 LED AR4133S
D3 LED PG4133SX
D4 LED AR4133S
D5 Doide rectified S2VB20
Q1 IC REG FS7812M
Q2 IC REG FS7912M
Q3 Transistor 25D288
Q4 Transistor 2SB630

VERTICAL AMPLIFIER UNIT (X73-1370-02)

Unless otherwise specified, all resistors are +£5%, 1/8W.

Ref. No. Parts No. Name & Description
R201,202 RD14BB2E470J Carbon res. 47Q
R203 RN14BK2H9003F | Metal film res. 900kQ 1% 1/2W
R204 RN14BK2E1113F | Metal film res. 111kQ 1%  1/4W
R205 RN14BK2H9903F | Metal film res. 990k 1% 1/2W
R206 RN14BK2E1012F | Metal film res. 10.1kQ 1%  1/4W
R207 RN14BK2H9993F | Metal film res. 999KQ +1% 1/2W
R208 RN14BK2E1001F | Metal film res. 1kQ +1% 1/4W
R209 RN14BK2E1004F | Metal film res. T™MQ +1% 1/4W
R210 RD14BB2E104J Carbon res. 100kQ
R211,212 RD14BB2E101J Carbon res. 100Q
R213,214 RN14BK2E4991F | Metal film res. 4.99kQ 1% 1/4W
R215 RD14BB2E101J Carbon res. 1009
R216 RD14BB2E102J Carbon res. 1kQ
R217,218 RD14BB2E153J Carbon res. 15kQ
R219~221 | RD14BB2E101J Carbon res. 1000
R222,223 RN14BK2E4301F | Metal film res. 4.3kQ 1% 1/4W
R224 RN14BK2E7410F | Metal film res. 7410 £1%  1/4W
R225 RN14BK2E3830F | Metal film res. 3830 1% 1/4W
R226 RD14BB2E4R7J Carbon res. 4.7Q
R227 RN14BK2E1050F | Metal film res. 1050 +1% 1/4W
R228 RD14BB2E100J Carbon res. 10Q
R229 RD14BB2E181J Carbon res. 180Q
R230 RN14BK2E1820F | Metal film res. 1820 1% 1/4W
R231 RD14BB2E100J Carbon res. 10Q
R232 RN14BK2E1820F | Metal film res. 1820 1% 1/4W
R233 RD14BB2E152J Carbon res. 1.5k$
R234,235 RD14BB2E470J Carbon res. 479
R236 RN14BK2E6800F | Metal film res. 6800 £1% 1/4W
R237 RD14BB2E471J Carbon res. 470Q
R238 RN14BK2E6800F | Metal film res. 6800 1% 1/4W
R239,240 RD14BB2E682J Carbon res. 6.8kQ
R241,242 RD14BB2E470J Carbon res. 47Q
R243 RD14BB2E222J Carbon res. 2.2kQ
R244 RD14BB2E101J Carbon res. 100Q
R245 RD14BB2E331J Carbon res. 3300
[R246,247 RD14BB2E472J Carbon res. 4.7kQ
R248 RD14BB2E101J Carbon res. 100Q
R249 RD14BB2£222J Carbon res. 2.2k
R250,251 RD14BB2E102J Carbon res. 1k
R252~255 | RD14BB2E472J Carbon res. 4.7kQ
R256 RD14BB2E470J Carbon res. 479
R257 RN14BK2E5101F [ Metal film res. 5.1k +1% 1/4W

Ref. No. Parts No. Name & Description
R258 RN14BK2E1002F | Metal film res. 10kQ +£1% 1/4W
R259 RN14BK2E5101F | Metal film res. 51k 1% 1/4W
R260 RN14BK2E1002F | Metal film res. 10kQ +1%  1/4W
R261,262 RD14BB2E222J Carbon res. 2.2kQ
R263,264 RD14BB2E472J Carbon res. 4.7kQ
R265,266 RN14BK2E3001F | Metal film res. 3k +1%  1/4W
R267 RN14BK2E2202F | Metal film res. 22k 1%  1/4W
R268 RD14BB2E470J Carbon res. 47Q
R269 No use
R270 RD14BB2E223J Carbon res. 22kQ
R271 RD14BB2E222J Carbon res. 2.2kQ
R272,273 RD14BB2E682J Carbon res. 6.8kQ
R274 RD14BB2E471J Carbon res. 470Q
R275,276 RN14BK2E3001F | Metal film res. 3kQ +1% 1/4W
R277,278 RN14BK2E6800F | Metal film res. 6802 1% 1/4W
R279~282 | RD14BB2E470J Carbon res. 47Q
R283,284 RD14BB2E102J Carbon res. 1kQ
R285 RD14BB2E472J Carbon res. 4.7kQ
R286 RD14BB2E103J Carbon res. 10kQ
R287 RD14BB2E223J Carbon res. 22k
R288 RD14BB2E470J Carbon res. 47Q
R289~292 | RD14BB2E562J Carbon res. 5.6k
R293 RD14BB2E470J Carbon res. 479
R294 RD14BB2E102J Carbon res. 1kQ
R295 RD14BB2E472J Carbon res. 4.7kQ
R296 RD14BB2E102J Carbon res. 1kQ
R297 ~300 | RD14BB2E470J Carbon res. 47Q
R301 RD14BB2E332J Carbon res. 3.3k
R302 RD14BB2E474J Carbon res. 470kQ
R303 RD14BB2E332J Carbon res. 3.3kQ
R304,305 RD14BB2E102J Carbon res. 1kQ
R306,307 RD14BB2E222J Carbon res. 2.2kQ
R308 RD14BB2E471J Carbon res. 4700
R309,310 RD14BB2E470J Carbon res. 47Q
R311,312 RD14BB2E472J Carbon res. 4.7kQ
R313,314 RD14BB2E333J Carbon res. 33k
R315 RD14BB2E331J Carbon 3300
R316 RD14BB2E822J Carbon res. 8.2kQ
R317 RD14BB2E331J Carbon res. 3300
R318,319 RD14BB2E101J Carbon res. 100Q
R320 RD14BB2E104J Carbon res. 100kQ
R321 RD14BB2H683J Carbon res. 68kQ +£5% 1/2W
R322 RD14BB2E104J Carbon res. 100kQ
R323,324 RD14BB2E101J Carbon res. 1009
R325 RD14BB2E331J Carbon res. 330Q
R326 RD14BB2E101J Carbon res, 100Q
R327 RD14BB2E223J Carbon res. 22k
R328,329 RD14BB2E103J Carbon res. 10kQ
R330 RD14BB2E101J Carbon res. 1009
R331 RD14BB2E223J Carbon res. 22kQ
VR201 R12-1002-05 Semifixed res. 1kQB
VR202 R0O2-2508-05 Semifixed res. 5kQB
VR203 R12-0401-05 Semifixed res. 1000B
VR204 R12-3002-05 Semifixed res. 10kQB
VR205,206 | R12-0505-05 Semifixed res. 20008
VR207 R12-1002-05 Semifixed res. 1k0B
VR208 R12-4503-05 Semifixed res. 50kQB
C201 C91-0561-08 Ceramic cap. 0.1uF 600V
C202 CC45CH2H470J Ceramic cap. 47pF +5% 500V
C203 CK45B2H471J Ceramic cap. 470pF +5% 500V
C204 CC45CH2HO50D | Ceramic cap. 5pF +0.5pF 500V
C205 CK45B2H332K Ceramic cap. 3300pF +10% 500V
C206 C90-0261-05 Ceramic cap. 0.047,F 26V
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PARTS LIST;

MS-16508B

Ref. No. Parts No. Name & Description Ref. No. Parts No. Name & Description
C207,208 C90-0298-05 Semiconductor ceramic cap. c268 CK45B2H332K Ceramic cap. 3300pF +10% 500V
) 0.1uF 12v C269 CK45B1H471K Ceramic cap. 470pF +£10%
C209 CEO4W1A470M Electrolytic cap.  47uF 10V C270 CK45B2H332K Ceramic cap. 3300pF +10% 500V
Cc210 C90-0261-05 Ceramic cap. 0.047uF 25V Cc271 CK45B1H471K Ceramic cap. 470pF +£10%
C211,212 | €90-0298-05 Semiconductor ceramic cap. c272 CK45B2H103P | Ceramiccap.  0.014F *19%* 500V
O.1uF 12v Cc273 C90-0298-05 Semiconductor ceramic cap.
C213 CEO4W1A470M Electrolytic cap. 47uF 1oV 0.1uF 12v
C214 CK45B2J332K Ceramic cap. 3300pF +10% 630V C274 CEO4W1A470M Electrolytic cap. 47xF 1ov
C215 €90-0298-05 Semiconductor ceramic cap. C275 CEQ4W2E330M Electrolytic cap.  33uF 250V
0.1uF 12v | lc27e CK4BB2H103P | Ceramiccap.  0.014F F9°% 500V
C216 CC45CH1H100D | Ceramic cap. 10pF +0.5pF C277,278 C90-0298-05 Semiconductor ceramic cap.
Cc217 CC45SL1H330J Ceramic cap. 33pF +5% 0. 1uF 12v
C218 CEO4W1A101M Electrolytic cap.  100uF 10V C279 C90-0261-05 Ceramic cap. 0.047uF 25V
C219,220 C90-0298-05 Semiconductor ceramic cap. C280,281 CK45B1H102K Ceramic cap. 1000pF +£10%
0.1puF 12v C282,283 C90-0261-05 Ceramic cap. 0.0474F 25V
c221 CC45SL1H560J | Ceramic cap. 56pF  +5% C284 CK45B1H221K Ceramic cap. 220pF  +£10%
Cc222 C90-0298-05 Semiconductor ceramic cap.
0.14F 12V TC201 C05-0404-05 Ceramic trimmer 10pF
c223 CEO4W1C470M | Electrolytic cap.  47uF 16V TC202 €05-0403-05 Ceramic trimmer  6pF
Cc224 C90-0261-05 Ceramic cap. 0.047,F 25V TC203 C05-0404-05 Ceramic trimmer  10pF
C225 CEO4W1C470M | Electrolytic cap.  47uF 16V TC204 C05-0403-05 Ceramic trimmer  6pF
C226 CC45CH1HO50D | Ceramic cap. BpF +0.5pF TC208 €05-0404-05 Ceramic trimmer  10pF
227,228 | CEO4W1C470M | Electrolytic cap. 47uF 16v | {TC206 C05-0403-05 Ceramic trimmer  6pF
c229 €90-0261-05 Ceramic cap. 0.047,F 25V TC207 C05-0404-05 Ceramic trimmer 10pF
C230 CC45SL1H330J Ceramic cap. 33pF +5%
c231 CK45B1H103K | Ceramic cap. 0.014F £10% IC201 FET DUAL 25K228-1-20r-1-3
€232 CEO4W1C470M | Electrolytic cap.  47uF 16V IC202 IC OP AMP uPC159A
€233 €90-0261-05 Ceramic cap. 0.047yF 25V IC203 ICTTL SN7472
C234 CEO4W1C470M | Electrolytic cap. 47pF 16V IC204 IC DUAL uPA15
C235 €90-0261-05 Ceramic cap. 0.047,F 25V 1C205,206 Transistor array, DUAL
C236 C90-0298-05 Semiconductor ceramic cap. ANS04
0.14F 12V 1C207 ICTTL SN7400
C237 CK45B1H221K Ceramic cap. 220pF +£10%
238,239 | C90-0298-05 Semiconductor ceramic cap. 828; ?a“fsz‘“ 2:2: ﬁ:g
0.14F 12V ransistor
C240 CEO4W1A470M Electrolytic cap. 47uF 10V Q203 FET . 25K30(0)
C241,242 C90-0298-05 Semiconductor ceramic cap. 204,205 Transgstor 25C1815
’ ransistor
C243 CEQ4W1C470M Eiectro.lytrc cap. 47uF 16V Q210,211 Transistor 25C1015
C244 C90-0262-05 Cera.mlc cap. O.C?47;4F 25V Q212~219 Transistor 25C1815
C245 C90-0298-05 Semiconductor ceramic cap. Q220,221 Transistor 25C1215
0.1uF 12v Q222,223 Transistor 2SC1628
C246 CC45CH1H220J Ceramic cap. 22pF +5% Q224,225 Transistor 2SA818
C247 CC45SL1H221J Ceramic cap. 220pF +5% 0226,227 Transistor 25C1815
C248 CEO4W1C470M Electrolytic cap. 47uF 16V
C249 C90-0261-05 Ceramic cap. 0.047uF 25V D201,202 Diode RDS, 8E
C250 C90-0298-05 Semiconductor ceramic cap. D203 Diode 15953
0.14F 12V | Ip204,2085 Diode RDS, 8E
C251 CEO4W1A470M Electrolytic cap.  47uF 0V D206 ~ 208 Diode 1N34
C252 CEO4W1C470M Electrolytic ceramic cap. D208,210 Diode 18953
47pF 16v D211 Diode RD10E
C253 C90-0261-05 Ceramic cap. 0.047uF 25V D212,213 Diode 1N34
C254 C90-0298-05 Semiconductor ceramic cap. D214,215 Diode 15953
0.1uF 12V
C255 CEO4W1A470M | Electrolytic cap.  47uF 10v L201~204 | 1L40-4701-03 Ferri inductor 47uH
C256 No use L205,206 L40-6801-03 Ferri inductor 68uH
C257 CC45SL1H221J Ceramic cap. 220pF +5%
€258 CEO4W1C470M | Electrolytic cap.  47uF 16V P210,202 E40-1064-05 Pin connector 10P
C259,260 C90-0261-05 Ceramic cap. 0.047uF 25V P203 E40-7001-08 Pin plug 10P
C261 CC45CH1H130J Ceramic cap. 13pF 5% P204,205 E23-0603-05 Pin connector 1P
c262 CKA4SF1H103Z Ceramic cap. 0.01F 55%
C263,264 CC45CH1HO10C Ceramic cap. 1pF +0.25pF
265 CKA4BE2H103P Ceramic cap. 001 HiP* soov
C266,267 CC45CH1HO10C Ceramic cap. 1pF +0.25pF
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VERTICAL SUB UNIT (X73-1470-00)

Unless otherwise specified, all resistors are +5%, 1/8W.

PARTS LIST; MS-1650B

Ref. No Parts No. Name & Description Ref. No Parts No. Name & Description
R801~810 | RD14BB2E103J Carbon res. 10kQ R421 RN14BK2E4993F | Metal film res. 499kQ x1% 1/4W
R811~815 | RD14BB2E101J Carbon res. 1009 R422 R92-1015-08 Carbon res. 1.5MQ %1% 1/8W
R816 RN14BK2E3002F | Metal film res. 30kQ +1% 1/4W R423 R92-1016-08 Carbon res. 2.5M2 +£1% 1/8W
R817,818 RN14BK2E1502F | Metal film res. 15k +1% 1/4W R424 RD14BB2E391J Carbon res. 3309
R819,820 RD14BB2E103J Carbon res. 10kQ R425 RD14BB2E471J _Carbon res. 4700
R821 RD14BB2E102J Carbon res. 1k R426 RD14BB2E682J Carbon res. 6.8kQ
R822 RD14BB2E223J Carbon res. 22kQ R427 RD14BB2E103J Carbon res. 10k
R823 RD14BB2E103J Carbon res. 10k R428 RD14BB2E152J Carbon res. 1.5kQ
R824 RD14BB2E392J Carbon res. 3.9kQ R429 RD14BB2E223J Carbon res. 22kQ
R825 RD14BB2E102J Carbon res. 1kQ R430 RD14BB2E152J Carbon res. 1.5kQ

R431 RD14BB2E223J Carbon res. 22k
C801,802 CK45B1H103K Ceramic cap. 0.01uF +=10% R432 ~434 | RD14BB2E104J Carbon res. 100kQ
C803~805 | C90-0298-05 Semiconductor ceramic cap. R435 RD14BB2E511J Carbon res. 5100
0.1uF 12v R436 RD14BB2E103J | Carbon res. 10kQ
C806 CK45B1H103K Ceramic cap. 0.01puF x10% R437 RD14BB2E683J Carbon res. 68kQ
C807 CC45CH1H471J Ceramic cap. 470pF +5% R438 RD14BB2E103J Carbon res. 10kQ
c808 C90-0298-05 Semiconductor ceramic cap. R439 RD14BB2E222J Carbon res. 2.2kQ
0.1uF 12v R440 RD14BB2E472J Carbon res. 4.7kQ
€809 CC45CH1H101J | Ceramic cap. 100pF  +5% R441,442 | RD14BB2E182J Carbon res. 1.8kQ
c810 CC45SL1H220J Ceramic cap. 22pF +5% R443 RD14BB2E221J Carbon res. 2200
c811 CK45B1H103K Ceramic cap. 0.01uF £10% R444,445 | RD14BB2E152J Carbon res. 1.5kQ
C812~815 | C90-0298-05 Semiconductor seramic cap. R446 RD14BB2E332J Carbon res. 3.3kQ
0.1uF 12v R447 RD14BB2E682J Carbon res. 6.8k
R448 RD14BB2E183J Carbon res. 18kQ
RL801,802 | $61-1510-05 Reed relay R449 RD14BB2E123J | Carbon res. 12kQ
R450 No use
ic8o1 IC CMOS TC4052BP R451 RD14BB2E103J | Carbon res. 10k
Ic802 IC TTL SN74LS03 R452 RD14BB2E223J | Carbon res. 22k0)
IC803 ICTTL SN74LS112 R453 RS14AB1A823J | Metal oxide film res.
1C804 IC M54603 82kQ +5% 1w
R454,455 RD14BB2E223J Carbon res. 22kQ
Qso1 FET PUAL 25K228T R456 RD14BB2E153J Carbon res. 15kQ
Q802,803 Transistor 25C945P R457 RD14BB2E103J | Carbon res. 10kQ
. R458 RD14BB2E222J Carbon res. 2.2kQ
D801 ~809 Diode 15993 R459-461 | RD14BB2E103J | Carbon res. 10k
P8O1 £40-1064-05 Pin connector 10pP R462 RD14BB2E272J Carbon res. 2.7kQ
P8O2 £40-0464-05 Pin connector 4P R463 RD14BB2E473J Carbon res. 47kQ
P803,804 | E40-0364-05 | Pin connector 3P Ra64 RD14BB2E471J | Carbon res. 4700
P8O5 E40-1264-05 Pin connector 12p R465 RD14BB2E472J Carbon res. 4.7k
P8O6 E40-1064-05 Pin connector 10P R466 RD14BB2E682J Carbon res. 6.8k
R467,468 RD14BB2E472J Carbon res. 4.7k
R469 R92-1017-08 Carbon res. 13k 7w
R470 RD14BB2E3314J Carbon res. 3300
HORIZONTAL SWEEP UNIT (X74-1240-02) R471 R92-1017-08 Carbon res. 13k 7W
Unless otherwise specified, all resistors are 5%, 1/8W. Ir472 RD14BB2E470J Carbon res. 47Q
e R473 RD14BB2E822J Carbon res. 8.2kQ

Ref. No Parts No. Name & Description R474 RD14BB2E392J | Carbon res. 3.9k
R401 RD14BB2E101J Carbon res. 1009 R475,476 RD14BB2E821J Carbon res. 820Q
R402 RD14BB2E222J Carbon res. 2.2kQ R477-479 RD14BB2E472J Carbon res. 4.7kQ
R403 RD14BB2E104J Carbon res. 100kQ R480 RD14BB2E471J Carbon res. 470Q
R404 RD14BB2E154J Carbon res. 150kQ R481 RD14BB2E151J Carbon res. 15090
R405 RD14BB2E153J Carbon res. 15kQ
R406 RD14BB2E511J Carbon res. 5100 VR401 R12-1002-05 Semifixed res. 1kQB
R407 RD14BB2E103J Carbon res. 10kQ VR402,403 R19-9506-08 Semifixed res. A =3k,B=100k(B
R408 RD14BB2E101J Carbon res. 100Q VR404 R12-0555-05 Semifixed res. 50008
R409 RD14BB2E682J Carbon res. 6.8kQ VR405 R12-1003-05 Semifixed res. 2.2k0B
R410 RD14BB2E333J Carbon res. 33k VR406 R12-2502-05 Semifixed res. 5k0B
R411 RD14BB2E332J Carbon res. 3.3kQ VR407 R12-1002-05 Semifixed res. 1k0B
R412 RD14BB2E152J Carbon res. 1.5kQ VR408 R12-0505-05 Semifixed res. 2000B
R413,414 RD14BB2E332J Carbon res. 3.3kQ VR409 R12-0555-05 Semifixed res. 5000B
R415 RD14BB2E822J Carbon res. 8.2k VR410 R12-1002-05 Semifixed res. 1kQB
R416,417 RN14BK2E1003F | Metal film res. 100k +£1%  1/4W
R418 RD14BB2E122J Carbon res. 1.2kQ C401,402 CEO4W1HO10M Electrolytic cap.. 1uF 50V
R419 RN14BK2E1503F | Metal film res. 150k +£1%  1/4W Cc403 CC45SL1H050C Ceramic cap. 5pF +0.25pF
R420 RN14BK2E2493F | Metal film res. 249k 1%  1/4W C404 C90-0261-05 Ceramic cap. 0.047F 25V

44




PARTS LIST; MS-1650B

Ref. No Parts No. Name & Description Ref. No Parts No. Name & Description
C405 CC45SL1H100D Ceramic cap. 10pF +0.5pF IC403 IC TTL SN74S00
C406,407 C90-0298-05 Semiconductor ceramic cap. IC404 IC TTL SN7472N
0.1uF 12v 1C405 IC TIMER LMBE5CN or MC1455P
c408 CEO4W1A470M Electrolytic cap. 47uF 10V 1C406 IC TTL SN75453BP
C409 C90-0261-05 Ceramic cap. 0.047uF 25V 1C407 IC ANLG. SW. CD4016AE
C410 CC45CH1H101J | Ceramic cap. 100pF 5%
C411~414 | C90-0298-05 Semiconductor ceramic cap. Q401,402 Transistor 2SC1815
0.1uF 12v Q403,404 | No use
C415 CEOC4W1A470M Electrolytic cap. 47uF 10V Q405 ~ 408 Transistor 28C1815
C416 C90-0298-05 Semiconductor ceramic cap. Q409 FET 25K30(0)
0.14F 12V | |Q410,411 Tansistor 25C1815
C417 CEO4W1C100M Electrolytic cap.  10uF 16V Q412 No use
C418~420 | CEO4W1THO10M Electrolytic cap.  1pF 50V Q413,417 Transistor 25C1815
Cc421 CK45B1H102K Ceramic cap. 1000pF 4:{:81009:/0 Q418,419 Transistor 28C1505
C422 CK45F1H1032 Ceramic cap. 0.014F 509, Q420,421 Transistor 25C1815
C423 CC45SL1H101J Ceramic cap. 100pF +5%
C424 CK45B1H471K Ceramic cap. 470pF +10% D401 Diode /D3, 9E
C425 C90-0261-05 Ceramic cap. 0.047uF 25V D402 No use
C426 CE04W1C470M Electrolytic cap. 47uF 16V D403,404 Diode 1N34
c427 CC45SL1H221) Ceramic cap. 220pF +5% D405 Diode 15953
C428 CEO4W1A470M Electrolytic cap. 47uF 10V X
C429 C90-0298-05 Semiconductor ceramic cap. D406 ~408 DTOde N34
0.14F 12v D409,410 Diode 18953
C430 C91-0562-08 Ceramic cap. 1uF +2% 50V .
C431 C91-0556-08 Ceramic cap. 0.01,F +2% sov | [F#01~405 | L40-4701-03 Ferriinductor  47uH
C432 CC45CH1H910J Ceramic cap. 91pF +5%
Cc433 CCABCH1H390J | Ceramic cap.  39pF 5% P401 E19-1261-08 Pin plug 12p
C434,435 | CS15E1A4R7K | Tantalum cap.  4.74F 1ov | [P402 E40-1064-05 Pin connector  10P
C436 C90-0298-05 Semiconductor ceramic cap. P403 E40-1264-05 Pin connector 12p
0.14F 12v P406 E23-0503-05 Pin connector 1P
C437 CC45CH1H100D Ceramic cap. 10pF +0.5pF
C438 CE04W1C470M Electrolytic cap. 47uF 16V
C439,440 C90-0261-05 Ceramic cap. 0.047uF 25V HOR'ZONTAL SUB UN'T (X74_1 330_00)
C441,442 | CEO4W1C470M | Electrolytic cap. 47uF 16V Unless otherwise specified, all resistors are +5%, 1/8W.
C443 C€90-0261-05 Ceramic cap. 0.0474F 25V
C444 C90-0298-05 Semiconductor ceramic cap. Ref. No.. Parts No. Name & Description
0.14F 12V 1 [r701 RN14BK2E3003F | Metal film res.  300kQ =1%  1/4W
445 CK45B1H102K | Ceramic cap.  1000pF 10% R702 RN14BK2E1201F | Metal fimres.  1.2kQ %1%  1/4W
gj:f gg::;ﬂ:fj(’ J 2::::1:2’;2" igggEF i?oobw R703 RN14BK2EB201F | Metal film res.  8.2KQ £1%  1/4W
: ° R704,705 RD14BB2E101J Carbon res. 100Q
C448 C90-0298-05 Semiconductor cere())m;c;ap. v R706~711 | RD14BB2E103J Carbon res. 10KkQ
Ap
C449,450 CEO4W1A470M Electrolytic cap.  47uF 10V "
C451,452 | C90-0298-05 Semiconductor ceramic cap. VR701 R12-1521-05 Semifixed res.  4.7kiB
0.1pF 12V .
c453 C90-0261-05 Ceramic cap. 0.047,F 25V C701 CM93BD2A152J | Mica c.ap. 1600pF 5% 100V
ca54 CEO4W1C101M | Electrolytic cap.  100xF 16v | [€702.703 | CK4B1H103K Ceramic cap. 0.014F  +10%
C455 C90-0261-05 Ceramic cap. 0.047,F 25V C704,705 CC45SL1H470J Ceramic cap. 47pF +5%
C456 CEO4W1C101M Electrolytic 'cap. 1004F 16V C706 C90-0298-05 Semiconductor ceramic cap.
C4567 CEO4W2E470M Electrolytic cap. 47uF 250V 0.14F 12v
C458 €90-0298-05 Semiconductor ceramic Cc707 CK45B1H103K Ceramic cap. 0.01pF +10%
0.14F 12V
C459,460 | CEO4W1A470M | Electrolytic cap. 47uF 1ov | |I€701 IC CMOS TC40668
ca61 CK45B1H471K | Ceramic cap. 470pF  +£10% IC702 ICTTL SL74LS00
C462 CC45SL1H020C Ceramic cap. 2pF +0.25pF
€463 CEO4W1C101M | Electrolytic cap.  1004F 16V Q701 Transistor 28A495
C464 C90-0298-05 Semiconductor ceramic cap. Q702 Transistor 25C373
0.1u 12V Q703 Transistor 25A495
c465 CK45F1H103Z | Ceramiccap.  0.014F 1592 Q704 Transistor 2sC373
C466 CC45S8L1H331J Ceramic cap. 330pF +5% Q705,706 FET 2SK30A(0)
Q707,708 Transistor 2SA495
TC401,402 | C05-0405-05 Ceramic trimmer 20pF
1IC401 IC VIDEO AMP ANB06
1C402 IC TTL SN74123

45




PARTS LIST; MS-1650B

Ref. No Parts No. Name & Description Ref. No. Parts No. Name & Description
D701 ~703 Diode 15953 R619 RD14BB2B471J | Carbon res. 4700
R620~629 | RD14BB2B472J . Carbon res. 4.7k
P701 E40-1264-05 Pin connector 12P R630 No use
R631 RD14BB2B332J | Carbon res. 3.3k0
R632 RD14BB2B223J | Carbon res. 22k0
R633 RD14BB2B472J | Carbon res. 4.7k
CONTROL UNIT (X77-1 1 70'0.2) . o R634 RD14BB2B221J | Carbon res. 2200
Unless otherwise specified, all resistors are 5%, 1/8W. R635 RD14BR2BA72.) Carbon ras 2.7k0
Ref. No. Parts No. Name & Description R636 No use
R637,638 | RD14BB2B472J | Carbon res. 4.7k0
R501 No use R639 RD14BB2B103J | Carbon res. 10kQ
R502 No use R640 RD14BB2B473J | Carbon res. 470
RE03~515 | RD14BB2B472) | Carbon res. 4.7k0 o RD1458254713 | Carber rea. 4700
R516 RD14BB2B221J Carbon res. 220Q RE42 RD14BB2B223J Carbon res. 29KkQ
R517~522 | RD14BB2B472) | Carbon res. 4,70 n64s nD145525355) | Gabon ree. S6K0
R523~525 | RD14BB2B102J | Carbon res. 1KQ Roas 1458254725 | Garbon ree. .7
R626 RD14BB2B103J | Carbon res. 10k0 R645,646 | No uss
R5627 RD148B2B102) | Carbon res. 1k R647,648 | RD14BB2B471J | Carbon res. 4700
R628,629 | No use R649~661 | RD14BB2B472J | Carbon res. 4.7k0
R530,531 | RD14BB2B222J | Carbon res. 2.2k n652 AD14BR2B3321 | Gorbon re. 5360
R532 RD14BB2B331J | Carbon res. 3300 R653 RD14BB2B472J | Carbon res. 4.7k0
R533 RD14BB2B472J Carbon res. 4.7kQ
R534,535 | RD14BB2B222J | Carbon res. 2.2k0 VRBOT R19.0505.05 Semifixed res. 2000
R836 RD14BB2B391J | Carbon res. 3900 VR502 R12-1026-05 Semifixed res.  3KQ
R837 RD14BB2B333J | Carbon res. 33ka VR503,504 | R12-0505-05 Semifixed res. 2000
RS38 RD148B2B103J | Carbon res. 10k0 VRE05 R12-1026-05 Semifixed res. 3k
R839 RD148B2B222) | Carbon res. 2.2k0 VRE06,507 | R12-3002-05 Semifixed res.  10ka
R540 RD14BB2B102J | Carbon res. 10
R541 RD14BB2B471J | Carbon res. 4700 501 - 504 | No use
R542 RD14BB2B104.J | Carbon res. 100k €505 CK45B1H221K | Ceramic cap.  220pF +10%
R543 RD14BB2B472.) | Carbon res. 4.7kQ C506 CK45BTH101K | Ceramic cap.  100pF +10%
R544 RD14BB2B103J | Carbon res. 10kQ o207 No e
R545 RD14BB2B472) | Carbon res. 4.7k C508,509 | CKAB5BTH101K | Ceramic cap.  100pF +10%
R546 No use c510 CK45B1H102K | Ceramic cap.  1000pF +£10%
R547,548 | RD14BB2B222J | Carbon res. 2.2k0 oot CK4SBIHIIIK | Coramio con 330pF  £10%
R549 RD14BB2B101J Carbon res. 100Q c512 No use
R550 RD14BB2B661. | Carbon res. 5600 c513 CKA45B1H101K | Ceramic cap. 100pF  £10%
RB51 RD148B2R102) | Carbon res. 1kQ c514 CC45CHTH220J | Ceramic cap.  22pF  +5%
R652 RD14BB2B104J | Carbon res. 100k C515 CK45B1E103K | Ceramic cap.  O.014F £10% 25V
R553,554 | RD14BB2B152) | Carbon res. 1.5k c516 CEO4W1A470M | Electrolytic cap. 47uF 10V
RE556 RD14BB2B221J | Carbon res. 2200 o1y o vos
R556 RD14BB2B103J | Carbon res. 10kQ c518 CKA45BTH221K | Ceramic cap.  220pF £10%
R557 RD14BB2B680J | Carbonres. 680 Cc519 CK45CHTH100D | Ceramic cap.  10pF  +0.5pF
R658 RS14AB3A220J | Metal oxide film res. C520 CEO4W1C4A70M | Electrolytic cap.  47pF 16V
220 £5% AW opoy €90-0261-05 Ceramic cap.  0.0474F 25V
R659 RD14BB28222.) Carbon res. 2.2k C522 C90-0298-05 Semiconductor ceramic cap.
R560 RD14BB2B821J | Carbon res. 8200 ouF 1oy
R561~567 | RN14BK2EQ100F | Metal filmres. 9100 1% 1/4W | [cg0a CEO4W1A47OM | Electrolytic cap.  47,F 1oV
RG68~575 | RN14BK2E1800F | Metal fimres. 1800 1% 1/a4W | | oo e | (o0 000805 Semiconductor ceramic cap.
R576~582 | RN14BK2E3600F | Metal film res.  360Q  £1%  1/4W 0.14F 12V
R683~586 | RD14BB2B222) | Carbon res. 2,20 526 CKa5BIH221K | Coramic cap.  220pF  &10%
R586 RD14BB2B682J | Carbon res. 6.8kQ c527 CC45CH1H331J | Ceramic cap. 330pF +5%
R587 RD14BB2B472J | Carbon res. 4.7k0 C528 CK45B1H473K Ceramic cap. 0.047; +10%
R588 RD14BB2B102J | Carbon res. Tk c529 CEO4W1C101M | Electrolytic cap.  100uF 16V
R589 RD14BB2B821J | Carbon res. 8200 €530 CEO4W1A101M | Electrolytic cap.  100xF 10V
RE90~596 | RN14BK2EST00F | Metal filmres. 9100 1% 1/4W | |cs31.532 | c90-0261-05 Ceramic cap.  0.0474F 285V
RB97~603 | RN14BK2E1800F | Metal fimres. 1800 %1% 1/4W | |cea3 CEOAW1C101M | Elestrolytic cap.  1004F 16V
R604~611 | RN14BK2E3600F | Metal fiimres. 3600  +1%  1/4W | |cgza £90.0298.05 Semiconductor ceramic cap.
R612 RD148B2B472J | Carbon res. 4.7kQ 0.14F 12v
R613 RD148B2B221J | Carbon res. 2200 C535 €90-0261-05 Ceramic cap. 0.047,F 25V
R614 RD14BB2B331J | Carbon res. 3300 C536 CEO4W1A101M | Electrolytic cap.  100uF 10V
R615 RD14BB2B391J | Carbon res. 3900 C537 C90-0261-05 Ceramic cap. 0.0474F 25V
R616 RD14BB2B221J Carbon res. 220Q C538 C90-0298-05 Semiconductor ceramic cap.
R617 RD14BB2B102J | Carbon res. 10 0.14F 12v
R618 RD14BB2B103J Carbon res. 10kQ C539 C90-0261-05 Ceramic cap. 0.047yF 25V
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Ref. No. Parts No. Name & Description Ref. No. Parts No. Name & Description
C540 CEO4W1C101M Electrolytic cap.  100uF 16V IC526 ICTTL SN74LS193
C541 CEO4W1A101M Electrolytic cap.  100uF 10V IC527,528 No use
Cb42 C90-0298-05 Semiconductor ceramic cap. IC529 IC 8 BIT REGISTER

0.1puF 12v AM2503DC
C543 CEO4W1A101M Electrolytic cap.  100pF 10V IC530 IC OP AMP NEG29N
Cb44 C90-0261-05 Ceramic cap. 0.047yF 25V IC531~533 ICTTL SN74L5192
Ch45 CEO4W1C101M Electrolytic cap.  100xF 18V IC534 ICTTL SN7400
C546 C90-0261-05 Ceramic cap. 0.047,F 25V IC635 ICTTL SN74123
Cb547 CE04W1C470M Electrolytic cap. 47uF 16V IC536 IC TTL SN74LS107
C548 C90-0261-05 Ceramic cap. 0.047uF 25V IC537 ICTTL SN7400
C549 CK45B1H102K Ceramic cap. 1000pF +10% IC538 ICTTL SN7403
C550 C90-0261-05 Ceramic cap. 0.047uF 25V 1C539,540 ICTTL SN74LS90
Cb551 CEO4W1C101M Electrolytic cap.  100uF 16V IC541,542 ICTTL SN7404
C552 C90-0298-05 Semiconductor ceramic cap. IC543 IC TTL SN7410
0.1uF A2V | [ics44 IC TTL SN7404
C553 CEO4W1A101M Electrolytic cap.  100uF 0V IC545 IC TTL SN7410
C554~588 | C90-0298-05 Semiconductor ceramic cap. IC546 IC TTL SN7404
0.14F 12v IC547 No use
C589 CEO4W1A101M Electrolytic cap.  100pF 10V 1C548,549 IC TTL SN7410
C590~595 | C90-0298-05 Semiconductor ceramic cap. IC550 IC TTL SN7403
0.14F 12V | licss1~553 IcTTL SN74LS90
C596 CK45B1H221K Ceramic cap. 220pF +10% ICE54 IC TTL SN74LS107
C697 C90-0298-05 Semiconductor ceramic cap. . ICE55 IC TTL SN74279
, O1pF 5% 12V | | 0epg Ic TTL SN7400
C598 CK45B1H221K Cera.mlc cap. 22F)pF +10% IC557 (C TTL SN7404
C599 C90-0298-05 Semiconductor ceraom;tiap. . IC558 Ic TTL SN74LS107
C600 No use IC569 ICTTL SN7400
C601 C91-0558-08 Ceramic cap. 0.2uF 12v IC560 ICTTL SN7404
C602 ~605 | C90-0298-05 Semiconductor ceramic cap. IC561 ICTTL SN7402
0.14F 12V 1IC562 ICTTL SN7403
C606 CK45B1H102K Ceramic cap. 1000pF +£10% :2222'564 :g :‘Ir‘:: ::;Z:zzo
C607 CK45B1H101K Ceramic cap. 100pF +10% (C566 e TTL SN74121
C608 CK45B1H102K Ceramic cap. 1000pF +10% IC567 568 © TLL SN74LS174
C609,610 C90-0261-05 Ceramic cap. 0.047uF 25V IC569, IC TTL SN7408
C611,612 €91-0559-08 Ceramic cap. 0.2uF 12v
X . IC570 IC TTL SN74S00
C613 C90-0298-05 Semiconductor ceramic cap.
0.1F 12v IC571 IC CMOS CD4011BE
ce14 CC45SL1H220J | Ceramic cap.  22pF  +5% IC572 IC CMOS CD4013BE
ce15 CK45B1H472K | Ceramic cap. ~ 4700pF +10% IC673 ICTTL SN74LS273
C616 C90-0298-05 Semiconductor ceramic cap. IC574,575 IC COMS #PD444C
0.14F 12v | |1c576,577 ICTTL SN74367
617,618 | C91-0559-08 Ceramic cap.  0.24F 12v | [IC578 ICTTL SN74L5273
c619 CC46SL1H470J | Ceramic cap.  47pF 5% IC579 ICTTL SN7474
€620 CS15E0J150M | Turtalum electrolytic cap. IC580 IC OP AMP LM310
15,F 6.3V IC581 ICTTL SN741568
C621~626 | C90-0298-05 Semiconductor ceramic IC582 ICTTL SN7400
0.14F 12v IC583 ICTTL SN7408
IC584 ICTTL SN74244
IC501 IC OP AMP LM310
1IC502 IC CMOS MC14174 Q501 Transistor 2SA1015
IC503 IC CMOS MC14175 Q502 ~506 Transistor 2SC1815
IC504,505 No use Q507 ~522 Transistor 2N5771
IC506 IC OP AMP MC1741 Q523 FET E175
IC507 ~509 IC TTL SN7406
IC510 ICTTL SN741.S85 D501 ~515 Diode 1N34
IC511 ICTTL SN74LS193 D516 ~523 Diode 159563
IC512~514 | No use D524,525 Diode 1N34
IC515,516 IC TTL SN7406 D526 ~528 Diode 15953
ICB17 No use D529 Diode RD6.2E
IC518 ICTTL SN74LS85
IC519 IC TTL SN74LS193 L5601 ~508 | L40-4701-03 Ferri inductor 47uH
IC520~522 | No use
IC523 IC TTL SN7406 X501 L77-1002-05 Crystal 1OMHz
IC524 No use
IC525 ICTTL SN74LS85
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Ref. No. Parts No. Name & Description Ref. No. Parts No. Name & Description
P501 E40-1266-05 Pin connector 12pP R157,1568 RD14BB2E152J Carbon res. 1.5kQ
P502 E19-0461-08 Pin connector 4p R159,160 RD14BB2E102J Carbon res. 1kQ
P503,504 E40-1266-05 Pin connector 12pP
P505 E40-0461-08 Pin connector 4P VR101 R12-1002-05 Semifixed res. 1kQB
P506,507 E40-1066-05 Pin connector 10P VR102~104 | R12-4503-05 Semifixed res. 50k02B
P508 E19-0362-08 Pin connector 3P VR105 R12-6005-05 Semifixed res.  330kQB
P509 E18-0461-08 Pin connector 4P VR106 R12-4503-05 Semifixed res.  50k0B
P510 E40-1566-05 Pin connector 15P
C101 CEQ4W1C222M Electrolytic cap.  2200uF 16V
C102 CEO4W1A101M Electrolytic cap.  100pF 10V
POWER SUPPLY UNIT (X68-1 330_02) c103 C90-0298-05 Semiconductor ceramic cap.
Unless otherwise specified, all resistors are +5%, 1/4 W 0.14F 12v
ot No. Parts No. Name & Description C104,105 | CEO4W1E102M | Electrolytic cap.  1000xF 25V
R101 R92-1010.08 Winding res .40 oW C106 CEO4W1C101M Electrolytic cap.  100pF 16V
o | e oo
R103 RN14BK2E4991F | Metal film res. 4.99kQ +£1% 1/4W K
R104 RN14BK2E1182F | Metal fim res.  11.8k2 «1% 174w | [€19° €90-0261-05 Ceramic cap. 00474 = 25V
R105 RD14BB2E391J | Carbon res. 3900 c110 CK45E2H103P Ceramic cap. 0.014F g " 500V
; C111 C91-0556-08 Polystyrene cap. 0.01uF +2%
g: 8‘75 :E:i@:;é‘lzszfj ZI:;‘I):):S: res. fzf?k() *5% W C112 C90-0298-05 Semiconductor ceramic cap.
R108 RD14BB2E220J Carbon res. 22Q c113 No use 0.14F 12v
me | oo 0 B R
| C115 CEO4W1H471M Electrolytic cap. 470uF 50V
R111 RD14BB2B220J | Carbon res. 220 c116 CK45F1H103Z | Ceramic cap.  0.014F . a9e
R112 RN14BK2E1502F | Metal film res. 15kQ2 +1% 1/4W i +100% 2000V
R113 RN14BK2E3013F | Metal fim res.  301kQ £1%  1/4W 81 123; 122 gggf\ffz%%%i/‘ EZETZJ.‘; gsrgap g-sfi;#F 0% oV
2: :; ggz :g:;i;ggj g::zz: :Z: g;:g C124 CEO4W2E010M Electrolytic cap.  1uF 250V
R116,117 RD14BB2E222J Carbon res. 2.9kQ C125 C90-0298-05 Semiconductor ceramic cap.
R118 RD14BB2E102J | Carbon res. 1k 0.14F [
R119,120 | RS14AB3A101J | Metal oxide res. 1000 +5% 1w | [€126,127 | CCABCHTHO10C | Ceramic cap. 1pF +0.25pF
R121 RD14BB2E154J Carbon res. 150kQ c128 CC45SL1HO50C Ceramic cap. 5pF :!:0.2551:
R122 RD14BB2E473J | Carbon res. 47k €129 CKA4BE1H222P Ceramic cap.  2200pF *500%
R123 RD14BB2E472J Carbon res. 4.7kQ C130 CC45SL1HO50C Ceramic cap. S5pF +0.25pF
R124 RD14BB2E471J Carbon res. 470Q C131~134 | C90-0261-05 Ceramic cap. 0.047uF 25V
R125 RD14BB2E104J Carbon res. 100kQ C135,136 C90-0298-05
R126 RD14BB2E470J Carbon res. 47Q Semiconductor ceramic cap.
R127 R92-1011-08 Winding res. 3.6MQ 1w 0.14F 12v
R128 R92-0146-25 Winding res. 2.2MQ 1w C137 C91-0560-08 Film cap. 0.47uF 50V
R129 R92-1012-08 Carbon res. 2MQ 1w c138 C91-05657-08 Ceramic cap. 0.1pF 50V
R130 R92-0146-25 Winding res. 2.2MQ iw
R131 R92-1013-08 Carbon res. 1.8M0 W IC101,102 IC OP AMP #A741CN
R132 RD14BB2H473J Carbon res. 47kQ 12W | lic103 IC TIMER LM555CN
R133,134 R92-1014-08 Solid res. 22MQ 1/2W
R135 RD14BB2E473J Carbon res. 47kQ Q101 Transistor 25C1509
R136 RD14BB2E153J Carbon res. 15kQ Q102 Transistor 25C1815
R137 RD14BB2E224J Carbon res. 220kQ Q103 Transistor 25A777
R138 Rg”BBzEzzzj ga”;”‘ res. figﬂ Q104 Transistor 25C1509
2:3?) 20::22%:2“ C::bZ: :ZZ 1000 108 Transistor 2SAT77
Q106 Transistor 2SC1815
R141 RD14BB2E154J Carbon res. 150kQ )
R142,143 | RD14BB2E101J | Carbon res. 1000 aro7 Transistor 25A1015
R144 RD14BB2E683J | Carbon res. 68kQ aros Transistor 25D401
R145 RD14BB2E123J | Carbon res. 12k0 Q109 Transistor 25C2229
R146 RD14BB2E332J | Carbon res. 3.3kQ Q110 Transistor 25C1566
R147,148 | RD14BB2E102J | Carbon res. 1kQ Q111,112 Transistor 25C2229
R149 ‘RD14BB2EB22J | Carbon res. 8.2kQ Q113 Transistor 258C1215
R150 RD14BB2E682J | Carbon res. 6.8kQ Q114 Transistor 25C1815
R151 RD14BB2E101J Carbon res. 1009
R152 RD14BB2E472J Carbon res. 4.7kQ D101 Rectifier S1QB10
R153 RD14BB2E221J Carbon res. 2200 D102 Rectifier $1QB60
R154 RD14BB2E103J Carbon res. 10kQ D103,104 Diode 15953
R155 RD14BB2E224J Carbon res. 220kQ D105 Diode LA8O
R156 RD14BB2E104J Carbon res. 100kQ D106,107 Diode WO06C
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Ref. No. Parts No. Name & Description
D108 Rectifier RD30ER
D109 Diode WO06C
D110 Diode 15953
D111 Diode 159565
D112 Diode RD5.1E
L101,102 L40-4701-03 Ferri inductor 47uH
T L19-0019-05 Converter transformer
N101~103 Neon lamp NE-2
P101 E19-0361-08 Pin connector 3P
P102 E40-1064-05 Pin connector 10P
P103 E19-0861-08 Pin connector 8P
P104 E19-0561-08 Pin connector 5P
P105,106 E40-1064-05 Pin connector 10P

FREE RUN UNIT (X77-1230-00)

Ref. No Parts No. Name & Description
R1 RD14BB2B472J Carbon res. 4.7 kQ
R2,3 RD14BB2B222J Carbon res. 2.2kQ
R4 RD14BB2B183J Carbon res. 18k@2
VR1 R01-8503-05 Variable res. 2MQB
C1 C90-0298-05 Semiconductor ceramic cap.
0.1uF 12v
Cc2 CK45B1H471K Ceramic cap. 470pF +10%
Cc3 CS15E1A100M Tantalum cap. 10pF 10V
c4 CK45B1H103K Ceramic cap. 0.01uF +£10%
IC1 IC TIMER NE555
ic2 IC TTL SN7432
D1~4 Diode 1N34
D5 Diode 15953
P601 E40-7002-08 Pin connector 12P
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PARTS LIST; MU-1651(T)

POWER SUPPLY UNIT (X68-1380-00)
REF.ND PARTS NI - __NAME_ & DESCRIFTION

MU-1651(T) CHASSIS ASSEMBLY

REF NO FARTS NO
A01=0892-03

. telgME & DESCRIFTION

__CASE FUSE _HO DEE

> AD1-0893=13 -
3 AZ1=-1014-23 DECORATTVE FANEL FUSE HOLDER
4 AZ2=0330-03 SUB. PANEL B PCE_CUNMALNTED
5 AZ3=1638=03 REAR PANEL - JUMFING RES.  ZERO CHM
6 BO1=0703-13 ESCUTCHEON o
7 BO7=0706=04 SCUTCHEON
B09-0011-04 CAF._ . . _ i} —
8 B30-0935-05 LAMF
9 B30-0939-05 LAMF -
10 B40-2765-04 NAME FLATE (SERIAL NOO e em peTTe
B41-0724-04 CAUTION LABEL TUBE (PLACTIC)
B41-0737=04 CAUTION LAREL : CEO4WIELC CAP. ELECTRO 1000 20% &5
E50-2931=10 CINSTRUCTION MaNtAL { CEO4WIEST lﬂ CAF. ELECTRO 470 0% 25V
1 EQ4=0251-05 ENC RECEFTACLE CO03  CEOAWICZZEM CAF. ELECTRO 22000 207 16V
12 EQ4=0253=05 ENC RECEFTACLE _C004  CECAYIETOLN CAF, FLECTRO 100 207 @25V
13 E21=0657=-04 TERMINAL (GND) COO5  CEY3MIH1O5K CAF. MYLAR 0,01 10% S0V
E23=-0015-04 EARTH LUG [uUu CoO4UIET01M CAFP. ELECTRO 100___20% 299
EZ3-0513-05 EARTH LUG CQY3MIHLOZK CAF. MYLAR 0,01 10% 50U
E30=-1318=05 N rmz.ml E:'imm LQE ELECTRO Luol 'Uf gcg
E30=1849=-0 ) 3 ’ CQUBHIHLIOZR CAF. MYLAR G.0T 10% 50
531_2297_02 EEEE BIRE UI{H CONNECTOR 1(”(), CO0=(9G=05
E31=2298-0 )
EN 250002 LEAD WIRE LI CoMECIOR D01 S1REAGO DI
E31-2343-05 LEAD WIRE UITH CONNECTOR booz - =10e40 DI0DE .
E31=2344=05 LEAD WIRE UITH CONNECTOR DOOT_ SoUR4OF DICDE. PRIGEE
E31-2345-15 LEAD WIRE WITH CONNECTOR ROOG — WZ-100 DIODE, ZENER 10V
E31-2346=05 LEAD WIRE WITH CIOR . - DOoS . Uz-100 DIODE. ZENER 10V
E31-2347-05 LEAD WIRE UITH CONNECTOR puos  wz-120 RIOCE
E31-2348-15 LEAD UIRE UITH CONNECTOR Log7 15737 LIODE
E31-2346-08 LEAD VIRE UITH CONNECTOR DO0S 15757 p1ODE
31=2351= [FAD WIRF WITH CONNFCTOR et —
E31-2358-05 LEAD WIRE WITH CONNECTOR 1€001 NJM4555D I DUAL D AMP.
E33=4025=00 WIRE B_\A.-X 10002 NJIMAS58D 1C Dial OF AMP
14 FOI-0824-04 HEAT SINK o 1C003  SNT4LEZ44N 1c
F05-2018=0 _ R _
FOJ-W%Z-% EH\E - B POOL  E40-0332-05 FIN CONNECTOR
15 F15=-0721=04  F FLAT BOOZ  F40=0378-05 EIN CONNECTOR
F20-0516=05 ~ INSULATOR FOO3  E40=-0652-05 PIN CONNECTOR
F29=0014=05 INSULATOR = . FO04  E40=0578=09 FIN CONNECTOR
HO1=2966-04 CARTON BOX T T PO05  E40-0526-03 PIN CONNECTOR
Hl"-g_g,?-l; FAD - FOO6  E40-0637-05 FIN CONNECTOR
H15-0547-04 PAD B — FOO7  E40-1373-05 FIN CONNECTOR  13F
HZ0-1720-04 VINYL COVER PO0S  E40-D&73=05 - FIN CONNECTOR  &F
H25-0029-04 EAG P09 E40-2655-05 FIN CONNEC TOR
16 J02=-032 LEG FOL0 _ E40=7685=05 PIN CONNECTOR
J10-16"’0-05 CORD CLANE PO1L E40 -1373-05 FIN CONNECTOR  13F
17 4 BRACKET FOR TRANSFORMER 01 27 NECTOR
18 334-0331-04 BOSS BND POL3 E!»ﬂ-ﬂfffo-()_/ FIN CONNECTOR ™ 4P
! IEE ! i [ =¥ ]
;9 K‘l'osloﬁ KNOE FO15 EA[.)-O m-o_; FIN LDNNECTDR
0 Kz2l=0822-14 __~ KNOB
21 K21-0831= Q00T ZSA735(0) TR. 31, FNF
2 ei-08sl-zd KnoE Q002 Lsg?z.mg) IR SL e
23 K21-0833-14 KNOB 005 Z2Qr33(Q) - =, FNF
24 Ko7-0506=04 nne Q004 ZSA73IIQ) IR, &I, PNF
25 K27-0526-04 KNOE . - ]
26 L01=9336=05 POWER TRANSFORMER ROO1  RS14AR3ALIRSJ RES .2 % 1
27 L%-OSO:’-OS FILTER . RQOZ  RD14R _4E1w_J . CAREON 1.8K 57 1/4U
NOY=0709=05 SCREW ROOZ  RD14EEC RES. CAREON 390 5% 1/44
N1O=2030mbb NIT, HEX EO04 EN1AEK REG., METAl PTIM 15K 12 1/4U
N1O=2040-46 NUT T RODS  RNL4EK RES. METAL FILM 12K iz 174V
N15-1040=41 WASHER . _ EOO6  RDIAER RES. CAREON g% 174U
N17-1030=41 LOCK WASHER ROO7 RDJABE REZ. CAREON 5% 174U
N17-1060-44 LOCK_ WASHER _R00&.__RDI4ER j RES. COREON ‘ 5% /Ll
N3O-260841 SCREW. PAN HD M 5.6x3 ROO9  RNI4EKZE4TOLF RES. METAL FILM 4.7K 1% 1/4b
N30-3008=41 SCREW. P M SvE EQ10  RNT4EKZF1101F RES. METAL FIIM 11K 1% 174U
N)O-4U(ln-41 SCREW, FAN HD M 4X8 RO11  RDL4EYZHIRSJ RES. CARECN 1.5 9% 172U
N3: SCREWs FLAT HD M 3X4 RO1Z RDI4ABEFE1E2] RES, CAREOM 18K 5% 1/6U
CREW. FLAT HD M 3X& ,*‘.‘,’“ RD14EEZESYL RES. CAREON 350 5% 1/4W
REWs FLAT HD TAF TITE 014 RNIABKZEI00ZF  RES L o 12 .
SCREW, BINDING TAP TITE ROIS  RNI4EKZEZ407 RES. METAL FILM 24K 1% 1/4U
R9 L JUMFING E'E‘_’ R{16 RD14EYAHIRS. RES. CAREON 5. 5% 1/20
28 S40-7 J14 0_, N T e o i R
%g X68=1330-00 F‘DUER ’UF‘FLY UNIT 1 SG01 __501=7510-05 EGTARY SWITCH
X73=1460=-00
31 faoaabe-oo BHELIETER UNIT UROO1 _R17=1511-05 RES. SEML FIXED
Y&7=1900~-00 BNC CORD_ )
Lsmu%mg IR. & ' i
g d () 9
hlh-golz(,QuJ %ﬁBEiEJ.gP.INIu AMP UNIT (X73-1460-00)
REF.NO FPARTS NO _ NAME & DESCRIPTION . __ . _
E23-0508-04
FOZ=001g-00 __HEAT SINK _
J25=2080=12 PCE (UNMOUNTED?
R92-0150-05 JUMPING RES,  ZERQ OHM.. __. .
218=-2982-09
719-2982=09 e
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PARTS LIST; MU-1651(T)

REF.NO PARTS NO NAME & DESCRIFTION
zgn—ﬁqaL-OQ
5=0962=02 —
001 0004-05 COATING WIRE
o0l C91-0525-05 S
CouZ  CMO3BDZA4TOJ CAF. MICA 47F 5% 100V
€003 CM93BDZA471J CAF. MICA 470F 5% 100V
CO04  CMO3EDZA4TZJ CAFP. MICA A(OUP 5% 100V
€005 C91=-0502-05 CAF, _METAL FILM Q. 20% 630V
C006  CEQZWIHO10M CAF. ELECTRO 1 70% 50V
CO07  CEO4WIHO10M CAF. ELECTRO 1 20% 50V
CO0S  CF93ANZA105J CAP. POLYESTHEL 1 5%z 100V
€009  CQ93BFZA1SZF CAF. MYLAR 1500F 1% 100V
C010  CQ93BF2A302F CAP. MYLAR 3000F 1% 100V
%8%% Fh45CH1H1000 CAP. CERAMIC  10F 0.5F 50V
C013  CEQ4WIE101M CAP. ELECTRO 100 20% 25V
C014  CEQAWIEIOIM CAF. ELECTRO™ =~ 100 ~20% 25V
C015 CEO4WIE101M CAF. ELECTRO 100 20% 25V
€016  CEO4WIELOIM CAP. ELECTRD 100 20% 25V
C017  CEQ4WIELOIM CAF. ELECTRO 100 20% 25V
018 TCEOZWIELOIM CAF. ELECTR 100 20% 25V
C019 CEQ4WIEIQIM CAP. ELECTRO 100 20% 25V
C0z0  CEO4WIELQIM CAF. ELECTRO 100 207 25V
021 CEogy_g_ggn_ CAP, ELECTRO 100  20% 25V
COZz  CEC4WIEIOIM CAF. "ELECTRO 1007 20% 25V
to25  CQU3HIATOK CAF. MYLAR 0.01 10Z 50V
C026  CQ9O3MIHIO3K ~ __CAF. MYLAR 0.01 10% 50V
TOZr  CE93MIHIO3K ~"CAP. MYL 0.01 10 ]
COZ8  CQ93MIHIO3K _ _CAP. MYLAR 0.01 10% 50V
€029 CQ93MIHIO3K CAF. MYLAR 0.01 107 50V
CO30  CQRI3MIHIOZK CAF. MYLAR 0.01 10% 50V
T031  Ce9 . B
€032  CQRO3IMIHIOZK CAP. MYLAR 0.01 10% 50V
DOl 1S1544A  _ _ DIODE
D00z  1S1544A DIODE
DOO3  DS442X DIODE
D004 DS442X DIODE
DOOS  IN6Q  DIDDE GERMA
pooé 1 “DIODE GERMA
IC001 TF357H=T S (.
1C00Z LF356H IC
TCO03 TLO7ICF IC UF AFF.
IC004 TLOVICP IC OP AMF.
TC005 IC OF AMF.
I1C006  LF3S6N IC
ICO07  "NJMAS58D IC DUAC UF AMF.
1C008 LM318N IC
1C009 " TLO(72CF IC
“PO01" TE40-0Z73=05  PIN CORNECTOR 2P
FOOZ  E40-0973-05 FIN CONNECTOR
FOO3  E40-0273=05 PIN CONNECTOR 2P ... .
POO4  E4QO-0273-05 FIN CONNECTOR ’F
FO0S  E40-0273-05 FIN CONNECTOR  2ZF
FOO6  E40=-0273-05 FIN CONNECTOR  2F
POO?  E40=-0273-05 FIN CONNECTOR  ZF
PO0OB  E40=-0273=05 FIN CONNECTOR  ZF
FOO9  E40-0473=05 FIN CONNECTOR  4F... __. . _. ._
POLO  E40-0373-05 FIN CONNECTOR  3F
FO11  E40-0273-05 FIN CONNECTOR  ZF
Q01 ZECO45CF) TR. SI. NPN
Q002  ZSAT33CF) TR. SI. PNF
Q003 ZSCO45CF) TR, SIs NPN . o
Q004  ZEAT33(R TR. =I, FNF
ROO1  RDI4BEZE470J RES. CAREON 47 5% 174U
ROOZ  RDI14EEZE4TOJ RES. CAREON 47 5% 1/4U
ROO3  RN14EKZHS003F RES. METAL FILM 900K 1% 1/2U
ROO4  RN14EKZE1113F RES. METAL_FILM 111K 1% 1/4W
RO05  RN14ERZHO903F RES. METAL FILM 990K 1% 177
ROO6  RNI4EKZE101ZF RES. METAL FILM 10.1K 1% 1/4W
ROO7T  RNL14EKZHO993F RES. METAL FILM 999K 1% 1/2u
RO0G  RN14EKZE1001F RES. METAL FILM 1K 12 1740
ROO9  RN14EKZHI004F RES. METAL FILM 1M 1% 1720
RO10  RDI4EYZH104J RES. C 100K 5% 1/%
RO11  RNI4BKZELODIF RES. METhL FILM 1K 1% 1740
RO1Z  RNL4BKZEZ402F RES. METAL FILM 24K 1% 1/4U
RO13  RN14BKZEGZ01F RES. METAL FILM 6.2K 1% 1/4U
RO14 RN14EK2E6201F RES. METAL FILM &.7K 1% 1/4W
MmO YL U
s \L & AL - { « . odA / _
RO17 RN14'K;EY501F RES ALFICH 7.5 1% 174U
R018  RN14BKZE4TO1F RES. METAL FILM 4.7K 1% 1/4U
RO19  RNI14EKZEGE01F RES TAL FILM 6.8K 1% 174U
RO20  RN14BKZE6201F RES. METAL FILM 6.2K 1% 1/44
ROZ1  RN14EKZE&201F RES. METAL FILM 6.2K 1% 1/44
R0ZZ  RN14BKZE1502F RES. METAL FILM 15K 1% 1/4W
ROZ3  RN14BKZE1002 RES. FILM 0K "17 1744

REF.NO PARTS NO NAME & DESCRIPTION
ROZ24  RN14BEKZE1002F RES. METAL FILM 10K 1% 1/4W
ROZ5  RN14BKZES101F RES. METAL FILM 5.1K 1% 1/4W
ROZ6  RN14BKZE4301F RES. METAL FILM 4.3K 1% 1/4W
RO27  RN14BKZE1001F RES. METAL FILM 1K 1% 1/4U
ROZ28 RN14BK/E1101F RES. METAL FILM 1.1K 1% 1/4W
R0O29 INT4EKZEL001F RES. METAL FILR 1K 1% 1740
RO30 RN14EK7E1001F RES. METAL FILM 1K X 1/4Y
RO31  RN14BKZE1003F RES. METAL FILM 100K 1% 174U
RO3Z  RD14BEZE104J RES. CAREON 100K S%  1/4V
RO33  RDI4EBZE104J RES. CARBON TO0K 9% 174y
RO34 RNléBK;El ‘O1F RES. METAL FILM 1.2K 1% 1/4W
RO35 R 0ZF TWETAL FILW 10K 1% 1740 ~
RO36 RNléEK_ElQQLF RE . METAL FILM 10K 1% 1/4W
R0O37  RN14BKZE1201F RES. METAL FILM 1.2K 1% 174U
RO38  RD14BB2EZ73J RES. CARBON 27K . Sx _1/4W
RO39  RDI4BBZE6G1J RES. CAREON 680 5% 174U
RO40 =~ RD14BBZEZ273J RES. CAREON 27K 5% 1/4W
R041 © ROIZBEZEGETJ ‘RES. CAREUON 630 5% 174U
RO4Z  RN14BKZE1002F  RES. METAL FILM 10K 1% 1/4W
R043  RNL4BKZETO0ZF S, METAL FILFM TOK 1% 174U
RO44  RN14BKZES101F RES. METAL FILM 5.1K 1% 1/44
R045  RN14BKZES101F RES. METAL FILM 3.1K lZ.Mlﬁéw
RO46  RN14BKZE1302F RES. METAL FILM 13K 1% 1744
RO47  RN14BKZES101F RES! HEIQLHEILM 5.1K 1% 1/4U
R0O4&  RNI14BKZEZ003F RES. METAL FILM 200K 1% 1/44
RQ49  RD14EBZE104J RES. CAREBON 100K 5% 1760
ROS0  RN14EKZE1001F RES. METAL FILM 1K 1/4W
R0O51  RD14EBZE122J RES. CAREON 1.2K . _,LZ_ /84
R0OS2  RN14BKZEZ2402 ES. METAL FILM 24K 1/44
RO53  RN14BKZ2E240ZF RES. METAL FILM 24K lz, 174U .
R0S4  RN14BKEZE7S00F RES. METAL FILM 750 1% 1/4W
RO55  RN14BKZE1000F RES. METAL FILM 100 1z 1/48
ROS56  RN14EKZE1Q00F ES. METAL FILM 100 1% 1/4W
RO57  RN14BKZE1000F RES. METAL FILM 100 1% 1/44
ROS8  RN14BKZE8Z01F RE%. METAL FILM &.2K 1% 1/4U
RO59  RN14BKZEGZ01F RES. METAL FILM 8.2K 12 1/4W.
RO60  RDI4BBZE105J RES. CAREON M 5% 1/44
R0O61  RD14BBZE6B1J RES. CAREON 680_. 5% 1/44 .
15001 S32=4007=-05 SLIDE SWITCH . .
2 5002  S01=3504=-05 ROTARY SWITCH
5003 NO USE . _
3 S004  S37= DOOJ-OJ
4 5005 o o . .
5 S006 SLIDE SWITCH
6 007  §31-1501-05 SLIDE_SWITCH = ___ -
TCO01 COS=-0030-15 CAP. TRIMMER I
TCO0Z  CO5-0030-15 CAF. TRIMMER
TCOQ3 C05=-0030-15 CAP. TRIMMER L
TC004 C05=-0062-05 CAF. TRIMMER
TCQO5 CO5=0062=-05 CAFP. TRIMMER
TCO06  TO5=0062-05 CAF. TRIMMER
VR0OO1 RIZ=3518=05 RES. SEMI FIXED B
VRO0Z R12=-0533=-05 RES. SEMI FIXED
VRO03 RIZ-Z405=05 RES. SEMITFIXED
VRO04 R12-3518=05 RES. SEMI FIXED
URC0S ROTI=3509=05 U.R.
VR006 R12-5510-05 RES. SEMI FIXED ~ o
VROO? RIZ=5510-05 RES. © FIXED
VRGO0& R19=-9507-05 V.R. B e
URO09 RIk-US“I-Tf RES. "SEMI FIXED
VRO10 R12=1510=05 7RE< SEMI FIXED
011 RIZ-ISIO-US g FIXED —
VRO1Z R12=-5510=-05 RES. SEMI FIXED
UR013 RIZ=I511-05 S
VR014 R12-5510=-05 RES. SEMI FIXED o
MEMORY UNIT (X81-1170-00)
REF.NO PARTE NO wINAME & DESCRIFTION
J25 3=1c _FCR (UNMUUNTED)
J6l -0514-04
RP2=-0150-05 JUMFING RES, ZERO OHM
218=-2983=-09
Z219=-2983-09 o
20=2983=09
221=2963=09. . = . _
Z23=2983=09
283=-0962=02 .
001=0004=05 COATING WIRE _
C001  CEQ4W1CLOO0M CAF. ELECTRO 10 20% 16V
Co0z  CP1=0456=05 CAF. CERAMIC 0.047 102 25V
CO03  C91=0456=0% A"LQE,_LERBMI ), 047 107 2
C004  CEQ4W1C100M ELECTRO 10 202 16V
C005  C91=-0456-05 ,HF CERAMIC 0 04? 10% 23V
CO06 CEOANlClOOM CAF. ELECTRO 20% 16V
CO07  C91=0456=0% CAP. CERAMIC ,HQLQ4? 10% 25V




REF.NO

CO4%9
Co50
051
Cosz
CO53
C0%4
COS5
C0O56
Co57
C058
059
CO&0
CO61
Co&e
CO63
C064
C065
CO66
Coa7
CO6S
CO&9
C070
carl

CO&Q

DOO1
Doz

DO03
ICOOl

ICO08

1C009
1C010
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PARTS NO NAME & DESCRIFTION REF.NO PARTS ND oo NAME & DESCRIPTION
CK4SFBI1HZZ1K CAF. CERAMIC  2ZOF 10% 50V ICOI1 SN74DO0N IC
CK45FE1HZ21K CCAR. C  Z220F 10 ICO1Z  SN74LS1Z3N IC -
CEQ4WICIOTH CAF.ELECTRO 100 207 16V IC013  SN7406N IC
C91-0456-05 CAP. CERAMIC =~ 0.047 10% 25V ICO14 SN7406N c
CO0=0298=05 CAF. CERAMIC 0.1 207 17 ICO15 SNT4LS2T3N~ IC
C50-0298=05 CAF, CERAMIC 0,1 70y 12 IC016 SNr4lLS367N  IC
CEQ4WICIOLM CAF. ELECTRG ~ 100 20216V ICO17 SN74LS367N IC
CEQ4WICIOON = . CAF IC018 UFD444C=0 e
€91-0456=05 CAF. CERAMIC  0.047 1oz 25V 1C019  UFD444C=0 c
cso4w1r4?om CAP. ELECTRO 16V 1C020  SN74LS273N IC
€91-0456=05 CAP. CERAMIC ~ ~0.047 107 75V 1C021 SN74Q6N IC
C91~0456=05 . CAP. CERAMIC 0,047 10% 25V 1C022 SNT406N 1C
r504w1c100m CAF. ELECTRD 10 20716V 1C073  SN7406N IC
e C C 1 5 1C0Z4 MC1741CP IC
CEOAUlClOOM CAP. ELECTRO 1n 207 16V 1C025 MC14013BCP __IC
CE04W1C101M _CAP. ELECTRO 100 _ 70% 16V IC0O26 MC14011ECP ic
C91-0456=05 CAF. CERAMIC ~ 0.047 10% 25V 1C027. LM310N N (o
CK4SFBIHI0IK  CAP. CERAMIC 100P  10% 50V 1C0OZ8 "LM310N IC
CK45FBIH2Z1K' CAP. CERAMIC ZZ20F  10%7 S0V 1C029 SNT404N c _
CEO4W1C470M _CAP. ELECTRO ? 20% 16V IC030 SNT408N IC
C90=0298=05 CAP. CERAMIC 207 12V - o B
QK@;EB H101K CAP, CERAMIC _ 10054_;0% 50V LO01  L40=4701=03 FERRI INDUCTOR 47UH
08=05 CAP. CERAMIC ~ 0.1 207 12V LO0Z  L40=4701-03___ FERRI INDUCTOR 47UH
C91-0456-05 CAP. CERAMIC _ 0.047 10% 25V L003  L&0=4701-03 FERRI INDUCTOR Z/UH
CK45FBIH4?¢K CAF. CERAMIC™~ 4700F 10% 50V LO04  L40-4701-03 ~  FERRI_INDUCTOR _47U -
L _ A LO0S  L40=4701=03 FERRI INDUCTOR ~47UH
C90-0298-05 “TCAP. CERAMIC 0.1 20X LOQ6  L40=-4701-03 . FERRI INDUCTOR 47UH
CEO4WICIO0IM . _CAP. ELECTRO 100 20% 16V LO07  L40~4701-03 FERRI INDUCTOR 47UH
€90~0298-05 CAP. CERAMIC 0.1 207 12V 1008 L40=4701=03 FERRI INDUCTOR 47UH
C91-0456=05 __ CAP. CERAMIC  0.047 10% 25V 009 L40=-4701-03 FERRT INDUCTOR 4/UH
C91=0456=05 CAP. CERAMIC  0.047 10% 25V LO10  L40=4701=03 FERRI_INDUCTOR _47UH _
- CEQ4WI1C101M CAP. ELECT 100 207 16V L011  L40-4701-03 FERRI INDUCTOR  47UH
; 2 v LO1Z  L40=-4701-03 FERRI_INDUCTOR _ 47UH
C91-0456=05 CAF. CERAMIC  0.047 10% 25V
C90=0298=05 CAP. CERAMIC 0.1 20% 1V PO0O1l  E40=-1273-05 _
C91-0456=05 _CAP. CERAMIC 0, 047 1oz 75V FO0Z ~ E40=0273=05 FIN CONNECTOR  2F
CEO4WICIOO0N CAF. PO03  E40-0673=05 _PIN_CONNECTOR _ 6F
CE04W1C100M CAF. ELECTROD 1 zoz 16V POO4  E40-0473=05 PIN CONNECTOR  4F
czo 045605 CAP. . PO0S  E40-1373=05  __PIN CONNECTOR  13P
C91~0456=05 "CAP. CERAWIC — 0.047 10% 25V 1] 2SC1815¢Y) TR. SI. NPN
CO1=0456=05 CAF. CERAMIC  (.047 10% 25V Q007 2SC1815¢Y) TR. SI+ NPN
CKASFETH10ZK CAF. CERAMIC 1000F 107 S0V Q003 2SC1815(Y)_ TR. SI. NPN
CEQ4WIC101M CAF. ELECTRO 100 207 16V Q004  ZNS771-T TR. SI. PNP
CEQ4WICI01N CAP. ELECTRO 100 20% 16V Q005  ZNSr71-T ____IR. SI, PNP
CEO4W1C101M CAP. ELECTRD 100 20% 1eV 0006  2N5771I-T TR. SI. PNP
CEO4WICI0IM CAP. ELECTRO 100 20% 16V Q007 _ ZN3¢71-T TR. SI, PNP
CEQ4WIC101M CAF'. ELECTRO 100 207 16V Q008 " ZN577I-T TR. ST, PNP
CEQ4W1CI01NM CAF. ELECTRD 100 Z0% 16V Q009 ZN5771-T IR. SI, PNP
CEQ4W1C101M CAF. ELECTRD 100 20% 16V 0010 57711 TR. ST, PNP
CEO4WIC101M CAF, ELECTRO 100 207 16V Q011 2ZN5771-T JR. S1, PNP
C91=0456-05 CAF. CERAMIC  0.047 10% 25V Q0Iz  2NS771-T TR. &1,
C91-0456-05 CAP. CERAMIC  0.047 107 25V Q013 _ 2N5771-1 TR. SI, PNP .
CO1-0456=05 CAF. CERAMIC  0.047 10% 25V Q014  2N5771-T TR. oI,
“91-0456 05 CAF. CERAMIC = 0.047 10Z 25V Q015  2N5771-T TR. SI, PNP
C91-0456-05 CAF. CERAMIC 0047 108 75U Q016  2NS771-T TR. SI. FNP
C91-0456=05 CAF. CERAMIC  0.047 107 25V Q017  2N5771-T TR. SI, PNP
C91=0456=05 CAF. CERAMIC  0.047 10X 25V Q018 2NSYTI-T TR. SI. PNP
C91=0456=05 CAF. CERAMIC ~ 0.047 10T 25V Q019  2N5¢771-T IR. SI, PNP
C91-0456=05 CAF. CERAMIC  0.047 107 25V Q020 25J43(F) FET. P=-CHAANNEL
R
~0456= CAF 7 i 7 e RNI4EKZET000] ;
C9l- 0422083 Egg EE§A¥58 ?394? 1?% ;53 7{§§%§4W,RN148K255600F RES. METAL FILM 560 1z 1/4V
CE04W1C100 AR (o C 207 18 7 <.
) RO04  RN14BKZE1003F RES. METAL FILM 100K 1% 1/4U
C91=0566=05 CAP. GOLD 1IF 207 5.5V B ;
CK4SFRIH1Q1K CAP, CERAMIC ~ 100P 10%_.5QV _ _RO06  RD14BB2B152J RES. CARBON 1.5k 5% 1/8y
CK45FEIHI0IK CAF. CERAMIC  100F 10% "50V ROO? NO USE i
g&zggg%ﬁ%g%ﬁ Egg EEE%H%% %885 %8% 283 ROOS  RD14EBZEZZ1J RES. CAREON 720 5% 1/84
] . RO0O9  RN14BKZES200F ES. METAL FILM 870
CK4S5FBIH101K CAF. CERAMIC 100F 10Z 50V RO10 Rgg_i@§%:$§' %%§ METAL FILM 910
RO11  R92=1030-05 RES. METAL FILM 910
Do4beX DIODE . __ R RO1Z  R9Z-1030=05 RES. METAL FILM 910
D=442X DIODE ROI3  R9Z-1030-05 RES. METAL FILM 910
D<44;X DIODE ROL4  R92-1030-05 RES. METAL FILM 910
DS442X DIODE ROIS  R92-1030-05 RES. METAL EILM 910 .
DS442X DIODE v RO16  R92-1030-05 RES. METAL FILM 910
s 3 R SRIMER R R
o9 _rLENE 2dY 018 9e=1028=-05 ES. &
DS&42X DIODE RO19 R92-1028-8g ggs. mg¥gt E%tﬂ %eo
) ROZ0  R9Z=1028=- ES.
MC14174BCP IC ROZ1  ROZ-1028-05 RES. METAL FILM 180 _ —
SNT408N IC ROZZ  RG9-1028-05 RES. METAL FILM 130~
SN7406N IC ROZ3  R9Z-1028-05 RES. METAL FILM 180
NESZN__ . | CONR I ROZ4  R92=1079=-05 RES. METAL FILM 360
Z503PC IT ROZS  ROZ=1029-05 RES. METAL FILM 360
SN74LS193N IC ROZ6  R9Z-1029-05 RES. METAL FILM 360
SN74LSI93N 1C ROZ7T  R9OZ=-1079-05 RES.AMETAL FILM 360
MC14175BCP IC. } ROZ&  R92=1029-05 RES. METAL FILM 360
SN74LS193N IC ROZ9  R92-1029-05 RES. METAL FILM 360
SN7406N Ic ~ RO30  R92=1029-05 RES. METAL FILM 360



PARTS LIST; MU-1651(T)

REF.NO FARTS NO | NAME & DESCRIFTION
RO31  R9Z=-1028-05 RES. METAL FILM 180

RO32  RNI4EKCEZ7OLF RE‘ METAL FILM 2.7K 1% 1744

RO33  RNL4EKZ 1501F_ . _METAL FILM l:SK_l_utéL__
RO34  RD14BEZB10ZJ REc CAREON 5% 1/8
R0O35  RD14BEZE4T71J E 470 5% 1/84

RO36  RDL4EE2E471J
RO37  RD14BEZE363J 36K 5% 1/8U

RO36  RD14BE2BZZ3J R i0 CK TS% 178U
RQO39 RD14BE‘4E‘1O4J REC. LARBDN 100K S% 1/8W
"R0O40  RDT4EEZ
R0O41 R[)14E'8L94?2J RE.‘ CARBUN - 4.?K__ 5% 1/8W
RO4Z  RDI4BEZE4TZJ " CARBON 4. 7K 5% 178U
R043  RD14BEZE4T2J REQ‘ CAREON  4.7K 5% 1/34
R044  RD14EEZE47ZJ RES. CAREON 4. 7K 3
RQ45 RDlAE‘E&.E‘A?.. ~___RES. CARBON 4. 7K 5% 1/su
R04é  RDY. z.J RES. CAREON
RO47 RDlABE’zE:A? RES, CAREON 4.7K 5% 1/8U
R0O48  RDI4BEZR47ZJ RES. CAREON 4.7k S% 1780
R049  RD14BBZB472J RES. CAREON ~ 4.7K 5% 1/8W
ROS50  RD14BBZB47ZJ RES. CARED 4. 7K 57 1780
RO51  R92=1030=05 ___RES. METAL FILM 910
ROSZ ROZ=T030=05 RES. METAL FILW 210
RO53  R92-1030=05 RES. METAL FILM 910
gggg Rgz‘1030 05 RES. METAL F%LM g%q

2 - e C
RO56 V= = "TRES. METAC 910
ROS7  R92-1030-05 RES. METAL F ILM 010
"RO58 "R9Z=1028-05 RES. METAL
_RO59  R92=1028=05 REQ METAL FILM 160 o
R0O60  R92-1028-05 FICH TA0
RO61 ~ R92-1028=05 . . METAL. FILM 180
R06Z  R92-1028=05 RES. METAL FILM 180
RO&3 _ R92=1028=05 RES. METAL FILM 180

R064 ~ R92-1028- S.
RO6S  R92=-1029=05 RES. METAL FILM 360
RO66 RES. METAL FILM 360

re= L= . =17
ROG?  ROZ=107 RES. METAL FILM 360

RO68  RO2-1029-G CRES. METAL FILM 360
ROGY  ROZ=1029-05 R METAL FILM 360
RO70  R92-1029-05 RES. METAL FILM 360
RO71 R92=1029=05 RES. METAL FILM 360
RO7Z  R9Z=1028=05 RES. METAL FILM 180

ROT3  RN14BKZE&Z00F RES. METAL FILM &20 12 1/4Y
RO74  RNL4BKZELQOLF  REG. METAL FILM 1K . 1% 1/4W
RO7YS  RN14BEKZE6B01F RES. METAL-FILM 6.8K 1% 1/44
RO76  RN14BKZE4TOLF RES. METAL FILM 4.7K 1% 1/4W

RO77  RD14BRZ2E103J RES. CARBON 106 5% 1/8U
ROT8  RD14BEZE4T3J RES. CAREON 47K 5% 1/80
ROT9  RD14BEZE4T1J REE. (ARBUN 470 5% 1/8W

RO30  RD14RBzEZZ1J
RO&1 RD14BEZE103
RO8Z  RD14BBZEA4TZJ
RO83  RDI4BEZB47ZJ

RO84  RD14BEZE4TZJ 4,7K 5% 1/8W
RO35  RD14EBEZB47Z 4.7K 5% 1/80
RO8¢  RD14BEZR472J 4.7K Q. 1/8W
RO87  RD14BEZR4TZJ 4.7K 5% 1/8
RO8&  RD14BB2E4TZ 4.7 5% 1/8U
RO&9  RD14BEZB47ZJ 4. 7K 5%Z 1/8W
RQO90  RD14BEZR4TZJ 4.7 94 1784
RO91  RD14BEZR47ZJ 4.7K 5% 1/84
RO92  RD14BYZHZ20J cgd 9% 1/eW
RO93  RD14BEZ 2.2k 57 178U
RO94  RD14BBZRZZ] 220 9% 1/8U
R0O95  RD14BEZEZ:2 220 57 1/8Y
RO96  RD14BEZEZ21J 220 5% 1/84

RO97  RD14BRZEZZ1d
RO96  RD14BBz2B221J

Eggg RDl4BE:Tll7¢J REG. CAREON 4.7k By 1780
RI0T  RDL4BEGET3S RES. CAREON. 47K 5% 1780
UROO1 R12-0511-05 RES. SERTFIXED ==~ ~——
VRODZ R12-1037-05 RES. SEMI FIXED

UROO3  RIZ=0511-05 RES.SEMI FIXED —

URO04 R12-0511-05 REG. SEMI FIXED

URODS  R17-3041-05 RES. SEMIFIXED =~ -
UROD6  R12-3041-05 REG. SEMI FIXED

X001 L77=1002=05 CRYSTAL RESONATOR
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