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Power requirements of this product have been changed and the relevant sections of the Operation
Manual should be revised accordingly.
(Revision should be applied to items indicated by a check mark [M)

[ Input voltage

The input voltage of this product is VAC,

and the voltage range is to VAC. Use the product within this range only.
[ Input fuse

The rating of this product's input fuse is A, VAC, and

WARNING

- To avoid electrical shock, always disconnect the AC
power cable or turn off the switch on the switchboard
before attempting to check or replace the fuse.

- Use a fuse element having a shape, rating, and
characteristics suitable for this product. The use of a fuse
with a different rating or one that short circuits the fuse
holder may result in fire, electric shock, or irreparable
damage.

(] AC power cable

The product is porvided with AC power cables described below. If the cable has no power plug,
attach a power plug or crimp-style terminals to the cable in accordance with the wire colors
specified in the drawing.

WARNING

- The attachment of a power plug or crimp-style terminals
must be carried out by qualified personnel.

- ~ s )
(] without a power plug [ Without a power plug
Blue (NEUTRAL) White (NETRAL)
T

Brown (LIVE) Black (LIVE)

Qi K
Green/Yellow (GND) Green or Green/Yellow (GND)
N J L
s ~ s ~
[ Plugs for USA 1 Plugs for Europe
_ Y,

(
[1 Provided by Kikusui agents

Kikusui agents can provide you with suitable AC power cable.
For further information, contact your Kikusui agent.
. S

[D Another Cable j

BIKIKUSUI
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1.2

1. GENERAL
Deseription

Kikusui Model 5509B OScilloscope is a trigger-synchronized single-

channel portable oscilloscope with a 133-mm (5.24 in.) round high-bright

low-distortion catode ray tube. Its sensitivity is 10 mV/DIV,
bandwidth 10 MHz, and sweep speed 200 nsec/DIV (under 5 X MAG
mode). It is'Sturdy and easy to operate, and it can be used for

reseach and development of various electronic devices as well as

. for production and maintenance service. TFeatures of the 5509B can

be summarized as follows:

Features

Excellent manipulatability:

The 5509B provides an excellent manipulatability with light-torque

rotary switches and pushbutton switches.

Highly bright CRT: -

The 5509B employs a highiyibright'CRT which is capable of waveform

~display at a very high sﬁeep speed.

Stable acceleration voltagé:
. i
The acceleration voltage of the 55098 is very stable against line

voltage variation, as thlS high voltage is regulated with a unlque

¢
control circuit. f

Rotation coil for trace leveling:

The 5509B employs a rotation coil which enables you to adjust

(rotate) the base line for levellng when it has become slanted by

' terrestrlal magnetism. AdJustment can be done at the front panel.
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Dual FET's for DC balahce:

‘The 5509B employs duai~FET's, attaining excelleht DC'baladce and

eliminating temperature drift.

Easy synchronization of TV (video) waveforms:

The trigger circuit has a TV synchronization circuit for easy

synchronization of video waveforms. - When triggering is set in

the TV mode, a TV synchronization circuit is connected to the
trigger circuit and the trigger mode is switched between TV.V

and TV.H in conformity with the sweep time (1inked to the TIME/DIV
switch).

Excellent triggering featu%e:

The trlggerlng senslt1v1ty 1s higher than O. 5 DIV of amplltude

on the CRT screen for a frequency range of 3 Hz AolO MHz.

Maximum sweep time 200 nseé/DIV (with 5 X MAG):

The sweep time can be magnified by 5 times. By magnifying the
sweep time of 1 usec/DIV by 5 times, a sweep time as fast as
200 nsec/DIV can be attained.
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Cathode-ray Tube_

" 2. SPECIFICATION

Iten ‘Spec. Remarks
Type " Round, 133 mm (5.24 4in,)
Fluorescent screen B31 Green
Accel&ration'Voltage ' ‘App£ox._1600 v ARegﬁlatedv

1 DIV = 9.5 mm

: 8 X 10 DIV :
Arga | ‘ 1 , (0.37 in.)
ﬁnblénking DC-coupling

-3 .
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Vertical Axis’

| Item

‘Spec.

Remérka

Sensitivity

10 =V/DIV ~ 5 V/DIV,

9 ranges

1-2-5 sequence

Sensitivity accuracy

Better than +5% of
panel indicated value
when VARIABLE knob is
set in CAL position

Continuously~variable
sengitivity adjustnment

Panel indicated value
can be continuously
attenuated to a factor

of 2.5 or over

v Frequency bandwidth

DC: DC ~ 10 MHz -
AC: 2 Bz ~ 10 MHz

50 XHz, 8 DIV refeience,

within -3 4B

Rise time

Approx. 35 nsec

Calculated value

Input impedance

1 ﬁQ £2%, approx. 28 pF

Probe can be used

Input terminal

BNC receptacle

Haxinun allowable
input voltagé

600 Vp-p, for 1 minute.
400 Vp-p: for 10, 20,
and 50 mV/DIV ranges.

DC + AC peak, frequency
not higher than 1 kHgz

‘Input coupling

selection

AC, DC, QND

Base line shift caused

by range 3election

Less than 0.5 DIV
!

IncludingAahift,cauéed

by disturbance of DC

balance

Linearity

¢
'
i
1

When sighal of 4 DIV in

center of CRT is moved
vertically for full
effective screen area,
change in vertical
amplitude of signal is
less tian 0.2 D1V,

-4 o
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‘Triggering

Ttem Spec. Remarks
Trigger modes NORM  When trigger signal is Satisfies the trigger
' . removed, base line is sehsitivity apecifiéa-
blanked out and sweep is tion. .
in STANDBY state. '
AUTO  When trigger signal is Satisfies the trigger
removed, sweep is in sénsitivity specifica-
AUTO (FREE RUN) mode. tion for periodically
signal of 50 Hg or over.
v TV sync. separator 100 msec ~ 100 msec TV'V
circuit is connected to 10 psec ~ 1 psec TV-H
-trigger circuit.
Trigge: source |INT " Synchronized to vertical- '
axis input terminal
signal (signal displayed
‘on CRT).
EXT Synchronized to EXT TRIG

input terminal signal.

Used in common for
EXT HORIZ IN terminal.

Internal trigger
sensitivity

TV ON

3 Hz ~ 10 MHz: 0.5 DIV

Video signalvamplitude: 1.0 DIV

External trigger
sensitivity ‘.

TV = ON

3 Hz ~ 10 MHz: 0.5V

© |Video signai: 1.0V

-5 -
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Item'

Spec.

Remarks

Polarity M4M ang "om
Coupling AC
EXT trigger Approx. 100 kQ,

inpﬁt impedance

approx. 20 pF

Maximam allowable

input impedance

100 Vp-p (DC + AC peak)

Frequency not higher
than 1 kHz

External input
terminale

Binding post terminals,
spacing 19 mm (0.75 in.)




L LE0L

Horizontal Axis

Ttem Spec. ‘Remarks
Sweep time 1 psec ~ 100 msec/DIV, X 10-step
6 ranges
Sweep tihoA Better than +3% of panel
accuracy indicated value VARIABLE
knob set in CAL position
Continuously Continuoualy variable to

variable range of

10 times or over of

sweep time panel indicated value
Sweep time 5 expansion

nmagnification

Sweep magﬁificafion

accuracy

£5%

Position shift
caused by magnifi-

cation

Less than 1 DIV at

CRT screen center

External sweep

sensitivity

200 mV/DIV or over

Frequency bandwidth

DC ~ 500 kizx

(within -3 4B)

50 xHz, 10 DIV

reference

Input impedance

Approx. 100 kQ,
8pprox. 20;pF

Maximum allowable

input voltage

100 Vp-p (DC + AC peak)

Frequéncy not highef
than 1 kHs

X-Y phase difference

Within 3° at 10 WHz
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NItég Spec. Remarks
Sensitivity intenaity modulation discernible
| with minimum 3 V
Frequency rahga DC ~ 5 MHg
Polarity Positive: Darkened
Negative: Brightened
Input[rebistance‘ dpprox. 10 kR
Input terminals Binding pest terminals,
spacing 19 mm (0.75 in.)
- Calibration Voltage
Iten Spec. Remarks
Waveform Square wave, positive polarity
Output voltage 1 Vp-p, 3%
Frequency 1 kHz x25%
Duty ratio 45 : 55 or higher

Output terminal

Ghip'terminal

Dclesl
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Power Requirements

‘Item

Spec.

Remarks

AC line voltage

© 100, 110, 120, 220, 230, |

or 240 V +10%

Selectable with comnnector

and pins of voltage

selectér'board

Frequency

.50 ~ 60 Hz

Power consumption -

Approx. 20 VAJ

Mechanical Specification

Item

Spec.’

. Remarks

Overall dimensions

165 W x 237 H x 402 D mm
(6.50W x 9.33H X 15.83D in.)

170 W x 265 H x 460 D mm
(6.69W x 10.43H x 18.11D in.)

Maximum dimensions

Weight

Approx. 7 kg (15.4 1b.)

Accessories

Operation manual ..cecevsscncssorsoasase 1

942A Type Terminal Adaptor seeeeseeosses 1

960 BNC Type Probe (10:1, 1:1) ecevesese 1
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5. -OPERATING INSTRUCTIONS

3.1 Explanation of Front Panel (See Fig. 1)

No.

Panel mark

,Déscription'

POWER

Power switch. When switch is the ON position,

the power is.turned on.

Power indicator LED. When the power on, LED lamp
lights. ' ' '

Graticule scale with blue filter

Bezel for clamping filter

olelol ol o

$ POSITION

For vertical positioning of the trace.

- The trace moves ﬁpward as this knob is turned

clockwise, and vice versa.

©

VARIABLE

Oy

CAL

Continuously—variable adjustment of vertical

" sensitivity. The sensitivity selected by VOLTS/DIV
switch <:) can be attenuated to a factor of 1/2.5
or over. At CAL position (extremely clockwise
.position), sensitivity is calibrated to the value
indicated by VOLTS/DIV switch.

VOLTS/DIV

Vertical sensitivity selector switch for 10 mV/DIV
5 V/DIV, with 9 ranges. So adjust this switch that
the input signal is displayed ¥ith an appropriate

amplitude on CRT screen.

INPUT

‘Input terminél of vertical amplifier. The input
signal can be connected with BNC connector or

probe (option).

- lo...
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No.

Panel mark

Description

B ac

Pushbutton swiﬁch for selection of input coupling

mode of vertlcal ampllfler. 'The'pdpped up state

—m— e A(J@_) is for AC coupllng and the depressed state
| (_m_ ) for c coupling. AC coupling is used for
observation of AC components albne; DC éoupling
is for observation of overall components including
DC component. '
= GND Pushbutton switch for grounding the inpuf line
of vertical amplifier. When this switch is
depressed (ngvounded')», INPUT terminal . becomes
open. This switch is used for checking of O
level, etc. |
@) | InTEN  Intensity control knob. |
” As turned cléckwise,_ihtensity increases.
'<:> ’TRACE Semiffiked-resistor for level (horizontal
ROTATION inclination) adjuétment‘ofvbase line which may bve
| inclined by terrestrial magnetism.
(:) FOCUS So adjust this knob that the trace dlsplayed on
| | the screen becomes sharpest.
<:> - Horiéonfél poéitioniné knob when is used in common
POSITION for 5X sweep magnification. The displayed waveform
fULL moves rlghtward as this knob is turned clockwise,
5><MAG and vice versa. When this knob is pulled out, the

sweep time ps multiplied by a factor of 5, thereby
magnifying ihe’horizontal amplitude by 5 times.

(When in EXT HORIZ operatipn. sensitivity is increased

by 5 times, although the frequency range becomes

narrower.)

- 11 -
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No.

Panel mark

-Description

VARIABLE

Continously-variable adjustment of sweep time and of

" horizontal deflection sensitivity (when the EXT HORIZ:

external horizontal sweep)

.The sweep time selected by ’I'IME/DIV switch . is

continuously- varlable to a factor of 10 or over.
At CAL position (extremely clockwise position),.

sweep time is callbrated ‘to the value indicated by

' TIME/DIV svitch.

.TIME/DIV

[@F

CAL |

Sweep time selector switch for 100 mse¢/DIV 1 usec/DIV
and EXT HORIZ. So adjust this switch that the measured
signal (from DC to high frequency) is,diéplayed with |
an appropriate time base. The EXT HORIZ (external
horizontal sweep) is for stationarybswgep or X-Y

operation.

CALLu
1 Vp-p

.Output terminal- whlch prov1des a callbratlon voltage
- used for osc1lloscope sen51t1v1ty adJustment and probe

calibration. The calibration voltage is 1 Vp-p (+3%),

positive-going square wave of about 1 kHz.

EXT HORIZ
OR
TRIG IN.

Common input terminal for external sweep input and

external trigger input. When TIME/DIV switch
is seét in the EXT HORIZ position, the trace is swept

on X-axis (horizontal axis) with the signal of this
input terminal - When trlggerlng switch . is set

in the EXT (=) p051t10n, the dlsplayed waveform is

: synchronlzed Wlth the 51gnal of this input terminal,

GND

GND termlnal (blndlng post) for. groundlng of thls

0501lloscope. Spac1ng is 19 mm (0.75 in. ) for

.convenlence wvhen used in conjunction with EXT HORIZ

OR TRIG IN . terminal.

- 12 -
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No.

Panel»mark

Description

©®® 00|

TRIGGERING

: Trlggerlng swltch circuit consmstlng of trigger source-

: selector sw1tch . , slope selector’ switch @

AUTO NORM selector switch @ TV. ON OFF switch @ )

Trigger source selector switch éi)

@ INT: Trigger source is internal (the sigral
' diépiayed on CRT screen is used as the

trigger signal).

—m_ EXT: Trigger source is external (the signal
applied through TRIG IN terminal

is used as the trigger signal).

Triggering slope selector switch (:)

M+ : Triggering is effected when trigger signal

crosses the trigger level from negative

side to positive-side.

—=. - ¢ Triggering is effected when trigger signal
‘ crosses the trigger level from p051t1ve

side to negative side.
AUTO NORM selector switch '<:>

_@L AUTO: When trigger signal is removed, trace is
not blanked out but sweep runs in AUTO
(FREE RUN) mode, thereby providing a con-
Venlent state for confirming ex1stence/
>'absence of input 51gnal and checklng of
zero level. This mode is applicable to
obser&ation of repetitive signal of 50 Hz

or over.

_13...
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No.

Panel mark

Description

| = NORM: When trigger signal is removed, trace is

blanked out sweep is in STANDBY state.
Used primarity for observation of signals
lower than 50 Hz. .- ‘

TV. ON OFF switch (23)

= TV. ON: TV sync, separator circuit is connected to
" the trigger circuit. Being linked to
TIME/DIV switch (6), trigger circuit is
automatically switched to TV. V or TV. H

sync. signal.

B ™v. OFF: TV. sync. separator circuit is disconnected

to the trigger circuit.

LEVEL

Trigger level adjustment for displaying stationary
aneform, The trigger level rises as this knob is
turned toward —?-+”anﬁ it falls as the knob. is turned

towérd -

-1 -
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3.2 Explanation of Rear Panel (See Fig. 2)

No.

Panel mark

Deséription

&)

AC boker cord of the oscilloscopé

|

" Studs for using the oscilloscope.in a vertical

attiﬁude. Also used as AC pbwer cord- take-up

posts.

7 AXIS INPUT
INPUT

Input terminal (binding post) for external

intensity modulation signal. Used when intensity
is controlled with an external signal or iﬁtensity
markers aré displayed. When not in use, this
terminal must be 'conn.e_cted to ‘the GND terminal

"with the shorting bar.

GND terminal (bindiﬁg post). -Spacing with respect
to Z AXIS INPUT terminal 7 is 19 mm (0.75 in.).

Semi-fixed resistor for astigmatism control.

ASTIG
‘ So adjust this control is conjunction with the
FOCUS control <:> that the trace is made sharpest.
" (Fuse) Fuse holder. Fuse rating is 0.5 A for 100 V system

AC iinev§r.0.3 A for 200 V system AC line.

- 15 -
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POSITION

POSITION

oo

Vagiahif

VOLTS / DIY

VARIABLE
TIME / DIV tu

58 MAG
0P B =eey .
: R B : EXT HORIZ

i HORIZ
TRIGGERING Yeu or
£ B TVOFF AUTO 4 INY & GMND TRIG 18

'y

G TVON NORM - &xT o

.5
kY fat

& @ 60 66 G 6
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N Oo. N f,”  <!§} s
" ()»f;[

- ASTIG @ @

Q—-F—

s %ﬁﬁ
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© 3.3

Precautions in Operation ,
Line voltage:

The oscilloscope is set for operation on a 100 V +10% AC line
power. To operate the oscilloscope on other AC line voltage,
it must be modified as explained in Para. 3.4 "AC Line Voltage
Conversion.” Note that the oscilloscope will not operate
properly or may be damaged if it is operated on a wrong AC line

voltage.
Ambient temperature:

The ambient temperature range for normal operation of the
oscilloscope is 0% -~ 4000(32°F ~ 104°F).

Environmenta:
The oscilloscope must not be operated or stored in high temperature,

high humidity atmosphere for a long period aince such will cause
troublea or shorten the life.

If the oscilloacope is operated in a strong electric or magnetic
field, the displayed waveform may be distorted.

Intensity ovaE!'bgam:

Do not make the CRT image aicessively bright and do not leave

the spot stationary for a 1ong period, lest the CRT screen should
be "burnt® ghortening its life.

Allowable voltages of input terminals:

The maximum allowable voltages of input terminals and probe

960 BNC are as shown in the below table. Note that the circuit

may be damaged if a voltage larger than the allowable maximum is
applied.

- 18 -
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Terminal

Allowable maximum input voltage

Vertical input terminal

10 mV, 20 mV, 50 mV/DI¥ ranges

Other ranges

400 Vp-p (DC + ACp, within
1 minute)

600 Vp-p (DC + ACp, within
1 minute)

Probe (960 BNC)

EXT HORIZ OR TRIG IN terminal

7 AXIS INPUT terminal

600 Vp-p (DC + ACp, within
1 mihutc)

100 VYp-p (DC + ACp)

'50 Vp-p (DC + ACp)

Repetition frequency of AC: Not highér than 1 kHz

3.5

Line Ydltage Converaion

As a general rule the 5509B Oscilloscope is shipped being set for

use on a 100 ¥V AC line power. To operate the inatrument on other

AC line voltagse, its AC power input circuit (power connector B,
tap, and fuse) must be converted referring to the following table.

Nominal tap Applicable Fuse Connector

voltagn ‘ voltage range
100 ¥ 90 ~ 110V _ Connect the power conmnector
110 V 99 ~121V | 0.54 | B to the "100 V SYSTEM"
120 v 108 ~ 132 ¥ pins.
220V 198 ~ 242 V Connect the power connector
230 Vv 207 ~ 253 ¥ 0.3 A | B to the "200 V SYSTEM"
240 V 216 ~ 264 V pins. |

- 19 -
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Connector A Connector B

\

|

Pam——
' ’ 100V 200V
4

;Do not disturb - SYSTEM SYSTEM - mmect the connector
1@’ .the cqnnected 100 Ve - e 220 @ B and C to the corres-
N . . . . f N

poslthQ o . 110Ve * 230V ponding pin.

connector A.

Connector C

Notes:

o Before performing AC line conversion,vedsurt that the AC

" power cord is disconnected from the AC power line outlet,

o Use a cord and a plug which meet the requir.monts of the

line power to be usod

o When the AC llne voltage is changed indicate the voltage

and fuse rating. y

- 20 -
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L.  OPERATING PROCEDURE

4.1 Preliminary Procedure (See F:Lg 1)

Before turning-on the’oécilloscopé power, set the knobs on the

front panei as shown in the following table:

" Ttem | No. | Setting
i POSITION | @ Mid-position
VARIABLEA ‘“<:> §!~-CALlposition.
VOLTS/DIV @ | o.5 V)DIV rangé
_@__ Aé ._ B position
o |
GND @ | = G position
INTEN - ERCE) Mid-position
FOCUS - HeE) | M;;d~1§psi-tion |
‘E%f>iPOSITION <:>. . Mid-position, depréséed staﬁe
: VARiABLE <:>' i '\g/ CAL position
T.IME/DIV‘ |, mS/DIV range
| "'.TRIGGER"ING | @ B INT position
| '~<:>; Jﬁ_. “+"‘positipnrj‘
<:> B AU?b.position
@ | B 1V OFF position
—21 -
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'Connect the power cord to an AC line outlet of the correct

voltage and, then, procecdlas follows.

1) Set the POWER switch (1) in the ON position and the LED (2)
light at an upper left of the panel.

2) In about lO neconds after the above, a bold horizontal
trace line will be diaplayed on the CR! screen. Adjust
the trace to. an appropriate brightneas with the INTEN:

xnob @) .

- If no trace is diSplayqd within about 20 seconds, repeat
setting'of each‘knobjas indicatod in the above table.

~3) Connect the signal of the CAL (1 Vp~p) terminal @ to the

vertical INPUT terminal using the lead with BNC connector
or other apprOpriate cord.

4) Set the o GND switch in the popped up state (R,
and =0 adjuat the LEVEL knob QE) that the displayed waveform

" becomes utationary.» A vaveform as shovn in Fig. 4 should
be displayed on the‘CRT screen. |

Fig. &

-22 -
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4.2

5) So adjust the FOCUS knob <:> ‘that the dlsplayed wave form

becomes sharpest

6) Allgn the dlsplayed waveform with the gratlcule by adjusting
the vertical POSITION knob (5) and horizontal POSITION knob @

The above explanation is for the basic operating'procedure of the
oscilloscope. For measurement of a 51gnal refer to Sectlon
H”Measurlng Procedure." General operation methods of the oscilloscope

are explained in the followlng sub-sections.

Selection of TRIGGERING Switches

The operation methods of the TRIGGERING switches are explalned
in the following.

1) Functions of INT (B)/EXT (m) selector switch

This switch selects the signal source (trigger signal‘or

etriggerfsoufce) of the trigger circuit.

"o [ INT position:

The signal applled to the vertlcal 1nput terminal is picked
off at a certain p01nt of the vertical amplifier and applled
to the trlgger 01rcu1t. Since the trigger signal is always
proportlonal to the amplitude on the screen, astable waveform

- can be dlsplayed on the CRT screen.
© _m EXT position:

An external 81gnal applled to the EXT HORIZ OR TRIG IN terminal
is fed to the trigger circuit. If the external s:Lgnal has
a certain synchronous relatlonshlp wlthethe measured 51gnal

a stable waveform 1s dlsplayed on the screen. This functlon
may be used in the reverse manner, that is, to check whether

there is any synchronous relationship between two signal or not.

- 23 -
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2) Functions of "+" (J)/"-" (.u) selector switch <:D -
o B "+ position:
The?sweep:is triggered when the trigger signal crosses the
frigger level from the negative side to thé_positive side
(positive slope triggering).
O g "-" position:
The sweep is triggered when the trigger signal crosses the

 triggér level from the positive side to the negative side

- (negative slope triggering).

3) TFunctions of AUTO ([ )/NORM (. )
o [§ AUTO position:

A stable swéép operation can be obtained when the trigger
input signal is higher than 50 Hz. When triggering is OFF,
the sweep runs in the AUTO (FREE RUN) mode. Even at a fast
'sweeﬁ speed, a brightf@race is displayed and the ZERO level
‘can be easily checked. Thus, the AUTO mode is most convenient

for general wavéfofm{diéplay{ _

- 24 -
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k)

o . NORM position:

When no trigger input signal is appliea or the trigger level

is not within the trigger input sigral amplitude, the sweep

'01rcu1t is 1n the stanby state and no trace is displayed on the

'the CRT screen.

Therefére, ﬁhe AUTO mode should be used excluding the |

foliowing cases:

- (1)  The repetition frequency of the trigger input

signal is lower than 50 Hz.
(ii) The waveform is required to be displayed on the .
nscreen»only when the input signal (trigger signal)
is applied.
Functions of TV OFF (B)/TVv ON Cim)
B TV OFF position:

TV sync. separation circuit is disconnected to the trigger

- circuit.

This triggering mode is used for observation of general

signals.
= IV ON position:-

This tfiggering mode is used for observation of TV video

~'signals. - The TV video signal applled to the trigger input

circuit 15 fed to a sync. separatlon c1rcu1t of plcklng
off the synchronlzatlon 81gnal and this signal 1s used as
the trlggerlng source 51gnal Thus, the TV video signal

is dlsplayed very stably.

Also, being :1inkéd to the TIME/DIV knob s triggering is

triggerd to the verticl sync. signal (TV.V) for the ranges

L of IOO msec/DIV4»:lOO psec/DIV and to. the horlzontal sync.

slgnal (TV H) for the ranges of 10 psec/DIVrA'l psec/DIV.
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Set the SLOPE (:) in conformlty w1th the polarity of the

sync. pulses of the v1deo signal as shown in Fig. 6.

SLOPE

Fig. 6

4.3 Adjustment of LEVEL Knob

This knob is used to adjust the triggering level 80 that a
stabtle waveform isvdiapléyed on the CRT screen. The sweep

is trigeered vhen thp~tr£gger'34gnal crosses the trigger
level increases in the plaitlve direction when the knob is
turned in the "-> 4" dlréction and it decreases when the knobd
is turned in the "- " directlon. Lhe trigger level adJustment'
range with the LEVEL knob Q{) is as shown in Fig. 8.

- 26 -



6€LE0L

LEVEL | " LEVEL " LEVEL

~_z/()\m_f_ k”0\1+ {/0\*+

(1 xHz sine wave, "+" slope)

Fig. 7
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Fig. 8
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4.4 Sweep Magnification (PULL 5 X MAG)

¥When a part of the inﬁut signal waveform is required to be
~enlarged for-observatiqn of dgtails, a faster sweep speed may

be used. Howevef, if the part'to be enlarged is apart from the
start of the sweep, the part may run out of the screen. In such
a case, by pulling out the HORIZONTAL POSITION knob C[)-, the
displayed waveform can be magnified by 5 times to right and left

- from the center of the screénjas shown in Fig. 9.

Original waveform

!

5 magnification

T
: . |
: ! " =" r
- ) | SRS | B | S e

|
|
!

Magnified waveform Any part can be
displayed by means
of "POSITION knob.

Vhen magnified, the sweep speed is as follows:

Indication of TIME/DIV switch X 1/5

- 28 -



\yL€61L

k.5

- sensitivities are appropriately adjusted for example,

The maximum sweep speed of the oscilloscope when this

magnification: function is effected becomes as follows:
1 usec/DIV‘5< 1/5 = 0.2 psec/DIV

When the trace is magnified, its intensity becomes lower.
Therefore, the use of the magnification feature should be
‘limited to the following cases:

(1) When a part apart from the start of the sweep is
required to be enlarged. '

(2) When a sweep speed faster fhan 1 psec/DIV is required.

EXT BOR (External Horizontal) Operation

When the TIE/DIV switch () is set in the EXT HOR position, the
instrument can be used as an alignmgnt scope or an X-Y scope
sith the EXT HOR OR TRIG IN terminal as X axis and the
vertical INPUT terminal . as T axis. The operation of the
Y axis remainsg the same. with that in regular operation.. The
X axis operates with a frequency range of DC ~ 500 kHz (-3 dB)
and a sensitivity of 200 mV/DIV or over which is continuously
variable (attenuatable) with the VARTARLE knob @ . Wnen the
calibration voltage is applied to both X and T axes and their
a
Lissagous figure for square vwaves can be displayed as shown

in Fig. 10.
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r.X aiis

Y axis

X axis: VARTABLE knob (6) set in CAL position

Y axis: 0.2 V/DIV
Fig. 10

Note: When a high frequency signal is measured in the

EXT HOR mode, may attention to frequency response

difference and phase difference between X and Y
axes. o

k.6 Z-AXIS INPUT (External Intensity Modulation) Opération

The Z-AXIS INPUT tarminai'is used to control or modulate the

trace intensity with an external signal; Disconnect the

shorting bar of the Z-AXIS INPUT terminal @) at the

oacilloscope rear’ (See Fig. 2) and apply the external signal
between this signal and the terminal. When this terminal is
not used, connect the GND shorting bar.
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" The sensitivity of this ;evel is sufficiently high for

controlling with a TTL level signal. For the maximum
allowable input voltage, refer to Sub-section 3.4
"Precautions in Operation." Since coupling is direct and

DC-wise, remote control of trace intensity‘with an external signal
alaso is possible. - ‘
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5. METHODS OF MEASUREMENTS

5.1 Connection Method of Input Signal

The input impedance of the oscilloscope as viewed from the
vertical input terminal is 1 MQ with capacitance approximately
28 pF in parallel. When the probe 960 BNC is used, the
impedance increases to resistance 10 MQ with capacitance

approximately 20 pF in parallel.

There are various methods of connobtion betwéen measured aignal
source and oscilloscope. The most popular methods are with
general wires, with shielded wires, with a probe, or with a

coaxial cable. Suitable ones are used taking the following
factors into consideration.

Output impedance of input signal source
Level and frequency of input signal

External induction

Distance between input signal source and oscilloscope

Types of input signals and connection methods are tabulated in
the following:

- 32 -



Connection
, method o :
T £ General [Shielded| Probe |[Coaxial |Others
ype o ‘wire cable
input signal wire 'wr{
Near - O O O O
Low . »
‘impedance Far O O
Low
frequency High Near @ O | @
» impedance Far @ @
' Near , O O
Low
: impedance
F
High ar ‘ O
frequency High Near o e @
impedance. Far

<0

(Oz Good, @: Fair)
o Connection with general wires:

Set a BNC Type Adaptor (Type 9424, accessory) to the vertical input
terminal and connect general wires to the adaptor. This method

is simple and the input signal is not attenuated but igs susceptible
to induction noise when long wires are used or when the signal
source impedance is high. Another disadvantagn is a large stray
capacity with respect to the ground. As compared with the case

the 10:1 probe 960 BNC 15 used larger effects are caused by the
stray capacity.

o Connection with shielded wire:

The use of a shielded wire prevents external induction noise.
, ‘HoweVer, the shielded wire has as large stray capacitance as
50 pF/m ~ 100 pF/m and this method is not suitable when the

signal source impedance is high or the measured signal frequency
is high.

- 33 -



971861

0 QOnnection.with coaxial cable:
When the output impedance of the signal source is 50 Q or 75 Q,
the input signal can be fed without attenuation up to high
frequencies by using a coaxial cable which' enables impedance
" matching. For impedénce matching, terminate the coaxial cable
with a 50 Q or 75 @ pure~-resistive resistor correspbnding to the

characteristic impedance of the coaxial cable, as shown in
Fig. 12..

COAXIAL CABLE

Gi Ri

l -
I ' R
. l ) i y
|

r
!
|
]
I
L

OSCILLOSCOPE

SIGNAL SOURCE
R = R'

When R = 50 Q, use a 50 Q coaxial cable.

Vhen R =175Q, use a 75 Q coaxial cable.

?ig._ll

0 Conngction with probe: i
: !

A probe with an attenuatlon ratio of lO 1 is available as an

option. The probe clrcuit and probe cable are shielded to

‘prevent induction noiae. The probe circuit makes up a wide-

range attenuator in congunction with the input circuit of the

OSClllOSCOpe, thereby en&bling & distortionless connection from

DC to high frequencies. ¥hen the probe is used, although the

A



e

<

2L CEL

signal level is attenuated to 1/10, the input impedance

becomes very high (resistance 10 MQ,-capac1tance approx 20 pF)
and the loading effect on the measured signal source is greatly
reduced as explained in the following.

(——-—lr—JWv {—— My

—a |

Ras = Series resistance
of cable

L
o

OSCILLOSCOPE

Cs = Stray capacitance

plus ‘cable capacitance

Fig. 12

The probe makes up a wide-range attenuator with its resistor
R1 which make up an attenuator circuit with respect to input
resistor Rz.of the oscilloscope and with ita capacitor C1
which compensates for input capacitor C2 of the oscilloscope
and stray capacitance (Cs) of the cable. The input impedance
Z1N is expressed as follows:

. Rl + R2

ZIN = TIRL ¢ K2) 71

¢ o -L1x (c2 + Cg)
Cl + C2 + Cs

Attanuation factor A is expressed as follows:

. _R2 1MQ
L= i Yomamm fin

E
ot
~r
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The terms enclosed in the pafentheses are for the factor

when the probe (accessory) is used.
Precautions:

0 Observe the maximum allowable input voltages mentioned
in Section 3.3,

0 Do not fail to use the ground lead supplied.

o Before commencing measurement, accurately adjust the

phase of the probe without fail.

o Do not apply unreasonably large mechanical shocks or
vibration to the probe. Do not sharply bend or strongly
pull the probe cable.

o The probe unit and tip are not highly heat resistant..
Do not apply a soldering iron to a circuit close to
the point where the probe is left hooked up.

5.2 Voltage Measurement

To measure an AC,signal-which has no IC component‘or to
measure the AC component alone of a signal which has a DC
‘component auperinposed on the AC component, set the vertical
input AC/DC selector switch (9) in the AC position. To

measure a signal wvhich has a DC component, set the switch in the
DC position.

Before commencing voltage measurement, set the VARIABLE attenuator
knob (6) to the CAL position and calibrate the sensitivity to
the value indicated by the VOLTS/DIV selector (7).
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Apply the signal to be measured, display the signal withAan

appropriate amplitude on the screen, and determine the
~amplitude on thé graticule. (FOr DC voitage measurement,

determine the shifted distance of the trace. ) The voltage

can be known as follows:

(1) When measured signal ia directly applied to input
terminal:

Voltage (V) = Deflection amplitude (DIV) X
Indication of VOLTS/DIV switch

.(2) When the 10:1 probe is used:

Voltage (V) = Deflection amplitude (p1V) X
Indication of VOLTS/DIV switch x 10

/\ WaN /\.’r

T . Ag Voltage (Vp-p)

- DC Voltage )

vl

. Fig. 13

5.3 Currgﬁt Measurement (vol%age drop method)

Connect a small~resistance resistor (R) in series in the
circuit in which the curront (I) to be measured flows and
measure the voltage drop across the resistor- with the

oscilloscope. The current is known from Ohm's law as
follows: | | |

1= £
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The resistance should be as small as that it does not causs.

change to the measured signal source.

In the above method, currents from DC to high frequencies can
be measured quite accurately. Note that the accuracy of the

resistor is reflected upon the measuring acecuracy.

5.4 Time Hegauremont
Measurement of time interval

The time interval between any two points on the dimsplayed
waveform can be measured by setting the TIME/DIV VARTABLE
knob (i) in the CAL pOsition and referring to the'indication
of the TIME/DIV switch )

éFig. 14

Time T (sec) = Indication of TIME/DIV  Horizontal ‘span (DIV)

When the sweep is nagnified (5xMAG @ ), the time is 1/5 of
the value determined as above,
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5.5 Frequency Measurement

o Frequency measurement by determlning time (1) per one cycle

of the dlsplayed waveform:

Time T (period) is measured as explained in Para. 5.4 and the

frequency is known by using the following formula.

1

| Freéubncy f (Hz) = .
Period T (sec)

o Frequency measurement with Lissajous figure (Sge Figs. 15 and 16):

Set the TIME/DIV switch: @ in the EXT HOR position so that
the oscilloscoPe operates in an X-Y mode. (Refer to Para. 4.5
"EXT HOR Operation.")

Apply to the X-axis a known frequency from a signal generator
(SG) and to the Y-axis the frequency to be measured. So adjust
the required controls that a pattern is displayed on the overall
surface of the CRT screen. Then so adjust the frequency of the
signal generator that the displayed pattern becomes stationary
as shown in Fig. 15. From the displayed waveform, the unknown
frequency can be calculated as follows: '

The number: of crossing points

Unknown over horizqntal scale line Frequenéy of
frequency = X signal
Hz The number;of crossing points generator (Hz)

over vertical scale line

i
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|~ The number

of crossing

points is 2.

R
4 _ 2 (8)
2 1 (V)
Fig. 15
(o =R ‘
@ ‘
O 0 O o
O O | R UNKNOWN
) e A | FREQUENCY
J .
Fig. 16
- Lo -

KNOWN
FREQUENCY
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5.6 Measurement of Phése Difference

180

- Measurement of phase.difference with Liséajous figure (See

Figs. 15, 16 and 17.):

Operate the oscilloscope in the X-Y mode as explained in the
paragraph for froquencj measuremept,'and apply two signals of
the saﬁe frequency (such as atereoPhonié aignals) t6 the X and
Y axes so that a Lissajous figure is disblayed‘on thé CRT
acreen. _The phase &ifference between the two signals can be
known by measuring displayed waveform and employing the
following equation:

-1 _B

Phase difference ® = gin -5

| L

Fig.vl7.

° 150° (240°)  90° (270 - 60° (300°) 0° (360°)
Fig., 18
- b1 -
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5.7 Characteristics of Pulse Waveform

A theoretically 1dealApulse waveform is such that the signal
changesb‘ instanténeously’ from a certain level to another level,
held in ’chié level for a c:,ertain period, and returns inptaﬁtane—
ously to the originél level. Howévg?, actual pulse waves are

distorted. Nomenclature of distortions is-given in Fig. 19.

b '* OVERSHOOT »/\ RINGING

014 _%__ o ~@
g —5 :
BASIC ~a
AMPLITUDE ©
(A :
0.5 A 1 -
A RENEC - 5
k 0.LA '
OFFSET LEVEL f
O LEVEL f :
PULSE WIDTH (W)
<—n-J e t £+
RISE TIME o FALL TIME
Fig. 19

Pulse amplitude: Basic amplitude (4) of pul se
P |
Pulze width: Time between points @ and () where

signal amplitude is 50% of basic amplitude

Rise time: A  Time between 10% basic amplitude point @
and 90% basic amplitude point @

- L2 -



GGLEGL

' Fall time: " Time between 90% basic amplitude point '@
" and 10% basic ‘amplitude point ®

~ Overshoot: - Amplitude of the first méiimum‘excursion
"beyond basic amplitude. Expressed in

 terms of b/A X 100 (%)

‘Ringing: B Oscillation yhichifollows the first maximue
excursion. Expressed in terms of c/A x 100 (%)

Measurement of rise time:

The rise time of a pulse can be known by”defernining the value

of t, on the CRT screen in the method of "Time Measurement.”
It must be noted that tr determined on the CRT screen includes
the” riae time of the oscilloscope itself. The closer the rise
time of the oscilloscope (to) to the rise time of the measured
pul se (tn) the largor is the error introducod To eliminate
this error, calculation should be done as follows:

True rise time th = \/(tr)z - (to)2

where, tr: Rise time measured on CRT screen

to: Rise time of oscilloscope itaself
(approx; 35 nsec)

For example, when a pulse wave with rise time 100 nsec (about

3 times of that of the oscilloscope) is measured on the CRT
screen, the error is‘appfoximately 6%.
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o Measurement of Sag

Pulse waveforms may have slanted sections as shown in Fig, 20,.
other than those distortions mentioned in Fig. 19. (For
examplé; slants are caused when the signal is amplified with
an amplifior which has.poér low-frequency characteristics,
resulting from attenuation of low frequancy components.)

The slanted section (d or a') is called "sag" which is
calculated as follows: ’

Sag = — (or—) X 100 ( %)

—>
jo

Fig. 20

Note; If the AC—coup}ing mode is_usdd(for_iéasurement
of a low frequ}ncy pulse, sags are caused. For

neasurement of low froquency.pultes, use alvay;
the DC-coupling mode.,
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6. CALIBRATION

6.1 General

6.2

The oscilloscope should be calibrated at certain time intervals.
Although calibration of overall performances is most reéommendablt,
such partiai calibration may serve the purpose that the time

aiia alone is calibrat;d vhen the time measuring accuracy is
expecially important or that the vertical axis aline is calibrated
when the vertical sahsi?ivity accuracy is of prime importance.
After the oscilloscope has been repaired, overall calibration

is required although it depends on the type of repair. ¥or the
repair service, cont&ct manufacturer's repreaenﬁativefin'your

area.

Check and Adjustment of DC Power'Supply

Beforé caiibrating the oscilloscopp, its DC supply voltages
should be checked and adjusted. Check and adjust the +12V
supply voltage first and the other supply voltages next. The
supply voltages afe»shown in the following table and the chéck
and adjustment points are indicated in Figs. 22, 23 and 24k. For
removing the case, refer to Fig. 22.

Nominal voltage Vpltage range | Check and adjustment

ﬁ points
+5V +4.5 V ~ 45,5 ¥V TP-3
2y +11.95V ~ +12.05V | TP-1. Adjust the "+12VADJ™".
-12v ~11.80V ~ -12.20V | TP-2
+200V +180V ~ +230V TP-4
~1500V ~1450V ~ -1500V | Tp-5
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input impedance (10 ¥Q or over).

For voltage check, measure the voltage between check point

and ground using a reliable digital voltmeter. The +12V supply
"must be especially,éarefuliy adjusted because it provides a

reference-for other supplies. To measure the -1500V supply
of which internal impedance is high, use a volimeter of a high

Because adjustments of supply voltages largely affects vertical
sensitivity and horizontal sweep time, the oscillomcope must

be re-calibrated as explained in subsequent paragraphs.

- b6 -
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. * Removing the case =

- L7 -
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H
r T
TP-5
© 1500V
L CRT BIAS
c:' +!§%3ADJ
] T
- SWEIF.P TIRKG EXT HOR U
CAL CENT POSI
HF COMP SWEEP
POSI
Fig. 22
]
E
\ . ‘

EICICHS)

— ig!

1
HF COMP
C130

Fig. 23
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c103@
c104.

@ c106
@c107

TP-4 200V O
TP-1 +12v

. 0
TP-2 -12V-—>0

TP 3 +5V /"8

o

SRWSOIm

Fig. 24
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6.3

Adjustment of Vertical Axis

Adjustment of STEP BAL

Thia control is for minimizing the shift of the trace when
the VOLTS/DIV switch (7) is turned.

(1) Set the . GND switch Q0 in the . GND state and
display the trace on the CRT screen.

(2) Turning the VOLTS/DIV awitch between 10 mV and 50 mV
‘ positions, so adjust the STEP BAL control (see Fig. 23)
- that the shift of the trace becomes minimum.

Adjustment‘of_DC BAL

This control is for minimizing the shift of tha trace

‘when the VARTABLE KNOB (®) 1s turned.

(1) set the___ GND switch - @0 ‘in the . GND state and display

" the trace on the CRT acreen.

(2) Turning the VARTABLE knob, 80 adjust the DC BAL control
that the shift of the trace is becomes mininun.

Calibration of sensitivity (adjustment of GATN ADJ)

| ¥
This control is for adjusting the vertical gain 80 that the -
vertical deflection amplitude conforms with the value indicated
by ‘the VOLTS/DIV awitch (7). Yor calibration, a pulse wave
generator which can provide an output signal ¥ith a voltage
setting accuracy of 0. 5% or better at a frequency of 1 Xz

‘should be used
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(1) . Set the pul se wave generator output at 80 mVp—p and
apply this slgnal to the vertical INPUT terminal .

(2) Set tne VARTABLE knob (:} in the CAL position and the
© YOLTS/DIV switch (7) in the 10 mV position, and so
© adjust the GAIN ADJ control (Fig. 23) that the deflection
amplitude on the CRT screen -is made 8 DIV,

When the above adjustnent is made, other ranges also are

 calibrated within an accuracy of 5% or better.

Adjustment of input attenuator (phase and capacitance)

When the'VOLTS/DIV switch is turned, different combinations

fof 1/10 input attenuator and preamplifier gain are selected.

This adjustment is for phase compensation and input capacitance
adjusiment. Phase compensation must be made first and input

capacitance adjustment next. (see Fig. 25)
(1) 'Adjustment of phase characteristics

Using a signal which has no sag or overshoot or other
distortions and which has a rise time of faster than

1 usec, display the signal with an amplitude of 4 DIV

at each of 10 mV¥, 0.1 V, and 1 V ranges. So adjust the
phase compensation capacitors (see the foilowing table)
that th§ displayed pulse signal becomes the best wavefornm.

(2) Adjustment of inpuﬁ éapqcitanco

‘Connect a‘low-range C-meter to the input terminal of the
oscilloscdpc‘and measure the input capacitance at the

10 mV rangs. So adjust the input capacitance compensation
capacitors (see the following table) that the same capaci-
tance as. above—neasured is obtained for othcr rangea

'(O 1 V and l v ranges ) also.

- 51 -



VILeOL

Since adjustment of phase compensation capacitors and that
of input capacitance compensation capacitors affect
Imutually, repeat these adjustments alternately for

several timea.'

Compensati:n ' Phase - Input capabitance
gapacitor ‘compensation compensation
' Range :
10 nV (20, 50 =V) ‘ (Measure the capacitance.)
0.1V (0.2, 0.5 V) - C104 €103
1V (2, 57) 107 106

o Adjustment of high frequency characteristics of vertical
amplifier (see Fig. 23)

For this high frequencygresponae adjustment of the amplifier,
use a quality pulse wave of rise time faster than 10 nsec and
repetition frequency 500 kHz.

(1) Apply the above pulse wave signal to the input terminal,
set the VOLTS/DIV switch (:) in the 10 mV position and
the TIHE/DIY switch (29 in the 1 psec position, and so
adjust the signal generator output that a deflection
amplitude of 6 DIV iﬁ dbtainod on the CRT screen.

(2) So adjust tha HF CQHP trimmer capacitor (Cl}O) of the
output stage that the leading edges of the square wave

 become flat. i
|

(3) Reduce the deflection amplitude to 4 DIV, and so adjust
the HF COMP trimmer capacitor (C119) of the preamplifier
stage that the leading edges become flat.
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Repeat the procedures of (2) and (3) alternately for several
times 8o that an ideal waveform is obtained.

") -

Repeat
several

times.

at 6 DIV ' at 4 DIV .

-Pig., 25

- 5% ~



6.4 Adjustment of Trigger Center (TRIG CENT) (see Fig. 22)

This control is for adjusting the trigger point to the
center of the deflection amplitude wher .the white mark of

~ the LEVEL knob Q{) is set in the upright position (noon
" high position)

‘(l) Apply a since wave of about 1 kHz to the vertical

(2)

input and deflect the waveform fully on the CRT screen.

Select the INT trigger "+" slope and mo set the LEVEL
knob that its white mark is positioned in the noon high
rosition. Under this state, so adjust the TRIG CENT
control (see Fig. 22) that the trigger point is at the
‘center of the deflection amplitude.

6.5 Adjustment of Time Axis

This adjustment is for calibrating the sweep time to the
value indicated by the TIME/DIV switch. For this adjustment,
use a time marker which provides accurate time intervales of

1 msec and 1 psec or use a slgnal generator which provides
accurate frequencies of 1 kHz and 1 MHz,

(1)

_(25

(3)

991861

Set the TIME/DIV switch in the 1 msec position and apply
a time marker signal of 1 msec or a sine wave signal of

1 kHz to the vertical input terminal of the oacilloscope.

Deflect the signal with an appropriate amplitude on the

CRT screen by ad justing the generator output or oacillosoope

gain,

So adjusf the SWEEP CAL control (see Fig; 22) that the
displayed waveform conforms with graticule divisions.

Set ‘the TIME/DIV switch in the 1 Hsec position and apply

a time marker 51gnal of 1 usec or a sine wave slgnal of

1 MHz to the vertical input terminal of the oscilloscope.

- B4 -
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~(4) So adjust the HS COMP control (see Fig. 22) that the waveform.

conforms with graticule scale divisions.

When the aboie calibration is complete, the sweep speeds of
the remaining ranges also‘are'cglibrated with an accuracy of

~23%. The sweep time for 5XMAG operation also is calibrated.

6’6

Time marker signal : Sine wave signal

'Fig. 26

Adjustment of Hordzontal Axis
Adjustment of sweep position

So adjust the SWEEP POSITION control (smee Fig, 22) that, with
the white mark of the <> POSITION knob () set in the upright
position (noon high position), the start poaifidn of the sweep
is Brought to the left—h&hd end 6f the graticule.

Adjustment of external aveep (EXT HOR) position

Set the TIME/DIV switch (6 in the EXT HOR position and the
white mark of the <> POSITION knob @ 1in the upright
(noon high) position.ivSo adjust the EXT HOR POSITIOF control
(see Fig. 22) that the beam spot is displayed in the center of
the CRT screen. '
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6.7 Adjustment of CRT Circuit

0 Adjustment ovaRT BIAS

6.8

This control is for adgusting the opcrating position of the

_INTEN knob @J) .

'_(l) Set the TIHE/DIV svitch in~@§9 in the 1 ﬁéec positioh and

display the trace on the CRT screen.

(2) Set the white mark of the INTEN knob in the’ upright

(noon high) position and 80 adjust the CRT BIAS control
(see Fig. 22) that the trace is displayed on the screen
with a barely discernible intensity.

Calibration of Probe (option)

As explained previously, the probe makes up a kind of wide-
range attenuator. Unless phase compensation is properly done,
the diSplayed waveform is distorted causing measurement errors.
Therefore, the probe must be properly calibrated before use. For
probe calibration, use the signal of the calibration voltage
output (CAL 1 Vp-p) terminal ‘ of the front panel.

- s
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- COMPENSATOR.
(TURN WITH AN
INSULATED
SCREWDRIVER. )

Fig, 27

Connect the probe cord to the INPUT terminal . and sget
VOLTS/DIV switch in the 20 mV poaition. Connect the probe
tip calibration voltage output terminal and so turn the
COMPENSATOR control withian insulated screwdriver that an
ideal waveform as illustrated below is obtained.

!

!
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Ideal

< -

Adjuétment required

- 58 -

-

Adjustment required
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