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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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1.1

1. GENERAL

General” .
The MODEL 5516DL oscilloscope is a dual-channel triggerd sweep type
oscilloscope with vertical sensitivity of 5 mV “cm and bandwidth of

DC ~ 20 NMHz. employing a high bright 133 mm CRT with low distortion,

Feetureé
o. . DELAY LINE

As the delay line function is added in the vertical, rise time of

a high speed pulse and ecc., can be easily observed.

o  Complete Auto Trigger Circuit
Synchronization is easily performed by complete auto trigger

circuit which is newly designed trigger circuit.

o A great part of the triggering circuit which is the mostimportant

circuit is composed of ICs,

o Selection of Trigger mode
CH1, CH2, NORM and EXTERNAL can be selected as trigger
mode. When CH1 or CH2 is selected as trigger mode, the relation
of the phase between two channels of vertical amplifier can be

observed by one action without change of input connector.

o) SINGLE Sweep

Single sweep can be utilized. The applicable fields of the MODEL
5516DL is widen with DC coupling trigger and a single sweep.

o Employmernt of Push Buttons
Many push buttons are employed for sure setting.

ESpecially, X—Y‘operation can be selected by the.only pushing.

o CHOP modé or ALT mode is automatlcally selected.
,S\Vltchmg between CHOP mode and ALT mode for dual-channels
operation is linked w1th the TIME /CM switch of the time axis.
. The two traces are dlsplayed in the CHOP rnode when the sweep

time is slower than 1 msec , but in the ALT mode when the sweep

time is 0.5 msecs or faster.
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Maximum sweep speed is 40 ns/ DIV (5 x MAG )

High speed pluse signal are easily observed by this high speed
sweep together with the excellent performance of the trigger

circuit,

Bright trace at high sweep speed . . A

When the MODEL 5516DL is operating at a high sweep speed under
the AGTO mode-, checking inclination of trace lines and O volts
level when measuring waveforms which must be analyzed with
respect to the zero volts level, are performéd by setting the input
selector to the GND. Bright traces are displayed without flicker

on high speéd sweep Aby reformation of the AUTO trigger circuit,

Employing of rotation coil »
Shift of position of trace by terrestrial magnetism is easily com-

pensated for employing rotation coil,

Employing of CRT with high brightness

CRT with high beam transmitivity and sharp beam is employed,

Construction

The MODEL 5516DL consists of the main unit and accessaries as follows.

MainUnit-'---f-“'-'------o-------'1
Accessaries ,
MODEL 959A BNC ( Probes ) ««++
MODEL 942 terminal adapter seeee-
~ Hexagonal wrench (3 mm )rveseees
Fuse (Slowblow 1.A) seeeveass.
. Shortbar«seereeesereseacaconns,

e e e \® |

Instruction manuals e csseseoseos coe
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Verticgl Defleétion

2. SPECIFICATIONS

»S’becificati‘on :

Remark

_ Item _ :
Sensitivity " 5mV/DIV ~10V/DIV, 11 ranges |1,2,5 steps
Sensitivity Within +3% of panel indiéated
accuracy . value, with the va'fiable '

control in CAL'D position.

Frequency bandwidth.

DC: DC ~ 15 MHz
AC: 2Hz ~15MHz .

Within -3dB. 50kHz,

8 DIV as reference

DC: DC ~ 20 MHz

AC": 2 Hz ~ 20 MHz

Within -3dB, 50kHz

4 DIV as reference

Continuous

sensitivity control

Controllable by 2.5 times or

over of panel-indicated value.

Risetime

‘Approx. 23.3 ns ( 15.MHz )

Approx. 17.5ns ( 20 MHz )

Caliculated value

Input impedance

1 MQ 22%, 35pF % 2 pF

Parallel

Input terminal

BNC type receptacle

Maximum ailowablé

input voltage

400V at 5mV/DIV range
600V at other ranges

DC + AC peak value

1 kHz or less

Input coupling

AC and DC

- Shift of base line

caused by DC offset

Less than 0.2 DIV
at 5 mV/DIV range.,

Switching input selector

from the DC to the GND,

Shift of base line
caused by changing

range switch

Less than 1 DIV for switching

to 5V range from 2 V range,.

Setting input selector

to the GND.

Linearity

When 4 DIV signal displayed
in CRT center is moved fully
in effective vertical area,

variation of signal in vertical

amplitude is within = 0.2 DIV,

For signal frequency
of less than 100 kHz,

including CRT linearity,

Common mode

rejection ratio. .

100:1 or over, at 50kHz,

When sensitivities of
CH1 and CH?2 are

exactly equal,

Interference between

two channels

1000 :1 or over, as measured

at 100kHz and 8 DIV

amplitude.

Both CH1 and CH2 are
set af IanV/'DIV range
in dual mode. Signal
corresponding to full
e_ffe;ctive aréa is.
applied to one channel
and input of the other

channel is termim ted

with 50 &, -
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" Item - ¢

Specification

Remarks

PUSh INV

Polarity of CH2 alone is inverted.

Operation modes
" of.

vertical channels

- |CH 1 Operation with independent

CH1 alone. :
CH2 Operation with independent
CH?2 alone. :
DUAL | . CH1 and CH2 are ALT sweep for
~»(aﬁfo—; ALT .alternately swept. 05ms ~ 0.2 us.
fnatié cyop CH? and CH2 are CHOP switching
switch- switched at approx. | for 0.5s ~ 1ms.
|ing) 100 kHz. | Linked with the

TIME/DIV switch.

ADD CHE1 + CH2

Signal delaying time

About 120ns

Horisontal Deflection

{tem

Specification

Remarks

Sweep time

0.2uS/DIV ~ 0.55/DIV

1-2-5 steps,20

ranges.,

Sweep time accuracy

Within +3%

When the variable

control is set in the

CAL'D position.

Continuous sweep time}

control

Controllable by 2.5 times or over

-of panel indicated valﬁe.

Sweep magnification

5 times

Magnification error

0.5s/DIV ~ 1ps/DIV  £3%
0.5ps/DIV,0,2us/DIV 5%

In addition to sweep

time errors.

Position shift caused

Within +1DIV at CRT center.

by magnification

Trigger

Item

Specification

Remarks

Trigger signal source

. NORM | Triggered with CH1 and

CH2 signal. .

CHT = |Triggered with CH1 signal

‘| alone.

CH2 Triggered with CH2 signal

alone

EXT Triggered external signai.

- -
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'I'tem

Specification

Remafks

SINGLE

ger specification described
above are satisfied. The
trigger circuit is reset again
with the RESET button,

Coupling "DC, AC, HF REJECT

Polarity "M oand "=

Internal triggéf .

sensitivity _

DC ' DC ~20MHz 0.3 DIV
AC .. ¥ .0 | 5Hz~20MHz = 0.3 DIV
HF REJECT | DC ~ 50kHz 0.3 DIV The amplitude on the
' | . " CRT screen, ‘
External-trigger '
sensitivity
DC DC ~ 20MHz 200mVp-p
AC. 5Hz~ 20MHz 200mVp-p
HF REJECT DC ~ 50kHz 200mVp-p
COMP AUTO | The circuit is perfectly trig- | Trigger level knob is
| gered, when the amplitude on controllable, The
CRT screen-is 0,3 DIV or specified: sensitivity is
over for signals.of 50Hz or satisfied in every posi-
over. ‘ tion of the knob.

AUTO The trigger sensitivity When the trigger condi-
specification is satislied tion is not satisfied, the
for signals of 50Hz or over. trigger circuit free runs

V automatically.
NORM The trigger sensitivity When the trigger condi-
' specification is satisfied. tion is not made, the
' trigger circuit is ready
to produce a sweep
_ _ without trace.
Single sweep. The all trig-

The trigger circuit is

“ready to produce a-

‘Sweep until input signal

is applied.:

External triggér

' Approx.ﬂ 00kQ,; with 60pF Parallel
inp'ut impedance or less, '
Input terminal " BNC receptacle
Maximum allowable Below 1 kHz

input voltage

100V (DC + AC peak )
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Ext_ernél S‘wevepi ampllifie'r' (X-Y)

Item Specification’ . Remarks
System X-Y system: -CHT for X X: Horizontal axis
| o | _ CH2for Y | Y: Vertical axis
Sensitivity X 5mV/DIV~10V/DIV X: 11 steps
‘ Y 5mV/DIV~10V/DIV Y: 11 steps

Frecuency

' response

X. DC ~ 2MHz
Y = DC ~ 20 MHz

Within - 3 dB

Within - 3 dB
4DIV as reference

Input impedance

1MQ +2% with 35pF = 2pF
(XandY)

Parallel

Maximum allowable

input voltage

5mV/DIV range 400V
Other ranges - 600V
( Both X and Y )

‘DC + AC peak value

below 1 kHz

Input terminal

BNC receptacle
(Both X and Y )

Letter X and Y are

indicated on panel,

Calibration Voltage

Item Specification Remarks
Waveform Square-wave
Polarity | Positive
Output Voltage 50mVp~p and 2Vp-p
Output Voltage accuracy| Within * 3%
Frequency 1 kHz £25%

Duty ratio 45:55 ~ 55:45
Rise time Approx. 150 ns
Output terminal Chip terminals
Z axis
Item Specification

Remarks

Intensity modulation

3Vp-p signal produces
noticeable modulation at

normal intensity.,

Usable frequency 'r_ange

DC ~ 1MHz

Input resistance

Approx.:10kQ

Input terminals

Binding-posts
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CRT.

Item

Specification

Remarks

Type

. 133 mm dia. circular

High brightness

Phosphor

B 31

Acceleration voltage

" Approx. 2000V

Effective area

8 DIV. x 1ODIV .

1DIV £ 9.5 mm

Trace and graticule -

LN
aligment

- Adjustable by rotation coil .

electrically
Blanking’ With G 1
-Illumination - Continuously variable

Power requirement

Item

Specification

Remarks

- Usable supply line

voltage |

‘Within *10% of 100V,110V,117V,

200V, 220V, 230V and 240V,

Changeable by taps

of power transformer.

Frequency

50 ~ 60 Hz

Power consumption

- Approx. 63 VA,

Cabinet .

Item

Specification

Remarks

External dimensions

. 245W x 205H x 460D mm

242W x 181H x 400D mm

Maximum dimensions

Cabinet dimensions

Weight

Approx. 9.3kg

Without accessary
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3. OPERATION

3.1 'Eﬁcplanation of Front Panel

Function of the knobs terminal and so on are explained in this section,

Recrardmg the double—knobs the functlon of the black knobs are dlsplaved

with black letters and those of the red knobs are dlsplayed with red letters.

- POWER OFF

ILLUM

INTEN

FOCUS

CALLIB(Vp-p)

This knob is used in common for both -ma-in power on-off control
and scale illumination control. . The extermely counter-.
qlockwiseﬁpbs,i_tion is the power off position. Power is turned,

when turning it clockwise.

This knob is used for control of illumination of CRT screen
scale. The screen is brightened with clockwise rotation

and vice versa.

This knob is used for trace brightness control. Trace bright-
ness increases when this knob is turned 'clock\vise, and vice

versa.

In conjunction with ASTIG control ( internal semi~fixed
resistor ), this knob should be so adjusted that the spot or

trace displayed on CRT screen is made most well-defined.

These terminals provide a square-wave signal for sensitivity
calibration and probe phase adjustment, '
Its frequency is approximately 1 kHz, and its output voltage

is 50mVp~-p and 2Vp~p. The 51gnals are avallable at the chip

terminals on the front panel.

Vertical Deflection

The functlons of controls and. termlnals of CH1 and CH2 are

identical, The explanatlon on CH1 is directly apphcable to

- CH2 also.,
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AC
DC

GND

VOLTS/DIV

/' CAL'D

POSITION

!

‘These are vertical input terminals and they also used as

terminals for X-Y operation.input terminal. Terminals

.ax}e BNC receptacles, and also used when the probe are used.

This is a push button switch for selection of input coupling of

' veffi’cal ihput signal. Input cbupling is DC coupling when the

button is returned 1n upper position. On AC couphn , if the
input signal 1nc1udes a DC component, it is blocked and the AC
component alone is measured, On DC coupling, all component of

a input signal is measured.

When GND terminal is depressed, the input signal is discon-
nected from the vertical amplifier at the INPUT terminal

( BNC type terminal ). The amplifier input is connected to the
grkound. By depressing the GND push button, the zero volts
level of thé trace displayed on the CRT screen can be readily

checked.

The black knob is used for selection of vertical deflection
sensitivity, covering 5 m,V/DIV to 1OV/DIV in 11 ranges.

The value of each switch position indicates the voltage sensi-

tivity per 1 DIV of vertical deflection on CRT screen with the

variable knob turned to the extermely cléckwise position
( CAL'D position ).

This knob is used for continuously variable attenuation of the
input signal, and VAR means variable. When the knob is turned
to the extermely counterclockwise position, the Signal is atte-
nuated to approximately 1/2“5 »  The letters of CAL'D mean
that the sen51t1v1ty of the vertical B.rnpllfler is callbrated for

the red knob on CAL'D poSltlon, when the red knob is turned

'fully clockwise.

This knob is used for vertical p051t10n1ng of the spot or trace

dlsplayed on the CRT screen.

When turmng it clockwise the spot or trace shifts upward.

. It shifts downward by counterclockwise rotation,

210 -
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DC BAL - This éemi;fixed resistor is used for minimizing trace shift
' by switching the VOLTS/DW.selector,‘ It is adjusted on
2V/DIV and 5V/DIV.

CAL This is a knob for the calibration of vertical axis.

This is'used in common for all ranges.

G:\'D'(terminal)"’l"his terminal is electrically connected to panel. chassis and

case. . ( Both of CH1 and CH2 )

POLARITY  This push button switch is used for 180 phase inversion of
DNORM input signal of CH2. The phase is inverted on depressed

BV state.

The function explaind above, except GND and POLARITY, are identical for
both CH1 and CH2.

MODE This interlo’ckingwswit‘c»h with four- units- selects the operating

modes of amplifiers of CH1 and CH2 as below.

CH1 The vertical amplifier of CH1 operates alone, and the Model

5516DL operates as a single-channel oscilloscope.

CH2 = The vertical amplifier of CH2 operates alone, and the MODEL

5516DL operates as a single-channel oscilloscope.

rDUAL+q  The vertical amplifier‘of CH1 or CH2 is operated by switching
CHT CH2 ‘in the CHOP mode or ALT mode, by pushing both of the button
CH1 and CH2, and the MODEL 5516DL operates as a dual channel
oscilloscope; ﬁThe,swiAreep circuit operates in the CHOP mode
for ranges' from 0.5s/ DIV to 1ms/’DN. and in the ALT mode for

ranges from 0.5mS/DIVto 0.2ps/ DIV,

ADD Signals applied'to the CH1 OR-X and CH2: OR. Y connectors
are algébréically added and thessum is displéyéd on the CRT.
The INVERT switch in Channel 2 allows the.display to be
CH1 + CH2 or CH1 - CH2.,

X=Y This button is used for an external sweep by X-Y system.
- CH1 o'pérates as X axis ( Horizontal ), and CH2 operates. as
Y axis ( Verfi,c_al ). The frequency range of X axis is DC ~
2MHz, -3dB.. '

=11 -
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Horizontal deflection

B

POSITION

PULL
5X MAG

TIME/ DIV

.~ YCAL'D

LEVEL
PN

PUSH +
PUSH -

_For horizontal positio"ning of the spot or trace displayed on the

CRT screen. It shifts rightward with clockwise turning, and

‘vice versa,

‘ _ The PQSITION knob. is Aused'in common for this function also.

As the.knob is pulled out, the horizontal amplitude of the trace
is magnified by a factof of 5 without shift of the trace.
The center of expansion is the center of the graticule. On X-Y

operation , the trace is not magnified,

A sweep time from 0.5s/DIV to 0.2 ws/ DIV in 20 ranges; The
value of each position indicates the sweep timebper 1 DIV of
horizontal sweep under the state that the variable knob ( red )

is turned to the extermely clockwise position ( CAL!D position).

Sweep time is continuously variable by this red knib. The value
is varied to approximately 1/2.5, when the knob is turned to
the extermely counterclockwise position, The letters of CAL!D

means that the sweep time is calibrated on the position that the

"red knob is turned fully clockwise.

This knob is used for adjustment of trigger level. A point at
where the sweep start on the trigger signal waveform is adjus— .

ted by this knob, Polarity of trigger level becomes positive

- when the knob is turned clockwise. It becomes negative by

counterclockwise rotation,

This pull-push switch selects a slope of the trigger signal.
The ‘'same knob is used, for trigger level adjustment.

The trigger circuit is:triggéred on-a positive-going slope, bwh‘errl
the knob is pushed in the PUSH + state. It is triggered’'on a
negative-going :s_lolﬁe, when the knob is pulled in the PULL

- state. '

- 12 -
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COVP AUTO Thls push button switch is used for operatlng the COMPLETE

| AUTO

NORM

SINGLE

PUSH
TO
RESET

READY

—~

AUTO TRIGGER circuit to be the most noticeble characteristic.
If the input trigger signal is 0.3 DIV or over on the CRT screen,
or the input voltage to the .EXT TRIG IN terminal

{ BNC: recéptacle om: rear panel ) is 200mV or over,

the 01rcu1t 1s surelv trlggered and sweep, is synchronized.

" 'On this operatlon mode, as trigger level .can be set within a

.range of 'peak to peak' value, it is p0551b1e to set the trigger

level to a part measured.

A sweep for time base free runs by depressing the push button
switch, The trace line is displayed on the CRT screen without

any measured: signal. The circuit istriggered when a measured

"signal of 50Hz or over and of an amplitude of 0.3 DIV or over as

displayed on the CRT screen is apphed
If the trlgger level is within a range of the level of input signal,
sweep is synchronized to a signal measured. A sweep free

runs for the input signal level over the trigger level set.)

A sWeep for time baseis ready to sweep for no signal measured,
A sweep is only produced and Synchronized to input signal, when
the trigger -~ signal level is a range of 'peak to peak!' value of

the input signal,

This push button is used for a single sweep. The SINGLE button
itself and the other buttons ( the COMP AUTO, the AUTO, the
NORM ) arerecovered to the state before depressed by pushing
the SINGLE button. |

'SINGLE' explained before and ‘PUSH TO: RESET’ are an

1dentlcal switch. A sweep generator circuit is prepared for

v another smgle— sweep display by pressmg the PUSH TO RESET

button agam, after one smgle sweep display have finished.

The time axis is ready to produce a smgle sweep, when the

 READY' LED lights.

-3 -
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GG

FLAT @

" HF REJ =

This push button switch'is used for selecting the coupling

state of trigger signal. A trigger signal from CHf ,CH2,NORM

and EXT is applied to the input with no modulation. In the HF

'1Ac
= DC

~NORM~ .
CH1 CH2 EXT

CH1
CH2
~NORM~-
CH1 CH?2
EXT

. REJ position, the high fréqu'enoy' component or noise super-—

imposed on the signal measured of approximately 50kHz or over

is attenuated.before applying to the trigger input by i‘nserting a

‘low pass filter with cut off frequency of approximately 50 kHz.

This push button switch is used for s.electingkthe coubliﬁg state
of trigger signal. On the AC position, the DC component is cut
off, and triggering is made with the AC component alone,
On the DC position, triggering is made with all component

including DC component,

These push button. select the type of trigger signal source as

below.

The measured signal of CH1 alone is used as the trigger signal,
When CH2, DUAL or ADD is selected as vertical mode of
operation, the signal applied to the CH1 operates as the trigger

signal source.

The measured signal of CH2 alone is used as the trigger signal,
When CH1 ,DUAL or ADD is selected as vertical mode of
operation, the signal applied to the CH2 operates as the trigger

signal source.

The CH1 and the CH2 explained above are depressed together,
the waveform displayed on the CRT screen operates as the
trlgger 51gnal source.

This mode is a normal trigger mode.

A signal applied to the EXT TRIGGER IN terminal operates

‘as the trigger signal source,

=14 -
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3.2 Explanation of Rear Panel

The BXT TRIGHIN terminal ( BNC type receptacle ), the TRACE ROTATION

semi-fixed resistor, the . Z AXIS IN terminals ( Binding-posts )

, fuse holder,

power cord and so on are located on the rear panel.

"Some of ‘these nameées are pi‘intéd on the rear panel,

! =
AC LINE

50/60 Hz

7

@
©
©

TRACE
@zxr G IN @ ROTATION

©zAxs IN

O 6ND

@ EXT TRIG IN

© z AXIS IN
OGND

e

The BNC receptacle for the trigger input from an
external signal source.

The input terminals for the intensity modulation input
from an external signal source. The red terminal is
fioating"side and the black terminal (GND) is grourided.
When no inténsity modulation is made, the two termmal

must be shorted ‘with the short—bar provided as accessary,

@ TRACE ROTATION The .semi-fixed resustor to align trace with

FUSE

AC 'LINE

horizontal graticule lines.

Fuse holder. The fuse is 1 ampere slow blow type, and
is removable by turnlng the cap counterclockw1se.

Power cord. The plug.must be connected to power line

of the specified voltage.
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3 Caution on Operation

Supply i(ine:f"»
voltage ’

Ambient
temperature

Environments

Brightness
of the
CRT

Allowable
voltage to the’
input terminal

The MQDE_L- 5516DL can be operated -safély under the fluctuating

r.ange of the specified \Arolvtalge' within 110% in the specified
supply line voltage.

If it is operated with the line voltage over *10% of the

-specified voltage, malfunctioning or damage may result.

Operatethe MODEL 5:51 6DL with the i‘ange of the voltage within
+10% in the specified supply line voltage with an appropriate

means.

The ambient temperature range for normal operation is
0°C ~ 40°C,

If the MODEL 5516DL is operated for long period in high temp-
erature and high humidity, troubles may be caused ahd the

life may be.shortevned‘. - Strong magnetic field or electro-
magnetic field also-affects the measﬁrement with the

oscilloscope.

Do not make the trace excessively bright or do not leave a
stationary spot for long period on the screen. The life may

be shortened with such an operation.

The allowable maximum input voltage to the each input

terminal and each probe are shown in the below table.

If a voltage exceeding the specified value is applied, the

MODEL 5516DL may be damaged.

The CH1 terminal and the CH2 terminal
5mV range of VOLTS/ DIV

400V ( DC + ACpeak )

Other ranges of VOLTS/ DIV 600V ( DC + ACpeak )
Probe  (959ABNC) : 600V ( DC + ACpeak )
EXT TRIG IN terminal ' 100V ( DC + ACpeak )
Z AXIS IN terminal - 100V ( DC + ACpeak )

For the signal of the frequency of 1 kHz or below.

: ‘—16'—-



3.4 ‘Chéngé of S.lx_jﬁply Line Voltage

Input lifie' voltage is-cHangeable, as sonie taps of ‘transformer dre’

~ provided ‘for opération with line voltage exceeding 100V.
- As an AC plug’ can be used with line voltage of 125V or below,
it must be alternated:-to an appropriate with line voltage of "

125V. or over.-

Use a fuse shown in following Table.

AC (V) Fuse (A) Note

90 ~ 110
100 ~ 120 ' 1
105 ~ 129 Slow. blow
180 ~ 220
200 ~ 240 0.5
210 ~ 258
~d
~J , _ :
D . ' ’ o = 1T -

=y
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4, ,A’_O'P.ER‘A'"TION'

Before turning on the power, sét the controls on the front panel as follows.

_ILLUM, POWER OFF and INTEN

Fully counterclockwisé position.|.

FOcuUs

Approximately center,

MODE The CH1 is.depressed,
‘ LEVEL ‘ o Approximately center,
| FLAT HF REJ  FLAT |
Trigger | AC DC , T AC
CH1 CH2 NORM EXT CH1
COMP AUTO AUTO NORM
SINGLE AUTO
TIME/DIV 0.2mS
POSITION ( Horizontal ) Approximately center.
POSITION ( Vertical ) Approximately cénter.
VOLTS /DIV 0.2V ( Red knob is in the
CH1 CAL'D position .)
AC DC DC
GND - The GND is depressed,

Connect the power cord to a power line receptacle of the specified voltage,
and turn clockwise the ILLUM knob from the POWER OFF position.

The power switch cliks, and the power is supplied to the MODEL 5516, The

.LED indicator located on the upper left of the front panel turn on,

In some ten seconds later, turn futher the INTEN knob clockwise until the

trace is displayed with an appropriate brightness.,

Focus Adjustment

Move the trace to the center of the CRT screen by adjusting the

POSITION of the CH1 and the horizontal POSITION knobs.

Adjust the FOCUS knob for the sharpest and the most welﬁl-—

defined display.

-18 -
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4.1 stplav of Cahbratmn Q‘-1gnal Waveform

stplav on the CRT screen the square wave callbratlon signal of the
MODEL 5516DL ( the CALIB terminal ) by connectmg the BNC terminal
adaptor ( supplied ) to the input terminal of the CH1 and using as short
lead cable as possible. ( Use 50mV termiﬁal of the CALIB )

Set the controls of the front panel as follows.

AC  DC ( CH1 ) ‘DC

" GND - .. ( cH1) No depressed étate
VOLTS/DIV ( CH1 ) 10 mV

VAR CAL'D ( CH1 ) CAL'D

TIME/DIV 0.2 mS

VAR CAL'D CAL'D

The other knobs The position explained before

When the above setting is made, thé'square wave with an ampli tude of
5 DIV is displayed on the CRT screen.

0y @
(Vp-p) 2v 50mv

- Turn the VOLTS/ DIV knob by step counterclockwise. The vertical ampli-

tude of the dlsplayed waveform is reduced correspondmgly. The amplitude

is contmuously reduced as the variable knob' 1s turned counterclockwise

Thus, the functions of the VOLTS / DIV switch and variable control on the
input signal can be emsured.

~19.-
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4.2 Dual Channel Mode-and ADD Mode

Dual Channel Mode
Set the MODE switch in the DUALv state. ( Both of CH1 and the CH2

together: ) In the above operatlng state, the calibration voltage was
.apphed to the CH1 but not the CH2.: Now, apply the callb:g‘atlon ,
xoltacre to the CH2 also. ( 50mV.) ‘

Triggering must be'made with the signal applied to the CH1.

~DUAL~
CH1 CH2 ADD X-Y

o lo] [o] [d]

MODE

_J  CcH1

_J CH2

If CI—Iz 51gnal is: synchronlzable w1th respect to CH1 signal, both 51gna1

are dlsplayed as statlonary waveforms on the CRT screen.
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‘The MODEL 5516DL has no individual push button for the CHOP and the ALT
but has the DUAL button only. ."-'Actua‘ll'ly, "selection of the chop and alternate
sweep modes"aiﬁe-linked with the TIME/ DIV switch in.the CHOP mode for the

0.5s/DIV ~ 1ms/DIV and in the ALT mode for the 0.5ms/DIV ~ 0.2ps/DIV
ranges,

“TIME/ DIV

When the MODEL 5516DL is operated in the CHOP range and the CH1 signal is
low level with poor S/N ratio, triggering may be unstable.
The HF REJ button can be effectively utilized in such a case, for it is

provided to eliminate undesirable high frequency components higher than
50kHz from the trigger signal.

ADD Mode

When the ADD button of the MODE selector is depressed the result of addition
or subtraction of the CH1 and CH2 signals is displayed on the CRT screen,

CH1 = CH2 = .The Waveform of the ADD mode

To observe the result of subtraction or the difference between the two sighals,
the POLARITY button must be depressed.

When this is done, the phase of the CH2 signal is variéd by 180°

B A e R o i g+ 8 e g e
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4.3 X-Y Mode ..

Depress the X~Y button of- the MODE’ selector. By thié operation, the

CH1 is setfor X axis, and the CH2 is set for Y axis.

~ DUALS . o
CHI CH2 ADD X-Y
o [0 [9 o]

MODE

The electrical characteristics of the Y axis in this case is the same with
that of CH2. That of the X: axis, however, becomes such that the frequ—

ency range is DC ~ 2MHz for -3dB, and the variable control and the
POSITION control of the CH1,

Trace shift in the X-Y operation becomes faster than the case of the

normal operation. Other electrical performance is the same with that of
CH1,

Apply the calibration voltage signal to both X and Y axis,

Adjust the VOLTS/DIV switch of both channels so that appropriate
amplitude is obtained and two spots are displayed on the diagonal line of
the CRT screen. When this is done, a Lissajou's figure for frequency
ratio 1:1 and phase angle difference zero or almost zero is displayed on

the screen.

'Under the X-Y mode also, the 5X MAG function which is linked with the
‘horizontal POSITION knob remains idle.
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4.4 INTEN MOD

The INTEN -MODl terminals which accept an external

inténsity'modula{ti'ori. signail is located on the rear panel.

. . o . SHORT-BAR
For intensity modulation, remove the short-bar, and

apply the .sig.nal"between the red terminal and the black

terminal., When'no intensity modulation is made, the

two terminals must be connected with the short-bar.

4.5 Trigger and Time Axis .

(

FLAT mAC ~NORM~ ’
LEVEL HF RE] mDC CHf CH2 EXT (:)

_/0\ OO IO | O 1O READY
Hs '
FUCL S TIME/DIV

OJcomp

AUTO

- C

POSITION Ol auto

(O} NoRM

PULL 1O [lsinoLe
5xMAG

-
LJ

This calibration voltage signal is a square wave of approximately 1 kHz,

When the TIME/DIV switch is set in the 0.2mS position, one repetition

of the square wave is displayed with a horizontal amplitude of approximately
5 DIV. '

As the TIME/ DIV switch is turned clockwise, the sweep time'becomes

faster and vice versa. The sweep time is continuously adjustable with
the variable knob, .

- 23—
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- 4.6 Type of '.If.riggeri‘Signal Source

To display the measured signal as a stationary waveform on the CRT screen,

a trigger signal which is synchronized with the meadsured signal must be app-

lied to the .’trigge’r circuit so that the sweeps of the time axis are initiated in

svnchromzatlon whith the measured signal. . ‘

There are four types of trlgger signal” sources. They are the NORM mode

( Triggered by displayed signal on the CRT screen. ), the CH1 fnode :

(’Tfiggeredibyfthe CH1 signal. ), the cnizxnode ( Triggered by the CH2 signal.)

and the EXT mode (' Triggered by an external signal applied through‘ the EXT
"TRIG IN .vtermrii'.la.l on _rea:r; panel.),

V [NORM |

NORM
-~ FLAT XAC [ 1
TRIGGER HEREJ=DC CHi{ - CH2 EXT

d @ [eTo O] ~—{EexT1]
] 7]

CH 1
4.6.1 Internal Trigger = ( NORM, CH1, CH2 )

Under the internal trigger, the measured input signal is picked up as a trigger
signal at a certain point.in the vertical amplifier, and applied to the trigger
circuit after the signal is amplified to an appropriate level by the trigger
amplifier. Under the NORM mode, the trlgger signal is the waveform ( CH1
and CH2 ) displayed on the CRT screen. Under the CHI1 mode, the trigger
signal is the only input signal to the CH1,
Under the CH2 mede, the input' signa'llvto the CH1 is the only trigger signal.
When the signal of the CH1 ie synchroniied With the signal of the CH2, the

waveform of the CH2 can be observed with triggering by the s1gna1 to the CH1,
and vice versa,

'—24—
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4.6.2 External Trigger ( EXT TRIG IN )

"Under‘“the'EX'AI‘ trigger mode. the trigbg'er circuit can be directly driven

without effects which could be caused by the vertical amplifier. For

-example, under the internal trigger mode, when the VOLTS/ DIV switch

or the vertlcal POSITION knob is turned, the voltage applied to the trig-

ger mrcult is affected and the trlggerlng may become unstable for some

input 81gna1 waveforms. , o

Under the external trigger mode, the trigger circuit is stably driven
irrespective of turning of ahy controls of the vertical amplifier circuit
so far as they c‘lo. not affect the external trigger circuit. As [or the

external trigger signal, a signal of less than approximately 10Vp-p must

be used.

4.7 AC and DC

The triggering method of the MODEL 5516DL is widely utilized for many use,
because DC coupling can be selected. for the coupling of the trigger input.

Especially, it is available for the trigger signal of DC ~ 5kHz or single

sweep. AC coupling is used for general purpose such as the tri‘gger

signal of 5Hz ~ 20MHz or the trigger signal with DC component,

4.8 FLAT and HF REJ .

Under the HF REJ mode, a low pass filter with a cut off frequéncy of approx-—
imately 50kHz, -3dB, is inserted before the trigger input circuit.

This mode switch is utilized, when the oBsfructive”high frequency component
or noise which are superimposedon the original trigger signal is included.

Under the. dual-—channel mode operatlon, the TIME/ DIV is set in the CHOP

Ly
s

mode, the Jltter of synchromzatlon may be reduced.

Waveform with a high frequency

‘component ( higher than 50kHz )

superimposed on the obrig‘inal

signal.

Under the FLAT mode, the stable triggering is always made for the trigger'
signal of a range of DC ~ 2OMHZ. e

M o e
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4.9 LEVEL knob and 'PUSH +, PUSH - !
. - Apply a sine wave or triangle wave signal of approx-
: imately 1 kHz to the CH1 input signal. ( Adjust the
;Egii level of the input signhal or the vertical variable
PUSH + attenuator so that waveform more than 6 DIV is
Jorb= displayed on the CRT screen.)

Setting of the controls are shown as follows.

FLAT’: H'F_REJ ;........... ...... 'v'f"'FLAT'
AC  DC crevennn e Y.
CH1 CH2 NORM EXT"""""”"'""CH1

TIME/DIV T T T O.ZmS/DIV
COMP AUTO, "AUTO, NORM, SINGLE'*+AUTO

The display on the CRT screen free runs on the fully counterclockwise
position of the LEVEL control. The display is synchronlzed at the certain
position with turning gradually the LEVEL control clockwise.

The start point of the display shift from. lower position to upper position,

and the display free runs again.

The display is observed in inverse order explained above on the CRT screen

with turning the LEVEL knob counterclockwise.

(a) free run 7+ (b) synchronised (c¢) free run

~ 26 -
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The. displaVed'waveform shifts from right to left on the stable display with
turnlng the LEVEL knob clockw1se ( The position does not shift, and the

'phase shlfts ), and the start pomt of the dlsplay shifts from lower position
to upper p051t10n

( the shlft of trigger level )

Pull the LEVEL knob. The slope of the start point of the display becomes

inverse. It means that trigger is made in the negative-going portion.

A a A A
/1 \ /1 \ \ /
\ \\ / / \
O NN
Vi vl v \/]
PUSH + PULL -
-27 -
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4.10

4.12

4.13

: COMP AUTO mode ’ , :
Set the MODE selector in the COMP AUTO Adjust the VOLTS/DIV
knob and- the varlable. control so that a waveforr‘n is displayed with an
amplitude of approximately 0.3DIV. The attenuayed stationary display
is obtained. ( The display is visible with setting the TIME/DIV knob

to TmS/DIV ) The statlonary dlsplay is obtamed for an amphtude of
8 DIV or more. - ' ' o ‘

AUTO mode . |
Under the AUTO mode, the time axis is automatically swept even when
no trigger input signal is being applied. A bright trace is displayed even

at fast sweep ranges and the zero level can be readily checked.

NORM mode

Under the NORM mode, the time axis in the stand-by state and the traces
disappears from the CRT screen when no trigger signal is being applied,
the level of the ihput signal to the EXT TRIG IN terminal is less than

200 mVp-p, or when the LEVEL control is turned exceeding the triggering

point.

SINGLE mode

Operate as following procedure for a single sweep.

(A) Apply a repetitive waveform to the CH1 or the CH2 input, and set the

MODE seléctor ih the' NORM mode. Display the stationary waveform
on the CRT screen by adjusting the trigger level LEVEL control.

B) Set the MODE selector in the SINGLE mode.

C) Remove the signal from the 1nput terminal.

D) Push the SINGLE switch again. ( PUSH TO RESET operatlon )

E) The READY LED 1nd1cator llghts and the time axis is in the stand-

by state, When.a- fmger 1s taken off from the button and the button
is turned back. '

(E) lAgam apply the 51gnal measured to the 1nput A sweep is trlggered by

the 51gna1 ‘and a single trace i 1s presented w1th a smgle sweep

' The READY LED indicator light goes out.
The time axis is not operated agam until the SINGLE button is

pressed again.

_ o8-
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4,14

Sweep Magnification ( PULL 5X MAG )

When a partlcular section of the input s1gna1 is required to be expanded for

detailed observation, the requirement may be met by using a fast sweep -
speed. I—Iowever, if the required section is located apart from the starting
point of the sweep, the required section may run out of the viewing screen.
In such a ca's'e' pull out the POSITION knob ( set in the 5X MAG state ).

The required section is horlzontally expanded by a factor of 5 from the

screen center,.

(a) Before magnifier (b) After magnifier

When the 5xMAG function is affected, the sweep time becomes as below.

( TIME/DIV indication) X 1/5 = Sweep time / DIV

When the sweep is magnified, the trace brigltness is reduced. The use
of the sweep magnification should be limited to thé below cases.
(1) When a particular section which is located apart {rom the sweep
. start point is required to be magnified for observation of details.

(2) When a's'Weep time of faster than 0.2us/DIV is required.

Application methed of Vertical Input Signal

.1 Using with: Coverd Wires

Attach the BNC terminal adaptor ( supplied ) to the vertical input terminal ,

and ‘apply the input signal through the covered wires. Note, however, that

measurement under this method may be unstable because the 1nput wire are

susceptible to induction noise interference | when they are long or when the
input 51g_na1 sourcealmpeda-nc,e is high. The displayed characteristics may
be affected because the stray capacitance with respect to the ground is
large. As compared with the case the 10:1 probe ie used, this method is

susceptible to mutiial interference with the measured circuit and other

undesirable effects.

- 29 —
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4.15.,2

Using with' Shielded Cable

BST the 'irsef of a shielded cableb, external noise introduced in the input

connection can be eliminated. However, the use of a shielded cable is

disadvantageous in that the capacitance between signal source and ground

- become large (50 pF/m ~ 100 pF, /m ) and, therefore, the use is not

sultable for 1nput conriection when the SIgnal source 1mpedance is substan-
tlally high or when a51gnal ‘which includes higher frequency components is

to be measured.

Using with, Coaxlal Cable
When the: 51gna1 source impedance is 50Q or 752, a coaxial cable of the

matched impedance may be used for 1npu’c signal connection. When an

‘impedance-matched coaxial cable is used, the input signal can be connected

without attenuation for higher frequenéy components also. Impedance
matching can be accomplished by connecting a pure resistance "R" of 508
or 75Q corresponding to the characteristic impedance of the cable, in the

input side of the oscilloscope as illustrated below.

|
508 or 758 Coaxial Cable !
g — S
Signal : . o R %

Source

g

1
1
l
|
!
I

v R =500 or 758

Ostcilloscope

Fig. A

4,15.4 Using with Probe

. A8 ‘f\ MWy
Signal Source I ;I-J ‘ S

Zin —> cy g Cs

Thé input signal can be applied through. the 10:1 probe which is supplied
as an accessary of the- 0501lloscope. The probe provides electrical
shleldmg from. the osc1lloscope to the probe, and‘ eliminates external noise.
: oo !
RT - . .Rs '

P

: 1 . v 1[
"Rs: Serles re51stance of cable
Rs { R1 and Rs << R2

I

!

I

|

|

| 2 2
l .

!

!
I0scilloscope
|

© =30 -
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Zin = R1 + R2 , ' c.-C1x(C2+Cs)
T wC (R1 + R2) + 1 : .77 C1+C2+Cs

Cs = ( Stray capacitance) + ( Cable capacitance)

~Attenuation resisAtvor R1 and its parallel capacitor C1 make up a wide-

‘bahd attenuator which minimizes the loading .effect on the measured

signal source when the signal source impedance is high -and which is

~suitable: for measure‘ment of signals which include higher frequency

compornents. The attenuation ratio is 10:1 as expressed by below equation.

Attenuation ration: R2 = 1M 1

RT +R2 ~ oMQ +1MQ - 10

The purpose of the circuit is not to divide the voltage level to 1/10 but

is to reduce the loading effect on the measured signal source.

4.15.5 Precaution in Using the Probe

(1) The specified maximum allowable input voltage must not be exceed.

(2) The accessary ground wires must be connected when the oscilloscope
is used at a high sensitivity for a wide frequency range. Both of
them must be connected also when the oscilloscope is used in dual
channel mode. ‘

(3) The phase of the probe must be accurately calibrated. The probe
supplied as an accessafy of the MODEL 5516DL must be used.

(4) The probe musf be protected against abnormally large mechanical
shock, Avi’bration, bent and pull,

(5) The main body and tip of the probe is not highl-y,_ heat résistant.
Do not make soldering near the probe under the state that the lead:

wire is being connected to the probe.,

- 31 =
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4.16
4.16.1

(1)

(2)

(3)

Voltage Measurement
- DC Voltage measurement

Set the MODE selector in the AUTO mode and the time axis in the free
running mode, and dispiay a trace by 's'etting the TIME/ DIV switch at a
position approximate’ly 1.mS/DIV. '

Set. the. 1nput coupllng selector of the vertlcal input in the GND state.
The trace position under this state is correspondlng to zero volts level,
By turnmg the POSITION control move the trace to a position where
is convenient for waveform obser_vatlon.

Set the inpﬁt coupling selector 'inv the DC state. Apply the measured
voltage to. the vertical input terminal, and measure the movement of
the trace on the CRT screen.

If the trace is deflected off the CRT screen when the measured voltage
is applied to the input terminal, turn the VOLTS/ DIV sivitch counfer-—
clockwise to a position where: an appropriate deflection on the CRT
screen in response to application of the measured signal is 6btained.

If the trace is'moved upward, the polarity of the measured signal is
positive; if the trace is moved downward, the polarity of the measured
signal is negative.

The measurement may be with the variable knob turned to the extremely
clockwise position ( CAL'D pdsi_tion) where the voltage sensitivity per
1 DIV on graticule is calibrated and quantitative measurement of the

measured signal voltage can be: easily made as below.

*  When the measured signal is directly applied to the input terminal:

A

voltage V = ( VOLTS/DIV indication ) x ( deflection amplitude in DIV )

#. . When the 10:1 -pfobé is used:

voltage V = (VOLTS/DIV iﬁdica’_tioh ) x (deflection amplitude in DIV) x 10

- 32 -
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©4.16.2 AC Voltage Measurement

: Regarding measurement if an AC'componvent superimposed ona DC comp-

oneﬁt‘, if measurement is made with the input coupling selector set in the

DC state and if the DC component is sufficiently large as compared with

the AC c'orn'pq'nent,. the traéé,W'ill be deflected off thé”CR_T screen and the

AC component vy‘il’l". disappear, ) 'It;r‘r.l‘ayj be possible to move the trace of

the AC component back on to the CRT screen by turning the vertical

. POSITION control. Another meth'_od.'of bfinging the waveform of the AC

component on to the CRT screen is to turn the VOLTS/DIV switch to a
lower sensivtigrity poéition. The most effective and generally practiced
method, however, is to set the inpiit coubling selector in the AC state so
that the DC component is cut off and the AC component alone is displayed

with appropriate amplitude on the CRT screen.

ANVANYANVANN
[VARAVARV L

DC voltage

ov —

In the AC measurement, the voltage ( Vp-p ) is caliculated as below,

voltage Vp-p = ( VOLTS/DIV indication ) x ( deflection amplitude in DIV)

When the 10:1 probé uSed, the voltage ( Vp-p ) is caliculated as below.

voltage Vp-p = ( VOLTS/DIV indication ) x (deflection amplitude :
, ' : - ] inDIV) = x10

The rms value of a sine wave can be caliculated from the peak- to-peak
value as below. . ‘ A
Vp-p

2 [ 2

V rms =

~33-
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4.16.3 AC Co‘upling‘-

As e\cplalned in the above an AC voltage supernnposed ona DC voltage
is measured in the AC coupling mode. With the AC coupling. however,
when the frequency of the measured signal is less than 1kHz, attention
must be paid to phase lead and lag and to amplitude reduction., Especially
1n the casé of a square wave: of repetition frequencv of less than 1kHz,

the waveform may be dlstorted with sag as illustrated below.

Waveform (1) indicates typicall sag which is caused when the phase is
leading and the amplitude is attenuéted.

Waveform (2) indicates typical sag’ which is caused when the phase is
lagging and the amplitude is attenuated.

From the viewpoint of waveform fidelity, the DC coupling is ideal because

it causes no variation either in phase or amplitude.

The input impedance of the MODE 5516DL is 1 MQ, with a coupling capacitor
of 0.1uF. When a low frequency square wave of a stepwise voltage is

applied, sag similar to that indicated with waveform (1) is caused.

b O0.1uF.
‘ ?———l *to amplifier
square wave ' } 1MQ
generator o
: oscilloscope

- 34 -
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The perc‘enta'ge of sag is caliculated as below,.

y

o B . A : Basic amplitude
T 1\ B : Sag
Al’
BY

The degree of the MODEL 5516DL is tabulated below.

Zyetner | see)
10Hz 26 :
50" 4
1oo" 2
500" 0.6

Signal source

: t

or Sag(%)= 2= x100
Measuring condition : O0.1uF

o—} >

1

i 1 MQ

|

T +

I' Oscilloscope

impedance 508

The degree of sag when the 10:1 probe is used is as tabulated below.

R | s (%)
10Hz 2.6
50" 0.4
100" 0.2
500 0.06

Measuring condition

Probe 9MQ ! 0.1uF
|

—10M& 1 1 MQ
’]\ .
o -
: Oscilloscope

Signal source
impedance 508

As the value can be seen in the above tables, the degree of sag is reduced

to approximately 1/10 when the 10:1 probé is used as compared with the

case the input is directly applied to the MODEL 5516DL of which input impe~

dance is 1MQ.

[t must be noted",' hoivever, that the ihput signal voltage is reduced to 1/10
when the probe is used. »

The 10:1 probe can be effectively used when the DC coupling cannot be used

and yet observation of waveform with minimum sag is required.

- 35 -
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5. MEASUREMENT

5.1 Time Interval Measurement

Ul
o

The time interval between two points on the displayed waveform can be

measured by reading value of 'T! referring to the TIME/DIV indication

with the varlable control of the TIME/DIV switch turned to the CAL'D

p031t10n

— 1 —

Time T ( sec ) = TIME/DIV ( sec ) x Read distance ( DIV )

x-Megnification factor .,.......(A)

Magnification factor is 1 when it is idle, and is 1/5 when it is affected.

Pulse Width Measurement

Set the measured pulse signal in the center of the screen, with an easily

readable horizontal amplitude of 2 ~ 4 DIV,

~ Turn the variable control of the 'I‘IME/DIV to the CAL'D position.

GT;‘—:«

When the pulse width is narrow, effect the 5x MAG functlon as requlred

Deterrmne the dlstance of 'T' and caluculate the tlme interval usmg
equation (A).
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Measurement of Pulse Rise Time and Fall Time

In a similar manner as pulse width measurement, determine the

distance 'T' and caliculate rise or fall time using equation (A)

- When the rise or fall time of the measured signal is sufficiently -

slow as cdrhpared with that of the MODEL 5516DL itself ( 17.5ns ),
the value can be directly read. When that of the measured signal
is fast, the measured vélue must be corrected employing the

below formula.

D
Tn =/T2 - To® - T.>

Tn : True value

T :  Measured value

To : Rise time of the MODEL 5516DL, 17.5ns
( Calculated value )
TG : Rise time of square wave generator
E
- 0.9E
Voltage
0.1E o |
F_ o>

R
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5.4 Freﬁuenéy’ Measurement

There are three frequency measuring methdds as below.

(1)

(2)

- The period per one cycle of waveform is caliculated employing

eqﬁation (A) upoﬁ determing the time interval 'T?!, and the frequency
is caliculated as the reciprocal of the period. '

1
Period T (sec)

o ‘.nFreq'u'ency » f (HZ) =

The tirﬁe"_ir}terval per 10 ~ 20 cjréles is determined, the ‘number cycles
per 10 DIV of graticule is counted, and the frequency is caliculated

with the below f drmula .

N

Frequency f (Hz) = -
4 y f(Hz) TIME/DIV indication ( sec ) x 10

This method is advantageous over method (1) in that measuring errors

~are reduced as the number ( N ) of cycle is increased.

In the above two methods, the frequency is measured through measur-

ing the period. When the signal is less than 10kHz and is of a sine or

other simple waveform, fréquency measurement can be efficiently
made by operating the oscilloscope in the X~Y mode, and displaying
a Lissajou's figure. ‘

For the operation method, refer to paragraph 4.3 X-Y mode.

Connection for frequency measurement

5516DL

X -(} ; ' 'Unknqwh
frequency
Y ?

. Known frequency

-38-



P A s BR S A

Adjust the sens1t1v1t1es w1th the VOLTS/DIV swztch and the variable control
in accordance w1th the levels of the 51gnals applled to the X axis and Y axis,
so that the amplltudes are made almost equal for both axes. As signal of the
known frequency sourse is varied, a Lissajou's figure representmg 1:1 as

111ustrated below is dlsplayed on the CRT screen.

@ G @ )

0° 45° 90° 135° 180°

360° 315° 270° 225°

The Lissajou's figure which represents the frequencj ratio of 1:1 is either
a circle, an ellipse, or a line. When the frequency ratio approches 1:1, the
figure confinuously rotates in the order of (1) (5) (1). »

As the frequency ratio approches still closer to 1:1, the rotation becomes -
slower and, ultimately, when the two signalbfrequencies have become exactly
equal,: the Lissajou's figure becomes stationary..

Now the unknown frequency is determined to be the same with_thé known .
frequency. This method using a .Li'ss'a'jou“s figure representing 1:1 is the
most simple but accurate method of frequency measurement, provided a

continuously variable wide-range reliable signal generator is available.
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5.5 Phase Difference Measurement
1) Phase Difference Measureimant with Lissajou's Figure

Operate the MODEL 5516DL in the X~Y mode and display a Lissajou's figure as
described in the paragraphs for frequency measurement.,

. In the case, the both X ax1s and Y axls amplifiers should be operated at their

maximum sen51t1v1t1es . AdJust the output of the signal source so that the ampli- 4 '

- tude of the dlsplayed waveform is made more than a half of the screen in the
center of the CRT screen. Determlne the dlstances Aand B on the. graticule.
and caliculate the phase dlfference employing the below formula.

e . -1 A
Phase difference 06 = Sin 5

) |

SN

C C
e
2~3’I 2
€<—— C —>

Disadvantages of phase difference measurement with Lissajout!s figure are

as follows:

(1)  With a conventional oscilloscope,‘ the frequency response of X axis
is not sufficiently wide and substantialy phase shift is caused

within the oscillo'seope.

(2) " The measuring accuracy of.bhase differen_ce is not very high.

For the above reaSons, ' the'below—described dua_l' channel method is

recomended for accurate measurement of phase difference.

M=
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-Phase Difference Measurement in Dual Channel Method

Set thé 'MOD'E.selector of the vertical axis in the DUAL state, and depress
the CHT button of the trigger seleéfdi‘. Apply signals to the CH1 and CH2
channels ( the reference signal to the CH1 ), and display waveform as

illustrated below.

A amplitude A =B

H—>e— > —>

CH1 \
T Cen’ter
) /I\ ] line
€t
:/
cHo *
B ;

Phase defference 6° = x 360°

_
T

Measure the phase difference with large amplitudes of displayed waveforms,
by increasing the sensitivities of both channels. v

As for the center lines of waveforms, set both the CH1 and CH2 in ampli-
tudes A = B. ' v

Then probes are to be used for measurement, use them for both channels
and accurately adgust their phase characterlstlcs employing the CALIB

signal,

The dual—channel phase difference 't! can be measured and the leadlng

or lagglng state can be known at a glance.,
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6. CALIBRATION
6 1 General . |
" The MODEL 5516DL should be cahbrated perlodlcally The calibration should

be recomendably cover all 1tems. However, calibration on special items
may be made instead, for example, the time axis may be calibrated espe-
cially if the use of the osc1lloscope is primarily for time measurement or

-the vertlcal sen51t1v1ty may be callbrated with extra attentlon if the routine
measurements requlre accurate vertical sensitivity,
The overall items must be calibrated: after the MODEL 5516DL has been

_ subjected to repalr whlch a.ffects the essentlal performance of the oscillo-

scope or after the DC power supply ( regulated of unregulated ) has been

adjusted or repaired.
For reliable calibration, please contact Kikusui's agent in your area.

Calibration points and methods which can be made comparatively easily

are explained below.

6.2 Adjustment and Check of DC Power Supply

Before calibrating the MODEL 5516DL, the DC voltage supply must be inspec-
ted and adjusted. An accurately calibrated digital voltmeter is recomended
for the inspection and adjustment. The voltages and semi-fixed resistors

for adjustments are listed in the below table and the locations of these

components are.shown in the below drawings.

| Zip%?;ver Type‘ Voitage tolerance Resistor Remarks

+5YV Regulated +4,75V ~ +5.25V . Non—adjustme,_nf f _
#15V- | m w1 414,9V ~ 415.1V | VR1403 Z3
-15v [ m oo -14.7V .~ -15.3V | Non-adjustment |

-+205V " Non-regulated| = +20% . - '

4280V | on o w208 o | -

-1850V |  Regulated | -1845V ~ 1855V |  VR1301 Q
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Eéch"voltage must be fneasured between the check point'and the ground. The input

power voltage in this case must be maintained within +5% of the primary supply.

Top. view

+15V
: I
1\
|| -
,%u ¥
Rt
\ .
Al10 +205V
VR1403

N
+280V

7 U U

~-1350V DC power supply is applied to CRT. This voltage must be care fully
checked because the trace intensity and the vertical and horizontal deflection

sensitivities are largely affected. The check point is PIN #14 of CRT.
CRT socket PIN #14

Side view

Note. :

procedure,

.

N N

[« X%

+5V voltage check ‘
+15V voltage adjustment
~15V voltage check
+205V voltage check
+280V voltage check .

- =1850V voltage adjustment

r'\'\ / /l________’\
[ O10 i
n - shield
3 1}{— CRT
[
1oyt
Shall ]
T7™1
r I ‘
2
! |
L —
A L_J \ ‘ L___J
VR130t DC-DC converter slhield box

Check and adjust each DC power supply in order of the following

Use of a precision digita.l‘vdltmeter with high input resistance more

than 1000MQ is recomended for measuring -1850V.

LA
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~ 6.3 Vertical Deflection Sensitivity

Apply the output signal of the square wave generator which has an output
voltage accuracy of better than 0,5%., at 1kHz, 40mVp-p, to the vertical
. inpﬁt terminal.” Set the VOLTS/DIV. in the 5mV position, and adjust the
| CAL semi-fixed res_istdr ( CH1'-‘- VR305, CH2 - VR405 ) on the panel
so that the displa&ed square wave amplitude is accurately 8 DIV on the
graticule. |
At each'range of the VOLTS/DIV.. apply.an input voltage corresponding
to 8 times of the value indicated by the VOLTS/DIV switch, and measure
the amplitude of the displayed square wave.
At any range, the measured value must be within +3% of the value indicated
by the VOLTS/DIV switch, |

POSITION

VOLTS/DIV

I 4+—YCAL'D
@ ¥ o2
. : ,ll\

xac

=DC

= GND

i — .
POSILION voLTs/DIV
@_ I ~—Y CAL'D
: W5 2
- 1

POLARITY" > . ,

X NORM 2 [ , . A AC

- INV 5 : Jm e |-
: S = GND |

\ : CAL ,
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6.4 \-"OL-TS,/DIV Input Cape{ci'tance and Phase Characteristics Compensation

Lnless the phase characteristics of each range of the VOLTQ/DIV switch
is. correctly ad;]usted the waveform dlsplayed on the CRT screen may be
distorted and the frequency response may become abnormal.

Adjustment of the phase characteristics is made by adjusting the input capac-
ltOI‘ and the compensatlon capacitor. For this adgustment a capacitance

, metor \\ hich is capable of measurement of the input capacitance ( 35pF )

vand hlghlv rehable square wave generator which is capable of providing

a quality square wave of a repetition frequencv of apprommatelv 1 kHz

are requlred

As for the capacitance meter , conventional bridge~type meter is inadequate.
A low-capacitance C meter should be used. As for the 1 kHz square wave
generator, the internal generator of the MODEL 5516DL which provides the
CALIB signal for the probes can be used. If an external squafe wave
generatoris to be used, the generator must be capable of delivering a signal
of quality waveform with minimum overshoot and sag and with rise time of
less than 1ups.

The adjusting points are tabulated below,

Range CH1. CH2
of Variable capacitor Variab}e capaci‘tor .
) for calibration . for calibration
VOLTS/DIV | Input High frequency| Input High frequency
Capacitor| compensation | Capacitor compensation
SmV C114 - | cos -
10mV C109 C108 C209 C208
20mV . C112 C111 c212 - c211
50mV . C102 . C103 C202 . C203
0.1V - - - -
0.2v - | - - _ -
© 0.5V C106 C105 - C206 - C205
1 v - . - , - N _
2 v - - - -
5 vV - L - - -
10V - - ~ -
Mark. '-! represents no édjustment.
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The iocati’oh of the :adjusting capaditor is shown in below figure.
=~ '
X ® )
C106 C105 C112 C111 Cil4
[ c1o2. c1o3 c109 c1o8
® car ®
@

C206 C205 C212 C211

C202 C203 C209 C208

“—“1 e aa

6.5 Sweep time

Set the knobs on the front panel as below. Apply an accurate 1ms interval
time marker signal or an accurate 1kHz signal to the vertical input.
‘Trigger mode AUTO
TIME/DIV ~ 1ms
The specifvied accuracy of sweep time is within +3% of the value indicated
by the TIME/DIV switch. The 1ms range is the reference range for all
othér ranges and, therefore, this range must be calibrated especially
accurately. Adjust the SWEEP CAL x 1 ( VR101 on the block diagram )

semi-fixed resistor so that the calibration is made to an accuracy of +1%,

Calibrate the 5 x MAG mode of operation to an accuracy of +1% by means
of the MAG ADJ semi-fixed resistor ( VR102 ).

The adjustinzg semi~fixed resistor location is shown in the following figure,
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| ACIE

W 1L ) -

L\.Lﬂ\ o \\ _.—J’H
SWEEP CAL VR1101 MAG ADJ  VR1102

6.6 Calibratin of Prcbe

To calibrate the probe, use the calibration signal of 1kHz,. 50mVp-p

or 2Vp-p available on the CALIB terminal cn the front panel,

(CVP;]:_:;E; ({%2'\, ([DSOmV Compensation

~ Adjustment \
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- Connect the probe to the CH1 or CH2 input terminal. Set the range at
50mV. Wh.e_n_,_t.he probe tip is contacted to the CALIB terminal where
2Vp-p vo*ltagé.-ié Eé-ing delivered, a square wave with an amplitude of
approximately 4 DIV should be displayed on the CRT screen,

Turn the compensator with a screwdriver so that an optimum waveform

as illustrated below is obtained.

Correct v Adjustment is required

6.7 Adjustment of ASTIG and GEOMETRY

ASTIG In conjunction with the FOCUS control on the front panel,
adjust the ASTIG control so that the well-defined spot or

trace is displayed on the CRT screen.

GEOMETRY Adjust thé_GEONIETRY control to compensate for distor-
tion of. rectangular raster area displayed on the CRT

screen,
The locations of semi-fixed resistor are shown below.

GEOMETRY . ~_ASTIG

U S —

AY

Yoj (o7 ~ T -

_4g -
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