Protek 6502

20MHz Dual Trace Oscilloscope
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I:- (Safety Precaution)

This oscilloscope i1s equipped with a grounding terminal on the front

panel, to protect the body and prevent electric shock. Make sure this
grounding connector i1s connected to ground prior to use.

If line voltage is supplied from a 3 wire power outlet via a 3 prong
power cord, the power cord ground Is to be connected.

———

Warning : Sources like small hand-held radio transceivers, fixed station
radio and television transmitters, vehicle radio transmitters and cellular
phones generate electromagnetic radiation that may induce voltages in the

leads of a test probe. In such cases the accuracy of the oscilloscope
cannot be guaranteed due to physical reasons.

Concerning the EMI, the radiated emission of several oscilloscope exceeded

the limit while using the 8div vertical scale with frequencies bigger than half
bandwidtn.
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Introduction

Thank you for purchasing the Model 6500 oscilloscope.
In order to ensure long equipment life. please read this manual carefully
prior to use. Retain this manua! together with the warranty sheet ater

reading.

Scope of Warranty.

This oscilloscope has been manufactured under rigid quality control standaras

and distributed only after thorough inspection.

Should any breakdown occur during normal operation, repars shall be
carried out in accordance with the provisions of the "Warranty” attachea 10

this manual.

After-sales Service

Manufactured taking into consideration oscilloscope has been desianea.
manufactured and inspected to ensure the best operation under all operatrg

conditions. tollowing a variety of environmental tests.

Should any breakdown occur, contact any of our offices or aealers 1o

receive prompt and efficient after-sales services.

Caution

Depending on the way this oscilloscope is handled, the trace may become
slightly slanted to the horizontal scale. Should this happen, adjust the trace
rotation locater on the front panel and adjust the trace to the horizontal

center of the graduation.
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1. Features

This compact, light weight model 6500 series oscilloscope has a frequency
range of DC-60MHz, [DC-40MHz] or (DC-20MHz), and offers the following

features:

(1) Wide frequency range: Frequencies up to DC-60MHz, [DC-40MHz] or
(DC-20MHz).

(2) High sensitivity: ImV/div
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(3) Large size CRT : Waveforms are easy to read, on the large 6-inch CRT

with an internal graticule scale.
(4) Scale: Waveforms are parallax-free with the CRT's internal graticule scale

(5) Alt Mag: The normal( - 1) and the - 10( -5) magnified waveforms can be

displayed simultaneously.

(6) Alt Trig: Stabilized triggering i1s accomplished . even with two unrelated

signals.
(7) TV synchronization: Stable TV signals are displayed using new circuitry.

(8) Auto focus: Focus deviation is automatically corrected.

2. Configuration

il

The Standard accessaries supplied are as follows:

(1) 'OSBIllOStOPe - omssrormmmmsm e S O SRR R S RSSO 1

(3) Power cord .................. S A R R A SR LA _ 1

(4) USEr'S MANUAL -.cmmmneossmsssossorssassssssassarenmassrsanensg stsnse peosss s s 37ases 7 _ | {
-4 -
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3. Precautions to be taken to ensure long life

3

Storage and operation

I |

1

e Avoid extremes of heat or cold
Do not place oscilloscope in direct sun light for long periods. Store in a
closed, unventilated vehicle In hot summer weather, or near healing

equipment, such as stoves.

e Do not use outdoors in cold weather. Optimum operating temperature rarge

is 0C to 40C.

e Movement from warm location to cold one, and vice versa
Do not move oscilloscope abruptly from warm location to cold location. or

vice versa. This could result in condensation forming inside the instrument

e Avoid humidity, moisture and dust
If oscilloscope is left in a humid or dusty location, this could result n
instrument failure. |deal operating relative humidity range is 35°% to 85%.
Never place containers of liguid such as cups of coffee on top of

oscilloscope, as this could result in spilling in the instrument, inducing failure.

e Avoid areas subject to severe vibration
Avoid places where severe vibration can occur, this may result in machine

failure, this is a precision measuring instrument.
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e Beware of places where magnets and magnetic fields are present
An oscilloscope is an instrument which operates using electromagnetc
properties. Never place magnets near your oscilloscope, or operate oscilloscope

in the vicinity of equipment which produces strong magnetic fielas.

Handling

e Do not place objects on top of oscilloscope, and take care not to block the

ventilation holes.

e Do not subject oscilloscope to severe impact

e Do not insert wires or pins into the ventilation holes.

e Do not pull equipment by the probes

e Push both ends of carrying handle to release the locking device to depioy

the handle.

e Never place a soldering iron on the oscilloscope frame, or on surface of the

CRT tube.

e Do not sit the oscilloscope upside down

- — - —— & B e TP TN e —— E—— e —— ——

|

Sitting the oscilloscope upside down may damage the handle or other parts. |

L-——-—— e & —_—— - = 2 - | —

e Do not use oscilloscope with BNC cable connected to Ext input terminal on

rear panel.
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If the oscilloscope does not operate normally |

R R _

Recheck operating procedures and, if the symptoms indicate equipment failure,

contact your nearest dealer or store for service.

B _ 1
| Repairs

e To clean the case
To clean stained casing, lightly rub the stained area with a soft cloth dippec
In a neutral detergent.

If the surface of the panel is dirty, use the same method to clean. If the
panel is heavily stained, rub the affected area lightly with a soft cloth soaked

in light neutral detergent or alcohol.

Never use highly volatile material such as benzene or paint thinner.

www.valuetronics.com



Precautions prior to use

e Verify the line voltage.

Refer to the following table for the correct operating voltage ranges for this
oscilloscope. Check line voltage prior to connecting to the power source, and
verify it is within a voltage range listed below.

e ——— = mm——

Rating |Operating Voltage Range This oscilloscope has been set to 120V

AC prior to delive
AC100V| AC 90Vio 110V P Y

AC 120V AC 108V to 132V If the oscilloscope is to be used at a
T | N voltage other than The 120V AC the

AC 220:{ AC_ 198V to 242V ] operating voltage may be changed by

AC 240V AC 216V to 250V the following procedure:

1 Remove power cable from AC Input.

2 Insert flat-blade screwdriver into the slot located on right side of the fuse

holder cap, remove cap by pressing and then pulling up the screw driver.
@ Rotate cap on fuse holder to set voltage to the desired level.

@ Connect power cable to the AC Input.
if voltage higher than AC220V is required, power cable and fuse may need

to be changed. In such case, contact your nearest dealer for appropriate

service.
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e In sure that the fuse used is an authorized product.

In order to prevent circuit damage -resulting from overcurrent, use the correct

fuse value for the primary circuit.

20MHz, 40MHz, 60MHz
For AC 100V, AC 120V 2A

e = S s =S SREEE = e = &

For AC 220V. AC 240V 1A

e ——

If the fuse blows, check for the cause. Replace the fuse with the correct

one after repair has been made.

If other than the correct fuse is used, not only does this create conditions
for failure, but is also dangerous. Therefore, always use the correct fuse value
(In particular, never use any component which does not meet current

ratings)

The fuse ratings are as follows:

1

(Shape) (Diameter ~ length)mm SPEC
2A 5.2 ¢ » 20 | 250V 2A UL
1A | 52 ¢ x20 250V 1A UL

e Do not turn the intensity too bright.
Do not excessively brighten the dot or trace, this not only tires the eyes

but, if allowed for long periods of time, could burn the fluorescent side of

the CRT.

e [EXxercise caution to prevent excessive voltage from being applied directly to

the scope inputs or to the probe input. Do not apply voltages higher than

these limits:

Vertical Inputs (Direct) 300V (At DC + AC peak 1kHz)
When probes are used 400V (At DC + AC peak 1kHz)
EXT TRIG INPUT 300V (At DC + AC peak 1kHz)
Z-Axis Input 30V (DC + AC peak)
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Description of operating controls
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(1) Power supply and CRT

Fuse, AC input

Insert the power cable in to the AC Input receptacle (38), and apply the line

voltage indicated by the line voltage converter on the rear panel (37).

Check rated voltage indicated on the voltage selector, and use the

corresponding fuse.

(1)

(2)

(3)

www.valuetronics.com

Power switch ON/OFF

Verify line voltage; set power switch to the OFF position and insert
power cable in to the receptacle AC.
Press power push-button switch to turn the power on, If the switch is

released, the power 1s turned off.

Power lamp

This lamp lights when power is turned ON.

Intensity knob

Turning this knob clockwise, brightness is increased.

Turn the knob fully counterclockwise prior to connecting power.

Focus knob

Adjust the brightness to an appropriate level with the intensity control,
then adjust the focus control until the trace is at it's clearest level.
Although the focus is automatically set by adjusting the Inten, the focus

sometimes may be slightly out. If this happens, readjust the focus.

Trace rotation
This knob i1s used to correct the horizontal trace when it becomes
slanted with respect to the horizontal scale, due to the effect of magnetic

forces.

= | =



(6) Scale lllum knob

This is used to adjust scale brightness. If this knob is turned clockwise,

brightness is increased. This feature is useful for operation in dark

locations, or when taking pictures.

(37) Fuse-holder / Line voltage converter (Rear panel); - Selects the line

voltage supplied to the oscilloscope.

(38) AC Receptacle (Rear panel)

This is the connector for the AC power cable.

(2) Vertical axis section

(30) CH 1 input connector

(24)

(22)

www.valuetronics.com

This is a BNC connector used for vertical input. The signal appliea to

this connector when in the X-Y mode becomes the Y-axis signal.

CH 2 input connector

Same as CH 1; however, the signal applied to this connector when in

the X-Y mode, becomes the X-axis signal.

(29) AC-GND-DC switch

Selects the coupling method to the vertical amplifier.

AC :

GND :

DC

The vertical input is connected through a capacitor. The DC
component of the input signal is blocked, and the AC
component only is displayed.

Input of vertical amplifier is grounded.

Directly coupled. Input signal, including DC component

is displayed on the CRT.

: 18 =



(25)

(26)

(20)

(23)

(33) Volts/Div selector switch

This is a step attenuator switch which varies the vertical deflection
sensitivity. Set to the position which displays the input signal at the
most convenient height on the CRT.

If a 10:1 probe is used, calculate as 10-times the height

(32) Var Knob

The fine adjustment is used for varying the vertical axis deflection
sensitivity continuocusly. If this knob is turned completely counter
clockwise the vertical, sensitivity is reduced to less than 1/25 of
VOLTS/DIV switch setting. This knob is used for comparing two
waveforms and rise time measurements. However, this knob is normaly

in the fully clockwise position.

(36) When the x5 Mag Button is pressed, the vertical axis gain iIs

magnified 5 times, the maximum sensitivity becomes 1mV/div.

(35) Position

Used to move the CH1 or CH2 trace up or down on the CRT screen.

(21) Invert Push Button Switch
When the invert push button (21) is pressed, the polarity of the
input signal applied to CH2 is inverted. This function is convenient
when 2 waveforms of different polarities are compared, or for

displaying the CH1 and CH2 difference waveform using ADD.

Vertical Mode Push Buttons:

(34)

Selects Vertical axis operating mode.

CH1: Only the signal applied to CH1 is displayed on the screen.

(28) CHZ2: Only the signal applied to CH2 is displayed on the screen.

www.valuetronics.com
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(34) (28) Dual: When both CH1 and CHZ2 buttons are pushed in, the signals
applied to CH1 and CH2 input are displayed simultaneousy on the CRT

in either chopped or alternate display.

(31) ADD: Displays the algebraic sum of the CH1 and CH2 input voltage.
(The difference voltage is displayed when the CH2 invert push button s

pushed in.)

(40) CH1 Signal Output Connector (Rear panel)
Provides a 20mV/Div replica of the CH1 input signal for use with a

frequency counter.

(3) Horizontal axis section

(15) Time/div selector switch

Slects sweep speed from 0.1us/div to 0.2s/div in 20 calibratea steps.

(11) X, Y
Displays the CH1 and CH2 input signal as an X, Y graph. The vertical
deflection signal is applied to the CH1 input and the horizontal deflection
signal is applied to the CH2 input.
The CH2 (23) vertical position control is used for the positioning the XY
display on the Vertical axis and the Horizontal position control (14)

positions the X,Y display on Horizontal axis of the CRT.

(12) Sweep Var Control
When this knob is turned all the way clockwise(cal) the sweep s
indicated by the Time/Div switch.
If the knob is turned all the way counterclockwise the sweep is less than
1/2.5 of the Time/Div setting.

During normal operation, this knob is turned to the CAL position.

- 18 &
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(14) Horizontal Position

The trace can be moved in a horizontal direction. This is used for

measuring waveform time duration

iTiaatiriloeal iy
SR SSRERSEESEEER

ll! LiAti il tlil
LLEN LA E R

HHH

v
s
ey

FHHHHHHHHHH Expanded waveform

HHH

BESRENE LA

LLIL

Li

FPush <10 MAG operation
(Push <5 MAG operation)

Turning this knob clockwise moves the trace towards the right, turning

the knob is counterclockwise moves the trace towards the left.

(9) (- 5) x10 Push Button
When pressed, the trace will be magnified by a factor of 10, (5)
The sweep time becomes 1/10(1/5) of the value indicated on the
Time/Div switch.
(e.g. 100us/Div becomes 10us/Div for <10 MAG, 20us/Div for <5 MAQG)

- 19 -
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To magnify a portion of a waveform: Move the waveform of interest 10
the center graticule on the horizontal scale, press the - 10.( - 5MAG
button, the waveform will now be magnified from left to right. by a

factor of 10 times (5 times)

(8) ALT MAG KNOB
Displays both the normal trace whose sweep rate is indicated by the

Time/Div switch and the magnified trace - 10 (- 5) simultaneously on the

CRT.

The magnified trace maybe positioned 1.5 divisions or more from the
normal trace with the trace seperation control(13)
Four traces maybe displayed simultaneously on the CRT by using the

Dual vertical mode and ALT-MAG

R aRa e R e R ee RARRERY

p=—- ~ -
L

axek.

:
ALT. MAG operation

(4) Triggering

(18) Trigger source selector switch

selects sweep irigger signal source.

o
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(19)

(17)

(10)

Int : The input signal applied to CH1 or CH2 becomes the trigger
signal
CH2 : The input signal applied to CH2 becomes the trigger signal
Line : The power line frequency becomes the trigger signal source
Ext : The external signal applied to TRIG input becomes the trigger
signal.
This is used when the trigger signal is external to the vertical

input signal.

Ext input connector

The input terminal for the external trigger signal.

Trig level knob
This control sets the amplitude point on the ftrigger waveform that will

start the sweep.

Slope knob

Selects the polarity of the slope the ftrigger source waveform will start

the the sweep.

(+) slope is selected when the push button is out.

(--) slope is selected when the push button is pushed in.

Description of trigger polaritry Description of trigger level
* Pull
(+) Slope

Pull Y |
(+) Slope /\ Y

Sweep will start when the Trigger

Triggered with in the solid lines. level control is set to an amplitude

Push \/ ,’J \
(-) slope s -

www.valuetronics.com

within the solid lines
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(16) Trig mode switch

Auto : Sweep continuously runs in the auto sweep mode.

A trace will be displayed even when there is no input signal

or when the input waveform is not triggered.

A stationary waveform will be displayed when the input

waveform is properly triggered.
Norm @ A trace will be displayed only when the input wavetorm Is
present and is properly triggered. There will be no trace

displayed on the CRT if there is no input signal or if the input

signal is not synchronized.

Normal sweep is used when the input signal's frequency Is

less than 25Hz.

TV-H : Effective when trig mode is set to TV, and is used when the
horizontal of the TV signal is to be synchronized.
TV-V : Effective only when trig mode is set to TV, and is used when

the vertical of the TV signal is to be synchronized.
(Note) Both TV-V and TV-H are synchronized only when the trigger
signal is (-).
(39) Z-Axis input connector (rear panel)
This is an input connector for intensity modulating the CRT beam
Because this is an integrated DC system, the (+) signal reduces
brightness, while the (-) signal increases the brightness.

(7) Cal 0.5V terminal

Outputs a 0.5V P-P 1KHz Rectangular wave for calibrating Probes.
(27) GND terminal

This is the grounding terminal.

www.valuetronics.com



9. How to display a trace

Check input line voltage prior to turning on the power switch. If the voltage
selector switch has been set to 120V AC, verify that input power voltage 1s
within the range of 108V-132V. Refer to rear panel illustrations for selection of
input line voltage. Insert the power cord into the rear panel AC receptacle, and

set each control as follows:

| Power o4 )
| Intensity Turn all the way counterciockwise.
Focus Center
AC-GND-DC GND
Vertical position Center { XSMAG is in the off () position)
Mode CH1
| Trig mode Auto
' Trig source INT
Trig level Center
Time/Div 0.5ms/div
| Honzontal position Center ( - 10MAG)( - 5 MAG) are turned Off ()

After the controls have been set as above, turn on the power switch. The trace
will appear when the Inten Knob is turned clockwise, in approximately 15
seconds. Adjust focus knob until the traces are at their clearest. If the
oscilloscope is not being used while the power is on, turn INTEN Knob counter

clockwise to reduce brightness.

Caution l

For normal operation, set the following variable controls to the “CAL"

position.

. 98 .
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VIDIV VAR. The volts/div is calibrated to the indicated values on the V/Div swilch
when turned fully ciockwise.

SWP VAR The time/div i1s calibrated to the indicated values on the Time/DIV
switch when turned fully ciockwise.

Set the trace to the horizontal graticule scale on the center of the screen,
by varying the CH1 position control.

If the trace is slanted with respect to the horizontal scale adgjust the front
panel trace rotation control until the trace is coincident with the horizontal

scale.

- General Check -

(1) Displaying 1 waveform on the CRT

If using channel 1, set the switches as follows:

Vertical axis mode sWileh .ainsmmaasamiis kAR CH1
Trig mode sSWICh ..o R T Auto
Trig source switch «ooocoooeiiiiviiiiiiiieieeeeeee INT

When these settings have been completed, most repetitive signals of a
frequency greater than approximately 25Hz will become synchronized by
adjusting the trig level control and can be measured. Since the trigger mode
is in Auto, the trace appears even when there is no signal, applied or when
the AC-GND-DC switch is set to GND, a DC voltage can also be displayec
if the AC-GND-DC switch is set to DC.

If low-frequency signals less than 25Hz are applied to CH1, the following
changes are required

Trig mode SWANEIY v R R R Norm

Adjust the trigger level control to synchronize the trace.

. 24 -
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If using CH2 input, set these switches:

Vertical axis mode switch 10 oo CH2
Tnig souree: SWHEH 10 ...omvomsmonmmmpmvsmmssmss s CH2
All other settings and steps are the same as for displaying a waveform on

CH1.

(2) When 2 waveforms are to be observed

Set the vertical axis mode switch to Dual, both waveforms now can be
easily displayed; If the time/div range is changed, the scope will
automatically select ALT or CHOP.

It a phase difference is being measured, the signal with a leading phase

must be the trigger signal.

(3) Displaying an X-Y pattern

When the X-Y switch is pressed, the oscilloscope will be an X-Y display
with the signal applied to the CH1 input, as the X-Axis and the signal
applied to CH2 as the Y-Axis. Set the vertical axis -~ 10MAG (-5 MAQG)

switch to off (pulled-out state.)

(4) Use of ADD

When the vertical mode switch is set to ADD, the algebraic sum of 2

waveforms can be displayed.

5 B -
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6. Signal connection

Pay particular attention to this, because the first step in measurement Is [0

accurately input the signal to the oscilloscope.

(1) When probes are being used

Use the probes to accurately measure high-frequency signals because the
input signals are reduced to 1/10 of their value, this may be unsuitable
the case of low level signals. However. in the case of large amplit.ae

signals, the measuring range is widened proportionaliy.

L Caution

e Do not apply signals which exceed 400V (DC + AC peak 1kHz}

e If a fast rise time, or a high-frequency siginal is being measurea, place the
grounding lead of the probe near the point being measured. It the groura
lead is long, waveform distortion, such as ringing or overshoot, may be

generatea.

!—handling of the ground lead ‘

Good Bad
Fig. 6-1

. 9% -
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e The actual volts/div value is 10 times greater than the displayed value.
For example, if volts/div is set to 50mV/Div, the actual value is 50mV/div x

10 = 500mV/div.

e [0 avoid measurement errors, calibrate the probe as follows, and double
check prior to taking measurements. Connect the probe tip to the CAL

output connector 1kHz.

If the compensation capacitance value is optimized, the waveform will look

like that shown in Fig. 6-2 (a).

If the waveforms are as shown in Fig. 6-2 (b) and (c), adjust the
capacitance to the optimum value Il|evel using the variable capacitor

(trimmer), in the probe housing.

— T
R) @ ="
/ -

Trimmer

juguut - Juuuu Ut

(a) Ideal condition (b) Capacitance too low (c) Capacitance excessive

Fig. 6-2

(2) Direct connection

If signals are directly connected to the oscilloscope without using probes,

take the following precautions to minimize measurement errors.

e A bare wire may be used for an input lead if the circuit to be measured is
low impedance, or high amplitude level, however, take precautions, because

iIn many cases, measurement errors may occur due to electrostatic coupling

. 27 .
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generated from multiple circuits or power lines.

Such measurement errors cannot be disregarded even at low-frequency.

In general, it is advisable to avoid using unshielded wires.

If a shielded wire is used, connect one end of the ground wire to the
ground terminal of the oscilloscope, and the other to the ground terminal of
the circuit being measured. It is desirable to use a BNC-type, coaxial cable
as the input wire.

e |[f the waveform being observed has a fast rise time or is high frequency. it
IS necessary to connect a termination resistance of 50 to the scope end
of the cable. If the cable is particularly long, a termination resistance of 50 .
must be connected, depending on the circuit being measured, to the scope
end of the cable.

It is more convenient if a BNC-type, termination resistor (50 ) IS used.

e |In some cases, the circuit under test may require a 500 termination for
proper operation before measurements maybe taken.

e If a long shielded wire is used for taking measurements., the stray
capacitance must be considered. Shielded wire in general has approximately
100pF capacitance per meter, the effects on the circuit being measured
cannot be ignored, the of use probes will minimize the effects on the circuits
being measured.

e A shielded cable with no termination resistance, whose length is a 1/4
wavelength or a multiple of a 1/4 wave lenght of a frequency within the
6500 series bandwidth(60MHz, 40MHz or 20MHz) may cause an oscillation
on the 5mV/Div range. To prevent this, connect a 1000 to 1KU resistor In
series with the cable, there by lowering the Q of this circuit or use a

higher Volts/div range.

- 28 -
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7. Measuring Procedures

Perform the following steps.
e Set brightness and focus to the settings that will give the best display.
e Display wave forms as large as possible, to minimize time errors.

e |f probes are being used, verify capacitance compensation (Refer to section
(1) [when probes are being used], paragraph 6: Signal Connections for

capacitance compensation methods).

(1) Measuring DC voltage

Set the AC-GND-DC switch to GND, and position the zero level to a
convenient position on the screen. This position need not necessarily be the

center of the screen.

Set Volts/Div to an appropriate setting, then set the AC-GND-DC switch to
DC. The trace which is a straight line will deflect. The DC voltage can be
obtained by mulitiplying the amount of divisions the line deflects by the
voits/div value. For example, in the case of Fig. 7-1, if volts/div is 50mV/Div,
the calculation is 50mV/div x 4.2 = 210mV (However, if probe (10:1) is
used, the actual signal value is found by multiplying by 10; hence, 50mV/div
x 42 x 10= 2100mV = 2.1V ) .

(2) Measuring of AC voltage

As for measuring DC voltage. Set the zero level to any place on the CRT

where it is convenient.

In the case of Fig. 7-2, if volts/div is 1V/div, the calculation is 1V/div x 5 =
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5Vp-p (However, if a probe (10:1) is used, the actual value is 50Vp-p).

If a small amplitude AC signal is superimposed on an large DC voltage the
AC component maybe viewed and expanded by setting the AC-DC-GND
switch to AC, this will block the DC portion of the signal and pass the AC

portion only.

(3) Frequency and time measurement

Use Fig. 7-3 for the example. 1 cycle is from point A to B. and is 2.0divs
on the screen. If the sweep time is assumed to be 1 ms/div, the period is
ims/div x 2.0 = 2.0ms. Accordingly, the frequency is 1/2.0mS = 500 Hz.
However, if x1IOMAG (x5MAG) is used, the time/div must be calculated as

1/10 (1/5) of the indicated value.
DC voltage (After Detlection)

-I-T

i f— e — —

-4.2d1v %’1

\

V\Zera level

Fig. 7-1 prior to applying a DC voltage

5di1v —

Fig. 7-2

www.valuetronics.com



(4) Time difference measurement

Set the signal which is the reference for the 2 signals being observed as
the trigger signal. (Refer to Fig 7-4).

A If the signals are as in Fig. 7-4a, Fig. 7-4b will be displayed when the

trigger signal source is set to CH 1.

B Fig 7-4c will be displayed when the trigger signal source is set to CH2.
In order to measure the time delay between to signals use the following
procedure:

A To find the time CH 2 is delayed in respect to CH 1 set the trigger

signal source to Int.

B To find the time CH 1 is delayed in respect to CH 2 set the trigger
signal source to CH 2.

C The delay time maybe found by counting the number of divisions from
the rising edge of the trigger source signal to the rising edge of the
delayed signal and multiplying this by the Time/Div setting.

In order to measure time delay, set the signal with the leading phase as the
trigger signal. It the reverse condition exists (the delayed signal triggers the
oscilloscope) the desired portion of the waveform to be observed may not
be displayed on the CRT screen. In this case overlap the signal amplitudes
with the vertical position controls. The delay time is measured between the

50% amplitude of the displayed signals.

—-* H-I.-

CH 2 __J _‘l_ J'"_L_.[_‘[_I —‘l._. YO
¢« & Ka) T . T e
S - _J_;r N CH1 =4 Ume fe o
T CHL .. 5 [time / drfferencesi__;__
\ ;'q:ﬁerenge i 7 . NE
: Time y 2/ / i
. S CHZ o
differencé cH2 | - ... .- ( \ Overlapping measurir
% Equal ampiitude method
measuring method - — =

{b)
Fig. 7-4

LR g
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Caution

il

e

A pulse wave contains a considerable number of high-frequency components
(harmonic waves), use the same procedures as for measuring high
frequency signals. Use probes or coaxial cable, and make the grounding line

as short as possible.

(5) Measuring rise (fall) time

When pulse rise time is being measured, use the precautions detailed in the
preceding section, and observe measurement errors. The following
relationships exist between the rise time Trx of the wave form being
measured, the rise time trs of the oscilloscope and the rise time Tro

displayed on screen.

T ——

Tro = y To® + Trs

If the rise time of the pulse to be measured is significantly greater than that
of the oscilloscope, measurement errors occurring with respect to
oscilloscope rise time can be disregarded. |If the rise times are too close to

each other, measurement errors will occur.

Actual rise time is then Trx = ﬁ;gi P

In addition, for circuits where there are no wave form distortions., such as
overshoot or sag, in general, the following relationship exists between the

frequency band width and rise time.

fc x tr = 0.35
Where: fc . Frequency band (Hz)

tr: rise time (S)

- 32 -
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(6) Complex wave form synchronization

As shown on Fig. 7-5 (a), if the difference in amplitudes appears alternately,

wave forms may appear overlapped, depending on the trigger level setting.

If the trigger level selected is the line A B,C, DE.F....which starts from A. ..

and the line E,F,G, H, l.which starts from E..... appear alternately, the trace

will appear overlapped as shown in Fig. 7-5 (b), synchronization cannot be

achieved. If, the trigger level is turned clockwise to set trigger level to the

Y'-line, the wave form displayed on screen is shcwn ‘n Fig. 7-5 (¢), allowing

synchronization to be achieved.

fu/.,_xw LG N Y <~ trigger level

}_J
(a) SIGNALS WAVE

g J,--_ Vi
f# *-‘\ ; / \\ng" \\‘ ) i 4
(b) TRIGGER LEVEL Y (c) TRIGGER LEVEL Y

Fig 7-5

(7) Wave forms when 2 channels are being measured

l |

www.valuetronics.com

if CH1 and CH2 signals have a synchronized interrelationship, or 2
signal frequencies have a specific time relationship, such as a constant
proportion, set the TRIG signal source switch to INT. If the CH2 time is
being checked relative to CH1 signal, set trigger source to CH1 if vice

versa, set the trigger source to CHZ2.

If 2 signals having no synchronized relationship are being observed, set
TRIG signal source switch to INT. The trigger signal will alternate
whenever the displayed waveform alternates. The waveform on each

channel will appear stable.



As shown in diagram No. 1, if a sine wave is input to CH1 anad a

rectangular wave to CH2, the triggerable level range is A.

(a)if input coulpling is DC|(b)if input coupling is AC

A C p— _—
CHI1 Y £, P i, - : —_.& ___1,)_\::};_‘::.7_

| ] Bl & =
CH2 =0 I ﬂ A
GVT - - l -iln L

Diagram No. 1
To magnify the synchronizing level range, the CH2 axis input coupling may

be set to AC coupling.

In addition, as shown in Diagram No. 2, if any one of the signals display
selector is small, set the amplitude to a sufficient level by changing the

Volts/Div selector switch (21) (32).

CH1 0V ~ -_-;?-f"":ﬂ_:ﬂ‘: S e = o

| CH?2 0V //“‘\\ /_T‘“\I .__/_,a'f.
. \_/ .

Diagram No. 2

—

'8, TV-exclusive synchronization
O The TV wave form
In TV mode, complex signals containing the video sianal. blanking
pedestal signal and synchronizing signal displayed in Fig. 7-6 are clearly
observed. However, because the wave form is complex, a special cicurt

is required to link synchronization to the vertical synchronizing signal
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" |‘ ;
~ | H
#— il

Video signal PULSE (Horizontal)

(SYNC PULSE) &= 1v(Vertical) ————— —
Fig. 7-6
2. Differences between competitor oscilloscopes and this oscilloscope with
respect to circuitry is.
In order to ensure stabilized measurement of TV signals, this
oscilloscope is equipped with a TV-exclusive synchronizing separator
circuit, as shown in the drawing.
Exclusive circuitry of Operating circuitry of
conventional equipment this equipment
Simple o
“ _ i Exclusive TV synchronizing
General circuitry intergrator e
T separator circuitry
circuitry
¢ | cireuitry To video | T4 trigger circuit Ve
| | signal trigger circuit IE iyt R < fﬂ
r #o-H . ] e
g B 5O & L _::} .
u l + L To trigger
: L L cireuit
- Because signals
| are integrated to
e | Because the video . . e
_ o remove harmonic| The vertical synchronizing
a | signal is directly : ;
. wave compone- signal is separated after the
t applied as the _ - .
: , cnts, synchroni- synchronizing pulse is
u trigger signal, .
R zing is accom- extracted, stable
r | synchronizing is . g ‘
o plished more synchronization is obtained.
e difficult. . ;
% easily than in
in left diagram
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(3) Operation

Vertical sync is displayed Horizontal sync is displayed
I 1 1 & ﬁ
Lk
Fig. 7-7 Fig. 7-8
MODE : TV - V MODE TV - H
TIME/DIV TIME/DIV
0. 1msjdiv 0.2sdrv 50.u/div 0 1.8/diV

(Note) If the oscilloscope is in the TV mode, the ftrigger level control 1s not
used .

This oscilloscope synchronizes only on (-) synchronizing signal.

(Reference)

A: Sample (-) synchronizing signal/ B: Sample (+) synchronizing signal
video T t
signal _

synchronizing _ U h
signal
A B
Fig. 7-9
- 36 «
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8. Specifications

8-1. Vertical Axi
20MHz 40MHz 60MHz Remarks
CH1 and ; . :
CHO 5mV/ div to 5V/div 1-2-5 step, 10 calibrated steps
o (1mV/div to 1V/div at x5 MAG)
sensitivity
} +10°C to +357T CAL
t 5% (at x5 MAQG) to C,
position
Variable
vertical To less than 1/2.5 times indicated sensitivity value
sensitivity
Frequency | DC: DC to 20MHz | DC: DC to 40MHz | DC: DC to 60MHz
| AC: 10Hz to 20MHz | AC: 10HZz to 40MHz| AC: 10Hz to 60MHZ
band width
DC: DC to 7MHz DC: DC to 7MHz DC: DC to 7MHz
~SMAG AC: 10Hz to 7MHz | AC: 10Hz to 7MHz | AC: 10Hz to 7MHz
Approximatel Approximatel Approximatel
Rise time PP y PP y PP y
17.5ns 8.7ns 5.8ns |
Input
s IMQ  +2%, 25pF ¢ 3pF
impedance
Maximum
DC+AC peak
input voltage il PaRs)
Input
coupling AC - GND - DC
system
CH1: Only Channel 1 operates
Operating | CH2: Only Channel 2 operates
systems ADD: Algebraic sum of 2 signals (CH1 + CH2)
J Dual: Channels 1 and 2 simultaneously displayed
Invert Only CH2 signal is inverted
Overshoot | maximum 8%

==

www.valuetronics.com
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8-2. CH1 Input Amplifier

"\\H
20MHz 40MHz 60MHz Remarks
a.i_‘\\ r
Output voltage minimum 20mV/div
Output impedance Approximately 500
Band width 50Hz to 5SMHz (-3dB)
8-3. Time axis
20MHz 40MHz 60MH?z Remarks
Sweep mode| A XY ALT.MAG,<5MAG A XY .ALT.MAG<10MAG
Sweep time | 0.1us to 0.2s/div ' 3%, in 20calibrated steps (1-2-5 seq)
Sweep 20ns/div to 40ms/div 10ns/div to 20ms/div
: (20ns/div,40ns/div :
BEpaaion Uncal) (10ns/div : Uncal)
Alt. MAG
Maximum 4 traces
TRACE
Trace Sep.
minimum 1.5 div
Var

www.valuetronics.com
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8-4. Triggering
20MHz 40MHz 60MHz
~
Trigger mode | AUTO, NORM. TV-V, TV-H
Trigger signal
Saee INT, CH2, LINE, EXT
Polarity +, -
Coupling system| AC coupling
sensitivity
Frequency | INT | EXT | Frequency | INT [EXT | Frequency |INT [ EXT
DC te 5MHz 3div |200mV
DC to 2MHz | 3div |200mV| DC to 5MHz 3div | 200mV
NORM 5MHz to 40MHz 3div | 800mV
2MHz to 20MHz | 3div |300mV| 5MHz to 40MHz | 3div |BOOMV
40MHz to 60MHz | 3div | 1V
DC to SMHz 3div | 200mV |
DC to 2MHz | 3div [200mV| DC to 5MHz 3div |200mV |
AUTO 5MHz to 40MHz | 3div |800mV
2MHz to 20MHz | 3div |300mV | 5MHz to 40MHz | 3div [300mV
40MHz toc 60MHz | 3div | ' V
™V INT | minimum 1 div
synchronization | EXT | minimum 1 Vp-p
8-5. XY operation
T 20MHz 40MHz 60MHz Remarks

Operating mode

CH1, X-axis and CH2, Y-axis:

when in X-Y operation mode

Sensitivity

As vertical axis

Input impedance

1MQ 2% approximately 25pF

X-axis band width

DC-500kHz

Phase difference

maximum 3° (DC-50kHz)

www.valuetronics.com
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8-6. Z axis

\ 20MHz 40MHz 60MHz Remarks
Input impedance 33kQ
Maxi input
O BN 30V ( DC + AC peak), MAX AC 1kHz
voltage
Band width DC to 2MHz
Input signal t SV(NEGATIVE INCREASES INTENSITY)
8-7. CAL
\ 20MHz 40MHz 60MHz Remarks
Frequency 1kHz (20%)
Output level 0.5V (* 3%)
Duty minimum 48 : 52
8-8. Power supply
20MHz 40MHz 60MHz Remarks
Voltage AC 100V/120V/220V/240V *+10%
Frequency 50Hz to 60Hz
Power consumption 35W 35W 55W
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8-9. CRT

“"“‘--..,_
\ 20MHz 40MHz 60MHz Remarks
Type Binch square internal scale
Acceleration voltage -1.9kV 12K 12K

Effective screen

8div(vertical direction)=10div(horizontal direction)

8-10. Environmental conditions

e

.
-\-""'-\..__
-‘-H_‘"-.__

o

"
o,

20MHz 40MHz

60MHz

Remarks

Operating temperature

OC to 40C

Operating humidity

35% to 85%

i

- Guaranteed opera-
| ing temperature

10C to 35¢C

Guaranteed opera-
ting humidity

45°% to 85%

f Guaranteed main-
tained temperature

-20C to 70¢C

Guaranteed main-
taomed humidity

35% to 85% (Less than 70% at
temperatures exceeding 507C).

8-11. Mechanical specifications

www.valuetronics.com
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20MHz/40MHz/60MHz Remarks
PhYSIGﬂl HEight Width Length
dimensions 140 (H) 335 (W) 375 (D) mm
Weight Approximately 7.3kg

9. Maintenance, Repair and Storage |

(1) This equipment is composed of many high-precision components ana
components which require high internal pressure, care is required when

handling or storing this equipment.
(2) Occasionally, clean the graticule scale with a clean, soft cloth.

(3) Ideal ambient temperature range when storing this equipment i1s -10 to

+60 T.

[ Calibration Period

In order to maintain this equipment in stable and efficient operating
condition, calibrate the equipment after every 1,000 hours operating

time, or every 6 months; whichever is shorter.

- 42 -
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10.

External Drawing
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Warranty

; Mode Model 6500 Manufacture No.
Date of purchase Warranty
- — 1 year
| month period
.[ Name Tel No:
Customer |
Address
e +— — — — = =
| Shop
Dealer name Tel No:
Addres_sl -

f failures should occur during normal operation, repair services

shall be provided on a free-of-charge basis In accordance with the
terms and conditions of the warranty. For ingquiries on repair and other
services, please contact the store where this equipment was purohased

or the customer service department of this company.

| Warranty Conditions

(1) Warranty repairs will be provided should equipment tallure occur within
the warranty period (within 1 month from delivery date. However, in the
case of the electron tube (and/or lamps), should faillure occur within 6
months, due to manufacturing defects, such breakdown shall be repaired

on a free-of-charge basis by this company.
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(2) Failures the following type shall be repaired on a changeabie basis, even
though they occurred during the warranty period:

(a) Failures of equipment.
(b) Failures manipulation or modification.

(c) Failures other than oscilloscope-related factors, such as by strong
magnetic fields in the intrument vicinity.

(d) Caused by fire, salt, gas, abnormal voltage, earthquake, thunder, gale
or flood, or other natural disasters.

(e) Travel expenses for maintenance personnel travelling to remote areas to
carry out repair services, irrespective of whether warranty repair or not

(fy Warranty-period failures where this warranty card has not been
presented.

. A& -
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