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OPERATORS SAFETY SUMMARY

The general safety information in this summary is for operating personnel. Specific warnings and cautions will be found
throughout the manual where they apply and do not appear in this summary.

TERMS

In This Manual

CAUTION statements identify conditions or practices
that could result in damage to the equipment or other
property.

WARNING statements identify conditions or practices
that could result in personal injury or loss of life.

As Marked on Equipment

CAUTION indicates either a personal injury hazard not
immediately accessible as you read the marking, or a hazard
to property including the instrument itself.

DANGER indicates a personal injury hazard immediately
accessible as one reads the marking.

SYMBOLS
As Marked on Equipment

; DANGER — High voltage.
@ Protective ground (earth) terminal.

A ATTENTION — refer to manual.

PRECAUTIONS

Power Source

This product is intended to operate from a power source
that will not apply more than 250 volts rms between the
supply conductors or between either supply conductor and
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ground. A protective ground connection by way of the
grounding conductor in the power cord is essential for safe
operation.

Grounding the Product

This product is grounded through the grounding conduc-
tor of the power cord. To avoid electrical shock, plug the
power cord into a properly wired receptacle before connect-
ing to the product input or output terminals. A protective
ground connection by way of the grounding conductor in the
power module power cord is essential for safe operation.

Use the Proper Power Cord

Use only the power cord and connector specified for your
instrument and locale.

Use only a power cord that is in good condition.

Use the Proper Fuse

To avoid fire hazard, use only the fuse specified for your
instrument. Replacement fuses should be identical in type,
voltage rating, and current rating. Line fuses must match the
selected source of ac power and must be changed when
nominal voltage range is changed.

Do Not Operate in Explosive Atmospheres

To avoid explosion, do not operate this product in an
atmosphere of explosive gases unless it has been specifical-
ly certified for such operation.

Do Not Remove Covers or Panels

To avoid personal injury, do not remove covers or panels
from this product. Do not operate the product without prop-
erly installed covers and panels.
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INTRODUCTION

The TEKTRONIX 468 Oscilloscope is a portable digital storage oscilloscope with a four-trace, dc-to-100 MHz, vertical
deflection system. The 468 combines an easy-to-use storage function with cursor measurement of time and voltage. Measure-
ment values are indicated on a four-digit, seven-segment LED display.

NON STORE MODE

In the NON STORE mode, the 468 operates as a conven-
tional oscilloscope that can display CH 1, CH 2, ADD, and A
TRIG VIEW (external trigger only) simultaneously. The verti-
cal deflection system has calibrated deflection factors rang-
ing from 5 mV to 5 V per division. The horizontal deflection
system has calibrated A Sweep rates from 0.5 s to 0.02 us
per division and is capable of operating in the following
sweep modes: A A intensified by B,A alternated with de-
layed B, and B delayed. The calibrated B Sweep rates are
from 50 ms to 0.02 us per division.

The horizontal magnifier circuit feature increases each
sweep rate by a factor of 10. This provides a maximum
sweep rate of 2 ns per division when the TIME/DIV switch is
in the 0.02 us per division position.

REV DEC 1981

STORAGE MODE

The 468 digital storage circuitry has a 10 MHz Useful
Storage Bandwidth for the acquisition of signals, and will
display the acquired waveform with a bright, flicker-free
trace. With the digital storage feature, low-frequency signal
analysis and waveform measurements—previously difficult
or impossible to make-are easily performed. A choice of
two standard and one optional signal acquisition modes are
available: NORM and ENVELOPE (standard) and AVG (op-
tional). Two storage functions are available to hold a display
indefinitely for measurement and comparison: SAVE Stor-
age Mode (stops acquisition) and SAVE REF (holds a refer-
ence display and continues acquisition in the selected
Storage Mode). Waveform data may be acquired prior to or
after the trigger using the PRE TRIG or POST TRIG Stor-
age Window. Time and voltage measurements on the ac-
quired waveform are easily made using the VOLTS and

468 Operators 1



TIME Cursor Functions, and the measurement values are
indicated on a four-digit, seven-segment light-emitting diode
(LED) display.

Digital storage adds three TIME/DIV switch positions, in-
creasing the storage time base to 5s per division (a total
sweep time of 50 s). The waveshape of signals acquired at
these low frequencies would be impossible to view on a
conventionat oscilloscope. Digital storage circuitry, howev-
er, constantly refreshes an acquired waveform to produce a
directly viewable display for ease of analysis and measure-
ment. Three added VOLTS/DIV switch positions increase
the digital storage vertical deflection sensitivity up to 0.5 mV
per division. Small-amplitude signals are acquired at 5mVv
per division and are amplified to produce the added
sensitivity.

The digital storage signal acquisition modes are NORM
and ENVELOPE Storage Modes, and an optional AVG Stor-
age Mode. Selecting NORM Storage Mode causes acquisi-
tion and display of a new waveform with each trigger. The
display in this mode most resembles conventional oscillo-
scope displays, and waveforms acquired will react to the
oscilloscope front-panel controls with each trigger.

2 468 Operators

When ENVELOPE Storage Mode is chosen, the maxi-
mum and minimum waveform values for a selected number
of sweeps are acquired, and the resultant waveform enve-
lope is displayed. This mode is useful for detecting noise
and spurious or erratic signals.

Choosing the optional AVG Storage Mode allows
waveforms to be acquired for a selected number of sweeps
and causes the averaged value of the acquired signals to be
displayed. In this mode, signal-to-noise ratio is improved in
direct proportion to the square root of the number of
sweeps acquired, and noise accompanying the signal is ei-
ther averaged out or reduced to a small level. The signal
acquired in the AVG Storage Mode is processed to increase
the vertical resolution of the displayed signal. This feature is
very useful for displaying small-amplitude signals acquired in
the 0.5, 1, and 2mV per division positions of the
VOLTS/DIV switch.

Once the desired signal is obtained in storage, the signal
acquisition may be halted and the display frozen by select-
ing the SAVE Storage Mode. The waveform will remain dis-
played indefinitely for analysis and measurement purposes.
In the SAVE mode, the next six faster positions of the
TIME/DIV switch (if available) horizontally expand the dis-
play (up to 100 times). Additionally, signals acquired at
sweep rates of 1 us per division or faster, may be reduced
back to the 2 us per division acquisition rate.
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The SAVE display may also be expanded vertically (up to
10 times) with the next three higher deflection sensitivity
positions of the VOLTS/DIV switch (if available) for the
channel used to obtain the SAVE display. Signals obtained
in the NORM or ENVELOPE Storage Mode at VOLTS/DIV
switch settings of 0.5, 1 or 2mV per division may be re-
duced back to the 5 mV per division deflection sensitivity if
desired. The SAVE display of a waveform acquired in the
AVG Storage Mode may be expanded, but it may not be
reduced below the deflection sensitivity at which the signal
was acquired.

When the SAVE REF push button is pressed in, the
waveform being displayed at that time will be stored and
held on the display while the digital storage continues to
acquire data. The SAVE REF display is then available for
comparison with signals obtained from other circuits, or it
can be used as a before-and-after check on circuit operation
when changes or adjustments are made to the circuit under
test. A new reference waveform is obtained each time the
button is released and then pressed in again. Displaying the
reference signal reduces the number of vertical mode possi-
bilities that the 468 is capable of displaying simultaneously.

The time window used to obtain a stored waveform may
be set to acquire either approximately 8.75 horizontal divi-
sions of waveform data occurring before the triggering sig-

REV DEC 1981

nal (in PRE TRIG Storage Window) or the same amount of
waveform data occurring after the triggering signal (in POST
TRIG Storage Window). The PRE TRIG feature is useful for
analyzing events that might cause an error to occur. If the
oscilloscope is set to trigger on the error, data immediately
prior to the error is stored for analysis. POST TRIG Storage
Window most resembles conventional triggering; but while
conventional oscilloscope triggering usually starts the
sweep, POST TRIG Storage Window triggering does not
occur until approximately 1.25 horizontal divisions of
waveform data are acquired.

Voltage and time measurements are made directly on the
displayed waveform. Pressing in the VOLTS Cursor Func-
tion push button causes two horizontal lines (VOLTS
Cursors) to be presented on the display. Only one cursor at
a time is positionable using the CURSOR control knob. The
active cursor is displayed as a dashed line, while the fixed
cursor is a solid line. Voltage difference (as represented by
the cursor positions) is directly read on the seven-segment
LED display, and the appropriate measurement scale factor
is shown on the three dual-color (red and green) LED indica-
tors to the right of the seven-segment LED display. Time
measurements are made using two bright, positionable dots
that appear on the trace when the TIME Cursor Function
button is pressed in. The TIME cursor dots are positioned to
the desired measurement points, and the time difference be-
tween the dots is directly read on the LED display.
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A COUPLED V/T measurement mode is made available
by pressing in both the VOLTS and TIME Cursor Function
push buttons. In this mode, the TIME dots attach to the
VOLTS cursors, and the VOLTS cursors will never be dis-
played beyond the limits of the waveform. The COUPLED
V/T mode is useful for slope, peak-to-peak amplitude, and
time duration measurements. While the cursors are coupled,
the LED readout will display the voltage difference between
the cursors. In instruments factory equipped or converted to
firmware version 2.0 or higher, the COUPLED V/T mode is
also useful for making absolute dc-voltage measurements
with respect to ground.

AVAILABLE OPTIONS

Option 02 is the General Purpose Interface Bus (GPIB),
used to transmit the waveform data stored in the display
memory. The waveform data transmitted will conform to
the Waveform Transmission Standard as specified in the
Tektronix Interface Standard—General Purpose Interface
Bus (GPIB), Codes and Formats.

NOTE
The 468 Oscilloscope cannot be equipped with both
Option 02 and Option 11 due to use of common
space.

4 468 Operators

Option 04 (EMC) provides additional reduction of
electromagnetic interference.

Option 05 provides the instrument with front-panel selec-
tion of additional trigger-signal processing capabilities to
facilitate observation and measurement of composite video
and related television waveforms.

Option 11 enables the 468 to convert the digital data
stored in memory into analog X and Y outputs for driving
an X-Y Plotter.

Option 12 is the AVE Storage Mode. This option will
acquire data for a selected number of sweeps (from 2 to 256
in a binary sequence) and display the average waveform
accumulated.

NOTE
The AVE Storage Mode is part of the standard instru-
ment above SN B032430.
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PREPARATION FOR USE

Refer to the Safety Summary at the front of this manual for power source, grounding, and other safety considerations
pertaining to the use of this instrument. Before applying power, verify that the Line Voltage Selector switch and the Regulating
Range Selector switch are both set for the ac-power input voltage source available and that the proper line fuse is installed.

nominal voltage (see Figure 1). The detachable power cord

may have to be changed to match the ac-power-source out-

This instrument may be damaged if operation with ei- Iet.'(See the “Power Cord‘_’ discussion in this manual fqr
ther the Line Voltage Selector switch or the Regulat- optional power cords.) Verify that the proper line fuse is
ing Range Selector switch set for the wrong applied installed (see Table 1).

ac-power input source voltage or if the wrong line fuse
is installed.

Table 1
LINE VOLTAGE SELECTION FUSE SELECTION

This instrument operates from either a 115V or a 230 V ;
nominal ac-power source with a line frequency from 48 Hz Line Voltage Selector .
to 440 Hz. To convert the instrument for operation from one Switch Position Fuse Size
ac source to the other, disconnect the power cord from the 115 V Nominal 1.5 A, 3AG, Slow-blow
power input source, and move the Line Voltage Selector
(230/115) switch to the position indicating the available 230 V Nominal 0.7 A, 3AG, Slow-blow
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" LINE FUSE

/Q\\

REGULATING
RANGE
SELECTOR
SWITCH

DETACHABLE
POWER CORD

LINE VOLTAGE
SELECTOR SWITCH
2906-02

Figure 1. Ac-power-source switches, line fuse, and power
cord.

REGULATING RANGE SELECTION

The Regulating Range Selector (HIGH/LOW) switch is lo-
cated on the right side panel near the Line Voltage Selector
switch (Figure 1.) Verify that the selector switch is set for
the average line voltage being used. See Table 2 for a listing
of the regulating ranges.

To change the regulating range:

1. Disconnect the instrument from the ac-power source.

2. Select a range from Table 2 that corresponds to the
average ac-power source voltage available and set the se-
lector switch to the required position.

Table 2
REGULATING RANGES

Regulating
Range Selector

Regulating Range

Switch Position

115 V Nominal

230 V Nominal

HIGH

108 Vto 132V

216 V to 250 V

LOW

90Vto110V

198 V to 242 V

468 Operators
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POWER CORD

This instrument has a detachable, three-wire power cord
with a three-contact plug for connection to the power
source and to protective ground. The plug protective ground
contact connects (through the power cord protective
grounding conductor) to the accessible metal parts of the
equipment. For electrical-shock protection, insert this plug
into a power source outlet that has a securely grounded
protective-ground contact.

For the non-U.S. customer, the appropriate power cord
used is supplied by an option specified when the instrument
is ordered. The optional power cords available are illustrated
in Figure 2. For part numbers and further information about
accessories, refer to the accessories information page at
the back of this manual, or contact your Tektronix represen-
tative or local Tektronix Field Office.

Nominal
Plug Line- Reference
Configuration Usage V&té?e Standards Option #
PN aNorth | ANS| C73.11°
T 120V | NEMA 5-15-P° | Standard
N Y\\\\:\\ 120v/ IEC 83°
15A
E D Universal CEE (7), 11,1V,
e e
LT Euro 240v viid Al
: 240V/ IEC 83¢
10-16A
£ UK e
& 240v/ | 240v |BS1363 A2
—;_/[, 13A IEC 83¢
= Australian ¢
240V/ | 240V |ASC112 A3
10A
North a
t ANSI C73.20
American) 240y |NEMA 6-15-P° | A4
240V/ \EC 83¢
15A 3

a8ANSI—American National Standards Institute

PNEMA —National Electrical Manufacturer’s Association

¢lEC—International Electrotechnical Commission

dCEE—International Commission on Rules for the Approval of
Electrical Equipment

€BS—British Standards Institution

fAS—Standards Association of Australia

2931-05

Figure 2. Optional power cords for the 468.
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POWER ON SELF-VERIFICATION

A limited self-test is performed by the digita! storage cir-
cuitry whenever power is applied to this instrument. If all the
self-tests are passed, the oscilloscope will operate. If the
system, random-access memory (RAM) or read-only mem-
ory (ROM) fails the test, the instrument halts and will not
operate.

As an aid to servicing, a failure code is displayed in the
seven-segment, light-emitting diode (LED) indicators to help
a service technician locate the area of failure. This error
code will remain displayed in either the storage or
nonstorage mode, and power may be applied with either
mode selected.

NOTE

If power is applied while a storage mode is selected
and while one of the measurement cursors (VOLTS or
TIME) is also selected, a normal display may appear in
the LED indicators (after the self-test is completed).
To avoid possibly confusing a normal display with an
error display, either release the cursor push buttons or
select the NON STORE mode before applying power
to the instrument.

Should an error indication appear in the display, ensure
that the NON STORE push button in pressed, then restart
the self test by cycling the POWER switch off, then on
again. If the error display appears a second time, refer the
instrument to qualified service personnel.
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CONTROLS, CONNNECTORS AND INDICATORS

VERTICAL

Refer to Figure 3 for location of items 1 through 11.

VOLTS/DIV Switches—Select the vertical deflections
factor from 5 mV per division to 5 V per division in 10
steps for Channel 1 and Channel 2 in a 1-2.5
sequence. Three additional switch positions (0.5 mv,
1mV, and 2mV) are used in storage modes to
vertically expand the waveform acquired at 5 mV per
division (up to 10 times). VAR control must be in the
calibrated detent to obtain a calibrated deflection
factor. These switches also set the scale factor of the
digital storage VOLTS measurement LED readout.

When a stored waveform is displayed in the SAVE
Storage mode, the VOLTS/DIV switch vertically
expands the appropriate channel display up to 10
times in a 1-2-5 sequence. Waveforms acquired in
NORM and ENVELOPE Storage modes at
VOLTS/DIV settings of 2, 1, or 0.5 mV per division,
may be reduced back to 5 mV per division deflection if
desired.

NOTE

In firmware version 1.0, SAVE Storage Mode
waveforms acquired at VOLTS/DIV attenuator
settings of 5 mV per division, and higher, cannot be
reduced below the deflection sensitivity at which they
were acquired. An attempt to do so will cause an
invalid VOLTS readout on the LED indicators.
Additionally, an attempt to expand the display
vertically beyond a factor of ten will also result in an
invalid VOLTS readout on the LED indicators.

468 Operators

In instruments factory equipped or converted to
firmware version 2.0 or higher, attempting to reduce
the display below the limits at which it was acquired
will cause the display to cease reducing and the
VOLTS readout to change to DIV scale factor.
Attempting to expand the display beyond instrument
limits causes the display and the VOLTS readout
scale factor to cease changing.

VOLTS/DIV Readout-Consist of two light-emitting
diodes (LED) for each channel, located beneath the



@ VAR

10

Figure 3. Vertical controls, connectors, and indicators.
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skirt of each VOLTS/DIV knob. Either one LED or the
other will light to indicate the correct deflection factor
(if the channel is active). The 10X LED is illuminated
only when a 10X probe with a scale-factor-coding-ring
contact is connected to the input of the oscilloscope;
otherwise, the 1X LED is illuminated. In the 0.5-, 1-,
and 2-mV positions of the VOLTS/DIV switch, the
LED will not be illuminated for the NON STORE mode.

Control-Provides  variable  uncalibrated
deflection factors between the calibrated settings of
the VOLTS/DIV switches when storage is off. In a
storage mode, if the VAR control is out of the
calibrated detent, digital storage circuitry will continue
to acquire data; but the storage scale-factor LED will
indicate that VOLTS function measurements are in
divisions (DIV).

NOTE

For instruments with Option 02 (GPIB), a firmware
bug exists in both version 1.0 and version 2.0 ROM.
This causes an incorrect transmission of the Y-
multiplier and the Y-units of a waveform whenever the
acquired waveform is vertically uncalibrated or when
an ADD display is obtained with unequal VOLTS/DIV
switch settings. To avoid this bug rotate the VAR
VOLTS/DIV controls into the detent position and use
the same VOLTS/DIV switch setting on both channels
for ADD displays when acquiring the data for
transmission.
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@ UNCAL Indicator-A LED that is illuminated when the

VAR VOLTS/DIV control is out of the calibrated
detent. It indicates that the vertical deflection factor is
uncalibrated.

POSITION Controls—Control the vertical position of
the channel displays on the crt both in storage and
nonstorage modes. In the X-Y mode, the Channef 2
POSITION control adjusts the vertical positioning of
the display.

@ CH 1 or X and CH 2 OR Y Input Connectors—Provide

for application of external signals to the input of the
vertical amplifiers. In the X-Y mode (A TIME/DIV
switch set to X-Y), the signal applied to the CH 1 OR
X connector provides horizontal deflection (X-axis),
and the signal applied to the CH 2 OR Y connector
provides vertical deflection (Y-axis).

These connectors each include a coding ring that acti-
vates the scale-factor-switching circuitry whenever a
10X scale-factor-switching probe is connected.

468 Operators

Input Coupling Switches (AC-GND-DC)-Select the
method of coupling the input signal to the vertical
deflection system.

AC position-Signals are capacitively coupled to
the vertical deflection system. The dc component
of the input signal is blocked.

DC position-All frequency components of the
input signal are passed to the vertical input
amplifier.

GND position-The input of the vertical amplifier is
grounded to provide a ground reference and to
allow the input coupling capacitor to be precharged
to the input signal dc level through a high
resistance connected to ground.

When operating in the NORM, ENVELOPE, or
AVG Storage Mode, the ground reference is stored
in the GND position and displayed as an intensified
dot at the left edge of the graticule when the input
coupling is switched to AC or DC. In ADD vertical
mode, both CH 1 and CH 2 Input Coupling
switches must be set to GND to store a ground
reference.

1
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In instruments equipped with firmware VERSION
1.0, at the end of the power-on routine, a random
ground dot may be displayed. Switching the input
coupling switch to GND wili place the dot at a valid

ground reference.

NOTE

If the Vertical POSITION control is adjusted after the
ground reference is stored, the dot position is no long-
er a valid ground reference. Additionally, in firmware
version 1.0, vertically expanding either waveform of a
dual-channel storage display using the 2mV, 1.mV, or
0.5mV VOLTS/DIV switch position will cause an
invalid ground dot display. A single-channel display
ground dot remains valid during expansion.

In instruments factory equipped or converted to
firmware version 2.0 or higher, the ground dot position
remains valid as display vertical expansion occurs in a
dual-channel display.

VERT MODE Switches—Five push-push switches,
used to select the vertical mode of operation in both
storage and nonstorage modes. The oscilloscope can
display any combination of CH 1, CH 2, ADD, and A
TRIG VIEW (external trigger only) in either Chopped
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(CHOP) or Alternate (ALT) mode, when NON STORE
is selected. The A TRIG VIEW mode is not functional
in storage modes. If A TRIG VIEW is the only vertical
mode selected or no vertical mode is selected when a
storage mode push button is pressed in, the digital
storage will continue to acquire and display the
Channel 1 input signal, but all the probe coding LED
(X1 and X10) are extinguished. The NON STORE
display, with no vertical mode selected, will be a
single, unpositionable baseline trace with no vertical
deflection.

CH 1-Selects Channel 1 input signal for display or
storage when push button is pressed in. To end
the NON STORE display of the Channel 1 input
signal, push CH 1 VERT MODE button to release it
(Channel 1 remains selected in a storage mode if
ADD or CH 2 vertical mode is not selected).

A TRIG VIEW-Displays the signal applied to the A
External Trigger input connector when push button
is pressed in, if the A TRIGGER SOURCE switch is
set to either EXT or EXT/10. Remove the A
External Trigger View trace from the display by
pressing the A TRIG VIEW VERT MODE button to
release it. The A TRIG VIEW display cannot be
selected in any storage mode.

CH 2-Selects the Channel 2 input signal for display
or storage when push button is pressed in. To end
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the display of the Channel 2 input signal, push, CH
2 VERT MODE button to release it.

ADD-Selects the algebraic sum of Channel 1 and
Channel 2 input signals to be displayed or stored
when push button is pressed in. To end the display
of the ADD signal, push the ADD VERT MODE
button to release it.

CHOP-ALT:OUT  (Nonstorage Mode)-When
CHOP is selected (switch pressed in), the oscil-
loscope Vertical Switching circuitry is switched
between two or more of the selected vertical
modes at approximately a 500 kHz rate.

When ALT is selected (switch released out), the
oscilloscope Vertical Switching circuitry is alter-
nately switched between two or more of the
selected vertical modes at the end of each sweep.

CHOP-ALT:OUT (Storage Mode)-When pressed
in (CHOP) with the NORM Storage mode selected,
the digital storage circuitry interleaves the Channel
1 and Channel 2 input signals into memory. Each
channel is chopped to obtain 256 samples of each
input signal. The storage chop rate is one half of
the sampling rate of the selected sweep speed.

NOTE

For firmware version 1.0, and 2.0 a horizontal dis-
placement of the displayed signal occurs between
ALT and CHOP dual-channel acquisition. The dis-
placement increases from approximately 0.1 division
to approximately 1 division as the TIME/DIV switch
setting is changed from 1 us to 0.02 S per division.

When either the ENVELOPE or AVG Storage
mode is selected, the position of the CHOP-ALT:
OUT switch has no affect on the storage; and
Channel 1 and Channel 2 are alternately sampled
to obtain 512 samples of each input signal.

When released out (ALT) with the NORM Storage
mode selected, Channel 1 and Channel 2 are
alternately sampled to obtain 512 samples of each
input signal. However, if ADD Vertical mode is also
selected, the ADD waveform is sampled 512 times
alternately and Channel 1 and Channel 2 are
chopped (256 samples each).

NOTE

CHOP and ALT functions are disabled if only one
VERT MODE push button-CH 1, CH 2, ADD, or A
TRIG VIEW (nonstorage only) is selected—or if X-Y
mode is selected.

468 Operators 13



20 MHz BW LIMIT (FULL BANDWIDTH OUT)
Switch—Limits the bandwidth of the vertical
preamplifier to approximately 20 MHz when pressed

in. Push button must be pressed a second time to T | e i | A.:'m"ﬂ 'gu“f R
release it and regain full 100 MHz bandwidth I I e
operation. This control has no affect on the digital - :
storage signal acquisition even though the BW LIMIT g Df Aaes Z

LED may be illuminated. @ Choneort E

PN
SRy

(10) 20MHz BW LIMIT Indicator-A LED that is
illuminated to indicate that the bandwidth is limited to
20 MHz whenever the 20 MHz BW LIMIT push button
is pressed in.

@ INVERT-Inverts Channel 2 display when push button
is pressed in. Push button must be pressed a second

time to release the button and return to a noninverted 2 G
display of Channel 2. 2
=~ " ‘E 9) :)
DISPLAY AND CALIBRATOR [7 fon ke A
Refer to Figure 4 for location of items 12 through 19.
Internal Graticule—Eliminates parallax. Rise time 2906-04
amplitude measurement points are indicated at the
left edge of the graticule. Figure 4. Display controls and CALIBRATOR.
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BEAM FIND Switch-When held in, the display is
compressed to within the graticule area and a visible
viewing intensity is provided to aid in locating off-
screen displays.

INTENSITY Control—-Determines the brightness of the
crt display (has no effect when BEAM FIND switch is

pressed in).

@FOCUS Control-Adjusts for optimum display
definition.

CALIBRATOR Loop—A combination 30 mA current
loop and 0.3v square-wave voltage output (at
approximately 1 kHz) that permits the operator to
compensate voltage and current probes and to check
oscilloscope vertical operation. It is not intended to
verify precise time-base calibration.

(17) SCALE ILLUM Control-Adjusts graticule illumination.

@ ASTIG Control-Screwdriver control used in
conjunction with the FOCUS control to obtain a well-
defined display. it does not require readjustment
during normal use of the instrument.

REV DEC 1981

TRACE ROTATION Control-Screwdriver control
used to align a baseline trace with the horizontal
graticule lines.

TRIGGERING
(both A and B if applicable)

Refer to Figure 5 for location of items 20 through 28.

TRIG MODE Switches-Three push-button switches
that determine the mode of trigger operation for the
instrument.

AUTO-Permits triggering on waveforms with a repeti-
tion rate of about 20 Hz or greater. Sweep free runs
and provides a bright baseline when either an ade-
quate trigger signal is absent, or if the repetition rate
of the trigger signal is below 20 Hz. In a storage
mode, the digital storage circuitry will acquire data
from the selected time window and display the ac-
quired data.

NORM-Sweep is initiated, or storage acquires data
when an adequate trigger signal is applied. NORM
Trigger Mode may be used to obtain stored
waveforms to ensure that the time window the
waveform is acquired from is synchronized with the
triggering signal.

468 Operators 15
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SINGL SWP-Sweep is initiated one time (or one
time window of data is stored) when an adequate
trigger signal is applied. Sweep cannot be initiated
again (or a new time window of data cannot be
stored) until the sweep logic is reset by pressing
the SINGL SWP push button. Stored data from the
single time window will remain displayed on the crt.

Any front-panel control change that affects the
data acquisition (VOLTS/DIV, VERT MODE,
SEC/DIV, HORIZ MODE, etc.), requires that the
SINGLE SWP push button be pressed again to ob-
tain a valid display that agrees with the control set-
ting. When storing displays that require two time
windows to acquire, the SINGLE SWP push button
must be pressed twice to obtain a valid display. If a
valid display is not completed after a change affect-
ing the acquisition timing, the TIME dot readout
may switch between two different numbers at var-
ious settings of the SEC/DIV switch.

NOTE

Applying power to the instrument with either NORM
or SINGL SWP Trigger Mode selected without a
trigger signal present to acquire a waveform, will
cause a dashed line to be displayed in any storage

2906-05 mode. The dashed line will be replaced by an acquired
waveform when the instrument is adequately
Figure 5. Trigger controls, connectors, and indicators. triggered.

468 Operators
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In firmware version 1.0 instruments, the first
SINGL SWP trigger received after power on or
after a control change that affects the data being
acquired is not considered valid. In either case, the
SINGL SWP must be reset and a second trigger
received before a waveform is stored and
displayed. For instruments equipped with firmware
version 2.0 and higher, the first SINGLE SWP
trigger received is valid and a waveform will be
stored and displayed.

(21) READY Indicator LED-lluminates in the single-

sweep mode to indicate that the sweep circuitry is
armed and ready to initiate the sweep when a trigger
signal occurs.

TRIG Indicator LED-llluminates to indicate the A
Sweep is triggered.

@A TRIG HOLDOFF Control-Provides continuous

control of holdoff time between sweeps. Allows
triggering on aperiodic signals (such as complex
digital words). In the fully clockwise position (B ENDS
A), the A Sweep is automatically terminated at the
end of the B Sweep to provide the fastest possible
sweep  repetition rate for  delayed-sweep

468 Operators

presentations and low-repetition-rate signals. In the
NON STORE mode, holdoff time is variable to
approximately ten times NORM holdoff time. Use the
A trigger controls to obtain as stable a display as
possible before setting the A TRIG HOLDOFF control
to a position other than NORM.

The variable holdoff capability is reduced in the
storage modes due to the added digital holdoff time
required for signal acquisition by the microprocessor.

COUPLING Switch-Determines method used to

couple a signal to the input of the trigger generator
circuit.

AC-Signals are capacitively coupled to the input of
the trigger circuit. The dc component is rejected,
and signals below approximately 30 Hz are atten-
uated. Triggering is allowed only on the ac portion
of the vertical signal.

LF REJ-Signals are capactively coupled to the
input of the trigger circuits. The dc component is
rejected, and signals below approximately 50 kHz
are attenuated. This position is useful for providing
a stable display of the high-frequency components
of a complex waveform.

17
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HF REJ-Signals are capacitively coupled to the
input of the trigger circuit. The dc component is
rejected, and signals below approximately 30 Hz
and above approximately 50 kHz are attenuated.
This position is useful for providing a stable display
of the low-frequency components of a complex
waveform.

DC-AIl frequency components of a trigger signal
are coupled to the input of the trigger circuit. This
position is useful for providing a stable display of
low-frequency or low-repetition-rate signals.

SLOPE Switch—Selects the siope of the signal that
triggers the sweep.

+ (plus)-Sweep can be triggered from the
positive-going portion of a trigger signal.

— (minus)-Sweep can be triggered from the
negative-going portion of a trigger signal.

LEVEL Control-Selects the amplitude point on the
trigger signal at which the sweep is triggered. This
control is usually adjusted for the desired display after
the Trigger SOURCE, COUPLING, and SLOPE have
been selected.

468 Operators

SOURCE Switch-Selects the source of the trigger
signai coupled to the input of the trigger circuit.

NORM-The waveform displayed on the crt is the
source of a composite trigger signal. Stable trig-
gering of non-time-related signals usually can be
obtained by setting VERT MODE to ALT,
SOURCE to NORM, COUPLING to LF REJ (high-
frequency signals only), and adjusting the Trigger
LEVEL control for a stable display. Time relation-
ship between the Channel 1 signal and the Channel
2 signal is not indicated by the display.

CH 1-The signal applied to the CH 1 input con-
nector is the source of the trigger signal. Channel 2
signal display is unstable if it is not time related to
the Channel 1 signal.

CH 2-The signal applied to the CH 2 input con-
nector is the source of the trigger signal. The
Channel 1 signal display is unstable if it is not time
related to the Channel 2 signal.

LINE (in the A Sweep Trigger circuitry only)-The
ac-power-source waveform is the source of the
trigger signal. This position is useful when the input
signal is time related (multiple or sub-multiple) to
the frequency of the ac-power source or when it is
desirable to provide a stable display of a power-
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source frequency component in a complex
waveform,

EXT-The signal connected to the External Trigger
Input connector is used for triggering. External
signals must be time related to the displayed signal
for a stable display. This position is useful when
the internal signal is either too small or contains
undesired components that cause unstable
triggering. The external trigger signal may be
viewed by pushing the A TRIG VIEW button in only
when the 468 is operating in the NON STORE
mode. The A TRIG VIEW display is not selectable
in any storage mode.

EXT/10 (in the A Sweep Trigger circuit
only)-External trigger signal is attenuated by a
factor of 10.

STARTS AFTER DELAY (in the B Sweep Trigger
circuit only)-B Sweep starts immediately after the
delay time selected by the DELAY TIME
POSITION control. In this position, the B Sweep is
independent of the B trigger signal. When making
differential time measurements with the 468 in the
NON STORE Mode, this position of B Trigger
SOURCE switch must be selected for valid
measurements.

External Trigger Input Connectors—-Provide for
application of external triggering signals to the A
TRIGGER and B (DLY'D) TRIGGER circuits, when
either EXT or EXT/10 (A Trigger only) SOURCE is
selected.

HORIZONTAL AND POWER

Refer to Figure 6 for location of items 29 through 35.

A and B TIME/DIV Switches-Select the calibrated
sweep rates in the non-storage mode and the time
window for the storage modes.

Nonstorage Mode-The A TIME/DIV switch se-
lects 23 calibrated sweep rates and delay times
from 0.5s to 0.02 us per division in a 1-2-5
sequence. Extreme counterclockwise position of
the switch selects the X-Y horizontal display.

The B TIME/DIV switch selects calibrated sweep
rates from 50 ms to 0.02 us per division in a 1-2-5
sequence.

Storage Mode-The A or B TIME/DIV switch
selects the time window to be acquired (10 divis-
ions multiplied by the TIME/DIV switch setting) for

468 Operators 19
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Figure 6. Sweep rate and position controls and indicators.
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TIME/DIV switch settings between 0.02 s and 5 s
per division. Sampling of the analog input signal is
done 512 times during one full sweep time (50 in 1
division). Rate of sampling is calculated by dividing
the number of samples in 1 division by the sweep
time for 1 division:

50 samples
Sample rate = TIME/DIV
For TIME/DIV switch settings from 1us per division
to 0.02 us per division, a waveform is sampled at
the 2 us per division rate and expanded horizontal-
ly, using a combination of digital interpolation and
analog gain, to the correct horizontal scale.

The A TIME/DIV switch selects the time for A and
A INTEN Horizontal Displays, and the B TIME/DIV
switch selects the time for ALT and B DLY’D Hori-
zontal Displays. The 1, 2, and 5 us per division po-
sitions of the A TIME/DIV switch are used in the
storage modes only. The X-Y position of the A
TIME/DIV switch is not used in any storage mode.

The SAVE display of a stored waveform acquired
at 2 us per division and slower may be expanded
up to 100 times using the next six faster positions
of the TIME/DIV switch associated with the select-
ed Horizontal Display Mode. Waveforms acquired
at 1 us per division and faster are expanded by
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each of the remaining faster positions of the display (0.5 division either side of the center vertical
TIME/DIV switch. Additionally, waveforms ac- graticule line).

quired at 1 us per division and faster may be re-

duced back to the 2 us per division sweep rate in

the steps of the TIME/DIV switch. . .
@ X10 MAG INdicator LED-llluminates when the X10

MAG push button is in to indicate that the horizontal

A Sweep VAR Control-Provides continuously vari- display is magnified.
able uncalibrated A Sweep rates to at least 2.5 times

the calibrated setting (extends slowest NON STORE

sweep rate to at least 1.25 s per division). This control POSITION Control-Positions the display horizontally
is effective only in the NON STORE mode. for both nonstorage and storage modes. Provides

both coarse and fine control action. Reverse the direc-
tion of rotation to actuate fine positioning action.

UNCAL Indicator LED-llluminates to indicate that the
A time base sweep rate is uncalibrated (VAR control

is out of calibrated detent). @ TRACE SEP Control-Positions the B Sweep vertical-

ly when the ALT horizontal display mode is selected.

In the storage modes the VAR control is ignored, and TRACE SEP has no affect on the stored display.

the UNCAL LED is not illuminated when the VAR con-
trol is out of calibrated detent. The storage time base
is obtained from the setting of the TIME/DIV switch

associated with the selected Horizontal Display mode. Refer to Figure 7 for location of items 36 through 40.
X10 MAG Switch-When pressed in, increases the B INTENSITY Control-Controls the intensity of the B
displayed sweep rate by a factor of 10. Extends the trace and interacts with INTENSITY control. The B
fastest sweep rate to 2 ns per division.The magnified INTENSITY control has no effect when a storage
sweep expands the center division of the unmagnified mode is selected.
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Figure 7. Horizontal display, B INTENSITY, DELAY TIME POSI-

TION, and power controls and indicator.
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(37) DELAY TIME POSITION Control-Selects the amount
of delay time between the start of the A Sweep and
the start of the B Sweep. Delay time is variable to at
least 10 times the A TIME/DIV switch setting.This
control is used in conjunction with the STARTS
AFTER DELAY position of the B TRIGGER SOURCE
switch.

HORIZ DISPLAY Switches—Select the mode of oper-
ation for the horizontal deflection system.

A-Displays only the A Sweep. The digital storage
time base and the horizontal deflection rate are de-
termined by the setting of the A TIME/DIV switch.

A INTEN-Displays the A Sweep at a rate deter-
mined by the setting of the A TIME/DIV switch. An
intensified portion corresponding to the length and
position of the B Sweep will appear on the trace
when the B Sweep is properly triggered. The IN-
TENSITY and B INTENSITY controls should be
adjusted to obtain the proper brightness for view-
ing. The intensified zone is used to position the B
Sweep (delayed) to the desired location within the
A Sweep interval to obtain an expanded view of a
waveform for examination.
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The digital storage time base is determined by the
setting of the A TIME/DIV switch in the A INTEN
Horizontal Display mode.

ALT-Alternates the display between the A INTEN
and B DLY'D sweeps. The TRACE SEP control will
position the B display vertically. In the nonstorage
mode, the B INTENSITY control will adjust the in-
tensity of the B Sweep whenever it is displayed.
The digital storage circuitry time base is deter-
mined by the setting of the B TIME/DIV switch.

B DLY’D-Displays only the B Sweep. The B
Sweep rate is determined by the setting of the B
TIME/DIV switch, and the delay time is determined
by both the A TIME/DIV switch and the DELAY
TIME POSITION control. The digital storage cir-
cuitry time base is determined by the setting of the
B TIME/DIV switch.

POWER Switch—A push-push switch used to turn in-

strument power on and off. It must be pushed in to
apply power to the instrument and pushed in again to
release the switch and remove power from the
instrument.

468 Operators

Power On Indicator LED-llluminates when power is
applied to the instrument and POWER switch is set to
the “on” (in) position.

DIGITAL STORAGE

Refer to Figure 8 for location of items 41 through 49.

NON STORE Switch-Selects operation as a conven-

tional oscilloscope. Any data stored in the 468 digital
storage memory remains unchanged while NON
STORE is selected. The last acquired waveform data
may be transmitted via the optional IEEE-488 GPIB
interface during NON STORE. While transmitting, the
468 switches to the SAVE Storage Mode to display
the waveform being transmitted. At the completion of
a transmission the oscilloscope returns to the select-
ed operation. The AVG waveform data cannot be
transmitted from the NON Store Mode unless a com-
pleted waveform was saved prior to selecting NON
STORE. Switching directly from AVG to NON STORE
will abort the AVG acquisition cycle in progress, and
an attempt to transmit will result in sending only the
instrument ID.
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Figure 8. Digital storage controls and indicators.

STORAGE MODE Switches—Select storage mode
operation. Selection of a switch cancels the remaining
switches.

NORM (Normal)-In this mode, the 468 digitizes,
stores, and displays data from Channel 1 and
Channel 2 at the vertical gain and horizontal sweep
speed determined by the oscilloscope front-panel
Vertical and Horizontal controls. If the oscilloscope
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TRIG MODE is SINGL SWP, data will be acquired
for that sweep and displayed. If the TRIG MODE is
AUTO or NORM, data will be repetitively acquired
and displayed.

ENVELOPE-The ENVELOPE mode is a repetitive
mode that acquires a selected number of sweeps
and displays the resultant waveform envelope.
Each data point of the input waveform is compared
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to the maximum and minimum values of the same
data point accumulated from previous sweeps. If
the data point is greater than the previous maxi-
mum or less than the previous minimum for that
data point, the previous data point is replaced by
the new data point. If the data point does not meet
one of the conditions mentioned, it is discarded.

The ENVELOPE accumulation cycle is restarted
whenever any of the following events occurs; the
ENVELOPE push button is pressed in, the selected
number of sweeps to be accumulated is changed,
or any of the front-panel controls affecting the data
being acquired is changed (VERT MODE
VOLTS/DIV, STORAGE WINDOW, TIME/DIvV,
HORIZ DISPLAY, or VAR in and out of detent). A
new cycle is also started upon completion of the
current cycle.

At TIME/DIV switch settings slower than 20 us per
division, the analog input will be sampled every
200 ns. Only the maximum and minimum values
over every data point time interval (4% of the
TIME/DIV switch setting) are stored in the digital
storage memory.

The number of waveforms to be accumulated to
develop the display is selectable in a binary se-
quence of (1, 2, 4, ...) up to 256 sweeps. Press in
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the NO. OF SWEEPS push button and use the
CURSOR/NO. OF SWEEPS control to obtain a
new number of sweeps to be accumulated (number
is displayed on the LED indicators). An unlimited
number of sweeps may also be selected (LED dis-
play is 9999), and the digital storage memory will
repetively acquire data until either a new “number
of sweeps” selection is made or a control setting is
changed to restart the accumulation of data. The
NO. OF SWEEPS push button must be pressed
again to release it and return the readout to cursor
control. During the first ENVELOPE cycle, the
readout will count down the sweeps as they are
being acquired. Thereafter, the readout returns to
cursor control. The readout will not count down
when an unlimited number of sweeps is selected.

At power on, the number of sweeps to be accumu-
lated is automatically set to 32.

AVE (Average) (Option)-When equipped with this
option, the 468 will average the input signal for a
selected number of sweeps and display the accu-
mulated waveform. The number of sweeps to be
averaged may be altered (from the power on num-
ber of 32) by pressing the NO. OF SWEEPS push
button to display the number and adjusting the
CURSOR/NO. OF SWEEPS control to obtain a
new number from 2 to 256 in a binary sequence.
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The NO. OF SWEEPS push button must be
pressed again to release it and return the readout
to cursor control. Upon releasing the NO. OF
SWEEPS push button, the readout will count down
the sweeps as they are being acquired during the
first average cycle only. Thereafter, the readout re-
turns to cursor control.

The AVG accumulation cycle is restarted whenever
the AVG push button is pressed in, whenever the
selected number of sweeps is changed, or if any of
the front-panel controls affecting the data being ac-
quired is changed (VERT MODE, VOLTS/DIV,
TIME/DIV, STORAGE WINDOW, HORIZ DIS-
PLAY, or VOLTS/DIV VAR in and out of detent).

After a control setting change, and before an AVG
acquisition is completed that reflects the new con-
trol setting, a dashed line will be displayed. The
dashed line will be replaced by the AVG waveform
upon completion of the current cycle, and a new
acquisition cycle will begin. A SAVE REF waveform
will remain displayed as acquired during any con-
trol setting changes.

SAVE-Pressing the SAVE push button in when
NORM Storage Mode is selected will stop acquisi-

468 Operators

tion of data, and the displayed waveform will be
saved. When either ENVELOPE or AVG Storage
Mode is selected, the acquisition cycle in progress
will be completed, and the new waveform will be
saved. A cycle is defined as the selected number of
sweeps in the ENVELOPE and AVG Storage
Modes. In the ENVELOPE Storage Mode, if the
number of sweeps selected is set to 9999, pressing
the SAVE push button will switch the digital stor-
age to the SAVE Storage Mode at the end of the
current sweep.

If a dual-trace display is in use, the action that oc-
curs before entering the SAVE Storage Mode after
the SAVE button is pressed differs for ENVELOPE
and AVG Storage Modes. Since the ENVELOPE
display is updated with each sweep alternately,
both waveforms will complete the selected number
of sweep acquisitions before the SAVE Storage
Mode is entered. The AVG display must complete
the cycle, acquiring all the sweeps selected for a
trace, before that trace is updated. Therefore, for
the AVG display, only the waveform being acquired
at the time the SAVE button is pressed in will be
completed before entering the SAVE Storage
Mode.
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NOTE

In the event that the storage modes are selected in
the following order: AVG, NON STORE, then back to
SAVE, the SAVE display will not be valid and a
dashed line will be displayed. Switching from NON
STORE to SAVE will display the last waveform ac-
quired in either NORM or ENVELOPE Storage Mode.

Additional, in firmware version 1.0, changing the num-
ber of sweeps to be averaged in a dual-channel stor-
age display and then switching to SAVE Storage
Mode before the waveform has been acquired at least
one time at the new NO. OF SWEEPS setting will pre-
vent a valid expansion (both vertical and horizontal) of
one of the waveforms. Instruments equipped with
firmware version 2.0 or higher will display the valid
acquired waveform only and the display can be ex-
panded normally.

mode is selected as well, the ADD display will be
saved as a reference. See Table 3 in “Digital Storage
Displays” for a complete listing of references saved
and displays available with various selections of Verti-
cal and Storage modes. The number of VERT MODE
selections that may be simultaniously displayed is re-
duced while the SAVE REF display is selected.

NOTE

If power is applied in a Storage mode with the SAVE
REF push button pressed in, a residual waveform
from the power-on self test will remain displayed. Re-

move the residual waveform by pressing the SAVE

REF push button to release it.

Additionally, in firmware version 1.0, when powering
on with the TIME/DIV switch set slower than 2 uS per

SAVE REF-Pressing in the SAVE REF push button division, a TIME cursors readout will oscillate. Again,
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will save one waveform for the purpose of comparing
it with waveforms stored later. If more than one VERT
MODE is selected, the waveform stored as a refer-
ence is in the following priority: ADD, CH 1, then CH
2. If a chopped display of CH 1 and CH 2 is selected,
then both traces will be saved as a reference; but if
ADD Vertical mode is selected as well, the ADD dis-
play will be saved as a reference: but if ADD Vertical

release the SAVE REF push button to eliminate the
condition.

Selecting SAVE REF when a chopped dual-channel
acquisition is being made, causes the Channel 2, X1
and X10 probe coding LED to be extinguished. The
SAVE REF push button must be released to
reilluminate them.
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in instruments equipped with firmware version 2.0 or
higher, both the TIME cursor readout oscillation and
the Channel 2 probe-coding LED operation anomalies
do not exist.

STORAGE WINDOW (PRE TRIG or POST
TRIG)-Selects pretrigger or post-trigger storage of
data. When pressed in (pretrigger), approximately
8.75 divisions of the waveform are stored before the
trigger event. When out (post-trigger), approximately
1.25 divisions of the waveform are stored before the
trigger event.

DISPLAY RESPONSE (SINE or PULSE)-Controls the
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interpolation applied to the displayed data at
TIME/DIV switch settings from 1 us per division to
0.02 us per division only. When pressed in (SINE), in-
terpolation is applied that optimizes the display accu-
racy for waveforms containing no frequency
components above 10 MHz. When out (PULSE), lin-
ear interpolation is applied to optimize the display ac-
curacy for fast-rise and fast-fall waveforms (rise time
or fall time less than 6% of the TIME/DIV switch set-
ting) and to eliminate overshoot. The SINE and
PULSE Display Response will affect the SAVE Stor-
age mode display. Switching from one to the other will
change the interpolation method applied to the dis-
played waveform.
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CURSOR FUNCTION-Two push-push switches used
to select the cursors (VOLTS or TIME) to be displayed
on the crt. Cursors are used to select measurement
points on the displayed waveform. Voltage and time
differences between the cursors are displayed on the
four-digit, seven segment LED indicators.

VOLTS-When pressed in, cursors displayed con-
sist of two horizontal lines that may be positioned
vertically to any location on the crt. The cursor se-
lected to be active is dashed. LED indicators dis-
play the voltage difference (represented by the
cursor positions) based on the VOLTS/DIV setting
of the channel used to obtain the stored waveform.
if the VAR control is out of the calibrated detent
during acquisition of the signal, the scale factor
LED will indicate that the measurement is in divi-
sions rather than voltage units. Press the push but-
ton again to release it and remove the VOLTS
cursors from the displays.

TIME-When pressed in, the displayed cursors are
two bright dots on the trace that may be positioned
anywhere on the displayed waveform. The seven-
segment LED indicators display the time difference
between the dots as determined by the TIME/DIV
switch setting for the selected time base. In the
SAVE Storage Mode, time dots will appear on all
the traces simultaneously, with the exception of
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the SAVE REF waveform. Press the push button
again to release it and remove the time dots from
the display.

NOTE

In instruments with firmware versions 1.0 and 2.0, the
TIME cursor dots can be positioned off the left end of
the traces in a SAVE display of the combined CH 1,
CH 2, and ADD traces. The TIME dots will remain
visible on the ADD trace unless the display is expand-
ed horizontally.

BOTH: COUPLED V/T-Pressing the Volts and
TIME push buttons in together causes the voltage
cursors to couple to the time dots. The coupled
cursors may be positioned to any iocation on the
displayed waveform. If more than one VERT
MODE is selected, the coupled cursors may be
used with only one waveform, determined by the
following priority: ADD, CH 1, then CH 2.

In instruments containing firmware version 2.0 or
higher, rotating the cursor knob fully counterciock-
wise into the end-stop spring and holding it, will
cause the dashed VOLTS cursor to attach to a
previously acquired ground dot. Rotating the con-
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trol clockwise will detach the VOLTS cursor from
the ground dot and reattach it to the time dot on
the displayed waveform. In certain instances, the
VOLTS cursor may not attach to the ground dot. If
this occurs, regcquire a valid ground dot. The
VOLTS cursor will then attach to the ground dot as
previously described.

While in the COUPLED V/T mode, the seven-
segment LED indicators will display the voltage dif-
ference between the VOLTS cursors.

Pressing the VOLTS push button to release the
468 from the COUPLED V/T measurement mode
will switch the 468 to the TIME measurement
mode, and the seven-segment LED indicators will
display the time period between the time cursor
dots. Time cursors will remain as set in COUPLED
VIT.

Pressing the TIME push button to release the 468
from the COUPLED V/T measurement mode will
switch the 468 to the VOLTS measurement mode,
and the voltage cursors will return to the position
they were in before the COUPLED V/T selection
was made.
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LED INDICATORS-Four-digit, seven-segment LED in-
dicators used to display the measurements made on
the stored waveform. The LED indicators also display
error messages that are generated in the event that
an error is detected during the self-test that is per-
formed when power is first applied to the 468. In the
NON STORE mode, the LED indicators will not be
illuminated after the self-test is completed unless an
error message is being displayed.

Scale-Factor Indicators—Three dual-color LEDs (red
and green under a single lens) used to indicate the
scale (V, mV, and DIV; or s, ms, and us) and the func-
tion (red illuminates for V, mV, and DIV measure-
ments; green illuminates for s, ms, and us
measurements).

The DIV scale-factor LED will be illuminated when ei-
ther both CH 1 and CH 2 are selected or the ADD
mode is selected, and the CH 1 and CH 2 VOLTS/DIV
switches are set differently. If either VOLTS/DIV VAR
control is out of calibrated detent, the DIV LED will
iluminate when the VOLTS cursors are selected.

CURSOR/NO. OF SWEEPS Control-Combined slow
and fast cursor positioning control used to change the
position of the selected cursor on the displayed trace.
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The midrange rotation of the control moves the select-
ed cursor linearly at the slow rate. When the control is
rotated into the end-point stop spring, the cursor rate
of travel increases to quickly move the cursor to the
point of interest.

When the instrument is equipped with the AVG Stor-
age Mode option, this control is used to select the
number of sweeps to be averaged. In the ENVELOPE
Storage mode, the control is used to set the number
of sweeps to be accumulated in the envelope display.
While the NO. OF SWEEPS push button is pressed in,
rotating the control to the clockwise stop will increase
the number of sweeps, and rotating the control to the
counterclockwise stop will decrease the number of
sweeps. Releasing the NO. OF SWEEPS push button
returns the control to its CURSOR positioning
function.

PUSH: CURSOR SELECT-A momentary contact
switch (concentric within the CURSOR/NO. OF
SWEEPS control knob) used to alternately select the
cursor that will be positioned by the CURSOR control
knob. In the VOLTS measurement mode, the cursor
selected to be positioned (active cursor) will be dis-
played as a dashed horizontal line.
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Refer to Figure 9 for location of items 50 through 52.

NO. OF SWEEPS (AVG Option and
ENVELOPE)-When pressed in, the number of
waveforms (sweeps) selected to be either averaged in
the AVG Storage mode or accumulated in the ENVE-
LOPE Storage mode is displayed on the seven-seg-
ment LED indicators. This number, for the AVG mode,
may be changed in a binary sequence of 2, 4, 8, 186,
32, 64, 126, or 256 by rotating the CURSOR/NO. OF
SWEEPS control knob to the end-stop positions. For
ENVELOPE Storage mode, the number may also be
set to acquire either one waveform or an unlimited
number of waveforms (LED indication is 9999). | set
for an unlimited number of waveforms, the digital stor-
age circuitry will continually acquire data to be accu-
mulated in the display until a new selection is made.

When the instrument is turned on, the number of
sweeps or accumulators is automatically set to 32,
and it will remain at this number until a different selec- 2906-09
tion is made by the operator. Switching between any
of the modes will not change the number selected for
either ENVELOPE or AVG Storage mode. Figure 9. Digital storage left side panel controls and indicator.
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TRANSMIT (GPIB Option)-A momentary contact
push-button switch that, when pressed, causes the
468 to go into the SAVE Storage mode to freeze the
waveform at the end of the storage cycle in progress.
The current contents of the digital storage memory
are transmitted to the GPIB (General Purpose Inter-
face Bus). During transmission time, cursor functions
may be used, but controls that can affect the stored
data will not be effective until completion of the data
transmission. The oscilloscope will return to the se-
lected operation mode upon completion of the
transmission.

NOTE

For instruments with Option 02 (GPIB), a firmware
bug exists in both version 1.0 and version 2.0 ROM.
This causes an incorrect transmission of the Y-multi-
plier and the Y-units of a waveform whenever the ac-
quired waveform is vertically uncalibrated or when an
ADD display is obtained with unequal VOLTS/DIV
switch settings. To avoid this bug, rotate the VAR
VOLTS/DIV controls into the detent position and use
the same VOLTS/DIV switch setting on both channels
for ADD displays when acquiring the data for
transmission.

NOTE

The waveform data will be transmitted as acquired (no
interpolation or expansion) with the exception of the
AVG waveform acquired in the 0.5, 1, and 2 mV per
division positions of the VOLTS/DIV switch. The AVG
data is processed to produce added resolution in
these VOLTS/DIV settings, and the processed AVG
waveform is sent.
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Two ways of entering the TRANSMIT mode are pos-
sible as determined by the position (on or off) of the
TALK ONLY switch on the 468 rear panel. When the
TALK ONLY switch is on, the 468 is always a talker,
and the waveform will be transmitted when the
TRANSMIT button is pressed if the bus is active.

If the TALK ONLY switch is off, pressing the TRANS-
MIT button will cause the 468 GPIB option to transmit
a service request (SRQ). The bus controller does a
serial poll in response to the SRQ, and the 468 status
byte indicates that a waveform is available. At the end
of the poll, the controller arranges for listeners, if re-
quired, then sends the 468 talk address (MTA). Upon
receiving MTA, the 468 GPIB interface transmits the
waveform to the listener(s) on the bus. If device clear
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(DCL) is received by the 468 during transmission of a
waveform, the GPIB interface will go to a state equiv-
alent to having completed the transmission.

The data presented to the GPIB will conform to the

Red-Indicates that a service request (SRQ) has
been issued by the 468. Power-on self-test will is-
sue an SRQ, and the red LED will remain on if
there is no device on the GPIB to respond to the
SRQ.

Waveform Transmission Standard as specified by
Tektronix Interface Standard—General Purpose Inter-
face Bus (GPIB), Codes and Formats.

GREEN-Indicates that the GPIB interface has
been addressed to talk (TIDS), either by a bus con-
troller or by setting the TALK ONLY switch on and
pressing the TRANSMIT push button.

NOTE In normal operation (with controller on the bus) the
red LED will flash on (SRQ issued) when the
TRANSMIT push button is pressed, and the green
LED will be on (TIDS, addressed to talk) during the
actual transmission of data.

Pressing the TRANSMIT button with no controller or
listener on the bus will put the 468 into SAVE, and it
will not return to normal operation. The only way to
exit this condition is by cycling the POWER switch off,
then on again.

The TRANSMIT switch circuit action can be disabled
when the 468 is not connected to a GPIB system.
Once disabled, it must be enabled before connecting
the 468 to a GPIB system. Refer to qualified service
personnel to have the GPIB option TRANSMIT switch
circuit action either disabled or enabled.

REAR PANEL
Refer to Figure 10 for location of items 53 through 58.
@ A +GATE OUT-Bnc connector providing an approxi-

mately 5V, positive-going square wave coincident
with the A Sweep time.

GPIB Status Indicator (TIDS/SRQ) (Option)-A dual
red/green LED indicator that illuminates to indicate
GPIBstatus.
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Figure 10. Rear panel controls and connectors.
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B +GATE OUT-Bnc connector providing an approxi-

mately 5V, positive-going square wave coincident
with the B Sweep time.

@ CH 1 VERT OUT SIGNAL OUT-Bnc¢ connector pro-

viding an output signal with an amplitude of approxi-
mately 50 mV per each division of displayed Channel
1 signal into 1 MQ or 25 mV per each division of dis-
played Channel 1 signal into 50 (.

EXT Z-AXIS INPUT-Bnc connector used to apply ex-

ternal signals to the Z-axis Amplifier to intensity mod-
ulate the crt display. Intensity modulation does not
affect the displayed waveshape. Signals with fast rise
and fall time provide the most abrupt intensity change.
Positive-going signals decrease the intensity, and a
5 V peak-to-peak signal will produce noticeable modu-
lation, Z-axis signals must be time related to the dis-
play to obtain a stable intensity modulation pattern on
the crt. External Z-axis modulation is useful for the
NON STORE mode only.

@ GPIB Connector (Option)-Standard GPIB connector

allows interconnection with other devices on a GPIB.
Conforms to IEEE-488 Standard of 1978.

468 Operators

GPIB Switch (Option)-The first section of this six-

section, two-position switch controls the TALK ONLY
local message. In the ON position, the 468 is perma-
nently addressed as a talker. In the OFF position, the
468 must be addressed to talk by a bus controller.
The remaining five sections of the switch set the bina-
ry talk address of the 468.

Refer to Figure 11 for location of items 59 through 64.

@ Line Fuse Holder—Contains the line fuse. See Table 1

for fuse change information.

Detachable Line Cord-Makes the connection be-
tween the oscilloscope and the power source. The
cord may be conveniently stored by wrapping it
around the feet on the rear panel.

Power Cord Jack-Receptacle for detachable line

cord.

Mod Slots-A number in either slot indicates the in-
strument contains an option or other modification.
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Figure 11. Rear panel and right side panel power controls, connectors, and indicators.
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RIGHT SIDE PANEL

Regulating Range Selector Switch-Selects the reg-
ulating range of the 468 power supplies to match the
available ac-power-source voltage. See Table 2 for
switch change information.

Line Voltage Selector Switch—Selects either 115V
or 230 V nominal ac-power-source voltage. Refer to
Table 2 for switch change information. The line fuse
must be changed to match the ac-power-source volt-
age range selected (see Table 1).

LEFT SIDE PANEL

Refer to Figure 12 for location of items 65 and 66 (upper
set of holes is CH 1, Lower set is CH 2).

Variable Balance Controls (accessible through left
side panel)-Screwdriver adjustments to set balance
of each vertical channel.

Vertical Gain Controls (accessible through left side
panel)-Screwdriver adjustments to set the gain of
each vertical channel.
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Figure 12. Left side panel controls.
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OPERATING CONSIDERATIONS

GRATICULE

The graticule is internally marked on the face of the crt to
enable accurate measurements without parallax error. The
graticule is marked with eight vertical and ten horizontal
major divisions. In addition, each major division is divided
into five minor divisions. Vertical deflection factors and
horizontal timing, as well as the storage mode VOLTS and
TIME cursors, are calibrated to the graticule so that
measurements of amplitude and time duration may be made
directly on the displayed waveform.

GROUNDING

The most reliable signal measurements are made when
the 468 and the unit under test are connected together by a
common grounding lead in addition to the signal lead or
probe. The ground lead on the probe provides the best
ground method for signal interconnection and ensures the
maximum amount of shielding of the signal lead in the probe
cable. A separate ground lead from the unit under test may
be connected to the oscilloscope chassis ground banana
jack located on the lower left portion of the instrument front
panel.
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SIGNAL CONNECTIONS
Probes

Generally, probes offer the most convenient means of
connecting an input signal to the instrument. They are
shielded to prevent pickup of electromagnetic interference,
and the supplied 10X probe offers a high input impedance
that minimizes circuit loading. This allows the circuit under
test to operate with a minimum of change from the normal
condition of the circuit when measurements are being made.
Signal amplitude is attenuated by a factor of 10 by the
probe, and the scale-factor LED {located behind the skirt of
the VOLTS/DIV knob on each channel) is switched to indi-
cate the correct scale factor. The digital storage VOLTS
measurement scale factor will be automatically set when the
channel scale factor is switched.

Coaxial Cables

Cabiles also may be used to connect signals to the input
connectors, but they may have considerable effect on the
accuracy of the displayed waveform. To maintain the origi-
nal frequency characteristics of an applied signal, use only
low-loss, high-quality coaxial cable. Also, cables should be
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terminated at both ends in the characteristic impedance. If
this is not possible, use suitable impedance-matching
devices.

INPUT COUPLING CAPACITOR
PRECHARGING

In the GND position of the Input Coupling switch, the
input signal is connected to ground through the coupling
capacitor and a high resistance to form a precharging net-
work for the coupling capacitor. This network allows the
input coupling capacitor to charge to the average dc-voltage
level of the signal applied to the probe. Thus, large voltage
transients are not generated that could be applied to the
ampiifier input when the input coupling is switched from
GND to AC. The precharging network also provides a mea-
sure of protection to the external circuitry by reducing the
current levels that can be drawn from the external circuitry
during coupling capacitor charging.

If AC input coupling is used, the following procedure
should be followed whenever the probe tip is connected to a
signal source having a different dc level than that previously
applied. This procedure becomes especially useful if the dc
level difference is more than 10 times the VOLTS/DIV
switch setting.
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1. Set the AC-GND-DC switch to GND before connect-
ing the probe-tip to a signal source.

2. Touch the probe tip to the oscilloscope chassis
ground.

3. Wait several seconds for the input coupling capacitor
to discharge.

4. Connect the probe tip to the signal source.

5. Wait several seconds for the input coupling capacitor
to charge.

6. Set the AC-GND-DC switch to AC. A signal with a
large dc component can be vertically positioned within the
graticule area, and the ac component of the signal can be
measured in the normal manner.

INSTRUMENT COOLING

To maintain adequate instrument cooling, the ventilation
holes in the equipment cabinet must remain open, and the
air filter must be clean. The air filter should be visually
checked every few weeks and cleaned or replaced if dirty.
More frequent inspections are required under severe operat-
ing conditions.
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OSCILLOSCOPE DISPLAYS

The procedures in this section will allow you to set up and operate your instrument to obtain the most commonly used
oscilloscope displays. Before proceeding with these instructions, verify that both the Line Voltage Selector switch and the
Regulating Range Selector switch are placed in the proper positions and that the correct line fuse is installed for the ac-power-
input voltage being used. Refer to the “Preparation for Use” instructions in this manual for the information and procedures
relating to ac-power-input-source voltage, regulating range, and fuse selection. Verify that the POWER switch is OFF (push
button out), then plug the power cord into the ac-power-input source outlet.

NON STORE DISPLAYS

The following procedures are used to obtain the most commonly used conventional oscilloscope displays.

VOLTS/DIV VAR Calibrated detent
NORMAL SWEEP DISPLAY AC.GND.DC
. ) (Input Coupling) AC
1. Preset the instrument controls as follows: POSITION Midrange
20 MH BW LIMIT Not limited (push button
out)
Vertical INVERT Off (push button out)
VERT MODE CHA1 .
VOLTS/DIV Proper setting deter- Display
mined by amplitude of INTENSITY Fully counterclockwise
signal to be applied FOCUS Midrange

SCALE ILLUMINATION Midrange
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Horizontal

Locked together at 0.1
ms

A TIME/DIV VAR Calibrated detent
HORIZ DISPLAY A

X10 MAG Off (Push button out)
POSITION Midrange

TIME/DIV (A and B)

TRIGGER (both A and B if applicable)

SLOPE + (plus)
LEVEL 0 (midrange)
SOURCE NORM
COUPLING AC

TRIG MODE (A only) AUTO

A TRIG HOLDOFF NORM (fully ccw)

Digital Storage

NON STORE Push button in

2. Push the POWER push button in (ON) and allow the
instrument time to warm up. Using the supplied 10X probe
or a properly terminated coaxial cable, apply a signal to the
CH 1 input connector. The signal source output impedance
determines the termination required when using a coaxial
cable to interconnect test equipment.
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NOTE

Instrument warmup time required to meet all specifi-
cation accuracies is 20 minutes.

3. Advance the INTENSITY control until the display is
visible. If the display is not visible with the INTENTISY con-
trol at midrange, press the BEAM FIND push button and
hold it in while adjusting the Channel 1 VOLTS/DIV switch
to reduce the vertical display size. Center the compressed
display using the Vertical and Horizontal POSITION con-
trols. Release the BEAM FIND push button.

4. Set the Channel 1 VOLTS/DIV SWITCH AND THE
Vertical and Horizontal POSITION controls to locate the dis-
play within the graticule area.

5. Adjust the A Trigger LEVEL control for a stable, trig-
gered display.

6. Set the A TIME/DIV switch for the desired number of
cycles of displayed signal. Then adjust the FOCUS control
(and ASTIG, if necessary) for the best defined display.
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MAGNIFIED SWEEP DISPLAY

1. Obtain a Normal Sweep Display.

2. Adijust the Horizontal POSITION control to move the
area to be magnified to within the center crt graticule divi-
sion (0.5 division on each side of the center vertical graticule
line). Change the TIME/DIV swtich setting as required.

3. Press the X10 MAG push-button switch in {on) and
adjust the Horizontal POSITION control for precise position-
ing of the magnified display.

4. To calculate the magnified sweep rate, divide the
TIME/DIV switch setting by 10.

B DELAYED SWEEP DISPLAY

1. Obtain a Normal Sweep Display.

2. Set the HORIZ DISPLAY switch to A INTEN and the
B Trigger SOURCE switch to STARTS AFTER DELAY.
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3. Pull out the B TIME/DIV knob to unlock it from the A
TIME/DIV knob and turn it clockwise from the counterclock-
wise stop until the intensified zone is the desired length.
Adjust the INTENSITY and B INTENSITY controls as re-
quired to make the intensified zone distinguishable from the
remainder of the display.

4. Adjust the DELAY TIME POSITION control to move
the intensified zone to cover that portion of the A trace that
is desired to be displayed on the B trace.

5. Set the HORIZ DISPLAY switch to B DLY'D. The in-
tensified zone adjusted in steps 3 and 4 is now displayed as
the B trace at the sweep rate indicated by the white stripe
on the B TIME/DIV knob.

6. A more stable display with less jitter may be obtained
by setting the B Trigger SOURCE switch to match the posi-
tion of the A Trigger SOURCE switch and adjusting the B
Trigger LEVEL control for a stable display.
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NOTE

The DELAY TIME POSITION control will not provide
continuously variable delay when the B Trigger
SOURCE is set to a position other than STARTS
AFTER DELAY. Also, differential time measurements
are invalid when the B Trigger SOURCE switch is not
set to STARTS AFTER DELAY.

ALTERNATE HORIZONTAL
SWEEP DISPLAY

1. Obtain a Normal Sweep Display.

2. Set the HORIZ DISPLAY switch to ALT and the B
Trigger SOURCE to STARTS AFTER DELAY.

NOTE

Two traces will be visible; the A trace with an intensi-
fied zone, and the B DLY'd trace.

3. Adjust the Channel 1 POSITION control and TRACE
SET control as required to display the A trace above the B
trace.
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4. Pull out the B TIME/DIV knob to unlock it from the A
TIME/DIV knob, and turn it clockwise to the desired B
Sweep rate. (The B Sweep rate is indicated by the white
stripe on the B TIME/DIV knob.)

5. Adjust the INTENSITY and B INTENSITY controls as
required to make the intensified zone distinguishable on the
A trace and to set the B trace intensity to the desired
brightness.

6. Adjust the DELAY TIME POSITION control to move
the intensified zone to cover the portion of the A trace that
is to be displayed on the B trace.

X-Y DISPLAY

1. Obtain a Normal Sweep Display. Rotate the INTENSI-
TY control fully counterclockwise and disconnect the CH 1
input signal.

2. Use equal length coaxial cables, or the two supplied
10X probes, and apply the vertical signal (Y-axis) to the CH
2 OR Y input connector and the horizontal signal (X-axis) to
the CH 1 OR X input connector.
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3. Set the A TIME/DIV switch fully counterclockwise to
the X-Y position.

NOTE

For instruments with firmware version 1.0, both the
CH 1 and CH 2 VERT MODE push buttons must be
pressed in to illuminate the scale-factor LED only. It is
not necessary to select any VERT MODE to obtain
the X-Y display.

4. Advance the INTENSITY control until the display is
visible. If the display is not visible with the INTENSITY con-
trol at midrange, press and hold in the BEAM FIND push
button while adjusting the Channel 1 and Channel 2
VOLTS/DIV switches until the display is reduced in size,
both vertically and horizontally. Center the compressed dis-
play with the POSITION controls (Channel 2 POSITION
control for vertical movement; Horizontal POSITION control
for horizontal movement). Release the BEAM FIND PUSH
BUTTON. Adjust the FOCUS control for a well-defined
display.

NOTE

The display obtained when sinusoidal signals are ap-
plied to the X- and Y-axis is called a Lissajous Figure.
This display is commmonly used to compare the fre-
quency and phase relationship of the two input sig-
nals. The frequency relationship of the two input
signals determines the pattern seen. The pattern will
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be stable only if a common divisor exists between the
two frequencies.

5. Disconnect the input signals from the channel input
connectors and rotate the A TIME/DIV knob to 1 ms per
division.

SINGLE SWEEP DISPLAY

1. Obtain a Normal Sweep Display.For random signals,
set the A Trigger LEVEL control to trigger the sweep on a
signal that is approximately the same amplitude as the ran-
dom signal.

2. Press the SINGL SWP push button. The next trigger
pulse will initiate the sweep, and a single trace will be dis-
played. Iif no trigger signal is present, the READY indicator
LED should illuminate to indicate that the A Sweep Gener-
ator circuit is set to initiate a sweep when a trigger signal is
received.

3. When the single sweep has been triggered, and the
sweep is completed, the sweep logic circuitry is locked out.
Another sweep cannot be generated until the SINGL SWP
push button is pressed to set the Sweep Generator to the
READY condition.
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DIGITAL STORAGE DISPLAYS

The following procedures explain how to set up and use the digital storge capabilities of the 468. Front panel controls set
the conditions under which a waveform is acquired for display. Display amplitude is controlled by the VOLTS/DIV switches,
and the storage window is controlled by the A or B TIME/DIV switch. Certain conditions of Vertical Mode selection and
Storage Mode selection will store waveforms under a priority plan. See Table 3 for a complete chart describing the waveform
stored for both display and reference with diffrent combinations of Vertical Mode and Storage Mode selections.

NORM STORAGE MODE DISPLAY

1. Obtain a Normal Sweep Display of the waveform to
be stored.

2. If the signal is obtained at sweep speeds of 1 us per
division or faster, select either the SINE Display Response
for sinusoidal signals or PULSE Display Response for
pulse-type signals.

3. Select PRE TRIG or POST TRIG Storage Window.
PRE TRIG will cause 7/8 of a waveform to be stored before
the trigger event; POST TRIG will cause only 1/8 of a
waveform to be stored before the trigger event. In both
cases, the remaining portion of the waveform is stored after
the trigger event occurs.

4. Press the NORM Storage Mode push button in.
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Table 3

PRIORITY STORAGE PLAN

Selected Vertical Selected Display With Display With
Mode(s) Storage Mode CHOP/ALT SAVE REF Off Ref Saved SAVE REF On
CHA1 a b CH 1 Only CH1 CH 1 and Ref
CH 2 a b CH 2 Only CH 2 Ch 2 and Ref
ADD a b ADD Only ADD ADD and Ref
CH1,CH2 a ALT CH1andCH2 CH1 CH 1 and Ref
CH 1, ADD a b CH 1 and ADD ADD ADD and Ref
CH 2, ADD a b CH 2 and ADD ADD ADD and Ref
CH1,CH2 NORM CHOP CHOP of CH 1/CH 2 CH1/CH2 |CH 1/CH 2 and Ref
CH 1, CH 2, ADD NORM b CHOP of CH 1/CH 2 ADD ADD and Ref
and ALT ADD
CH1,CH2 ENV or AVG b CH1and CH 2 CH 1 CH 1 and Ref
CH1,CH 2, ADD | ENV or AVG b CH 1 and ADD ADD ADD and Ref
NORM ENVELOPE, or AVG Storage Mode selected.
®Either CHOP or ALT Vertical Mode selected.
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5. In this mode, th display responds to front-panel con-
trol changes with each sweep trigger, and the results of
changes may be viewed each sweep. Waveforms acquired
and displayed at low sweep rates require an increasing time
to change as the sweep rate decreases (e.g., a waveform
acquired at a sweep rate of 1s per division requires ap-
proximately 10 seconds for the sweep time, and the trigger-
ing signal must be received after the sweep in progress is
completed). Therefore, at the slower sweep speeds a longer
delay is required before the display responds after changing
a front-panel control.

NOTE

A signal displayed at 2, 1, and 0.5 mV per division is
acquired at 5 mV per division and expanded vertically
2.5, 5, or 10 times in the steps of the VOLTS/DIV
switch.

ENVELOPE STORAGE MODE DISPLAY

1. Obtain a Normal Sweep Display of the waveform to
be stored.
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2. Set TRIG MODE to NORM and adjust the A Trigger
LEVEL control to obtain a stable display of the waveform to
be stored. (This ensures that the trigger and the waveform
to be stored are synchronized, especially on low-repetition-
rate waveforms.)

3. Select either PRE TRIG Storage Window to acquire
7/8 of the waveform before the trigger event or POST TRIG
Storage Window to acquire 7/8 of the waveform that occurs
after the trigger.

4. Press the ENVELOPE Storage Mode push button in.

5. Change the number of sweeps to be accumulated in
the waveform envelope display using the following proce-
dure, if necessary. (The number is automatically set to 32 at
power on.)

a. Press the NO. OF SWEEPS push button in. The
seven-segment LED indicators will now display the num-
ber of sweeps to be accumulated.

b. Rotate the CURSOR/NO. of sweeps control knob

either clockwise to increase the displayed number or
counterclockwise to decrease the number.
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c. Press the NO. OF SWEEPS push button again to
release it. The number on the display will count down as
the sweeps are being acquired for the first storage cycle
after the NO. OF SWEEPS push button is released. How-
ever, countdown begins as soon as a new selection is
made, and the push button must be released immediately
if it is desired to view the countdown. After the first EN-
VELOPE storage cycle countdown is completed, the LED
display will be under the control of the CURSOR FUNC-
TION mode in use. The displayed number will not count
down if the number of sweeps is set to 9999.

NOTE

The number of sweeps to be accumulated in the dis-
play is selectable from 1 to 256 in a binary sequence.
The digital storage circuitry will display the resultant
waveform with each sweep as the selected number of
sweeps are acquired, then remove the resultant
waveform and start the accumulations again in a re-
petitive cycle. An unlimited number of sweeps may
also be selected (LED indicator display is 9999). In
that case, the digital storage circuitry will continue to
accumulate sweeps until the operator either makes a
new number-of-sweeps selection or starts the accu-
mulation cycle again by changing any oscifloscope
front-panel control that will affect the data being
acquired.
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AVG STORAGE MODE DISPLAY

1. Obtain a Normal Sweep Display of the waveform to
be stored.

2. Set oscilloscope TRIG MODE to NORM, and adjust
the A Trigger LEVEL control to obtain a stable display of the
waveform to be stored. (This ensures that the trigger and
the waveform to be stored are synchronized, especially on
low-repetition-rate waveforms.)

3. If waveforms are acquired at a TIME/DIV switch set-
ting of 1 us per division or faster, select either SINE Display
Response for sinusoidal signals or PULSE Display Re-
sponse for pulse-type signals.

4. Select either PRE TRIG Storage Window to acquire
7/8 of a waveform prior to the trigger or POST TRIG Stor-
age Window to acquire 7/8 of a waveform occurring after
the trigger.

5. Press the AVG Storage Mode push button in.
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6. Change the number of sweeps to be accumulated in

the display using the following procedure, if required. (The
number is automatically set to 32 at power on.)

50

a. Press NO. OF SWEEPS push button in. The
seven-segment LED indicators will now display the num-
ber of sweeps to be averaged.

b. Rotate the CURSOR/NO. OF SWEEPS control
knob either clockwise to increase the displayed number
or counterclockwise to decrease the number.

c. Press the NO. OF SWEEPS push button again to
release it. The number on the display will count down as
the sweeps are being acquired for the first storage cycle
after the NO. OF SWEEPS push button is released.
Averaging begins as soon as a new selection is made, so
the push button must be released immediately if it is de-
sired to view the countdown. After the first AVG storage
cycle is completed, the LED display will be under the con-
trol of the CURSOR FUNCTION mode in use.
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NOTE

The number of sweeps to be accumulated in the
averaged waveform is selectable from 2 to 256 in a
binary sequence. The digital storage circuitry will ac-
quire the selected number of sweeps to be averaged,
then display the averaged waveform while the re-
quired sweeps are being accumulated for the next
averaged waveform. This cycle continues in a repet-
itive manner until a new mode is selected. Changing a
front-panel control that affects the data being ac-
quired will start the accumulation process over, to ob-
tain the selected number of sweeps at the new control
setting.

SAVE STORAGE MODE DISPLAY

1. Acquire a waveform in either NORM, ENVELOPE, or

AVE (option) Storage Mode.

2. Press the SAVE Storage Mode push button in.
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NOTE

NORM or continuous ENVELOPE acquisition stops
immediately, and the displayed waveform is saved.
Acquisition of data will stop at the end of a set ENVE-
LOPE or AVG cycle in progress, and the new
waveform will be saved. If a front-panel control setting
is changed after the SAVE push button is pressed in
but before an ENVELOPE or AVG cycle in progress is
completed, the storage cycle will restart to obtain
waveforms at the new control setting.

The SAVE display of a waveform acquired in the
NORM or AVG Storage Mode with theTIME/DIV
switch set to 1 us per division or faster, will be affect-
ed by the setting of the SINE or PULSE Display Re-
sponse switch. If the ENVELOPE Storage Mode is
selected and the number of sweeps to be accumulat-
ed is set to 9999, pressing the SAVE push button will
immediately switch the 468 to the SAVE Storage
Mode.

3. The SAVE Storage Mode display may be expanded
up to 100 times depending on the setting of the TIME/DIV
switch that controls the horizontal mode in operation when
the waveform was acquired. Waveform data is expanded,
using digital interpolation and analog gain. The display is
expanded horizontally in both directions from the POST
TRIG trigger point (data point 64) and is correctly scaled for
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the TIME/DIV switch setting. (Data point 64 is approximate-
ly 1.3 horizontal graticule divisions from the beginning of the
trace.) When a chopped waveform acquisition is used, the
POST TRIG trigger point is data point 32.

4. The SAVE Storage Mode display may be expanded
vertically up to 10 times depending on the setting of the
VOLTS/DIV switch of the channel used for the data
acquisition.

SAVE REF DISPLAY

1. Acquire a waveform in either NORM, ENVELOPE, or
AVG (option) Storage Mode to be used as a reference
waveform. Refer to Table 3 for a chart of the waveform
stored as a reference with various combinations of Vertical
Mode and Storage Mode selection.

2. Press the SAVE REF push button in. The reference
waveform will be displayed in the vertical position at which it
was acquired. It will not be further affected by any control
knob or switch setting change on the oscilloscope front pan-
el except the Horizontal POSITION control.

3. Press the SAVE REF push button again to release it
and remove the reference waveform from the display. A new
reference waveform will be saved each time the SAVE REF
push button is pressed in.
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OPERATOR’S CHECKS AND ADJUSTMENTS

To verify the operation and accuracy of your instrument, perform the following checks and adjustments before making a
measurement. If adjustments are required beyond the scope of these operator’s checks and adjustments, refer to a qualified
service technician for instrument calibration. Before proceeding with these instructions, verify that the Line Voltage Selector
switch (230/115) and the Regulating Range Selector switch (HIGH/LOW) are placed in the proper positions, and that the
correct line fuse is installed for the ac-power-input source voltage, regulating range, and fuse selection. Verify that the POWER
switch is OFF (push button out), then plug the power cord into the ac-power-input source outlet. Push the POWER switch in
(ON) to apply power to the instrument and allow sufficient time for warm-up before proceeding with the following checks and
adjustments. Warm-up time required to meet all the instrument’s specification is 20 minutes.

TRACE ROTATION ADJUSTMENT

1. Obtain a Normal Sweep Display (refer to “Oscillo-
scope Displays” information in this manual).

2. Set the CH 1 AC-GND-DC switch to GND to display a
free-running baseline trace with no vertical deflection.

3. Use the CH 1 Vertical POSITION control to move the
trace to the center horizontal graticule line.
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NOTE

Normally, the resulting trace will be parallel to the cen-
ter horizontal graticule line, and the Trace Rotation
adjustment should not be required.

4. If the resulting trace is not parallel to the center hori-
zontal graticule line, use a small-bladed screwdriver to
rotate the TRACE ROTATION adjustment screw, located
just below the crt graticule (see Figure 4), to align the trace
with the center horizontal graticule line.
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PROBE COMPENSATION

Misadjustment of probe compensation is one of the
sources of measurement eror. Most attenuator probes are
equipped with compensation adjustments. To ensure opti-
mum measurement accuracy, always compensate the oscil-
loscope probe before making measurements. Probe
compensation is accomplished as follows:

1. Connect the two, 10X probes (supplied with the in-
strument) to the Channel input connectors.

2. Set both VOLTS/DIV switches to 0.1 V and set both
the AC-GND-DC switches (input coupling) to DC.

3. Select the CH 1 VERT MODE, and connect the tip of
the probe attached to the Channel 1 input connector to the
CALIBRATOR Loop.

4. Using the approximately 1kHz CALIBRATOR
square-wave signal as the input signal, obtain a Normal
Sweep Display presentation (see “Oscilloscope Displays”
information in this manual).
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5. Set the A TIME/DIV switch to display several cycles
of the CALIBRATOR signal. Use the Channel 1 POSITION
control to vertically center the display.

6. Check the waveform presentation for overshoot and
rounding (see Figure 13). Readjust the probe compensation,
if necessary, for flat tops on the waveforms. Refer to the
instructions supplied with the probe for the compensation
adjustment procedure.
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Figure 13. Probe compensation.
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7. Select the CH 2 VERT MODE and release the CH 1
VERT MODE button. Connect the Channel 2 probe tip to
the CALIBRATOR Loop.

8. Use the Channel 2 POSITION control to vertically
center the display, and repeat the procedure of step 6 for
the Channel 2 probe.

9. Disconnect the 10X probes from the instrument if they
are not used for additional checks.

ASTIGMATISM ADJUSTMENT

1. Preset the instrument controls as for obtaining a Nor-
mal Sweep Display with the following exceptions:

VERT MODE ALT
VOLT/DIV 01V
TIME/DIV (both) 1ms

Trigger SOURCE CH 1
AC-GND-DC (both) DC
INTENSITY Visible display
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2. Connect two 10X probes supplied with the oscillo-
scope to the CH 1 and CH 2 input connectors. Connect the
probe tips to the CALIBRATOR Loop on the instrument
front panel.

3. Use CH 1 Vertical POSITION control to set the top of
the Channel 1 display to the top horizontal graticule line and
use Horizontal POSITION control to set the start of the
sweep to the left vertical graticule line.

4. Use CH 2 Vertical POSITION control to set the bot-
tom of the Channel 2 display to the bottom horizontal
graticule line.

5. Adjust Trigger LEVEL for a stable, triggered display.

6. Adjust FOCUS control for best dfined display.

7. CHECK-for a well-defined display over entire crt
graticute area.
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8. If focusing is not uniform over the entire graticule
area, use a small-bladed screwdriver to adjust the ASTIG
control (located just below the crt graticule) for best
definition.

9. ASTIG adjustment and FOCUS control interact. Re-
peat both steps 6 and 8 for the best defined display over
entire crt graticule area.

VERTICAL GAIN CHECK

1. Preset the instrument controls to obtain a Normal
Sweep Display (see Oscilloscope Displays) with the follow-
ing exceptions:

VOLTS/DIV (both) 5 mV (50 mV with

10X probe)
TIME/DIV (both) 1 ms
AC-GND-DC DC

2. Connect a 10X probe (supplied with the instrument) to
the CH 1 input connector. Connect the probe tip to the
CALIBRATOR Loop on the instrument front panel.

3. Adjust INTENSITY for the desired display brightness
and adjust FOCUS control for best defined display.
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4. Adjust Trigger LEVEL control for a stable display of
the CALIBRATOR signal.

5. Use Vertical POSITION control to vertically center the
display between the 2nd and 8th horizontal graticule lines.

6. CHECK-for a vertical display amplitude of 6 divisions
+0.2 division (5.8 to 6.2 div) (see Figure 14).

-

6 DIV

MINOR
DIV

2906-14

Figure 14. Vertical display accuracy.
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EXTERNAL HORIZONTAL GAIN CHECK

1. Perform steps 1 through 4 of the Vertical Gain Check
procedure to obtain a stable display of the CALIBRATOR
signal.

2. Set the A TIME/DIV switch to the X-Y position.

3. Use the Horizontal POSITION control to move both
dots within the graticule area.

4. CHECK-for a display of two dots separated horizon-
tally by 6 divisions +0.25 division (5.75 to 6.25 div).

5. Set the A TIME/DIV switch back to 1 ms.

NOTE

Perform the following Digital Storage checks in the
sequence presented.
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VERTICAL DEFLECTION
ACCURACY CHECK

1. Perform the Vertical Gain Check procedure.

2. Adjust the Trigger LEVEL control for a stable, trig-
gered display and press the NORM Storage Mode push but-
ton in.

3. Use the CH 1 POSITION control to vertically center
the display and check for a stored display with a vertical
amplitude of 6 divisions +0.2 divisions (5.8 to 6.2 div). (See
Figure 14.)

4. Remove the 10X probe from the CH 1 input
connector.

VOLTS CURSOR ACCURACY CHECK

1. Ensure that the VERT MODE is set to CH 1 only, and
set the CH 1 AC-GND-DC switch to GND. Check that the
CH 1 VOLTS/DIV switch is set to 5 mV and that the VAR
control is in the calibrated detent.
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2. Use the CH 1 Vertical POSITION control to align the
baseline trace with the center horizontal graticule line.

3. Select VOLTS cursors and use CURSOR control
knob to set the active cursor (dashed horizontal line) to the
second horizontal graticule line from the bottom of the crt.

4. Use the CURSOR SELECT push button to activate
the second cursor.

5. Adjust the CURSOR control knob to obtain a readout
display of 30.0 mV.

6. CHECK-display for 6 divisions +0.2 division (5.8 to
6.2 div) between voltage cursors (see Figure 15).

TIME CURSOR ACCURACY CHECK
1. Ensure that the A and B TIME/DIV switches are set to

1ms.

2. Select the TIME cursors and adjust the INTENSITY
control as necessary to make the cursor dots distinguish-
able from the trace.
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Figure 15. VOLTS cursor accuracy.

3. Use the CURSOR control knob to set the active
cursor to the second vertical graticule line from the left edge
of the crt.

4. Use CURSOR SELECT push button to active the oth-
er cursor.
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5. Adjust the CURSOR control knob to obtain a readout
display of 8.00 ms.

6. CHECK-display for 8 divisions 0.2 division (7.8 to
8.2 div) between time cursors (see Figure 16).

NOTE

This procedure also provides a check of the horizontal
deflection accuracy.
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Figure 16. TIME cursor accuracy.
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MAKING DIGITAL STORAGE MEASUREMENTS

The following procedures will enable the operator to perform some of the basic measurements and familiarize the operator
with digital storage measurement techniques. Read the “Operating Considerations” section in this manual for information on

signal connections, grounding, and other general operation information that may be useful in your application.

AC PEAK-TO-PEAK VOLTAGE

NOTE

Either channel input connector may be used for the
signal input. Use the VERT MODE switch to select the
appropriate channel for display.

1. Acquire the waveform to be measured in the NORM
Storage Mode (see NORM Storage Mode Display proce-
dure). The display in this mode responds, with each trigger,
to front-panel control changes, and the results of changes
may be viewed each sweep. Use a VOLTS/DIV setting that
gives the desired vertical deflection. Ensure that the
VOLTS/DIV VAR control is in the calibrated detent. Set the
TIME/DIV switch to display several cycles of the waveform.
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NOTE

The AVG Storage Mode may be used to acquire low-
amplitude signals and eliminate or reduce the accom-
panying noise (see AVG Storage Mode Display).
Noise is reduced in direct proportion to the square
root of the number of sweeps averaged.

2. Select VOLTS CURSOR FUNCTION. Two horizontal
lines will be displayed along with the waveform to be mea-
sured. The dashed line is the active cursor.

3. Use the CURSOR/NO. OF SWEEPS control know
(referred to as CURSOR knob in the following steps) to
move the active cursor to either peak of the waveform.
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4. Push the CURSOR SELECT button (center of
CURSOR control knob) to active the other cursor, and use
the CURSOR control knob to move the cursor to the oppo-
site peak of the waveform (see Figure 17).

ACTIVE CURSOR

> o o on o e . - N atasiuatond

el abaedekekaiel

'FIXED CURSOR

2906-34

Figure 17. Ac peak-to-peak voltage, cursor method.

60 468 Operators

NOTE

For early serial number instruments with firmware ver-
sion 1.0, a minor firmware bug can occur when mak-
ing voltage cursor measurements in the SAVE
Storage Mode. The bug occurs when the voltage
cursors are positioned at or within 0.05 division of the
following spacings: together (one cursor super-
imposed over the other), 2.5 divisions apart, 5 divi-
sions apart, and 7.5 divisions apart. Under these
conditions, an incorrect voltage readout can appear in
the seven-segment LED display. (If a 10X scale-
factor-switching probe is used to acquire the dis-
played signal, the incorrect readout can occur over a
range of up to 0.6 graticule division at each of the
preceding voltage cursor spacings.

Occurrence of the bug can be recognized by a decimal
point shift in the seven-segment LED display. The dig-
its displayed usually change, but not in every instance.

Instruments equipped with firmware version 2.0 or
higher have had the VOLTS cursor readout anomaly
eliminated. If the instrument is known or suspected to
contain firmware version 1.0, the following methods
enable the user to compensate for the previously de-
scribed anomaly.
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a. Use the COUPLED V/T CURSOR FUNCTION. The
voltage readout appearing in the seven-segment
LED display will be correct.

b. If an off-waveform voltage measurement must be
made, use NORMAL Storage Mode. SAVE Stor-
age Mode is the only function affected by the bug.

¢. Check the readout (that appears in the seven-seg-
ment LED display) against the graticule and
VOLTS/DIV switch setting when making measure-
ments over the small ranges affected when the
voltage cursors are spaced at 2.5-graticule-division
multiples when operating in SAVE Storage Mode.

For later serial number instruments, after the
waveform is acquired, the SAVE Storage Mode may
be selected. This mode holds the waveform frozen
and reduces the amount of cursor jitter seen in the
display. The SAVE display may be expanded horizon-
tally and vertically for more detailed examination of
the waveform (see SAVE Storage Mode Display).

5. Read the peak-to-peak amplitude on the four-
digit LED display; the scale factor is indicated by the
red illuminated scale factor LED on the right side of
the four-digit display. The top LED is volts (V), the
middle one is millivolts (mV), and the bottom one is
divisions (DIV). (Divisions will be indicated if the
VOLTS/DIV VAR control is out of the calibrated
detent.)

INSTANTANEOUS DC VOLTAGE

NOTE

Either channel input connector may be used for the
signal input. Use the VERT MODE switch to select the
appropriate channel for display.

1. Obtain a Normal Sweep Display (refer to Oscilloscope
Displays procedures in this manual). Make sure that the
VOLTS/DIV VAR controli is in the calibrated detent.

2. Determine the polarity of the voitage to be measured
as follows:
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a. Set the AC-GND-DC switch to GND and vertically NOTE
position the baseline trace to the center horizontal

graticule line. If the ground reference is set more than + 5 divisions

from the center horizontal graticule line, the ground
reference will not be stored. When using ADD Vertical
Mode, both channel input coupling switches must be
If the waveform moves above the center line of the crt, in GND to store a ground reference dot.

the voltage is positive.

b. Set the AC-GND-DC switch to DC.

If the waveform moves below the center line of the crt,

the voltage is negative. 5. Switch the selected channel AC-GND-DC switch back

to DC. A bright ground reference dot will be visible at the left
edge of the crt graticule lines.

3. Set the AC-GND-DC switch to GND and select the

NORM Storage Mode. If the channel signal is being used as NOTE
the internal trigger source, ensure that the Trigger Mode If the vertical position of the display is moved after the
switch is set to AUTO. ground reference is stored, the dot is no longer a valid

reference. Also, the accuracy of the ground dot is af-
fected by dc offsets due to thermal drift and balance
(DC and INVERT) adjustments. Additionally, if the AC-
GND-DC switch is set to AC, the location of the

4. Use the appropriate channel Vertical POSITION con- ground reference dot will indicate the average value of
trol to move the baseline trace to a convenient reference the ac component of a waveform.

line. For example, if the voltage to be measured is positive,

position the baseline trace to the bottom graticule line; if

negative, position the basetine trace to the top graticule line;

and if the voltage is an alternating signal, position the 6. Select VOLTS cursors and position the active
baseline trace to the center graticule line. cursor to the ground reference point.

62 468 Operators REV DEC 1981



7. Press in the CURSOR SELECT button to acti-
vate the other VOLTS cursor. The nonmoving cursor
is now the 0-volt reference for making measurements
on the waveform.

NOTE

Instruments equipped with firmware version 2.0 or
higher enable the operator to automatically align a
voltage cursor with a previously acquired ground dot
when COUPLED V/T measurement mode is selected.
On these instruments, rotate the CURSOR knob
counterclockwise into the end-stop spring and hold it
until the dashed cursor attached to the ground dot.
Press the CURSOR SELECT push button to hold the
cursor fixed and activate the other VOLTS cursor. Re-
activate the fixed cursor and rotate the CURSOR
knob clockwise to resume the normal COUPLED V/T
mode. If the VOLTS cursor does not attach to the
ground dot, reacquire a valid ground dot. The VOLTS
cursor will now attach to the ground dot as previously
described

8. Use the CURSOR control knob to move the dashed
VOLTS cursor to the point of interest on the waveform (see
Figure 18). Read the instantaneous dc voltage from the
four-digit LED display. If the dashed cursor is above the
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VOLTAGE
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REFERENCE DOT GROUND
REFERENCE  5906.35

Figure 18. Instantaneous dc voltage, cursor method.

ground reference, the voltage is positive; and if it is below
the ground reference, the voltage is negative.

TIME DURATION

1. Acquire the waveform to be measured in the NORM
Storage Mode. (See the NORM Storage Mode Display pro-
cedure for acquiring a waveform.)
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2. Set the TIME/DIV switch to display one complete pe-
riod of the waveform to be measured, and set the
VOLTS/DIV switch to obtain the desired vertical deflection.

3. Position the display to place the time measurement
points on the center horizontal graticule line (see Figure 19).

4. Select the TIME cursors and use the CURSOR con-
trol knob to move the active cursor dot to the intersection of
the leading edge of the waveform and the center horizontal
graticule line.

5. Press in the CURSOR SELECT button to activate the
other cursor dot. Use the CURSOR control knob to position
the cursor dot to the intersection of the start of the next
cycle and the center horizontal graticule line.

6. Read the time duration (between the cursor dots)
from the four-digit, seven-segment LED indicators. The
scale factor of the measurement is indicated by the illumi-
nated green scale-factor LED on the right side of the seven-
segment indicators. When illuminated, the top LED indicates
seconds (s), the middle one milliseconds (ms), and the bot-
tom one microseconds (us).
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TIME CURSOR DOTS
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Figure 19. Time duration, cursor method.

FREQUENCY

The frequency of a recurrent signal can be calculated
from the time duration of one complete cycle (period).
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1. Measure the time duration of one period of the
waveform using the preceeding Time Duration measure-
ment procedure.

2. Using the following formula, calculate the reciprocal of
the time duration value to determine the frequency of the
waveform:

1

Frequency = wDuration

EXAMPLE: The time duration of one waveform period is
16.67 milliseconds.
1

1667 x10 35 — 00Hz

Frequency

RISE TIME

Rise-time measurements use the same methods as time
duration, except that the measurements are made between
the 10% and 90% points on the leading edge of the
waveform. Fall time is measured between the 90% points on
the leading edge of the waveform. Fall time is measured
between the 90% and 10% points on the waveform trailing
edge.
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1. Acquire the waveform to be measured in the NORM
Storage Mode. Use appropriate STORAGE WINDOW and
Trigger SLOPE settings that will display the leading edge of
the waveform at the start of the trace. Use a TIME/DIV
setting that will display several cycles or events, if possible
(see Figure 20).
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Figure 20. Rise-time setup, five-division display.

2. Set the VOLTS/DIV switch and VOLTS/DIV VAR con-
trol (or signal amplitude) for an exact five-division display.
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3. Use the channel Vertical POSITION control to align
the zero reference of the waveform with the 0% graticule
marking on the left edge of the graticule lines. Position the
top of the waveform to line up with the 100% graticule
marking.

4. Set the TIME/DIV switch for a single-event display,
with the rise time spread horizontally as much as possible
within the viewing area (see Figure 21).

NOTE

The SAVE Storage Mode button may be pressed in at
this time to hold the waveform acquired for as long as
desired. Voltage and time measurements may be
made on the SAVE waveform with less movement of
the cursors due to trigger jitter.

5. Select the TIME cursors and use the CURSOR con-
trol knob to move the active cursor dot to the intersection of
the waveform leading edge and the 10% graticule line.

6. Press in the CURSOR SELECT button to activate the
other cursor dot. Use the CURSOR control knob to move
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_AT 10% GRATICULE
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Figure 21. Rise time, cursor method.

the dot to the intersection of the waveform leading edge and
the 90% graticule line.

7. Read the pulse rise time from the four-digit, seven-
segment LED indicators. Measurement scale factor is indi-
cated by the illuminated LED on the right side of the seven-
segment indicators.
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WAVEFORM COMPARISON

Repeated comparisons of unknown signals with a refer-
ence signal for amplitude, timing, or pulse-shape analysis
may be easily and accurately made using the SAVE REF
function of the 468 Oscilloscope.

1. Acquire the known reference signal in the NORM
Storage Mode (see NORM Storage Mode Display proce-
dure for acquiring a waveform). Use VOLTS/DIV and
TIME/DIV switch settings that will display the reference Sig-
nal with the desired vertical deflection and sweep rate.

2. Press in the SAVE REF button to store the reference
waveform. (See Table 3 for a chart of the reference
waveform stored with different combinations of Vertical
Module and Storage Mode selections.)

3. Acquire the waveform that is to be compared with the
reference waveform.
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NOTE

The stored reference will remain displayed as long as
the SAVE REF button is in. Switching the oscilloscope
to NON STORE will remove the stored waveform from
the display, but the SAVE REF waveform will remain
in the digital storage memory for use upon return to a
storage mode. A new reference waveform is acquired
when the SAVE REF push button is released and
pressed in again.

4. Use the selected channel Vertical POSITION control
to overlay the unknown waveform on the reference
waveform for making the comparison (see Figure 22). The
vertical deflection and sweep rate remain calibrated to allow
direct measurement from the graticule, or the VOLTS or
TIME cursors may be used to determine voltage or time
differences.

5. The NORM Storage Mode display may be positioned
horizontally for comparison with the reference signal by
using the following procedure.
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Figure 22. Waveform comparison.

a. Set B DLY'D Trigger SOURCE to STARTS
AFTER DELAY.

b. Set HORIZ DISPLAY to B DLY'D.

c. Leave the A and B TIME/DIV knobs locked togeth-
er and use the DELAY TIME POSITION DIAL to move
the NORM Storage mode display horizontally.

TIME DIFFERENCE BETWEEN
REPETITIVE PULSES

1. Acquire a NORM Storage Mode display of the signal
to be measured. Set the VOLTS/DIV switch to obtain ap-
proximately 5 divisions of display amplitude. Use the select-
ed channel Vertical POSITION control to center the display.

2. Set the A TIME/DIV switch to display the points of
interest between which the measurement is to be made.

3. Press the SAVE Storage Mode button in to hold the
acquired waveform and to provide a more stable display for
measurement.

4. Select the TIME cursors and use the CURSOR con-
trol knob to position the active cursor on the 50% level of
the first pulse leading edge (see Figure 23).

5. Press the CURSOR SELECT knob to activate the
other cursor dot and again use the CURSOR control knob
to position the active cursor to the 50% level on the leading
edge of the second pulse.
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Figure 23. Time difference between repetitive pulses.

NOTE

Pulses with fast rise times have only a few sample
points on the leading edge, and it may not be possible
to place the cursor dot at exactly the 50% level.
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6. Read the time difference between pulses from the
four-digit, seven-segment indicators. Measurement scale
factor is indicated by the illuminated LED on the right side of
the seven-segment indicators.

TIME-DIFFERENCE BETWEEN TWO
TIME-RELATED PULSES

1. Select both CH 1 and CH 2 Vertical modes and use
probes or coaxial cables with equal time delay to apply the
pulse signals to be measured to the input connectors; one
to Channel 1 and the second to Channel 2.

2. Set the Channel VOLTS/DIV switches to obtain about
three divisions of display amplitude for each signal.

3. Press the NORM Storage Mode button in, set the
TRIG MODE switch to NORM, and set the Trigger
SOURCE switch to CH 1. Adjust the Trigger LEVEL and
SLOPE controls for a continuous, triggered acquisition of
the signals.

4. Set the A TIME/DIV switch to obtain a display of the
measurement points on the two pulses between which the
measurement is to be made.
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5. Ensure that the DISPLAY RESPONSE is set to
PULSE if the controlling TIME/DIV switch is set to 1 us per
division or faster. Set the STORAGE WINDOW push button
as required to obtain the entire pulse display.

6. Press the SAVE Storage Mode button in to save the
waveform and to present a more stable display for measure-
ment. The time cursor dots will appear on both the Channel
1 and Channel 2 traces in the SAVE Storage Mode when
the TIME Cursor Function button is pressed in.

7. Press the TIME Cursors Function button in and use
the CURSOR controi knob to position the active cursor dot
to the 50% point of the Channel 1 pulse leading edge (see
Figure 24).

NOTE

Pulses with fast rise time have only a few sample
points on the leading edge, and it may not be possible
to place the dot at exactly the 50% level on the lead-
ing edge.

8. Press the CURSOR SELECT button once to activate
the other cursor dot and use the CURSOR control knob to
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Figure 24. Time difference between two time-related pulses.

position the dot at the 50% level of the Channel 2 pulse
leading edge.

9. Read the time difference between the pulses from the
four-digit, seven-segment indicators.
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PHASE DIFFERENCE BETWEEN
SINUSOIDAL SIGNALS

1. Using both probes (provided as standard accessories)
or two equal-length coaxial cables, connect the reference
signal to the Channel 1 input connector and the other
(phase-shifted) signal to the Channel 2 input connector.

2. Press in both the CH 1 and CH 2 VERT MODE push
buttons. Use either CHOP (in) or ALT (out) VERT MODE,
depending on the input signal frequencies. In general, ALT is
best for TIME/DIV switch settings faster than 1 ms per divi-
sion, and CHOP is more suitable for TIME/DIV switch
settings slower than 1 ms per division.

3. Obtain a Normal Sweep Display of the two input
signals.

4. Set the Trigger SOURCE switch to CH 1 and adjust
the A Trigger LEVEL control and A Trigger SLOPE control
for a stable, triggered display.

5. Use a TIME/DIV switch setting that displays about
two cycles of each input signal.
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6. Press in the NORM Storage Mode push button.

7. Check that the A Trigger LEVEL control is adjusted
for a stable, triggered acquisition.

NOTE

Use the NORM Trigger Mode for low-repetition-rate
signals (below approximately 20 Hz). This ensures
that the storage window and trigger signal are syn-
chronized when the trace is triggered.

8. Set both VOLTS/DIV switches and adjust the
VOLTS/DIV VAR controls to obtain a 5-division vertical dis-
play of each input signal.

NOTE

Use the channel Vertical POSITION controls in con-
Junction with the VOLTS/DIV VAR controls to vertical-
ly center the 5-division display between the 0% and
100% dotted reference graticule lines.
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9. Select PRE TRIG or POST TRIG Storage Window TIME DOT
and the A Trigger SLOPE (+ or —) as necessary to place AT THIRD
the measurement points within the graticule area (see Fig- %E\/F?Rc(ggés)'
ure 25A). ‘

REFERENCE. | A~ \ N
SIGNAL k % \ \ \
10. Press in the TIME Cursor Function push button. Two / \ \/ /
bright cursor dots will appear on the Channel 1 reference ‘ \ 5
, : TIME DOT. r/ \ / DIVISIONS
signal trace. Adjust the INTENSITY control as necessary to AT FIRST | /
make the dots distinguishable from the trace. CROZSESF:)?/ ER ! \i\ /
. . )<7T1—>{

11. Use the'CURSOIY:{ cgntrol knob to posmon'the active (A)  SINEWAVE PERIOD TIME (T,)
cursor to the sine wave's first zero-crossover point (center NORM STORAGE MODE DISPLAY
horizontal graticule line). PHASE-SHIETED

ACTIVE :
mmeoor . SN

12. Press the CURSOR SELECT Push button once to PO ey t /A \\ 5
activate the second time-cursor dot and use the CURSOR ZERO \,
control knob to position the active cursor to the sine wave’s YD .4 \ \ / /
third zero-crossover point (360°). SIGNAL ,/ \ /

/ /
! \\ /<

13. Note the time of the sine-wave period (T,) from the G N B R e o
seven-segment LED display. The scale factor is indicated by —| T e
the illuminated LED to the right of the seven-segment (B) PHASE DIFFERENCE TIME (T5)
display. SAVE STORAGE MODE DISPLAY 2506.54

Figure 25. Phase difference between sinusoidal signals.
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14. Press in the SAVE Storage Mode push button. The
TIME cursor dots will now be present on both sine waves
(see Figure 25B).

15. Use the CURSOR control knob to position the active
cursor to the first zero-crossover point of the phase-shifted
signal.

16. Note the phase-difference time (T,) from the seven-
segment LED indicators.

17. The amount of phase shift in degrees is calculated
from the foliowing formula:

Phase Shift (degrees) = X 360°

=~

1

Example: The period (T,) of the reference signal
shown in Figure 25 is 34.8 ms, and the phase differ-
ence time (T,) is 6.3 ms.

Substituting these values into the equation:

-3
63X10 s y 3500 — g5.17¢

Phase Shift = 348X107s
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SLOPE

The slope of a particular portion of a waveform is the rate
of change of voltage with respect to time. The COUPLED
V/T measurement mode is useful for making the measure-
ments required for determining the slope of a portion of
waveform.

1. Obtain a NORM Storage Mode display of the
waveform to be measured. Set the VOLTS/DIV switch to
obtain about 5 divisions of vertical amplitude. Set the
TIME/DIV switch to horizontally spread the portion of the
waveform to be measured across the width of the graticule
area (see Figure 26).

2. Press the SAVE Storage Mode button in to hold the
acquired waveform and to provide a more stable display for
measurement.

3. Select the COUPLED V/T measurement mode by
pressing in both the VOLTS and TIME Cursor Function
push buttons.

4. Use the CURSOR control knob to move the coupled
active cursors to the first point of interest.
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Figure 26. Slope using COUPLED V/T cursors.

5. Press the CURSOR SELECT button to activate the
other coupled cursors. Use the CURSOR control knob to
move the other coupled cursors to the second point of
interest.

6. Read the voltage difference between cursors from the
four-digit, seven-segment indicators. Voltage scale factor is
indicated by the red illuminated LED on the right side of the
seven-segment indicators.
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7. Press the TIME Cursor Function push button to re-
lease the COUPLED V/T mode and read the time difference
between the two measurement points from the four-digit,
seven-segment indicators. The time scale factor is indicated
by the green illuminated LED on the right side of the seven-
segment indicators.

8. Slope is determined by using the measured voltage
and time to calculate the rate of change using the following
formula:

Change in voltage

Slope (rate of change) = Change in time

As an example, in Figure 26, the voltage difference
between the measurement points is 1.74 V, and the
time difference is 5.42 s.

Substituting these values into the formula:

174V _ 0.32V/s

Slope = 25

LOW-LEVEL SIGNAL MEASUREMENTS

Digital storage has the capability to vertically expand the
display of a signal acquired at 5 mV per division up to 10
times by using the 2, 1, or 0.5 mV per division positions of
the VOLTS/DIV switch. Figure 27 is an illustration of a 1 mV
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Figure 27. Low-level signal, NORM Storage Mode.

peak-to-peak signal being displayed at 0.5 mV per division.
The stair-step pattern is due to the small changes of signal
applied to the digitizing circuitry when the NORM Storage
Mode is used to acquire the waveform. The numerous
spikes in the waveform are due to the noise accompanying
the signal.
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The AVG Storage Mode may be used to reduce, or even
eliminate, the noise displayed with the averaged signal.
Even though the signaldevel changes applied to the
digitizing circuitry are small, processing of the added
averaged waveform data results in a smooth display of the
signal.

Figure 28 is an illustration of the same signal level as
displayed in Figure 27, but the waveform was averaged 32
times before being displayed. Low-level signals can be ac-
quired in the same manner as explained in previous acquisi-
tion procedures. External triggering may be helpful for
producing a stable display if the amplitude of the signal be-
ing acquired is very low. All measurement procedures de-
scribed in the preceding part of this manual are also valid for
low-level signais.

EXPANSION OF NORM STORAGE
DISPLAYS

When increasing sweep speeds with the A and B
TIME/DIV switches, slightly different procedures must be
followed between PRE TRIG and POST TRIG Storage Win-
dow. In storage, expansion does not take place from the
beginning of the trace as it does in nonstorage. From 5 s to
2 us per division, the pretrigger trace expansion point is
data point 448 (approximately 8.3 horizontal graticule divi-
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Figure 28. Low-level signal, averaged 32 times.

sions). For the post-trigger trace, expansion occurs at data
point 64 (approximately 1.3 horizontal graticule divisions).
At sweep speeds from 1 us to 0.02 us per division, data for
both pretrigger and post trigger is expanded horizontally in
both directions from data point 64.

NOTE

For chopped signal acquisition, the trigger is located
at data point 32.
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The portion of a B DLY'D Horizontal Display that is
positionable using the DELAY TIME POSITION control also
differs between pretrigger and post trigger. Starting with the
DELAY TIME POSITION control fully counterclockwise and
rotating it clockwise, the trigger point of the pretrigger dis-
play may be positioned to the left 8.3 divisions before going
out of the graticule area. The post-trigger display may be
positioned only 1.3 divisions to the left before going off the
graticule area. Therefore, when using BDLY'D, a PRE TRIG
Storage Window allows the operator to view and position
data points occurring after the trigger.

PRE TRIG Storage Window

To hold the PRE TRIG Storage Window trigger point
within the graticule area when using sweep speeds faster
than 2 us per division:

1. Set:

HORIZ DISPLAY B DLY'D
TIME/DIV (both) 2us

A Trigger COUPLING AC

A Trigger LEVEL
B Trigger SOURCE

Stable display
STARTS AFTER
DELAY

DELAY TIME POSITION Fully ccw
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2. Rotate the DELAY TIME POSITION control clockwise
to set the pretrigger trigger point of the waveform to ap-
proximately 1.3 horizontal divisions from the left edge of the
graticule.

3. Pull the B TIME/DIV knob to unlock it from the A
TIME/DIV knob.

4. Expand the waveform by setting the B TIME/DIV
knob to sweep speeds faster than 2 us per division. Use the
DELAY TIME POSITION control to hold the trigger point at
approximately 1.3 horizontal graticule divisions.

POST TRIG Storage Window

For POST TRIG expansion, the trigger point is the 64th
data point both above and below sweep speeds of 2 us per
division. To hold the POST TRIG Storage Window trigger
point within the graticule area when using B DLY’D Horizon-
tal Display:

1. Set the DELAY TIME POSITION control fully
counterclockwise.

2. Expand the waveform (or reduce the waveform) using
the A and B TIME/DIV knobs locked together.
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NOTE

If using HF REJ Trigger Coupling on pulise input trig-
ger signals, the Trigger LEVEL control will have con-
siderable range in controlling the trigger point, and
thus the position of the trigger point on the trace.

ENVELOPE STORAGE MODE
Anti-Aliasing

In digital sampling, the accuracy of the reproduced
waveform, when displayed, is directly proportional to the
number of samples obtained during one full cycle of the sig-
nal. That is, a more accurate reproduction of a signal is
possible when more samples of the signal are obtained. The
468 will sample 500 times across the full 10 horizontal divi-
sions of the graticule when in the NORM Storage Mode.
This means that a sine wave spread across the full screen
will be sampled 500 times, but if the sine wave is only one
graticule division in width, it will be sampled one-tenth as
many times (50 samples). This number is still adequate for
accurate reproduction of the stored waveform.

Now carry this further. If the TIME/DIV switch is set so
that the entire sine-wave period fills one-tenth of a graticule
division, it will be sampled only five times during its acquisi-
tion. This means that only five samples of the waveform will
be available to reproduce the waveform for display. In the-
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ory, if a sine wave is sampled at least two times during its
period, it may be accurately reproduced. In practice, the sine
wave can be reconstructed, using special filters, from siight-
ly more than two samples.

The 468 NORM Storage Mode has an analog bandwidth
of 10 MHz and a maximum sampling rate of 25 MHz. Con-
sequently, a signal at the upper frequency limit will be sam-
pled a maximum of 2.5 times during the complete sine-wave
period (five times for two periods), and the waveform will be
accurately reproduced.

If the input frequency is increased beyond 10 MHz, the
samples will soon become less than two times per period.
This occurs at 12.5 MHz for a 25 MHz sample rate. Past
this point, information sampled from two different sine-wave
periods will be used to reconstruct the displayed waveform.
Obviously, this waveform cannot be a correct reproduction
of the input signal. At certain input frequencies the data
sampled will reproduce what appears to be a correct dis-
play, when in fact it is only related to the input signal by
some multiple or part of a multiple of the input signal. This
display is called an “alias” (see Figure 29A).

The example given is for the maximum sampling rate of
25 MHz. However, the sampling rate is controlled by the
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(B) NON STORE NORMAL SWEEP DISPLAY.
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(C) ALIAS SIGNAL DISPLAY IN ENV STORAGE MODE.
2906-45

Figure 29. Anti-aliasing.
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TIME/DIV switch, and whenever it is set so that the input
signal is sampled less than two times per period, an alias
can occur.

In the event that an alias is suspected, two things may be
done to determine whether the display is of an alias. The
first is to switch back to NON STORE Mode to determine if
the input signal is higher in frequency than the apparent
signal being displayed (see Figure 29B). (Ensure that this
display is being triggered as indicated by the TRIG LED be-
ing illuminated.) The second is to use the ENVELOPE Stor-
age Mode, which holds all the maximum, and minimum
points being acquired in an accumulative display. Since the
maximum and minimum points of the alias waveform do not
occur at exactly the same data point each time, the display
soon acquires maximum and minimum amplitude levels in
every storage address, and the top and bottom of the alias
envelope display become flat lines. (See Figure 29C.)

If an alias is detected, the TIME/DIV switch may be set
for a faster sweep rate so that the number of samples per
cycle of the input signal is increased. However, at sweep
speeds of 1 us per division and faster, the sampling rate is
not increased, and if an alias signal is still present at 2 us
per division, the frequency limit of the digital circuitry has
been exceeded.
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For frequencies below 10 MHz, the ENVELOPE Storage
Mode can be used to determine the amplitude of the alias,
but the frequency information displayed by an alias is not
valid. For frequencies beyond 10 MHz, the digital storage
bandwidth rolis off, and the ampiitude of an alias display is
not a valid representation.

Glitch Catching

Pulses that are present for a very short time duration
during the viewing of longer pulse duration signals, such as
a logic pulse train, may not be visible at the sweep speed in
use (see Figure 30A). In digital logic circuitry, a small switch-
ing transient (glitch) may cross the logic threshold level and
cause an error. Setting up the 468 to trigger on the error
event should position the storage window to acquire the
pulse train that contains the glitch.

To catch a glitch, first select PRE TRIG Storage Window.
This will acquire 7/8 of a waveform occurring before the
trigger. Press the ENVELOPE Storage Mode button in to
acquire the waveform maximum and minimum points over a
selected number of sweeps (default number of 32 is a good
choice). The location of the glitch will be displayed in the
accumulative envelope display (see Figure 30B).
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(B) ENV STORAGE MODE (GLITCH DISPLAYED).
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Figure 30. Glitch display, ENVELOPE Storage Mode.

Glitch Measurement

Once a glitch has been observed, you may wish to obtain
measurements of amplitude and pulse width. The following
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procedure may be used to acquire the glitch in the NORM
Storage Mode using delayed sweep. By selecting appropri-
ate trigger sources, the procedure may be used for any simi-
lar waveform situation (i.e., selecting triggers that set up a
storage window containing the pulse, or glitch, to be
acquired).

To view the dlitch in the pulse train for measurement
purposes:

1. Preset the 468 controls for obtaining a Normal Sweep
Display, with the following exceptions:

TRIG MODE NORM

A Trigger SOURCE EXT (error event)
B Trigger SOURCE Selected channel
HORIZ DISPLAY B DLY'D

NON STORE Push button in

2. Adjust the A Trigger SLOPE and LEVEL controls for a
stable display of the A trace. Set the B Trigger SLOPE to
either + (plus) for positive pulses or — (minus) for negative
puises. Adjust the B Trigger LEVEL control for a stable in-
tensified zone. Adjust the INTENSITY and B INTENSITY
controls as necessary to make the intensified zone distin-
guishable from the A trace.
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3. Set A TIME/DIV switch to display the portion of the
pulse train containing the glitch. Pull the B TIME/DIV knob
to unlock it from the A TIME/DIV switch, and set the B
TIME/DIV switch to 2 us. This will reduce the intensified
zone to a small dot (see Figure 31A).

4. Use the DELAY TIME POSITION control to move the
intensified zone from trigger point to trigger point. The dot
will jump between each trigger point as the delay is
changed.

5. When the B Sweep is triggered by the giitch (intensi-
fied zone on the glitch), switch the controls as follows:

STORAGE MODE NORM
STORAGE WINDOW POST TRIG
DISPLAY RESPONSE PULSE
HORIZ DISPLAY B DLY'D

6. Adjust the INTENSITY control as necessary for de-
sired display brightness. The glitch should be seen on the
left side about one division in from the start of the trace (see
Figure 31B). It may be expanded further by setting the B
TIME/DIV switch to the faster sweep speeds (see Figure
310).
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(A} A INTEN HORIZ DISPLAY.
A TIME/DIV AT 2 ms/DIV.

(B} NORM STORAGE MODE B DLY'D HORIZ DISPLAY.
B TIME/DIV AT 2 us/DIV.

(C) NORM STORAGE MODE BDLY'D HORIZ DISPLAY.
B TIME/DIV AT 0.5 us/DIV.
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Figure 31. Glitch display, NORM Storage Mode using B DLY’D
HORIZ DISPLAY.
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7. Press the SAVE Storage Mode button to hold the ac-
quired waveform and provide a more stable display for mea-
surement. The SAVE Storage Mode display may be
horizontally expanded up to 100 times using the TIME/DIV
switch (if enough TIME/DIV positions remain) and vertically
expanded up to 10 times, using the VOLTS/DIV switch as-
sociated with the channel from which the signal was
acquired.

NOTE

At sweep speeds of 2 us/div and faster, one sample
per 40 ns is made, and a 50-ns pulse will have only
one or two samples (depending upon the trigger jitter)
from which to reconstruct the pulse for display. The
exact pulse shape will not be displayed and pulse
width measurements will be approximate (within one
sample period). Amplitude measurements made on
waveforms acquired in NORM Storage Mode will be
valid on pulses as narrow as approximately 40 ns
wide.

Missing Pulse

ENVELOPE Storage Mode is useful for finding an inter-
mittent pulse in a pulse train. The pulse may either be miss-
ing or present erratically. In either case, the change in

82 468 Operators

amplitude levels will be displayed as a completely filled in
pulse (see Figure 32).

1. Acquire 2 NORM Storage Mode display. Select trig-
gers, TIME/DIV setting, and storage window (PRE TRIG or
POST TRIG) to obtain the pulse train of interest.

PULSE

2906-48

Figure 32. Missing pulse, ENVELOPE Storage Mode.
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2. Press the ENVELOPE Storage Mode button in to ac-
quire an envelope display. Press the NO. OF SWEEPS but-
ton in and use the CURSOR/NO. OF SWEEPS control knob
to set the number of sweeps to be acquired to unlimited
(9999). Press the NO. OF SWEEPS button again to release
it and return the readout to cursor control.

If the waveform acquired is repetitive, each pulse in it will
show only the envelope of the pulse. A pulse missing or
present part of the time will show a completely filled display
at the pulse location. Pulse breakdown (erratic changes in
amplitude or width) will also be displayed by the ENVELOPE
Storage Mode.
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MAKING NONSTORAGE MEASUREMENTS

The following procedures will enable the operator to
make basic measurements using the conventional oscillo-
scope capabilities of the 468. Many of these measurements
can be obtained with either the nonstorage mode or one of
the storage modes. After becoming familiar with all the ca-
pabilities of the 468, the operator can then choose the best
method for making a particular measurement.

When the procedures first call for obtaining a Normal
Sweep Display, refer to the “Oscilloscope Displays” section.
The initial control settings listed in the Normal Sweep Dis-
play procedure are considered as the initial control setup.
Alternate control settings are usually required for making a
specific measurement. The operator must determine the
correct control settings applicable to VOLTS/DIV,
TIME/DIV, Trigger MODE, Trigger LEVEL, and other con-
trols to obtain a stable display of the desired display.
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AC PEAK-TO-PEAK VOLTAGE

NOTE

Either channel input connector may be used for the
signal input. Use the VERT MODE switch to select the
appropriate channel for display.

1. Apply the signal to be measured to the selected chan-
nel input and obtain a Normal Sweep Display.

2. Ensure that the VOLTS/DIV VAR control is in the cali-
brated detent and vertically position the display so that the
negative peak of the waveform coincides with one of the
horizontal graticule lines (see Figure 33, point A).

3. Horizontally position the display so that one of the
positive peaks coincides with the center vertical graticule
line (see Figure 33, point B).
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NOTE
POSITION TO
CENTERLINE If the amplitude measurement is critical or if the trace
] is thick (as a result of hum or noise on the signal), a
T more accurate measurement can be obtained by mea-
“;“ suring from the top of a peak to the top of a valley (or
h— ———t — |-~ bottom of a peak to bottom of a valley). This will elimi-
¥ nate trace thickness from the measurement.
H@ + ++ +
| ¥ VERTICAL 5. Calculate the peak-to-peak voltage, using the follow-
+ DEFLECTION .
l I ing formula:
10
o RV R LR Vertical VOLTS/DIV
+ == - Volts (p-p) = Deflection x switch
b Factor setting
MEASURE AMPLITUDE
FROMATOB
(1738-16)2038-16
Figure 33. Peak-to-peak waveform measurement. NOTE
The attenuation factor of the probe being used must
be included if it is not a 10X scale-factor-switching
probe.
EXAMPLE: The measured peak-to-peak vertical de-
flection is 4.6 divisions (see Figure 33) with a
4. Measure the vertical deflection from peak to peak VOLTS/DIV switch setting of 0.5, using a 10X scale-
(see Figure 33, point A to point B). factor-switching probe.
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Substituting the given values:

Volts (p-p) = 4.6 divisions x 0.5 V/div = 2.3 V.

INSTANTANEOUS DC VOLTAGE

NOTE

Either channel input connector may be used for the
signal input. Use the VERT MODE switch to select the
appropriate channel for display.

1. Apply the signal to be measured to the selected chan-
nel input and obtain a Normal Sweep Display.

2. Ensure that the VOLTS/DIV VAR control is in the cali-
brated detent and determine the polarity of the voltage to be
measured as follows:

a. Set the AC-GND-DC switch to GND and vertically
position the baseline trace to the center horizontal
graticule line.

b. Set the AC-GND-DC switch to DC. If the waveform
moves above the center line of the crt, the voltage is

86 468 Operators

positive. If the waveform moves below the center line of
the crt, the voltage is negative.

3. Set the AC-GND-DC switch to GND and position the
baseline trace to a convenient reference line. For example, if
the voltage to be measured is positive, position the baseline
trace to the bottom graticule line. If a negative voltage is to
be measured, psoition the baseline trace to the top graticule
line.

4. Set the AC-GND-DC switch to DC. Measure the divi-
sions of vertical deflection between the reference line and
the desired point on the waveform (see Figure 34).

5. Calculate instantaneous voltage, using the following
formula:

Vertical . VOLTS/DIV
Instantaneous . Polarity )
Voltage  — distance x (+ or —) X switch
9 (divisions) setting
NOTE

The attenuation factor of the probe being used must
be included if it is not a 10X scale-factor-switching
probe.
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Figure 34. Instantaneous voltage measurement.

EXAMPLE: The vertical distance measured is 4.6 divi-
sions (see Figure 34). The waveform is above the ref-
erence line, the VOLTS/DIV switch is setto 2 V, and a
10X scale-factor-switching probe is used.

Substituting the given values into the formula:

Instantaneous Voltage = 4.6 divisions x (+1) x
2V/div = +92V.
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ALGEBRAIC ADDITION

With the VERT MODE switch in the ADD position, the
waveform displayed represents the algebraic sum of the sig-
nals applied to the Channel 1 and Channel! 2 input connec-
tors (CH 1 + CH 2). if the Channel 2 INVERT switch is
pressed in, the resulting waveform is the difference between
the signals applied to the Channel 1 and Channel 2 input
connectors (CH 1 — CH 2). The total deflection factor in the
ADD mode is equal to the deflection factor indicated by ei-
ther VOLTS/DIV switch (when both VOLTS/DIV switches
are set to the same deflection factor). A common use for the
ADD mode is to provide a dc offset for a signal riding on top
of a high dc level.

The following general precautions should be observed
when using the ADD mode:

1. Do not exceed the input voltage rating of the
oscilloscope.

2. Do not apply signals that exceed the equivalent of
about eight times the VOLTS/DIV switch setting, since large
voltages may distort the display. For example, with a
VOLTS/DIV switch setting of 0.5V, the voltage applied to
that channel input should not exceed about four volts.
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EXAMPLE: Using the graticule center line as zero volts,
the Channel 1 signal is at a three-division, positive dc level
(see Figure 35A).

1. Multiply 3 divisions by the VOLTS/DIV switch setting
to determine the dc-level.

2. Apply a negative dc level of the value determined in
step 1 to the Channel 2 input connector (see Figure 35B). (A

positive dc level may be used if the Channel 2 INVERT
switch is used.)

3. Press in the ADD push button to place the resultant
display within the operating range of the POSITION controls
(see Figure 35C).

4. If you wish to view only the ADD display, release the
CH 1 and CH 2 VERT MODE push buttons to remove the
Channel 1 and Channel 2 signal displays.

POSITIVE LEVEL

ov ; ; oV

NEGATIV

L 1
1 I
0 .
‘ ; ]

RN J

HEEEEEEE

(A) CHANNEL 1 SIGNAL
WITH 3 DIVISIONS OF
POS!TIVE DC LEVEL.

(B) CHANNEL 2 DISPLAY
WITH 3 DIVISIONS OF
NEGATIVE OFFSET.

(C) RESULTANT DISPLAY

465/DM-0-19

Figure 35. Algebraic addition.
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COMMON-MODE REJECTION

. . ] o N
The ADD mode may also be used to display signals that WiTH UNWARTED ] 17 <
contain undesirable frequency components. These L'gggggggﬂc‘f R T 2T N
undesirable components can be eliminated using common- . -+~ A7~
mode rejection. The precautions given under the preceding = N /}’ BN
“Algebraic Addition” procedure should be observed. JOUU D, RS P Lok SO FUURN FUUTN OV B!
//’ ‘\\:" /
EXAMPLE: The signal applied to the Channel 1 input CH 2 SIGNAL ,D// ¥ ]
, R FROM L ]
connector contains unwanted ac-power-input-source fre- FREQUENCY N ps .
quency components (see Figure 36A). To remove the IROERCE T

undesired components, use the following procedure:

{A) CH 1 AND CH 2 SIGNALS.

1. Connect an ac-power-input-source frequency signal

to the Channel 2 input connector. 100 [

2. Set the CHOP-ALT:OUT switch to ALT (out) and LenaL wiTH i
press in the Channel 2 INVERT switch. Adjust the Channel COMPONENT 77+ pe =
2 VOLTS/DIV and VAR controls so that the Channel 2 dis- N e e Y E ey

play is about the same amplitude as the undesired compo- I
nents of the Channel 1 display (see Figure 36A). ("

ou BYWE i
++

3. Press in the Add push button. Slightly readjust the
Channel 2 VOLTS/DIV VAR control for maximum cancella-

{B) RESULTANT SIGNAL.

1738-19

tion of the undesired signal component (see Figure 36B). Figure 36. Common-mode rejection
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AMPLITUDE COMPARISON

Repeated amplitude comparisons of unknown signals
with a reference signal (e.g., for an assembly line test) may
be easily and accurately made using the 468. To accomplish
this, a reference signal of known amplitude is first set to an
exact number of vertical divisions by adjusting the
VOLTS/DIV switch and VAR control. Unknown signals can
then be compared with the reference signal without disturb-
ing the setting of the VOLTS/DIV VAR control. The proce-
dure is as follows:

1. Set the amplitude of the reference signal to an exact
number of vertical divisions by adjusting the VOLTS/DIV
and VAR controls.

2. Establish a vertical conversion factor, using the fol-
lowing formula (reference signal amplitude must be known):

C::\gf::gn __Reference signal amplitude (volts)
F - Vertical VOLTS/DIV
actor . .
deflection X switch
(divisions) setting

3. For the unknown signal, adjust the VOLTS/DIV
switch to a setting that provides sufficient vertical deflection
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to make an accurate measurement. Do not readjust the
VOLTS/DIV VAR control.

4. Establish an arbitrary deflection factor, using the fol-
lowing formula:

Arbitrary Vertical VOLTS/DIV
Deflection = Conversion x switch
Factor Factor setting

5. Measure the vertical deflection of the unknown signal
in divisions and calculate the amplitude using the following
formula:

Unknown Arbitrary Vertical
Signal = Deflection x deflection
Amplitude Factor (divisions)

EXAMPLE: The reference signal amplitude is 30V,
with a VOLTS/DIV switch setting of 5V and the
VOLTS/DIV VAR control adjusted to provide a verti-
cal deflection of exactly four divisions.

Substituting these values in the Vertical Conversion
Factor formula:

Vertical 30V

Conversion = A dv x5 Vidv = 15
Factor
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For the unknown signal, the VOLTS/DIV switch set-
tingis 1V, and the peak-to-peak amplitude is five ver-
tical divisions. The arbitrary deflection factor is then
determined by substituting values in the formula:

Arbitrary
Deflection = 1.5 x 1 V/div = 1.5 V/div
Factor

The amplitude of the unknown signal can then be cal-
culated by substituting values in the unknown signal
amplitude formula:

Amplitude = 1.5V/divx 5div =75V

TIME DURATION

1. Obtain a Normal Sweep Display of the signal to be
measured. Ensure that the TIME/DIV VAR controt is in the
calibrated detent.

2. Set the TIME/DIV switch for a display of at least one
complete period of the waveform to be measured. Position
the display to place the time-measurement points on the
center horizontal graticule line (see Figure 37).
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Figure 37. Time duration.

3. Measure the horizontal distance between the time-
measurement points.

4. Calculate time duration, using the following formula:

Horizontal TIME/DIV
distance x switch
Time (divisions) setting

Duration Magnification Factor
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EXAMPLE: The distance between the time-measure- RISE TIME
ment points, illustrated in Figure 37, is 8.3 divisions,

and the TIME/DIV switch is set to 2 ms. A magnifica- The rise time measurement uses the same method as
tion factor of 1 is used. time duration, except that the measurement is made be-
o _ . tween the 10% and 90% points on the leading edge of the
Substituting the given values in the formula: waveform (see Figure 38). Fall time is measured between
Time _ 8.3divx2ms/div _ (6.6 me the 90% and 10% points on the trailing edge of the
Duration 1 o waveform.
FREQUENCY

The frequency of a recurrent signal can be determined
from its time-duration measurement as follows:

-
1. Measure the time duration for one period of the —_ ; ‘1 - ‘
waveform using the preceding “Time Duration” measure- ‘i —~ : ‘
ment procedure. r—"—® / —
SIGNAL : ' MEASURE
AMPLITUDE ‘[ / : TIIXET(F;RBOM
2. Calculate the reciprocal of the time-duration value to V g —
determine the frequency of the waveform. "__\_/ :
EXAMPLE: The signal shown in Figure 37 has a time J | ‘ T |
duration of 16.6 ms. : !
HORIZONTAL
—- |————
Calculating the reciprocal of time duration: DISTANCE 465/DM-0-13
1 1
F = = - = =60H
requency Time Duration 16.6 ms 60 Hz Figure 38. Rise time.
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1. Obtain a Normal Sweep Display of the waveform to
be measured. Ensure that the TIME/DIV VAR control is in
the calibrated detent.

2. Set the A Trigger SLOPE switch to + (plus). Use a
sweep-speed setting that displays several complete cycles
or events (if possible).

3. Set the VOLTS/DIV switch and VAR control (or set
signal amplitude if desired) for a display of exactly 5 divi-
sions in amplitude.

4. Set vertical positioning so that the zero reference
point on the waveform touches the 0% graticule line, and
the top of the waveform touches the 100% graticule line.

5. Set the TIME/DIV switch to display the entire leading
edge of one cycle of the signal, with the rise time spread
horizontally as much as possible within the viewing area.

6. Horizontally position the display so the 10% point on
the waveform intersects the second vertical graticule line
(see Figure 38).
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7. Measure the horizontal distance between the 10%
and 90% points and calculate rise time using the following
formula:

Horizontal TIME/DIV
distance x switch
(divisions) setting

Rise Time =

Magnification Factor

EXAMPLE: The horizontal distance between the 10%
and 90% points is 5 divisions (see Figure 38), and the
TIME/DIV switch is set to 1 us. A magnification factor
of 1 is used.

Substituting the given values in the formula:
5 div x 1 us/div

1 = 5us

Rise Time =

TIME DIFFERENCE BETWEEN TWO
TIME-RELATED PULSES

1. Obtain a Normal Sweep Display. Ensure that the
TIME/DIV VAR control is in the calibrated detent.

2. Set the A TRIGGR SOURCE switch to CH 1.
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3. Using either probes or cables with equal time delays,
connect the reference signal to the Channel 1 input and the
comparison signal to the Channel 2 input.

NOTE

Input signals must be time related for a stable (mea-
surable) display.

4. Press in the CH 1 and CH 2 VERT MODE push but-
tons. Use either CHOP (in) or ALT (out) VERT MODE switch
position, depending on the frequency of the input signals. In
general, CHOP is more suitable for low-frequency signals
and ALT is best for high-frequency signals. Center each of
the displays vertically (see Figure 39).

5. Set the TIME/DIV switch to display at least the two
measurement points (one on each trace).

6. Measure the horizontal difference between measure-
ment points on the two signals and calculate the time differ-
ence using the following formula:

TIME/DIV Horizontal
switch x difference
Time setting (divisions)

Difference Magnification Factor
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Figure 39. Time difference between two time-related pulses.

EXAMPLE: The TIME/DIV switch is set to 50 us, the
X10 MAG switch is pressed in (on), and the horizontal
difference between waveforms is 4.5 divisions.

Substituting the given values in the formula:

Time 50 us/divx4.5div _
Difference 10 =225us
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TIME COMPARISON

Repeated time comparisons between unknown signals
and a reference signal (e.g., for an assembly-line test) may
be easily and accurately made using the 468. To accomplish
this, a reference signal of known time duration is first set to
an exact number of horizontal divisions by adjusting the
TIME/DIV switch and TIME/DIV VAR control. Unknown sig-
nals can then be compared with the reference signal without
disturbing the setting of the TIME/DIV VAR control. The
procedure is as follows:

1. Set the time duration of one full cycle of the reference
signal to an exact number of horizontal divisions by adjust-
ing the TIME/DIV switch and TIME/DIV VAR control.

2. Establish a horizontal conversion factor, using the fol-
lowing formula (reference signal time duration must be
known):

g;::lzeorz;[g:] _ Referenpe signal time duration (seconds)
Factor Horizontal TIME/DIV
defiection X switch
(divisions) setting

3. For the unknown signal, adjust the TIME/DIV switch
to a setting that provides sufficient horizontal deflection to
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make an accurate measurement. Do not readjust the
TIME/DIV VAR control.

4. Establish an arbitrary deflection factor, using the fol-
lowing formula:

Arbitrary Horizontal TIME/DIV
Deflection = Conversion x switch
Factor Factor setting

5. Measure the horizontal deflection of the unknown sig-
nal in divisions and calculate the time duration using the
following formula:

. Arbitrar i
Time bit ary Honzor_wtal
) = Deflection x  deflection
Duration L
Factor (divisions)

6. Frequency of the unknown signal can then be deter-
mined by calculating the reciprocal of the time duration.

EXAMPLE: The reference signal time duration is
2.19 ms, the A TIME/DIV switch setting is 0.2 ms, and
the TIME/DIV VAR control is adjusted to provide a
horizontal deflection of exactly 8 divisions.
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Substituting the given values in the horizontal conver-
sion factor formula:

Horizontal 219 ms

Conversion = g s Gomeiay — o/
Factor

For the unknown signal, the TIME/DIV switch setting
is 50 us, and one complete cycle is 7 horizontal divi-
sions in duration. The arbitrary deflection factor is
then determined by substituting values in the formula:

Arbitrary
Deflection = 1.37 x 50 us/div = 68.5 us/div
Factor

The time duration of the unknown signal can then be
computed by substituting values in the formula:

Time . o
Duration = 08-5 us/div x 7 divisions = 480 us
The frequency of the unknown signal is then
calculated:

1
480 us

Frequency = = 2.083 kHz
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PHASE DIFFERENCE

1. Using probes or coaxial cables with equal time delays,
connect a known reference signal to one channel input and
connect the unknown signal to the other channel input.

2. Press in both the CH 1 and the CH 2 VERT MODE
push buttons. Use either CHOP (in) or ALT (out) VERT
MODE switch position, depending on the input signal fre-
quencies. in general, ALT is best for high-frequency signals
and CHOP is more suitable for low-frequency signals. The
reference signal should precede the comparison signal in
time.

3. Use the channel that the reference signal is applied to
as the A Trigger SOURCE and obtain a Normal Sweep
Display.

NOTE

Inverting the Channel 2 signal subtracts 180° from the
phase of the signal. Add 180° to the phase difference
obtained to arrive at the correct value if it is necessary
to use the INVERT feature.
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5. Set the CH 1 and CH 2 VOLTS/DIV switches and the
CH 1 and CH 2 VOLTS/DIV controls to produce displays
that are equal in amplitude (about 5 divisions each).

6. Use the Vertical POSITION controls to vertically cen-
ter both signals around the center horizontal graticule line.

7. Set the TIME/DIV switch to display at least one full
cycle of the waveform over the 10 graticule divisions. Posi-
tion the display and adjust the TIME/DIV VAR control to
place one reference signal cycle in exactly 8 divisions at the
50% rise-time points (see Figure 40).

Each division of the graticule now represents 45° of the
full cycle (360°/8 div), and the horizontal graticule calibration
can be stated as 45°/division.

8. Measure the horizontal difference between corre-
sponding points on the waveforms as a common horizontal
graticule line (at 50% of the rise time), and calculate the
phase difference using the following formula:

. Horizontal
Horizontal .
Phase . graticule
. = difference x . .
Difference (divisions) calibration
(degrees/div)

EXAMPLE: The horizontal difference is 0.6 division
with a graticule calibration of 45°/div as shown in Fig-

ure 40.

Substituting the given values into the phase difference

formula:

Phase Difference = 0.6 div x 45°/div = 27°

CHANNEL 1 CHANNEL 2
(REFERENCE) /_(LAGGING)

MEASURE
TIME FROM
ATOB

465/DM-0-15

Figure 40. Phase difference.
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HIGH-RESOLUTION PHASE CHANNEL 1

CHANNEL 2

DIFFERENCE (REFERENCE)
More accurate phase measurements can be made by _ - S I E—
using the X10 MAG function to increase the sweep rate R R S %
without changing the TIME/DIV VAR control setting (see :

Figure 41). 7 MEASURE
TIME FROM

\\ ATOB

EXAMPLE: If the sweep rate were increased 10 times

with the magnifier (X10 MAG push button in), the magnified i S e
horizontal graticule calibration would be 45°/div divided by R SO
10 (or 4.5°/div). Figure 41 shows the same signals illustrat- e ‘ 4 )
ed in Figure 40, but magnifying the displays results in a hori- Ty Q&RlszT‘AL B
zontal difference of 5.8 divisions between the two signals. ™ DIFFERENCE ™1
The phase difference is: 465/DM-0-16
Horizontal Horizpntal ; : : .
Phase ; graticule Figure 41. High-resolution phase difference.
: = difference X Lo
Difference (divisions) calibration
(degrees/div)

DELAYED SWEEP MAGNIFICATION

Substuting the given values:
The delayed sweep feature of the 468 can be used to
Phase —_ o, _ D70 provide higher apparent magnification than is provided by
Difference 5.8 divisions x 4.5°/div = 27 the X10 MAG function. Magnification occurs as a result of
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displaying a selected portion of the A trace at a faster
sweep rate (B DLY'D Sweep rate). The A TIME/DIV switch
setting determines how often the B trace will be displayed.
Since the B Sweep can occur only once for each A Sweep,
the A Sweep time duration sets the amount of time elapse
between succeeding B Sweeps.

The B Time/DIV switch setting determines the B Sweep
rate, and it sets the length of the intensified zone on the A
trace when using either ALT or A INTEN Horizontal Display
modes. The intensified zone is an indication of both the loca-
tion and length of the B Sweep interval with respect to the A
Sweep interval. Positioning of the intensified zone (actually,
setting the amount of time between the start of the A
Sweep and the start of the B Sweep) is accomplished with
the use of the DELAY TIME POSITION control.

With the B Trigger SOURCE switch set to STARTS
AFTER DELAY, the DELAY TIME POSITION control pro-
vides continuously variable positioning of the start of the B
Sweep. The range of the control is sufficient to place the B
Sweep interval to any location within the A Sweep interval.

Using STARTS AFTER DELAY as the B Trigger
SOURCE may produce a display with some slight horizontal
movement (pulse jitter). Pulse jitter includes the inherent un-
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certainty of triggering the delayed sweep at exactly the
same trigger point each time. If jitter becomes excessive in
the delayed sweep display, use the “Triggered Delay Sweep
Magnification” procedure rather than the “Magnified Sweep
Starts After Delay” procedure.

Magnified Sweep Starts After Delay
1. Obtain a Normal Sweep Display.

2. Set the appropriate VOLTS/DIV switch to produce a
display of approximately two divisions in amplitude.

3. Set the A TIME/DIV switch to a sweep rate that dis-
plays several waveform cycles.

4. Press in the ALT HORIZ DISPLAY push button and
set the B Trigger SOURCE switch to STARTS AFTER
DELAY.

5. Adjust both the selected channel POSITION control
and the TRACE SEP control to display the A trace above
the B trace.

468 Operators 99



6. Use the DELAY TIME POSITION control to position
the start of the intensified zone to that portion of the A trace INTENSIFIED ZONE
that is to be magnified. TO BE MAGNIFIED

/

) I T
7. Set the B TIME/DIV switch to a setting which intensi- \ I \\
fies the full portion of the A trace to be magnified. The inten- (P N | q o \s L )
sified zone will be displayed as the B trace (see Figure 42). 9 \
Set the INTENSITY and B INTENSITY controls as required - EI

to display the B trace (magnified porion of the A trace).
(A) A INTENSIFIED DISPLAY T |

-+
-

T

8. Time measurements can be made from the B trace i //\/\
display in the conventional manner. The sweep rate is deter- | L/ ¥
mined by the setting of the B TIME/DIV switch. The B 0 // ¥
DLY'D HORIZ DISPLAY may also be used for making time of---feeee /
measurements. .

8. The apparent sweep magnification can be calculated

from the following formula:
(B) B DELAYED DISPLAY 2756.25

Del:sg;g’weep _ ATIME/DIV switch setting
Magnification B TIME/DIV switch setting Figure 42. Delayed sweep magnification.

Substituting the given values:
EXAMPLE: Determine the apparent magnification of a 9 9 values

display with an A TIME/DIV switch setting of 0.1 ms Apparent 1 x10-% _ 102 — 100
and a B TIME/DIV switch setting of 1 us. Magnification ~  1x 10-6 -
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Triggered Delayed Sweep Magnification

The delayed sweep magnification method described in
the preceding paragraph may produce excessive jitter at
high apparent magnification ranges. Operating the B Sweep
in a triggered mode provides a more stable display, because
the delayed display will be triggered at the same trigger level
each time.

1. Perform steps 1 through 6 of the preceding “Magni-
fied Sweep Starts After Delay” procedure.

2. Set the B Trigger SOURCE switch to the same posi-
tion as the A Trigger SOURCE switch. If external triggering
is used, it will be necessary to connect the required signal to
the B External Trigger input connector.

3. Adjust the B Trigger LEVEL control so the intensified
zone on the A trace is stable. (If an intensified zone cannot
be obtained, see step 4.)

4. Inability to intensify the desired portion indicates that
the signal does not meet the triggering requirements. If the
condition cannot be remedied either by using the B Sweep
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NOTE

The DELAY TIME POSITION control will not provide
continuously variable delay when the B Trigger
SOURCE switch is set to any position other than
STARTS AFTER DELAY. Adjustment of the DELAY
TIME POSITION control will still position the B Sweep
in respect to the A Sweep, but the B Sweep will occur
only when properly triggered. The intensified zone
seen in both the ALT and A INTEN Horizontal Dis-
plays will move from trigger point to trigger point as
the DELAY TIME POSITION control is adjusted.

Differential time measurements are not valid unless
the B Trigger SOURCE switch is set to STARTS
AFTER DELAY.

triggering controls or by increasing the display amplitude,
you should: lower the VOLTS/DIV switch setting, set the B
Trigger SOURCE switch to EXT to trigger the B Sweep ex-
ternally, and then set the VOLTS/DIV switch for the desired
display amplitude.

5. Measurements are made, and magnification factors
are calculated in the same manner as described previously
in the “Magnified Sweep Starts After Delay” procedure.
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DELAYED SWEEP TIME
MEASUREMENTS

Operating the 468 Oscilloscope with the HORIZ DIS-
PLAY set to either ALT or A INTEN will permit time mea-
surements to be made with a greater degree of accuracy
than attained with HORIZ DISPLAY set to A. The following
procedures describe how these measurements are
accomplished.

Time Duration

1. Obtain a Normal Sweep Display. Use a VOLTS/DIV
setting to obtain a display about 5 divisions in vertical ampli-
tude. Ensure that the TIME/DIV VAR control is in the cali-
brated detent and set the A TIME/DIV switch to obtain a
display of the entire time duration to be measured.

2. Press in the A INTEN HORIZ DISPLAY push button.

3. For the most acurate measurements, set the B
TIME/DIV switch to the fastest sweep rate that provides a
usable (visible) intensified zone. Vertically position the A
trace to place the time-measurement point on the waveform
at the center horizontal graticule line (see Figure 43).
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Figure 43. Time duration using delayed sweep.

4. Ensure that the B Trigger SOURCE switch is set to
STARTS AFTER DELAY. Use the DELAY TIME POSITION
control to move the start of the intensified zone so that it
just touches the intersection of the signal and the center
horizontal graticule line (see Figure 43, point A).

5. Record the DELAY TIME POSITION control dial
setting.
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6. Rotate the DELAY TIME POSITION control to move
the start of the intensified zone to the second time-measure-
ment point (see Figure 43, point B).

7. Record the DELAY TIME POSITION control dial
setting.

8. Determine the time difference using the following
formula:

A TIME/DIV DIAL READING DIAL READING

. Time Sec_ond F'.rSt . AT POINT A AT POINT B
Difference =| dial — dial switch 2906-28
(or Duration) reading reading setting

EXAMPLE: With A TIME/DIV switch set to 2 ms, the Figure 44. DELAY TIME POSITION control settings for time du-
DELAY TIME POSITION dial setting at point A is 1.20 ration measurement example.

and the DELAY TIME POSITION dial setting at point

B is 9.53 (see Figure 44).

Substituting the given values: EXAMPLE: The time duration for one cycle (Figure 43,
point A to point B) is 16.66 ms.
Time Duration = (9.53—1.20) (2 ms) = 16.66 ms

Using the formula and substituting the given values:

Frequency

The frequency of a recurrent signal is determined by Frequency = = L . - 1 — 60 Hz
computing the reciprocal of the time duration of one com- Time Duration 16.66 ms
plete cycle.
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Rise Time

Rise time measurements use the same methods as for
time duration, except that the measurements are made be-
tween the 10% and 90% points on the leading edge of the
waveform. Fall time is measured between the 90% and 10%
points on the trailing edge of the waveform.

1. Obtain a Normal Sweep Display. Ensure that the
TIME/DIV VAR control is in the calibrated detent and use a
sweep speed setting that displays one or two complete cy-
cles or events, if possible.

2. Set the appropriate VOLTS/DIV switch and the
VOLTS/DIV VAR control (or signal smplitude) for an exact
five-division vertical display.

3. Vertically position the trace so that the zero reference
of the waveform touches the 0% graticule line and the top of
the waveform touches the 100% graticule line (see Figure
45).

4. Set the A TIME/DIV switch for a single-event display,
with the rise time spread horizontally as much as possible.
Horizontally position the display so the 10% point of the
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waveform intersects the third vertical graticule line (see Fig-
ure 45).

5. Press the A INTEN HORIZ DISPLAY push button in.
Set the B Trigger SOURCE switch to STARTS AFTER DE-
LAY. Set the B TIME/DIV switch to the fastest sweep speed
that provides a usable (visible) intensified zone.

INTENSIFIED ZONES

AN
T : L /. \K:

)
SIGNAL / ¥'$\AAESURE
AMPLITUDE / 0 %F:ROM ATOB

ke

—
|
|
|
|
= D
i
L

i

1

. HORIZONTAL l
DISTANCE
(465/D0M-0-11)2039-29

Figure 45. Rise time, differential time method.
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6. Rotate the DELAY TIME POSITION control to move
the start of the intensified zone (left-hand edge) until it just
touches the intersection of the signal and the 10% graticule
line (see Figure 45, point A).

7. Record the DELAY TIME POSITION control dial
setting.

8. Rotate the DELAY TIME POSITION control to move
the start of the intensified zone (left-hand edge) until it just
touches the intersection of the signal and the 90% graticule
line (see Figure 45, point B).

9. Record the DELAY TIME POSITION control dial
setting.

10. Calculate the time difference (rise time) as in the pre-
ceding “Time Duration” measurement procedure.
EXAMPLE: With the A TIME/DIV switch set to 1 s,
the DELAY TIME POSITION dial setting at point A is
2.50 and the DELAY TIME POSITION dial setting at
point B is 7.50.

Substituting the given values in the formula:
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Rise Time = (7.50—2.50) (1 us) = 5 us

Time Difference Between Repetitive Pulses

1. Obtain a Normal Sweep Display of the signal to be
measured.

2. Set the A TIME/DIV switch to display the measure-
ments points of interest within the graticule area.

3. Press in the ALT HORIZ DISPLAY push button and
set the B Trigger SOURCE switch to STARTS AFTER
DELAY.

4. For the most accurate measurement, set the B
TIME/DIV switch to the fastest sweep that provides a us-
able (visable) intensified zone.

5. Rotate the DELAY TIME POSITION control to move
the intensified zone to the first pulse (see Figure 46).

6. Adjust the Vertical POSITION and TRACE SEP con-
trols to display the A trace above the B trace. Adjust the

468 Operators 105



INTENSIFIED
/ ZONE

A TRACE

B TRACE

p
|

\ VERTICAL
REFERENCE LINE

ALT HORIZ DISPLAY

2906-30

Figure 46. Time difference between repetitive pulses.

INTENSITY and B INTENSITY controls as required to ob-
tain the desired intensified zone and B trace brightness.
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7. Observe the B trace display and adjust the DELAY
TIME POSITION control to move the rising portion of its
pulse to the vertical reference line (see Figure 46).

8. Record the DELAY TIME POSITION control dial
setting.

9. Rotate the DELAY TIME POSITION control clockwise
to move the rising portion of the second pulse to the vertical
reference line. Observe the A trace display to position the
intensified zone to the correct pulse. Do not change the set-
ting of the Horizontal POSITION control.

10. Record the DELAY TIME POSITION control dial
setting.

11. Calculate the time difference as in the preceding
“Time Duration” procedure.

EXAMPLE: For the pulses illustrated in Figure 46, the

first dial setting is 1.31 and the second diai setting is

8.81, with the A TIME/DIV switch set to 0.2 us.

Substituting the given values into the time difference
(or duration) formula:

REV DEC 1981



Time Difference = (8.31-1.31) (0.2 us) = 1.4 us

Time Difference Between Two Time-Related
Pulses

1. Obtain a Normal Sweep Display. Ensure that the
TIME/DIV VAR control is in the calibrated detent.

2. Set the A Trigger SOURCE switch to CH 1.

3. Using probes or cables having equal time delays, con-
nect the reference signal to the Channel 1 input and connect
the comparison signal to the Channel 2 input.

4. Press in both the CH 1 and CH 2 VERT MODE push
button. Use either CHOP (in) or ALT (out) Vertical Mode to
display the signals, depending on the frequency of the input
signals. In general, CHOP is more suitable for low-frequency
signals, and ALT is best for high-frequency signals.

5. Press in the A INTEN HORIZ DISPLAY push button
and ensure that the B Trigger SOURCE switch is set to
STARTS AFTER DELAY. Set the B TIME/DIV switch to
obtain the smallest usable intensified zone.
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6. Press in the ALT HORIZ DISPLAY push button and
release the CH 2 VERT MODE push button. Adjust Channel
1 POSITION and TRACE SEP controls so that the A trace
and B trace are displayed one above the other.

7. Rotate the DELAY TIME POSITION control to move
the intensified zone to the rising edge of the reference pulse
{on the A trace) and then fine adjust until the rising portion
(on the B trace} is centered at any convenient vertical
graticule line (see Figure 47, point A).

8. Record the DELAY TIME POSITION control dial
seting.

9. Press in the CH 2 VERT MODE push button and re-
lease the CH 1 VERT MODE push button. Adjust the Chan-
nel 2 POSITION control and the TRACE SEP control as
necessary to display the Channel 2 A trace over the B trace.

10. Rotate the DELAY TIME POSITION controf to set
the the rising portion of the Channel 2 pulse (in the B trace)
to the same vertical reference point as the Channel 1 pulse
{see Figure 47, point B). Observe the A trace to position the
intensified zone to the correct pulse (if more than one pulse
is displayed). Do not change the setting of the Horizontal
POSITION controt.
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11. Record the DELAY TIME POSITION control dial

setting.

CHANNEL 1 HORIZONTAL | CHANNEL 2
(REFERENCE) | /

DIFFERENCE :
t
!

|
A Rin /4 N
S T 12. Calculate the time difference between the Channel 1

P IO PO VRS DU P M-} measurE and Channel 2 pulses as in the preceding “Time Duration

9 . INTEZ'?)?\:Ei'ED /,.‘ TIME measurement procedure.

EXAMPLE: With the A TIME/DIV switch set to 50 us,
the dial reading for the reference pulse (Channei 1) is

n
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o
=
>
=
[©]
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HHHHHHHA R L . ; )
e G H 2 SIGNAL 2.60 and the dial reading for the comparison pulse
i  A—TT T (Channel 2) is 7.10.
B : CH 1 SIGNAL
0 [ Substituting the given values into the time difference

0""* CH1SIGNAL "|"" 'K {or duration) formula:

N A FOR CH 1 —

BFORCHZ Time Difference = (7.10—2.60) (50 us) = 225 us
ALT HORIZ SWEEP \ VERTICAL REFERENCE
DISPLAY LINE

(2756-29) 2906-32

Figure 47. Time difference between two time-related pulses,
ALT HORIZ DISPLAY.
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OPTIONS

Your 468 may be equipped with one or more instrument options. A breif description of each option is given in the following
discussion. Detailed operating information pertaining to the options is presented on succeeding pages of this section. For
further information on instrument options, see your Tektronix Catalog or contact your Tektronix Field Office or representative.

NOTE

The 468 oscilloscope cannot be equipped with both Option 02 and Option 11 due to use of common space.

GENERAL DESCRIPTION

Option 02

When equipped with this option, the 468 has the capabili-
ty to transmit a waveform message on a GPIB (General
Purpose interface Bus). During a transmission, the last
waveform acquired by the 468 will be sent to either a bus
controller or a listener instrument. The waveform message
format will conform to the Waveform Transmission Stan-
dard as specified in the Tektronix Standard-General Pur-
pose Interface Bus (GPIB), Codes and Formats (Rev. C).

NOTE

If the 468 is to be used without a GPIB hookup, the
GPIB option can be internally disabled. Once disabled,
it will be necessary for qualified service personnel to
enable the GPIB option before connecting the 468 to
a GPIB system.
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Option 04

The instrument is modified to meet certain specification
requirements related to conducted and radiated electromag-
netic interference. This option does not affect the basic in-
strument operating instructions presented in this manual.

Option 05

This option provides the instrument with front-panel
selection of additional trigger-signal processing capabilities
to facilitate observation and measurement of composite
video and related television waveforms.

Option 11

This option enables the 468 to convert the digital data
stored in memory into analog X and Y outputs for driving an
X-Y Plotter. Because the operation is largely automatic, only
a few switch settings are required.
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Option 12 (Standard SN B032430 and up)

This option will enable the 468 digital storage circuitry to
average the input signal for a selected number of sweeps.
The displayed waveform will be updated at the end of each
averaging cycle, and then the cycle will be repeated. Acqui-
sition of low-amplitude waveforms is greatly enhanced by
the noise cancellation that occurs in the averaging process.

Operating instructions for Option 12 have been incorpo-
rated in the basic instrument operating instructions con-
tained in this manual.

OPTION 02
OPERATING INFORMATION

The GPIB is a digital interface that allows efficient com-
munication between the components of an instrumentation
system. It is used for transmitting and receiving data be-
tween self-contained instruments or devices and acts as an
interface system that is independent of device functions.

If the 468 is to be used primarily without a GPIB hook-up,
refer the instrument to qualified service personnel to disable
the GPIB interface by preventing the TRANSMIT button
from being active. Conversely, if the 468 is to be connected

110 468 Operators

into a bus and its GPIB interface is disabled, pressing the
TRANSMIT button will not cause a waveform to be trans-
mitted. When the GPIB option is disabled, the TIDS/SRQ
indicator LED will not illuminate red during power on (to indi-
cate that a service request has been issued). To enable the
468 for GPIB interface operation, refer the instrument to
qualified service personnel.

A Typical System on the GPIB

Figure 48 illustrates a typical system using the GPIB and
shows the nomenclature established for the 16 active signal
lines. While only four instruments are shown, the GPIB can
support up to 15 independent devices connected directly to
the bus. It is possible, however, to interface more than 15
instruments to a single bus. This is accomplished by con-
necting several instruments to a primary device, and then
connecting only the primary device to the bus. Such a
scheme can be used for programmable plug-in units housed
in a mainframe. In this configuration the mainframe can be
addressed with a primary address code, and the plug-in
units can be addressed with a secondary address code.

Instruments connected to a single bus cannot be physi-
cally separated by more than 20 meters (total cable length),
and at least one more than half the number of instruments
on a bus must be in the power-on state. To maintain the
electrical characteristics of the bus, one device load must be
connected for each two meters of cable length.
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Controllers, Talkers, and Listeners

A talker is an instrument that can send data over the bus,
while a listener is an instrument that can accept data from
the bus. No instrument can communicate until it is enabled
by the controller in charge of the bus. The 468 is a talker
only. By setting the TALK ONLY switch (located on the 468
back panel) to the TALK ONLY position, it can be set up to
operate as a talker without needing a controller on the bus.
This setup is used when the 468 is in a system that has only
listeners on the bus.

A controller is an instrument that determines which of the
other instruments on a bus will talk and which instruments
will listen during any given time interval. The controller also
has the ability to assign itself as either a talker or a listener,
whenever the program routine requires. In addition to desig-
nating the current talker and listeners for a particular com-
munication sequence, the controller has the task of sending
special codes and commands (called interface messages) to
any or all of the instruments on the bus.

GPIB Signal Line Definitions

Figure 48 shows the 16 signal lines of the GPIB function-
ally divided into three component busses: an eight-line data
transfer bus, a three-line transfer control (handshake) bus,
and a five-wire management bus.
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THE DATA BUS. The data bus has eight bidirectional
signal lines, D101 through D108. Information, in the form of
data bytes, is transferred over this bus. A handshake se-
quence between an enabled talker and the enabled listeners
transfers one data byte (eight parallel bits) as a time. Data
bytes in either an interface or device-dependent message
are sent in a byte-serial, bit-parallel fashion over the data
bus.

Since the GPIB handshake sequence is an asychronous
operation, the data transfer rate at any one time is only as
fast as the slowest instrument involved in the data-byte
transfer. A talker cannot place data bytes on the bus faster
than any one listener can accept them.

THE TRANSFER BUS (HANDSHAKE). Each time a data
byte is sent over the data bus, an enabled talker and all
enabled listeners execute a handshake sequence via the
transfer bus. A typical handshake routine showing the activ-
ity on the transfer-bus signal lines is illustrated in Figure 49.
The attention (ATN}) line is also shown to illustrate the con-
troller’'s role in the process.
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Figure 48. A typical system using the general purpose interface bus (GPIB).
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Figure 49. A typical handshake timing sequence (idealized).
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NOTE

On the GPIB signal lines, the TRUE level is the low
voltage amplitude and the FALSE level is the high
voltage amplitude.

NOT READY FOR DATA (NRFD)-An asserted (TRUE)
NRFD message indicates that one or more assigned listen-
ers are not ready to receive the next data byte from the
talker. When all of the assigned listeners for a particular
data-byte transfer have released their NRFD, the NRFD
message becomes FALSE. This RFD (Ready for Data) mes-
sage tells the talker it may place the next data byte on the
data bus.

DATA VALID (DAV)-The DAV message is asserted
TRUE by the talker after the talker places a data byte on the
data bus. When TRUE, DAV tells each asigned listener that
a new data byte is on the data bus. The talker is inhibited
from asserting DAV as iong as any listener asserts the
NRFD message.

NOT DATA ACCEPTED (NDAC)-Each assigned listener
holds the NDAC message asserted TRUE until that listener
accepts the data byte currently on the data bus. When all
assigned listeners accept the curent data byte, the NDAC
message becomes FALSE. This DAC (Data Accepted) mes-

114 468 Operators

sage tells the talker that all assigned listeners have accept-
ed the current data, and the data may be removed from the
bus.

When both NDAC and NRFD are FALSE at the same
time, an invalid state exists on the bus, indicating that no
listener is on the bus.

THE MANAGEMENT BUS. The management bus is a
group of five signal lines (IFC, ATN, SRQ, REN, and EOI)
which are used to control the operation of the GPIB.

INTERFACE CLEAR (IFC)-The system controller asserts
the IFC message TRUE to place al interface circuitry in a
predetermined quiescent state (this may or may not be the
power-on state). Only the system controller can generate
this signal. While IFC is TRUE, no other messages will be
recognized.

ATTENTION (ATN)-A controller asserts the ATN mes-
sage TRUE when instruments connected to the bus are be-
ing enabled as either talkers or listeners and when there is
other interface-control traffic. As long as the ATN message
is TRUE, only instrument address codes and control mes-
sages can be transferred over the data bus. With the ATN
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message FALSE, only those instruments enabled as a talk-
er and listener(s) can transfer data. Only a controller can
generate the ATN signal.

SERVICE REQUEST (SRQ)-Any instrument connected
to the bus can request the controller's attention by sending
the SRQ message. The controller may respond by execut-
ing a serial poll to determine which instrument is requesting
service. An instrument requesting service identifies itself by
asserting its D107 line TRUE in its status byte. When polied,
the instrument requesting service removes the SRQ
message.

REMOTE ENABLE (REN)-The system controller sends
the REN message TRUE whenever the interface system is
operating under remote program control. Used with other
control messages, the REN message causes an instrument
on the bus to select between two alternate sources of pro-
gramming data. A remote-local interface function indicates
to an instrument that it will receive information input from
either the front-panel control (LOCAL) or from the interface
(REMOTE). Since the 468 does not have a remote capabili-
ty, it transmits data as determined by the setting of its front-
panel controls.

END OR IDENTIFY (EOI)-A talker can use the EQI mes-
sage to indicate the end of a data-transfer sequence. The
talker sends the EOI message TRUE as the last byte of data
is transmitted. In this sense, EOI is essentially a ninth data
line and must observe the same setup times as the data bus
lines.
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GPIB Connector

Physical arrangement of the 24-pin GPIB connector (lo-
cated on the rear panel of the 468) meets IEEE-488 (1978)
GPIB standards. Sixteen pins are assigned to specific sig-
nals, and eight to shields and grounds. Voltage and current
values required at the connector nodes are based on TTL
technology (power source not to exceed -+5.5volts
referenced to ground). The logic levels are defined as fol-
lows. Logical 1 is a TRUE state, low-voltage level
(=+0.8 V), that is implemented when the signal line is as-
serted. Logical 0 is a FALSE state, high-voitage level
(=+2V), that is implemented when the signal line is not
asserted. See Figure 50 for an illustration of connector pin
assignments and physical arrangement.

Use a standard shielded GPIB cable with all the shields
and grounds correctly connected to interconnect the 468 to
other instruments on the bus. See the Accessories page at
the back of this manual for recommended part number.

Interface Functions and Commands

Since the 468 is a talker only, not ail of the interface
functions are enabled. Table 4 is a listing of the function
subsets, including a description of the 468 capabilities with
regard to those subsets. Table 5 is a listing of the interface
commands to which the 468 responds, along with a brief
description of each response.
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Figure 50. GPIB connector and pin assignments.
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Table 4

468 GPIB FUNCTION SUBSETS

States Other Required
Identification Description Omitted Other Requirements Subsets Used
SH1 (Source Handshake) Complete Capability None None T
AH1 (Acceptor Handshake) Complete Capability None None None
T1 (Talker) Basic Talker, Serial None Omit [MLAA(ACDS)] SH1 and AH1
Poll, Talk Only Mode
LO (listener) No Capability All None None
SR1 (Service Request) Complete Capability None None T1
RLO (Remote/Local) No Capability All None None
PPO (Parallel Poll) No Capability All None None
DC2 (Device Clear) Omit Selective Device None Omit [SDCA(LADS)] AH1
Clear
DTO (Device Trigger) No Capability All None None
CO (Controller) No Capability All None None
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Table 5
INTERFACE COMMANDS

GPIB Message

468 Interface Response

Interface Clear (IFC)

The 468 returns to the serial-poll-idle state (SPIS) and enters the talker-idle state (TIDS). End or
Identify (EO) and new byte available (nba) become unasserted. Talker LED (TIDS) goes out, but
the service request LED (SRQ) remains on if asserted. The 468 interface then waits for IFC to

become unasserted before processing other GPIB traffic, including attention (ATN).

Device Clear (DCL)

If received during transmission of data, the 468 goes to a state of having completed the trans-
mission. The SRQ is unasserted, and the 468 must receive a new My Talk Address (MTA)
before it will begin transmitting again.

DCL will not clear an SRQ issued by the 468 as part of the power-on routine. To remove the
power-on SRQ, the instrument must be made a talker and the status byte sent. This ensures
that the controller knows the 468 is powered up on the bus.

Serial Poll Enable (SPE)

The 468 interface enters the serial-poll-mode state (SPMS).

Serial Poll Disable (SPD)

The 468 leaves serial-poli-mode state (SPMS).

My Talk Address (MTA)

Binary address set by the GPIB switch on the 468 rear panel. Bus controller sends MTA to the
468 to obtain its status byte (serial poll) or to start its transmission of waveform data.

Untalk (UNT) or Other Talk
Address (OTA)

468 untalks.
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GPIB Switch Operation

The GPIB switch is located on the 468 rear panel (see
Figure 10). It is used for selecting the talk address (MTA) to
which the interface will respond and for controlling the TALK
ONLY (ton) local message. Section 1 of the switch register
is the TALK ONLY switch, and the remaining five sections of
the switch select a five-bit binary talk address. Section 2 is
the most significant bit of the address, and section 6 is the
least significant bit (see Figure 51).

ONLY
16 8 4 2 1

ON

OFF

2906-50

Figure 51. GPIB switch register.
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The 468 waveform data transmission can be initiated in
two ways: either by pressing the TRANSMIT push button
(located on the digital storage right-side panel), or by being
under the direction of a bus controiler. Either method will
cause the waveform to be transmitted, but the sequence of
events that occur in the 468 GPIB interface and on the bus
depends on the setting of the TALK ONLY switch.

TALK ONLY OFF. With a controller on the bus, the TALK
ONLY mode should be OFF. This gives the controller maxi-
mum control of bus transactions. In this mode, a possible
series of actions that may occur when the operator wants to
send a waveform is as follows:

1. The TRANSMIT push button is pressed in.

2. A service request message (SRQ) is sent to the con-
troller, and the 468 interface waits for the controller to
respond.

3. The controller may respond by doing a serial poll.
(This is optional and would not be required it the 468 were
the only instrument on the bus.) A typical serial poll routine
would be in the following sequence:
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a. Controller asserts the attention message (ATN)
TRUE to gain control of the bus, then sends unlisten
(UNL) and untalk (UNT). This prevents the listeners from
receiving status bytes and prevents the current talker
from sending data when the ATN is removed.

b. Controller then sends the serial-poll-enable mes-
sage (SPE) to place all devices on the bus in the serial-
poll mode.

c¢. During the poll, the controller sends ATN and each
devices's talk address (MTA), one at a time. As each
device receives its own talk address, the controller will
remove the ATN message, and the addressed device will
send its status byte. The status byte will indicate to the
controller each device’'s present state and which one(s)
require servicing. (The 468 status byte will indicate that a
waveform is available when the TRANSMIT button has
been pressed.)

NOTE

The 468 will send (or attempt to send) its status byte
as soon as the controller removes the ATN message.
Should the controller fail to assign a listener for the
status byte, the 468 status byte will be lost when ATN
is asserted TRUE at a later time.

d. Upon finishing the serial poll, the controller
sends ATN and the serial-poll-disable message (SPD),
placing all devices in the serial-poll-idie state.
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4. After the poll, the controller may reconfigure the
bus, assigning listeners to receive the waveform data, if
necessary.

5. With the listeners assigned, the controller then
sends the 468 its talk address (MTA) to make the 468 a
talker. When the controller removes the ATN message
this time, the 468 sends waveform data. The waveform
message is then handshaked out to the listeners, one
byte at a time, and the message is terminated by the 468
sending LF (line feed) and EOI (end or identify)
concurrently.

NOTE

Once the waveform message is completed and EOI
sent, the 468 must receive its My Talk Address (MTA)
again before it will transmit any other messages. The
controller cannot cause the 468 to be a permanent
talker.

Under the direction of a bus controller, the 468 will
initiate a message transmission whenever it receives
its talk address. Either a status byte or a waveform
message (depending on the state of the 468 GPIB
interface whe the MTA s sent) will be transmitted by
the 468, when the controller removes the ATN
message.
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TALK ONLY ON. When the 468 is in the TALK ONLY
mode, the controller has less control of the 468 GPIB inter-
face. In this mode the 468 will never enter the talker idle
state (TIDS), because it is permanently addressed as a talk-
er. The TALK ONLY mode is most useful when there is no
controller on the bus, and the 468 is used to transmit
waveform data to a listener. In the TALK ONLY mode with
no bus controller, a typical series of actions that may occur
when the operator wants to send a waveform is as follows:

1. The TRANSMIT button is pressed in.

2. A service request (SRQ) is sent, and the 468 begins
to handshake the waveform data to a listener.

3. The transmission is completed, the message is termi-
nated with line feed (LF) and end or identify (EO!), and the
SRQ message is removed.

In the TALK ONLY mode with a controller on the bus, a
typical series of actions that may occur when the operator
wants to send a waveform is as follows:

1. The TRANSMIT button is pressed in.
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2. The SRQ message is sent, and the 468 begins the
handshake routine. At this point a controller may interrupt to
respond to the SRQ and perform a serial poll. A response
from the controller is not necessary; and if listeners are on
the bus, the 468 GPIB interface will send the waveform
message unless interupted. If a controlier either performs a
serial poll or interrupts the message for any reason, the 468
will resume transmitting the message as soon as ATN is
removed if it is out of the serial poll mode.

3. Again, the waveform message is terminated with LF
and EOQI, and the SRQ message is removed.

NOTE

If a listener or controller is not present to receive the
waveform data when the TRANSMIT button is
pressed, the 468 will remain in the SAVE Storage
Mode while attempting to send the message. To exit
this condition, it is necessary to cycle the POWER
switch OFF, then ON again.

When a bus controller is used, any ATN message on the
bus will cause the 468 interface to respond with a message
when the ATN message is removed. In the TALK ONLY
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mode, the 468 is permanently addressed as a talker and
does not require receipt of its talk address (MTA) before
commencing a message transmission. The message to be
sent depends on the state of the interface when the ATN
message is removed. If the interface is in the serial-poli-
active state (SPAS), a status byte will be sent; and if the
interface is in the talker-active state (TACS), a waveform
message will be sent.

NOTE

If the 468 is in the TALK ONLY mode, a bus controller
cannot assign any other talkers on the bus. Therefore,
when operating with a bus controller, the TALK ONLY
switch should be OFF. The TALK ONLY switch must
be set to ON when the bus has only listeners and
when there is no controller to respond to a service
request.

Power-Up State

The state of the GPIB existing when the 468 is powered
up is as follows:

1. If the 468 is powered on during a transmission on the
bus, an error may occur in the handshake routine.
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2. A power-on service request is issued. The power-on
service request must be handled by a controller to remove it
from the bus. When a controller receives the power-on sta-
tus byte, it may reinitiate a bus transmission if one was in
progress during the 468 power-on period.

3. The 468 interface is in the talker-idle and serial-poll-
idle states.

4. Each power up completely resets the 468 interface,
and the interface will be ready to transmit waveform data as
soon as the 468 power-up routine is completed.

NOTE

When no waveform has been acquired, only the in-
strument ID portion of the waveform message will be
transmitted.

Power-Down State

The 468 does not have any capability for handling mo-
mentary power interrupts. No settings are retained on pow-
er down, and no power-down routine is used. If the power
level drops below the logic circuitry operating level, the 468
will fail in its processing.
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GPIB Status Indicator

The GPIB Status LED (TIDS/SRQ), located on the left
side panel of the digital storage section, will be illuminated
red when the service request (SRQ) is issued by the 468.
During the serial poll (when the status byte is sent), it will
flash green. During the transmission of data, it will be illumi-
nated green to indicate to the user that the interface is not in
the talker-idle state (TIDS).

GPIB Status Bytes

Status information relating to the state of the 468 GPIB
interface is sent to the controller in the status byte during a
serial poll. Two possible conditions exist: status with a ser-
vice request asserted and status with no service request
asserted. Table 6 contains a listing of the status bytes
available.

When the controller is responding to a service request
from another device, the 468 status bytes without a service
request asserted tell the controller the state of the 468.
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After the other device service request is handled, the con-
troller uses the status reported by all the devices on the bus
to determine what action occurs next. The action depends
on controller programming.

As an example, assume that the 468 is in the middle of a
transmission and some other device on the bus issues a
service request. The controller interrupts the transmission of
the 468 by asserting attention (ATN) TRUE, and then does a
serial poll to determine the status of each device on the bus.
Having handled the service request, the controller can then
use the status reported by the 468 to restart or continue the
transmission.

The controller may interrupt the transmission either syn-
chronously (in step with the handshake) or asynchronously
(no regard to handshake progress). If the controller inter-
rupts synchronously, the last data byte sent will be data
accepted (DAC) by all the assigned listeners, and it will not
be lost. An asynchronous interruption may or may not cause
the loss of a byte, depending upon the point of interruption.
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Table

6

468 STATUS BYTES

Status Byte
STATUS
Binary Octal Hexadecimal Decimal

SRQ POWER ON 01000001 101 41 65
ASSERTED TRANSMIT RQST 11000011 303 C3 195
TON TRANSMIT RQST 11000100 304 C4 196

SRQ POWER ON 00000001 001 01 1

NOT

ASSERTED TRANSMIT RQST 10000011 203 83 131
TON TRANSMIT RQST 10000100 204 84 132

NO STATUS 00000000 000 00 0

The method of interruption may determine what action
takes place to restart the 468 transmission. If no data is
lost, the controller can reassign listeners and remove atten-
tion (ATN) to cause the 468 to resume transmission at the
point of interruption. If data was lost, the controller might
send a device clear (DCL) to reset the 468 (and all the listen-
ers on the bus) and assign listeners. It will then send the 468
tal address to restart the waveform transmission.

468 GPIB Message Protocol

When the 468 is connected to a bus having a bus con-
troller, it will send a message whenever it receives its talk
address (MTA). The talk address is set by the GPIB switch
located on the 468 rear panel (see GPIB Switch Operation).
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If a Device Clear (DCL) message is received by the 468
during a transmission, the 468 stops transmitting and
moves to a state equivalent to a completed transmission.
The MTA message must be sent by the controller before
another transmission can begin. A DCL message will not
turn off the SRQ issued by the 468 as part of the power-on
routine. To remove the power-on SRQ, the instrument must
first be made a talker and the status byte sent. This ensures
that the bus controller knows the 468 is powered up on the
bus.

468 Message

The message sent by the 468 conforms to Tektronix
Standard-General Purpose Interface Bus (GPIB), Codes
and Formats, Revision C and Appendices.
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The term “message” as used here, refers to a device-
dependent remote message. It is not an interface message,
and it does not interfere with interface message coding or
use.

A message represents a given amount of information,
with the beginning and ending clearly defined. It is communi-
cated between the 468 (as a talker) and one or more devices
acting as listeners. The message begins when the 468 first
begins functioning as a talker and receiving devices begin
functioning as listeners.

Message Format. A waveform message consists of an
identification block and 0, 1, 2, or 3 waveforms, separated
by delimiters. The following message format is described
using BNF notation. The BNF symbols used are defined in
Tabie 7.
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Table 7
BNF SYMBOL NOTATION

Symbol

Definition

<>

Defined element.

Is defined as.

Explanation.

Grouping.

Optional, may be omitted.

Exclusive OR.

AND - designates concurrent messages on
the bus (the element on the right of & is
concurrent with the last element of the ex-
pression on the left.

String argument delimiter.

Link argument delimiter.

Message unit delimiter.

Argument delimiter.

%

Preceded a binary block argument.
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The transmitted message is in the following format:

<MESSAGE> 1= <ID> ;
[ <WAVEFORM>[ ; <WAVEFORM=>]]}
<TERMINATOR >

Each defined element is further broken down as follows:

<ID>::=ID <SCOPE TYPE>,<<C AND F
VERSION >, << FIRMWARE VERSION>

These message elements are further defined as follows:
<SCOPE TYPE>::=TEK/468 (ldentifies the instrument
as a Tektronix 468 Digital Storage Oscilloscope).

<C AND F VERSION>::=V79.1 (States the version of
Tektronix Standard GPIB Codes and Formats in
use--Version 79.1).

<FIRMWARE VERSION>::=FV:00000 (States the
firmware version instalied in the instrument).

An example of the identification element is:

ID TEK/468,V79.1,FV:1.0
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NOTE

All punctation, including spaces, must be as shown.

The waveform element is in the foillowing format:

<WAVEFORM>:: = <PREAMBLE>,<BLOCK
BINARY CURVE>

These message elements are further defined as follows:
<PREAMBLE>:: =WFMPRE <WPA>[{,<WPA>1}...]

Where <WPA>::=(WAVEFORM PREAMBLE
ARGUMENTS)

The following waveform preamble arguments are listed in

the order in which they are transmitted in a message. After
each, a brief description is given.

<WAVEFORM ID>::=WFID:"{CH1.CH2/ADD}
{ACIDCIGNDIUNK}”

The defined elements of <WAVEFORM ID> are: the
Vertical Mode selected for the waveform, the Input
Coupling, and the Storage Mode. UNK will be sent for
the Input Coupling when ADD is sent and when the
Input Coupling is not the same for both channels.

<NUMBER OF POINTS>::=NR.PT:{256:512}

The defined element is the length of the data record
for the waveform being transmitted (256 or 512).

<POINT FORMAT >:: =PT.FMT:Y

The Y-coordinate is transmitted, but the X-coordinate
is determined from the data point number and the X
INCREMENT.

<X INCREMENT > :: = XINCR: { 1004012011 0:4:2!1!
4001200}

The defined element increment multiplied by the X
UNITS is the time between data points.

<X ORIGIN>::=XZERO:0
X ORIGIN is defined as zero.

<POINT OFFSET>::=PT.OFF;{32164:224:448}
The defined element is the trigger point, determined
by the STORAGE WINDOW (PRE TRIG or POST
TRIG). Actual trigger point is within =3 of the given
example values for point offset.

<X UNITS>::=XUNIT: {SIMSIUSINS}
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X UNITS are used with the X INCREMENTS for the
time scale of the waveform.

<Y MULTIPLIER>::=Y MULT:{200:400:800:2:4:8:
20140:80:25:501100:250:500:1000}

The defined element is a vertical scaling quantity de-
termined by the VOLTS/DIV setting.

<Y ORIGIN>::=YZERO:0
Y ORIGIN is defined as zero.

<Y VALUE OFFSET>::=YOFF: <GND REF VALUE>

The defined element is the value of the vertical posi-
tion of ground reference.

<Y UNITS>::=YUNIT: {VIMVIUVIDIV}

Defined element is the unit attached to the vertical
value of each data point.

NOTE

For instruments with Option 02 (GPIB), a firmware
bug exists in both version 1.0 and version 2.0 ROM.
This causes an incorrect transmission of the Y-multi-

468 Operators

plier and the Y-units of a waveform whenever the ac-
quired waveform is vertically uncalibrated or when an
ADD display is obtained with unequal VOLTS/DIV
switch settings. To avoid this bug, rotate the VAR
VOLTS/DIV controls into the detent position and use
the same VOLTS/DIV switch setting on both channels
for ADD displays when acquiring the data for
transmission.

< DATA ENCODING>::=ENCDG:BIN
Curve data encoding is in low-level binary code.
<BINARY FORMAT>::=BN.FMT:RP
Each number sent is a binary, positive integer.
<BYTES PER NUMBER>::=BYT/NR:1
One byte is sent for each number.
<BITS PER NUMBER>::=BIT/NR:8
Eight bits are in each byte. This ends the message
preamble. The message continues with the waveform
binary information.
<BLOCK BINARY

COUNT >
<BINARY DATA POINT >...<CHECKSUM>

CURVE>::=%<BINARY
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These defined elements contain the waveform data The foliowing example illustrates a typical waveform
and are further broken down as follows: message with the ID element added to make a complete

<BINARY COUNT>:: = message.

ID TEK/468,V79.1,FV:1.0;WFMPRE WFID:“CH1

(A two-byte binary integer to specify the number of DC"NR.PT:512.PT.FMT:Y XINCR:40.XZERO:0. PT
data bytes plus the checksum byte-data bytes + 1. OFF:64,XUNITS:NS, YMULT:40,YZERO:0,YOFF:43
The high-order byte is sent before the low-order byte.) YUNIT'f\/IV ENCbG'éIN BN FM%"RP BYT}NR'1 BIT,/
NR:8,%<BINARY COUNT> <BINARY DATA
<BINARY DATA POINTS> POINT>... <CHECKSUM> LF&EOI

(The binary value of the waveform at a specific data
point.) This area contains a binary data-point-defined

s A more detailed explanation of the codes and formats is
element for each data point in the waveform message.

contained in Tektronix Standard-General Purpose Interface

<CHECKSUM=:: — Bus (GPIB, Codes and Formats (Rev. C).

(The two’s complement of the modulo 256 sum of the
preceding binary data bytes and the binary count
bytes. Does not include the % symbol preceding the Calculating Coordinate Values
binary count.) After the binary information of all the
displayed waveforms is transmitted, the message is
ended with the terminator.

The absolute coordinate values of the waveform data
points are calculated using the information obtained from
the message. In the point format used (PT.FMT:Y), only the
Y-values are transmitted; the X-values are determined from
both the data point number and the X-increment value. The
transmitted data is used in the following formulas:

<TERMINATOR>::=LF&EOI

(Line Feed and End or Identify). Line Feed sent con-
currently with End or Identify terminates the message X, = X0 + DX (n—NO0) and

transmission. Y, = Y0 + SY (y, — YR),

REV DEC 1981 468 Operators 129



where the symbols used are defined as follows: Substituting these values into the formula for X :
X,,=0+40 (14-64)

X,,Y,::=Absolute X- and Y-coordinate values at point n.
. . X,,=40 (—50)=—2000.
n::=data point number in the waveform curve
(n=1,2.3,..512).
DX::=X-increment (horizontal distance between data Adding the X-units, we find that the absolute coordinate
points). value at data point 14 with respect to the trigger point

(NO=64) is:

NO:: = X-point offset (trigger point).
X,;=2000 ns=—2us.

X0:: = X-origin.
YOQ:: =Y-origin.

o . Positive X-coordinate values will be obtained for data
SY::=Y-multiplier (scaling factor). points occurring after the trigger point.

y,:1=Y-data point value.

YR:: =Y-value offset (ground reference).
NOTE

The position of the trigger point is determined by the
selection of either PRE TRIG or POST TRIG Storage
Window and by the manner in which dual-trace wave-
forms are stored (either ALT or CHOP).

X-COORDINATE VALUES. For example, the following
information obtained from a sample message is used to find
the X-coordinate of data point 14.

n= 14

X0 =0 The TIME/DIV switch setting and the horizontal graticule
DX = 40 locations of data points 14 and 64 (trigger point) can then be
NO = 64 determined from the X-increment, X-units, and absolute X-
X-units =ns coordinate values.
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Since there are 500 data points spanning the full 10 hori-
zontal graticule divisions, the TIME/DIV switch setting can
be found by the equation:

TIME/DIV
switch _ 500 DX = 50 DX
. 10
setting

where the units of DX are as specified by the X-units
message element.

Substituting values into the formula, we obtain:

TIME/DIV switch setting = 50 data points/div x 40 ns/

data point
= 2000 ns/div
= 2 us/div

The horizontal distance of data point 14 form the begin-
ning of the trace can then be calculated from the formula:
DX (n)
TIME/DIV switch setting

Horizontal distance
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Substituting values into the formula, we obtain:

40 ns/data point x 14 data points

Horizontal distance =

2 us/div
560ns  0.56 us
2 us/div 2 us/div
= 0.28 division

The horizontal distance from the beginning of the trace at
which the trigger occurs can also be calculated using the
same formula:

Horizontal distance — 40 ns/data point x 64 data points

2 us/div
_ 2500ns  25us
2 us/div 2 ps/div
= 1.25 divisions

Y-COORDINATE VALUES. In a similar manner the abso-
lute value of the Y-coordinate at data point 14 can also be
calculated using the transmitted information. Continuing
with the preceding example, the following Y-axis values are
obtained from the sample message:
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y, = 63 (assumed value)

YO =20
SY = 40
YR = 43

Y-units = mV

Substituting these values into the equation for Y :
Y,=Y0OXSY(y,—~YR)

Y,, = 0+ 40(63—-43)

Y,, = 40 (20) = 800

Adding the Y-units, we find that the absolute Y-coordi-
nate value at data point 14 is:

Y,, — 800 mV.

The positive value of Y., indicates that the data point is
located above the ground reference. Negative Y-coordinate
values will be obtained for data points occurring below the
ground reference. The Vertical POSITION control may be
adjusted to place the ground reference at any desired loca-
tion within the graticule area. Therefore the physical location
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of any data point (along the vertical axis) is determined by
the positioning of the ground reference.

Knowing that the vertical resolution is 25 data points per
division and using the given Y-axis example value, the verti-
cal displacement of data point 14 above the ground refer-
ence can then be calculated from the formula:

Yn
25 5Y

Vertical displacement =

where the units of SY are as specified by the Y-units
message element.

Substituting values into the formula, we obtain:

Vertical 800 mv
displacement ~ 25 data points/div x 40 mV/data point
_800mvV__
1000 mV/div

= 0.8 division above ground reference

REV DEC 1981



Driver Program 13 WBYTE @A + 64:

A sample program listing, useful when using the 14 RETURN
TEKTRONIX 4051 Active Terminal, is given below. This pro- ?gORli%NOTE THAT INIT SENDS AN IFC
gram will act as a driver for the TEKTRONIX 4050-Series 105 GOSUB 1000
Terminals to control a bus with the 468 connected. In order 106 H—1
to handle the service request issued by the 468 as part of 108 T=1
the power-up self-test, the driver program, or an operator- 110 ON SRQ THEN 3000

developed program, must be running when the 468 is 12 N EOI THEN 4000

powered up. This program will handie the 468 SRQ, copy 133 (SDET KEY 0

the waveform message, and display the waveform with 140 DIM X(512),Y(512),Q(10),P$(1)
graticule and preamble. 150 X—0 ! ’ ’

160 Y=0

175 E=0

180 REM:PROCESS REQUEST QUEUE

185 REM:THE QUEUE ALLOWS UP TO 8 SRQ'S TO
BE RECEIVED AND SAVED FOR

186 REM:PROCESSING IF THIS PROGRAM IS

1 ON SRQ THEN 2000
2 REM: FOR INSTRUCTIONS ON USING THIS 187 Q;?AE,QESEE’T\F;SSEE%NG A PREVIOUSLY

PROGRAM, SEE LINE 1000 195 PRINT “WAITING FOR GPIB INTERRUPT"
3 GO TO 100 200 IF H=T THEN 200
4 REM USER KEY #1: RUNS PROGRAM FROM

BEGINNING WITH INSTRUCTIONS 210 GO TO Q(H) OF 270.215,290,320
5 DN 215 PRINT “ILLEGAL REQUEST’
8 REM:USER KEY #2: DEVICE CLEAR g;g (F;EHM:_ROEMOVE REQUEST FROM QUEUE
9 WBYTE @20,95: ()=

95: 223 REM:DON'T LET SRQ INTERRUPT NEXT FEW
10 GO TO 100 UINES
12 REM:USER KEY #3: REQUEST WFM FROM 295 OFF SRQ
INSTRUMENT
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230
235

240
250
255
260
265
269
270

275
280
289
290
295
300
310
320
330

340

345
350
500
501
502

503
134

H=H+1

REM:SEE IF PAST QUEUE END;IF SO,WRAP
AROCUND TO BEGINNING

IF H< =10 THEN 260

H=1

REM: TURN SRQ ENABLE BACK ON

ON SRQ THEN 3000

GO TO 195

REM: POWER-ON SERVICE REQUEST ROUTINE
PRINT “POWER-ON SERVICE REQUEST
RECEIVED”

PRINT

GO TO 220

REM:REQUEST TO SEND WAVEFORM

PRINT “READY TO SEND WAVEFORM"
PRINT

GOSUB 500

GO TO 220

REM:TALKER-ONLY SERVICE REQUEST
PRINT “TALKER-ONLY SERVICE REQUEST
RECEIVED”

PRINT “UNABLE TO PROCESS REQUEST:
ISSUING DEVICE CLEAR”

PRINT

GO TO8
REM:#HHHHARBUHHRHYHHAHBHARRHHH
REM:

REM:SUBROUTINE TO ASSIGN TALKER AND
PICK UP WAVEFORM

REM:

504
505
506

510
515
519
520
550
560
564
565
568

570
580
585
586
587
590

600
605
606
607
608
609
610
620
630
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REM:## A H#BHRBREHRHRAARHARBEYH
REM:SEND TAKE ADDRESS TO DEVICE
REM:ADD 64 TO DEVICE ADDRESS (SET BIT 7
TO TALK DEVICE)

WBYTE @A+64:

PAGE

REM:CALL ROUTINE TO DRAW GRATICULE
GOSUB 6000

REM:SET FIELD TO 0

F=0

REM:SET OUTPUT FLAG TO FALSE (0)

0=0

REM:SET COORDINATES OF FIRST PRINT
FIELD OF SCREEN

X1=0

Y1=98.176

REM:DEFINE LIMITS OF SCREEN

VIEWPORT 0,130,0,100

WINDOW 0,130,0,100

REM:PICK UP A BYTE AND DECIDE WHETHER
OR NOT TO PRINT IT

MOVE X1,Y1

RBYTE P

IF E=0 THEN 609

E=0

RETURN

REM:CHECK INPUT

IF P<0 THEN 605

IF P=10 THEN 605

REM:CONVERT BYTE TO A CHARACTER

REV DEC 1981



635
638

640
645

650
655

660
665

670
675

680
685

690
695
700
705

710
720
730
740
745
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P$=CHR(P)
REM:IF;, THEN END OF WFM ID OR END OF A
WAVEFORM

IF P$=";"THEN 830

REM:IF %, MEANS BEGINNING OF WAVEFORM
POINT DATA

IF P$="%" THEN 860

REM: IF ANYTHING OTHER THAN COLON, GO
ON TO SEE IF SHOULD PRINT IT

IF P$<>"“:"THEN 710

REM: HAVE ENCOUNTERED A COLON: END OF
FIELD, INCREMENT FIELD COUNT

F=F+1

REM:SEE IF WE HAVE ENCOUNTERED TOO
MANY FIELDS (SHOULD HAVE 16 MAX)

IF F<16 THEN 700

REM:RESET FIELD COUNT TO 1 IF HAVE
EXCEEDED COUNT OF 16

F=1

REM: TURN OUTPUT FLAG ON (1)

O=1

REM: CHECK FIELD #S TO SEE IF SHOULD
PRINT THIS FIELD

IF F=1 THEN 760

IF F=4 THEN 760

IF F>5 and F<9 THEN 760

IF F>>9 AND F<12 THEN 760

REM: IF NOT A FIELD TO BE PRINTED, GO
BACK AND GET NEXT BYTE

750
760

765
766
769
770
775

780
785
786

790
794

795

796
797
798
800

810
820
825

830
835
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GO TO 605

REM :SEE IF WE SHOULD PRINT THIS PART OF
THE FIELD

IF O=0 THEN 605

REM: OUTPUT FLAG SET TRUE

REM: DON'T WANT TO PRINT COLONS

IF P$=":" THEN 605

REM: PRINT CHARACTER AND SUPRESS LINE
FEED

PRINT P$;

IF P$<>*“,"THEN 605

REM:COMMA MEANS END OF FIELD. TURN OFF
OUTPUT FLAG.

0=0

REM: CHECK TO SEE IF WE SHOULD GO TO
NEXT LINE OF SCREEN

REM: IF HAVE JUST FINISHED FIELD 1 OR 7,
NEXT LINE

IF F=1 THEN 800

IF F=7 THEN 800

GO TO 605

REM: CHANGE YCOORD TO POINT TO NEXT
LINE

Y1=Y1-2.816

GO TO 600

REM:HAVE COME TO END OF ID OR END OF
WAVEFORM. RESET FIELD, OUTPUT

F=0

0=0
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838
840
850
860

865
869
870
872

875
879

880
885

886
890
895
900
905
908
910
920
925
930
935
936
940
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REM: MOVE TO NEXT X PRINT FIELD
X1=X1+26.88

GO TO 580

REM: PICK UP WAVEFORM DATA. FIRST GET
HIGH BYTE COUNT.

RBYTE B1

REM: GET LOW BYTE OF BYTE COUNT.
RBYTE B2

REM: INITIALIZE CHECKSUM TO SUM OF HIGH
AND LOW BYTES

C=B1+B2

REM: CONVERT TWO BYTES OF COUNT TO ONE
NUMBER

B=B1"256+B2—1

REM:REDIMENSION WAVEFORM DATA
ARRAYS

DIM Y(B),X(B)

REM:READ IN WAVEFORM DATA POINTS
FORI=1TO B

RBYTE Y(l)

X()=1

REM:ADD BYTE TO CHECKSUM TOTAL
C=C+Y(l)

NEXT |

C=C—INT(C/256)*256

REM:READ IN CHECKSUM FROM GPIB NOW
RBYTE C1

REM:VERIFY CHECKSUM

IF C1+C<>256 THEN 990

950

960
965

g70
990
995
999
1000
1001
1002

1003
1004
1005
1006

1007
1008
1009
1010
1011
1012

1013
1014

1015
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REM:IF CHECKSUM WAS OKAY, GO AHEAD
AND DRAW WAVEFORM
GOSUB 1350
REM: GO BACK NOW AND SEE IF MORE
WAVEFORMS BEING SENT
GO TO 605
PRINT “CHECKSUM INCORRECT”"
GO TO 8
REM##H#HHHHHHHHHHHHAHRAHAHAARENA
REM:##HHHHHHHUHRHHHHHHHRHRHEAA
REM:
REM: INSTRUCTIONS FOR RUNNING THIS
PROGRAM
REM:
REM:
PAGE
PRI “THIS IS A PROGRAM TO DEMONSTRATE
THE GPIB OPTION OF THE 468."
PRINT
PRINT “INSTRUCTIONS:”
PRINT
PRINT “USER KEYS USED IN THIS PROGRAM:*
PRINT
PRINT “#1: STARTS THIS PROGRAM
RUNNING”
PRINT
PRINT “#2: ISSUES A DEVICE CLEAR TO THE
468 AND RESTARTS PROGRAM"
PRINT
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1016

1017
1018

1019

1020
1021

1022

1023

1024

1025

1026

1027
1028

PRINT “#3: ASSIGNS INSTRUMENT AS
TALKER (REQUESTS A WAVEFORM)“
PRINT

PRI “WHEN A WAVEFORM [S SENT THE
FOLLOWING INFORMATION IS PRINTED”
PRINT

PRINT “VERSION NO. CHANNEL, COUPLING"

PRINT XMULTIPLIER,
TRIGGER POINT, X
UNITS”

PRINT * YMULTIPLIER,
GROUND POINT, Y
UNITS*

PRINT

PRINT “AFTER ALL WAVEFORMS HAVE BEEN

DRAWN, YOU MUST PRESS <CR>"

PRINT “TO PAGE THE SCREEN AND GO BACK
TO WAITING FOR THE NEXT”

PRINT “GPIB REQUEST.”

PRINT

PRINT “MAKE SURE THE GPIB CABLE IS CON-

NECTED BEFORE SENDING A"

1029

1030
1031

PRINT “WAVEFORM OR REQUESTING ONE
USING THE 4051."

PRINT

PRINT "THIS PROGRAM CAN BE
AUTOLOADED IF IT IS FILE #1 ON TAPE.*

1032 PRINT
1033 PRINT “PRESS <CR> TO CONTINUE”
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1034
1035
1038
1040

1045
1045
1055
1060
1065

1070
1350
1351
1352
1353
1354
1355
1358
1360
1363
1365
1370
1374
1375
1378
1380
1385
1390
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DIM 1$(1)
INPUT I$

PAGE

PRINT “ENTER GPIB ADDRESS OF 468
(NUMBER BETWEEN 0 AND 30):”;

INPUT A

IF A<<0 THEN 1065

IF A>30 THEN 1065

RETURN

PRINT “ADDRESS IS OUTSIDE 0-30 RANGE.
RE-ENTER ADDRESS:”;

GO TO 1045

REM: ###HHHHRBHRHARBHRBHRHEBHEY
REM:

REM: ROUTINE TO PLOT WAVEFORM

REM:

REM: ###H#BHRHRBHARAHHHBHRBHRH
VIEWPORT 20,122.4,0,102.4

REM: CHECK NUMBER OF WAVEFORM BYTES
IF B=256 THEN 1375

REM: IF 512 POINTS, SET PLOT FOR 512 PTS
WINDOW 1,512,0,255

GO TO 1380

REM: IF 256 POINTS, ONLY SET FOR 256 PTS
WINDOW 1,256,0,255

REM: MOVE TO ORIGIN OF PLOT

MOVE 0,0

REM:DRAW WAVEFORM

DRAW X,Y
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1394

1395
1398
2000

2001
2005
2010
2015
2020
2025
2030
3000
3001
3002
3003
3004
3005

3010
3020

3021
3022

3025
3030

138

REM: RETURN CURSOR TO UPPER LEFT
CORNER OF SCREEN

HOME

RETURN

REM: THIS IS HERE IN CASE AN SRQ IS
ASSERTED BEFORE THIS PROGRAM

REM: IS STARTED RUNNING.

DIM Q(10)

GOSsuUB 1000

H=1

T=1

GOSsuUB 3000

GO TO 110

REM: ###HHUHHHBHHHHRBHAHAHHAH
REM:

REM: SRQ SERVICE ROUTINE

REM:
REM:Z#H#HHUBHHHHBHHHUHABHHHHAHRS
REM:POLL DEVICES TO SEE WHICH
INSTRUMENT REQUESTED SERVICE

POLL D,S;A

REM:ONLY 1 DEVICE ATTACHED, NO NEED
TO CHECK DEVICE NUMBER (D)

REM: ADJUST STATUS SO IT IS A NUMBER
BETWEEN 1 AND 4

REM: STATUSES: PON = 65, TRANSMIT
REQUEST = 195, TON = 196

IF S<64 THEN 3100

S=S5-64

3035

3040
3045

3050
3055

3060
3065
3070
3075
3080
3085
3090

3095
3099
3100
3110

3115
3120
4000
4001
4002
4003
4004
4005
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REM: NOW CHECK TO SEE IF IT IS TRANSMIT
OR TON :

IF S<100 THEN 3060

REM: IF TRANSMIT OR TON, MUST ADJUST
AGAIN (SUBTRACT 128)

S=5-128

REM: NOW SET TASK TO BE PROCESSED (ADD
TO TASK QUEUE)

QM=S

T=T+1

IF T<<=10 THEN 3080

T=1

IF H=T THEN 3090

RETURN

REM: A QUEUE ERROR OCCURRED, QUEUE IS
FULL.

PRINT “QUEUE FULL—PROGRAM ABORTED”
GOTO8

REM: ILLEGAL STATUS BYTE PICKED UP
PRINT “ILLEGAL STATUS BYTE RECEIVED.
STATUS=";S

PRINT “ISSUING DEVICE CLEAR”

GOTOS8

REM #HH#HHHBHHHHIHHARBHHHAHRHHAH
REM:

REM: EOI ROUTINE

REM:

REM: #H##HHHHBHHHFHHAHUHHAHHHEAAHR
REM: SET FLAG TO SAY EOI ENCOUNTERED
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4006
4007
4008
4010
4015

4020
4025
4030
6000
6001
6002

6003
6004
6005

6010
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REM: UNTALK AND UNLISTEN ALL DEVICES
WBYTE @63,95:

DIM C$(1)

E=1

REM: WAIT FOR OPERATOR TO ENTER A KEY
BEFORE RETURNING

INPUT C$

PAGE

RETURN
REM:####HHHRBHBHBRRHBRAALRBHAH
REM:

REM: ROUTINE TO DRAW GRATICULE FOR
WAVEFORM DISPLAY

REM:
REM:###HHRHHHBHBHRBHABBBARBHHH
REM: DRAW GRATICULE IN LOWER RIGHT
PORTION OF SCREEN

VIEWPORT 20,120,11.2,91.2

6015
6020
6025

6030
6040
6050
6060
6070
6080
6090
6100
6110
6120
6130
6140
6150
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REM: SET LIMITS OF GRAPHICS
WINDOW 0,511,101.4,920.6

REM: POSITION CURSOR TO BEGIN DRAWING
GRATICULE

MOVE 0,101.4

DRAW 511,101 .4

DRAW 511,920.6

DRAW 0,920.6

DRAW 0,101.4

AXIS 10.24,20.48,255,511
FORI=1TO9

AXIS 0,0,1*51.2,1*'102.4 +101.4
NEXT |

VIEWPORT 30,130,0,100
WINDOW 0,511,0,1023

HOME

RETURN
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OPTION 05-TV SYNC SEPARATOR

The information and instructions presented here apply to
the use of the 468 Option 05 instrument in TV applications.
Refer to the appropriate sections of the Operator's manual
for use and operation of the instrument for non-TV
applications.

General Information

Option 05 includes a TV Sync Separator and provides
the instrument with front-panel selection of additional
trigger-signal processing to facilitate observation and mea-
surement of composite video and related television
waveforms. Added circuitry provides amplification, clipping,
and vertical sync recognition. Vertical (field rate) and hori-
zontal (line rate) trigger signals are selected with the A
TRIGGER COUPLING switch for A Sweep triggering. Hori-
zontal (line rate) trigger signals may start the A Sweep on
either Field 1 or Field 2 (“even” or “odd” fields respectively in
CCIR System B terminology). Trigger signal selection is ac-
complished with the A TRIGGER SLOPE switch.

When the A TRIGGER COUPLING switch is set to either
TV FIELD or TV LINE (see Figure 52), the A TRIGGER
SOURCE switch selects the source of the signals to be
processed in the Sync Separator. This includes NORM
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(composite vertical signal), CH 1, CH 2, EXT, or EXT/10.
(LINE source is not a usable function with TV FIELD or TV
LINE coupling.)

With the A TRIGGER COUPLING switch set to either TV
FIELD or TV LINE, the selected sync output from the Sync
Separator is automatically applied to the A Sweep TRIG-
GER circuit for use as the triggering signal for the A Sweep.
For the B Sweep, the horizontal-sync signal (line-rate sync)
from the Sync Separator is fed only to the TV LINE position
of the B TRIGGER SOURCE switch to be selected at the
option of the user.

Option 05 circuitry requires sync-negative composite vid-
eo for proper operation. This signal polarity is used with
most standard broadcast systems employing 405 to 819
lines at 50- or 60-Hz field rates and with closed-circuit sys-
tems having up to 1201 lines at a 60-Hz field rate. Sync-
positive video may be used as discussed later under
“Operation of the Sync Separator.”

To optimize video measurements, the vertical amplifier
ac coupling input capacitors are increased from 0.019 uF to
0.2 uF. The larger physical size of these capacitors in-
creases the input shunt capacitance to a normalized value
of 24 pF.
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Figure 52. The 468 Oscilloscope with Option 05.
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Specification

Electrical characteristics and performance requirements
listed in the “Specification” part of this manual are applica-
ble to the 468 Option 05 oscilloscope with the following ex-
ceptions or additions.

Vertical Input®

1 MQ within 2%
Approximately 24 pF
Approximately 24 us

Resistance
Capacitance
Time Constant

AC Input Coupling®
Low Frequency —3 dB Point
Direct 1 Hz
Via 10X Passive Prove 0.1 Hz
Tilt (10-ms pulse)®

Direct 2.5%
Via 10X Passive Probe 0.25%

Triggering?

Sync Separation Stable video rejection and
sync separation from sync-
negative composite video,
525- to 1201-line, 50- or 60-

Hz field rate.
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Sync-positive composite vid-
eo can be separated by apply-
ing the input signal to the CH
2 input connector and using
the CH 2 INVERT feature.

FIELD 1 and FIELD 2 triger
signals are selectable with the
A TRIGGER SLOPE switch
for interiaced field systems. A
trigger signal is generated for
every field in noninterlaced
field systems.

Trigger Amplitude® Min Max

internal Composite Video

(nominal)® 1.5cm 15¢m

Composite Sync 0.5cm 20cm
External  Composite Video

(nominat) 150mv 1.5V

Composite Sync 50mv 2.0V
EXT/10 Composite Video

(nominal) 15v 15V
Composite Sync 500mv 20V

2 performance requirement not checked in manual.
® peak video is approximately 7/3 sync amplitude.
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Furnished Accessories

The following accessories are provided with Option 05
instruments:

1. Graticule, NTSC (CCIR System M): —40 to +100
units, with 7.5-unit setup line; horizontal divisions along line
zero (for part number see “Option 05 Accessories” at the
back of this manual).

2. Graticule, CCIR (CCIR System B): zero to +100
units, 35-unit setup fline; horizontal divisions along line 30
(for part number see “Option 05 Accessories” at the back of
this manual).

Installation of the Video Graticule

1. Loosen the four captive bezel securing screws about
six turns and remove the bezel.

2. Remove the implosion shieid from the two bosses on
the bezel and install the desired graticule ensuring that the
markings are on the surface away from the crt face. The
graticule can be positioned horizontally a small amount to
align the external graticuie and mask with the internal crt
graticule lines.
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NOTE

The extended tab at the bottom of the video graticule
mates with the slightly wider bottom margin of the
graticule cover.

3. Position the bezel in place and secure it with the four
captive screws.

Vertical Calibration for CCIR and NTSC Video
Graticules

When the video graticule is installed, the 10 horizontal
divisions along line 0 correspond to the internal graticule
divisions, and the TIME/DIV calibration of the oscilloscope
remains unchanged. However, the vertical divisions repre-
sent only proportions of the 100-unit (CCIR) or the 140-unit
(NTSC) video waveform, and the vertical VOLTS/DIV cali-
bration is inapplicable.

To calibrate for a standard 1V (nominal} video signal,
apply the 300 mV CALIBRATOR square-wave signal to ei-
ther the CH 1 or CH 2 vertical input and adjust the associat-
ed VOLTS/DIV and VOLTS/DIV VAR controls so that the
displayed waveform occupies either 30 units on the CCIR
graticule or 42 units on the NTSC graticule. This adjustment
may be made with a well-focused, free-running display.
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Operation of the Sync Separator

To trigger the 468 on a video signal, perform the follow-
ing steps:

1. Set the A TRIGGER COUPLING switch to either TV
FIELD or TV LINE.

2. Determine the polarity of the composite video or com-
posite sync waveform applied to the 468. The Sync Separa-
tor requires normal (sync-negative) video with sync at the
negative peak. To obtain proper Sync Separator operation
from inverted (sync-position) video (sync at the positive
peaks and peak video at the negative peaks), apply the sig-
nal to the CH 2 input connector, select CH 2 as the A TRIG-
GER SOURCE, and use the CH 2 INVERT feature to obtain
the proper signal polarity.

NOTE

Composite Sync is the vertical and horizontal sync
signals combined in a single waveform, but without
video (picture) information. Composite Video is the
picture waveform complete with vertical and horizon-
tal blanking and sync components.
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3. Use the A TRIGGER SLOPE switch to select the de-
sired field for use as the trigger signal, if the A TRIGGER
SOURCE switch is set to the TV FIELD position.

For special considerations in dual-trace modes (ALT or
CHOP), refer to “Vertical Operating Modes—Special con-
siderations” in this section. For internal triggering, the sync
portion of the displayed waveform should be at least 0.5 cm
high (7 units on the CCIR graticule scale or 10 units on the
NTSC graticule scale). For external triggering, the sync por-
tion of the waveform should be at least 50 mV in amplitude
(or 0.50 V with the SOURCE switch set to EXT/10). To
avoid circuit overload and partial or complete loss of sync,
do not exceed the specified maximum composite video am-
plitude (15 div for internal triggering; 1.5V for external

triggering).

Triggering the Sweep

The output of the Sync Separator is fed via the A TRIG-
GER COUPLING switch to the A Sweep Trigger circuit and
via the B TRIGGER SOURCE switch to the B Sweep Trig-
ger circuit. Triggering the A Sweep from the TV FIELD or TV
LINE sync signal requires only the proper setting of the A
TRIGGER LEVEL control. When TV FIELD rate triggering is
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used, selecting either Field 1 or Field 2 sync is accomplished
by setting the A TRIGGER SLOPE switch to the desired
field. In the PAL four-field TV system, the FIELD 1 position
selects either Field 1 or Field 3, and the FIELD 2 position
selects either Field 2 or Field 4. Refer to “Identifying Fields,
Frames, and Lines in 525/60 and 625/50 TV Systems* to
identify the specific field being viewed.

To trigger the B Sweep from the line-rate trigger output
of the Sync Separator, perform the following steps:

1. Set the A TRIGGER COUPLING SWITCH TO EI-
THER TV FIELD or TV LINE and ensure that the A Sweep is
running.

NOTE

The B Sweep cannot be operated independently of
the A Sweep and cannot run more than once for each
A Sweep cycle. For composite line displays, refer to
“Special Measurements” in this section.

2. Set the B TRIGGER SOURCE switch to TV LINE.

3. Adjust the B TRIGGER LEVEL control for a stable,

triggered sweep.
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Vertical Operating Modes—Special Considerations

Dual-Trace Modes. For dual-trace operation, the Sync
Separator input must be taken from CH 1, CH 2, or an ex-
ternal source. (When only one trace is displayed on the crt,
the NORM position of the A TRIGGER SOURCE switch
may be used.) The Sync Separator cannot correctly process
switched (composite vertical deflection) waveforms present
on the NORM trigger signal line in either the ALT or CHOP
dual-trace vertical mode; it is therefore not possible to ob-
tain stable simultaneous displays of two independent video
signals that are not time related.

Single-Channel Triggering. When triggering from Chan-
nel 1 or Channel 2, the waveform fed to the Sync Separator
is the same (except for positioning) as that displayed on the
crt when the channel is selected to display a signal. If the
VOLTS/DIV VAR control is used to reduce displayed ampli-
tude, then the signal to the Sync Separator is also reduced.
When the Channel 2 INVERT switch is pressed in, the CH 2
signal to the A TRIGGER SOURCE switch is also inverted.
Since the Sync Separator requires sync-negative
waveforms for proper operation, it will be necessary to ob-
serve correct signal polarity when selecting the A TRIGGER
SOURCE signal.

It is not necessary to display the Channel 1 or Channel 2
signal to obtain CH 1 or CH 2 triggering. Whenever the AC-

468 Operators 145



GND-DC input coupling switch for the channel is not set to
GND, the input amplifier and trigger channel are active, re-
gardless of the selection of VERT MODE push buttons.

ADD Mode. A single-channel trigger signal amplitude is
not affected by contribution of the other channel to an ADD
vertical mode display. When the ADD mode, with Channel 2
inverted, is used to compare two video waveforms by sub-
traction, the Channe! 1 or Channel 2 signal to the Sync Sep-
arator will be adequate for stable triggering, providing the
individual channe! signal meets the triggering requirements
{(including correct polarity).

When the ADD mode is used to display the full signal
from both sides of a balanced line, it may be necessary to
use the NORM (composite vertical signal) A TRIGGER
COURCE switch position (if neither side of the line has suffi-
cient amplitude for suitable triggering or if common-mode
signals interfere with stable sync-separation and triggering).
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Typical Operation

NOTE

The following procedures for selecting individual lines,
fields, or frames are applicable to the operation of the
468 as a conventional (nonstorage mode) oscilloscope
only. Due to the signal processing time required by the
digital microprocessor when storing a waveform, the
holdoff time between sweeps is increased in all stor-
age modes. Therefore, the A TRIGGER HOLDOFF
control has reduced action over the holdoff timing, ex-
cept near its maximum clockwise rotation.

In a typical opeating mode for the Option 05 instrument,
the A Sweep establishes the basic frame and field presenta-
tion, and the B Sweep allows detailed observation and mea-
surement of various portions of the video waveform.

For 50- and 60-Hz field rates, the 2 ms/division setting of
the A TIME/DIV switch is usually selected. For some PAL
system observations, a setting of 5 ms/division (approxi-
mately a 2 1/2-field display), with the A TRIGGER
HOLDOFF control set to approximately the four-o’clock po-
sition (additional one-field holdoff), may be desirable to
maintain a stable display relationship to the four-field PAL
burst-blanking sequence.
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All detailed measurements are then made using the B
Sweep (HORIZ DISPLAY switches set either to B DLY'D or
ALT) with the B TRIGGER SOURCE switch set either to
STARTS AFTER DELAY (continuously variable B Sweep
start point) or to TV LINE (B Sweep starts after the next
horizontal sync pulse following the delay interval set by the
DELAY TIME POSITION control and the A TIME/DIV switch
setting).

Because the leading edge of the sync pulse will not be
displayed, the typical B TIME/DIV switch setting for width
measurement (front porch, back porch and horizontal-
blanking intervals, horizontal sync, serration, and equaiizing
pulses) is 10 us/division. This setting will allow display of
two consecutive pulses. Use the X10 MAG switch to display
the second pulse at 1 us/division sweep rate.

For rise-and fall-time measurements on blanking and
sync waveforms, trigger the A or B Sweep directly from the
displayed waveform (avoiding the processing delay of the
Sync Separator). This permits viewing the trigger edge at
sweep rates from 0.5 us/division to 0.02 us/division.
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Selecting an Individual Line

NOTE

For field and line identification systems, refer to “Iden-
tifying Fields, Frames, and Lines in 525/60 and 625/50
TV Systems” at the end of these Operating
Instructions.

One-Frame Cycle. To display an entire vertical blanking
interval for locating a specific line (e.g., one of the lines con-
taining a specific VIT waveform), set the A TIME/DIV switch
to 2 ms/division and the B TIME/DIV switch (pull to unlock
from A) to 10 us/division. Ensure that the A TRIGGER
HOLDOFF control is set to NORM (fully counterclockwise)
and the A TRIGGER COUPLING switch is set to TV FIELD.
Then, select the desired field (FIELD 1 or FIELD 2) with the
A TRIGGER SLOPE switch.

Press in the A INTEN push button and use the DELAY
TIME POSITION control to position the intensified zone (B
Sweep) on the desired line. Pressing the B DLY'D button
will then display the desired line on the B trace. Set HORIZ
DISPLAY to ALT to view the A INTEN trace and B DLY'D
trace simultaneously.
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Two-Frame Cycle. If PAL burst blanking is to be
checked, set the A Sweep time for a 3 1/2-field cycle
(5 ms/division, with the A TRIGGER HOLDOFF control set
to about the four o’clock position). Then, use the B Sweep
(ALT HORIZ DISPLAY is recommended) to identify fields
and lines. At 5 ms/division, only slightly more than two fields
will be displayed, while the trigger holdoff interval covers a
full field. Putting a specific field on sceen in a particular loca-
tion will typically require several operations of the A TRIG-
GER SLOPE switch (switching back and forth between
FIELD 1 and FIELD 2) to select the proper frame cycle.

Special Measurements

Overscanned Displays. For various video measure-
ments it may be desirable to expand the video waveform
vertically beyond the limits of the screen. Under these cir-
cumstances either the trigger amplifirs or Sync Separator
may be overloaded, blocking out some sync pulses in the
vicinity of strong video transitions, or losing sync pulses al-
together. To avoid overload problems, use either an exter-
nal sync signal or the other vertical channel to supply a
constant-amplitude signal to the Sync Separator while
overscanned observations are being made. Note, however,
that transient-response aberrations in the main vertical am-
plifier will be increased when the signal is driven offscreen,
and the aberrations will become relatively serious if the am-
plifier is driven to saturation and cutoff.
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Horizontal-Sync Pulse Measurements. Measurements
of the rise and fall times and the width of horizontal sync
pulses typically do not require use of the Sync Separator,
except when only certain lines or groups of lines appear
abnormal. A bright display of all horizontal sync pulses is
obtained when the A Sweep is triggered on the appropriate
slope using LF REJ coupling and an A Sweep TIME/DIV
switch setting of 5 us or less. Triggering stability may be
upset by sharp luminance transitions at the right side of the
picture, but a careful setting of the LEVEL control will
typicaly permit accurate measurements. Use of the
5 us/division basic rate locks out most of the video (for 525-
or 625-line systems) from triggering the A Sweep. When
faster sweeps are needed, the A TRIGGER HOLDOFF con-
trol may be adjusted to block out video information.

RF Interference. Opeation in the vicinity of some FM and
TV transmitters may cause objectionable amounts of rf sig-
nal energy in the display, even when coaxial cables are used
to make signal connections to the instrument. The front-
panel 20 MHz BW LIMIT switch will usually eliminate such
interference from the display, but it will not affect the signal
applied to the Sync Separator. Where rf energy interferes
with Sync Separator operation, external filters will be re-
quired. Use of probes designed for 10- to 30-MHz
bandwidth oscilloscopes will provide 6- to 10-dB attenuation
in the 50- to 100-MHz range and may be beneficial in reduc-
ing rf interference.
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Identifying Fields, Frames, and Lines in 525/60 and
625/50 TV Systems

NTSC (CCIR System M). Field 1 is defined as the field
whose first equalizing pulse is one full H interval (63.5 us)
from the preceding horizontal-sync pulse. The Field 1 pic-
ture starts with a full line of video, and lines are numbered 1
through 263, starting with the leading edge of the first equal-
izing pulse. The first regular horizontal-sync pulse after the
second equalizing interval is the start of line 10.

Field 2 starts with an equalizing pulse a half-line interval
from the preceding hroizontal-sync pulse. The Field 2 pic-
ture starts with a half line of video, and lines are numbered 1
through 262, starting with the leading edge of the second
equalizing pulse. After the second equalizing interval, the
first full line is line 9.

In the M/NTSC four-field color system, Fields 3 and 4 are
defined identically to Fields 1 and 2 respectively, except for
the phase of the color reference subcarrier. In Fields 1 and
4, positive-going zero crossovers of the reference subcarrier
nominally coincide with the leading edge of even-numbred
horizontal sync pulses. In Fields 2 and 3, negative-going
zero crossovers of the reference subcarrier nominally coin-
cide with the leading edge of even-numbered horizontal
sync pulses.
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CCIR System B and Similar 625/50 Systems. Except
for PAL systems, identification of parts of the picture in
most 625-line, 50 Hz field-rate systems relies primarily on
continuous line numbering rather than on field-and-line
identification.

The CCIR frame starts with the first (wide) vertical-sync
pulse following a field which ends with one-half line of video.
The first line after the second equalizing interval is line 6; the
first picture line is line 23 (one-half line of video). The first
field of the frame contains lines 1 through the first half of line
313; the picture ends with a full line of video (line 310).

The second field of the frame commencs with the leading
edge of the first (wide) vertical sync pulse (in the middie of
line 313) and runs through line 625 (end of the equalizing
interval). The first full line after the equalizing interval is line
318; the picture starts on line 336 (full line of video).

The first field is referred to as “odd,” and the second field
is referred to as “even.” Note that while the identification
systems for System M and System B are reversed, the cor-
rect field sync (Field 1 or Field 2) as indicated by the A TRIG-
GER SLOPE switch seting is selected.
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In the four-field PAL sequence with Bruch Sequence Col-
or-Burst blanking, the fields are identified as follows:

150

Field 1: Field that follows a field ending in one-half line
of video, when the preceding field has color burst on
the last full line. Field 1 lines are 1 through 312 and
half of line 313. Color burst starts on line 7 of Field 1,
one-half line of video appears on line 23.

Field 2: Field that follows a field ending in a full line of
video which does not carry color burst. Field 2 lines
are the last half of line 313 through line 625. Color
burst starts on line 319 (one line without burst follow-
ing the last equalizing pulse); a full line of video ap-
pears on line 336.

Field 3: Field that follows a field ending in a half line of
video when preceding field has no color burst on the
last full line. Field 3 lines are through the first half of
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the line 313. Burst starts on line 6 (immediately follow-
ing the last equalizing pulse); one-half line of video
appears on line 23.

Field 4: Field that follows a field ending in a full line of
video carrying color burst. Field 4 lines are the second
half of line 313 through line 625. Color burst for Field 4
starts on line 320 (two full lines without burst follow
the last equalizing pulse); video starts with a full line
on line 336.

NOTE

The FIELD 1 position of the A TRIGGER SLOPE
switch selects NTSC or PAL Field 1 or 3 to start the
display; the FIELD 2 position selects NTSC or PAL
Field 2 or 4.
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OPTION 11
OPERATING INFORMATION

Introduction

This Option enables the 468 to convert the digital data
stored in the storage display memory into analog X and Y
outputs for driving an external X-Y Plotter. The analog
outputs will conform to most currently produced X-Y
Plotters. Electrical specifications for Option 11 are given in
Table 11. All other specifications given in this manual
remain unchanged.

Setting Up the Option

Operation of the Analog X-Y Output Option is largely
automatic. Only a few switch settings are required before
pressing the PLOT switch to start the operation. Refer to
the Operators information of the X-Y Plotter in use for set-
up and operation procedures required for using it. Infor-
mation required for the correct setup of the Analog X-Y
Output Option switches on the 468 rear panel should also
be obtained from the instructions for the X-Y Plotter in use.
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The required switch settings of the Analog X-Y Qutput
switches shown in Figure 53 are as follows:

1. The PLOT SPEED switch must be set to match the
X-Y Plotter characteristics. Choices of plot speed are 40 ms
per data point (fast plot) and 320 ms per data point (slow
plot).

2. The PEN POLARITY switch must be set to match
the X-Y Plotter pen-lift signal requirements. When the
switch is OPEN, the pen control relay will be open when
the plotting pen should be down on the paper. When the
switch is CLOSED, the pen control relay will be closed
when the plotting pen should be down on the paper.

3. The PEN PULL-UP switch must be set to provide the
proper level pen-tift signal for the plotter pen. The pen-lift
voltage may be set either for no pull-up to the +5-V supply
or for pull-up through a 10-k§2 resistor. The pen-lift voltage
is pulled up when the switch is CLOSED and not pulled up
when the switch is OPEN.

4, The RESET switch must be set to the OPEN (off)
position for normal operation.
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NOTE

The RESET switch is maintenance only. If the switch
is inadvertently closed while a waveform plot is
occurring, the switch must remain closed until the
remaining waveform data is dumped. Returning the
switch to the OPEN position before the waveform
data has finished dumping will cause a state control
malfunction. If this should occur, cycle the POWER
switch OFF, then ON again to clear the malfunction.

In addition to the external switch settings required,
section 8 of the internal OPTIONS/SERVICE switch must
be in the CLOSED position when power is applied to the
instrument for the Analog X-Y Output Option to be
enabled. 1f the PLOT switch is inoperable, refer the instru-
ment to a qualified service person to check the switch
position.

Refer to Figure 53 for the location of the Analog X-Y
Qutput switches and the PEN OUT, X OUT, and Y OUT
BNC connectors.
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After the Analog X-Y Output switches are set for the
X-Y Plotter to be used, no further setting of the switches
is required. Connect the X OUT, Y OUT, and PEN OUT
connectors to the X-Y Plotter, and set up the X-Y Plotter
by following the operating instructions of the plotter in
use.

Using the Option

Acquire a storage mode waveform to be plotted as per
the operating instructions given both in this manual and in
the 468 Service manual, then press in the PLOT push
button (see Figure 54). The 468 will go into the SAVE
Storage Mode, and the stored waveform will be plotted. |
you wish to do more than one plot of the same waveform,
press in the SAVE Storage Mode push button either prior
to pressing in the PLOT push button or during the time the
waveform is being plotted. The waveform will be saved for
as long as the SAVE Storage Mode remains selected. At the
completion of the plot, the 468 will return to the operating
mode selected by the front-panel controls. If SAVE Storage
Mode has not been selected, new waveform data will be
acquired.
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Figure 53. Location of Analog X-Y Qutput Option switches and output connectors.
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PLOT SWITCH

2906-56

Figure 54. Location of Analog X-Y Output PLOT switch.
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Only the actual waveform data points are output to the
X OUT and Y OUT connectors. No scale factors or inter-
polated data are sent. When the PLOT push button is
pressed, the plotter pen will move to the first data point
after about two seconds. The pen will stay at the first data
point for five seconds. After 2.5 seconds, the plotter pen
will be lowered to the plot paper. The remaining data
points will be plotted at the rate selected by the PLOT
SPEED switch. On the last data point plotted, the pen
again remains for five seconds, with the pen lifting at about
2.5 seconds into the delay. The five-second delay at the
first and last data points allows the operator time to
manually control the pen position on some X-Y Plotters.
For multiple waveforms to be plotted, the sequence just
described is repeated for each waveform, including a
two-second wait in the home position before going to the
first data point of the next waveform to be plotted. When
all the waveform data has been sent, the 468 returns to
front-panel control.
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SPECIFICATION

The following electrical characteristics (Table 8) are valid only if the instrument has been calibrated at an ambient tempera-
ture between +20°C and +30°C, the instrument is operating at an ambient temperature between —15°C and +55°C
(unless otherwise notes), and the instrument has had a warmup period of about 20 minutes.

Environmental characteistics are given in Table 9. The 468 meets the requirements of MIL-T-28800B, Class 3, Style D
equipment. Physical characteristics are listed in Table 10, and option electrical characteristics are presented in Table 11.

Table 8
ELECTRICAL CHARACTERISTICS

Characteristics

Performance Requirements

Supplemental Information

VERTICAL SYSTEM

Deflection Factor (Nonstorage Mode)

Range

5 mV per division to 5 V per division in
a 1-2-5 sequence of 10 steps.

DC Accuracy

Graticule indication is within 3% of true in-
put voltage up to + 12 divisions,
referenced to instrument ground, for all
calibrated VOLTS/DIV switch settings.

Gain set with VOLTS/DIV switch set to
5 mV per division.
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Table 8 (cont)

Characteristics

Performance Requirements

Supplemental Information

VERTICAL SYSTEM (cont)

Deflection Factor (cont)
Uncalibrated (VAR) Range
(Nonstorage Mode)

Continuously variable between settings of
VOLTS/DIV switch. Extends deflection
factor to at least 12.5 V per division.

Low-Frequency Linearity

0.1 division or less compression or ex-
pansion of a 2-division signal at center
screen with waveform positioned to
upper and lower extremes of graticule
area.

Frequency Response

Bandwidth (Channel 1 and
Channel 2 Nonstorage Mode)

—15°C to +40°C

Dc to at least 100 MHz.

5-division reference signal from a 25 Q
source; centered vertically, with VAR
VOLTS/DIV control in calibrated
detent.

+40°C to +55°C

Dc to at least 85 MHz.?
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Table 8 (cont)

Characteristics

Performance Requirements

Supplemental Information

VERTICAL SYSTEM (cont)

Frequency Response (cont)
AC Coupled Lower —3 dB Point

1X Probe

10 Hz or less.

10X Probe

1 Hz or less.

Step Response (Non-Storage Mode)

Risetime

0°C to +40°C

3.5 ns or less (calculated).?

5-division reference signal, dc coupled
at all deflection factors, from a 25 Q
source; vertically centered with VAR
VOLTS/DIV control in calibrated
detent.

0.35

Rise Time = WMHZ)

Positive-Going Step (Excluding
ADD Mode)

Aberrations

0°C to +40°C

+4%, —4%, 4% p-p or less. +6%,
—6%, 6% p-p or less (5 V setting
only).
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Table 8 (cont)

Characteristics

Performance Requirements

Supplemental Information

VERTICAL SYSTEM (cont)

Step Response (cont)
Position Effect

0°C to +40°C

Total aberrations less than +6%,
—6%, 6% p-p; checked at 5 mV per
division.

Negative-Going Step

Add 2% to all positive-going specifica-
tions; checked at 5 mV per division.

ADD Mode Operation

Add 5% to all aberration specifica-
tions; checked at 5 mV per division.

Common Mode Rejection Ratio (ADD
Mode With Channel 2 Inverted)

At least 10:1 at 20 MHz for common
mode signals of 6 divisions or less with
GAIN adjusted for best CMRR at

50 kHz. (10:1 at 10 MHz for storage
mode.)

Trace Shift as VAR VOLTS/DIV
Control Is Rotated

1 division or less. Digital Storage
scale-factor LED will indicate voltage
measurements are in divisions in a
storage mode with the VAR control out
of calibrated detent.
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Table 8 (cont)

Characteristics

Performance Requirements

Supplemental Information

VERTICAL SYSTEM (cont)

INVERT Trace Shift

Input Gate Current

+20°C to +30°C

Less than 2 divisions when switching
from non-inverted to inverted.

0.5 nA or less (0.1 division or less trace
shift when switching input coupling be-
tween dc and GND with VOLTS/DIV
switch set to 5 mV per division).

—15°C to +55°C

4 nA or less (0.8 division or less trace
shift when switching input coupling be-
tween dc and GND with VOLTS/DIV
switch set to 5 mV per division).

Channel Isolation

At least 100:1 at 256 MHz (10 MHz in
storage).

Vertical POSITION Range

At least +12 and — 12 divisions from
graticule center.

Chopped Mode Repetition Rate
(Nonstorage Mode)

Approximately 500 kHz.

Within 20%
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Table 8 (cont)

Characteristics

Performance Requirements

Supplemental Information

VERTICAL SYSTEM (cont)

Input R and C
Resistance 1 MQ, within 2%.2
Capacitance Approximately 20 pF.2 Within 3%.

R and C Product (+20°C to
+30°C)

Aberrations 2% or less using a P6105
probe.

Maximum Input Voltage
DC Coupled

250 V (dc + peak ac).?
500 V (p-p ac at 1 kHz or less).?

AC Coupled

(
(
250 V (dc + peak ac).?
500 V (p-p ac at 1 kHz or less).?

Cascaded Operation

Bandwidth (Nonstorage)

Dc to at least 50 MHz.

CH 1 VERT OUT SIGNAL OUT coup-
led into CH 2 input; ac coupled, using
50 2, 42-inch RG-58 C/U cable, termi-
nated in 50 @ at the CH 2 input
connector.

Cascaded Sensitivity

At least 1 mV per division; terminated in
50 Q at the CH 2 input connector.
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Table 8 (cont)

Characteristics

Performance Requirements

Supplemental Information

DIGITAL STORAGE VERTICAL ACQUISITIO

N

Resolution

8 bits, 25 levels per division. 10.24 divi-
sions dynamic range.

DC Accuracy

Scaled binary value of stored digital word

is within 3% of true input voltage up to
+12 divisions, referenced to instrument
ground, for all calibrated VOLTS/DIV
switch settings.

Gain set with VOLTS/DIV set to 5 mV
per division.

Range

0.5mV to 5V per division in a 1-2-5
sequence of 13 steps.

Digital Sample Rate

10 Hz to 25 MHz as determined by the
TIME/DIV switch setting.

Digital Chop Rate

5 Hz to 12.5 MHz (1/2 of the non-
chopped sample rate at all TIME/DIV
switch settings).

Analog Step Response

3% or less acquired overshoot on a
5-division pulse with Display Response
set to PULSE.

Checked on a saved waveform display
using horizontal expaneion (X10 MAG
off).
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Table 8 (cont)

Characteristics

Performance Requirements

Supplemental Information

DIGITAL STORAGE VERTICAL ACQUISITION (cont)

Analog Bandwidth

Dc to 10 MHz, with +1 dB, measured in
ENVELOPE Storage Mode with the
TIME/DIV switch set to 1 ms.

At exactly 10 MHz input signal fre-
quency, it is possible for aliasing to oc-
cur and produce an envelope with
variable amplitude. If aliasing occurs,
shift the test frequency slightly to ob-
tain an envelope with flat amplitude.

Useful Storage Bandwidth

NORM Storage Mode
SINE Display Response

Single Trace
or Alt CHOP
Dc to 10 MHz, Dc to 5 MHz, with-

with +1, —3dB,
measured p-p over
any single cycle,
with TIME/DIV
switch set t0 0.2 us
(X10 MAG off).

in +0.5, —1.5db,
measured p-p over
any single cycle,
with TIME/DIV
switch set to 0.2 us
(X10 MAG off).

For SINE Display Response, useful
storage bandwidth is limited to that
frequency where there are 2.5 samples
per input cycle period at the maxi-
mum sampling rate (max sampling
rate is 25 MHz in Single Trace or ALT
and 12.5 MHz in CHOP).

Accuracy at useful storage bandwidth
limit is measured with respect to a
6 division, 50 kHz reference sine wave.
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Table 8 (cont)

Characteristics

Performance Requirements

Supplemental Information

DIGITAL STORAGE VERTICAL ACQUISITION (

cont)

Useful Storage Bandwidth (cont)
PULSE Display Response

Dc to 3.5 MHz,
within +0.5, —1.5
dB, measured p-p
over any single
cycle, with TIME/
DIV switch set to
0.2 us (X10 MAG
off).

Dc to 1.75 MHz,
within +0.5,—1.5
dB, measured p-p
over any single
cycle, with TIME/
DIV switch set to
0.2 us (X10 MAG
off).

For PULSE Display Response, useful
storage bandwidth is limited to that
frequency where there are 7 samples
per input cycle period at the maxi-
mum sampling rate (max sampling rate
is 25 MHz in Single Trace or ALT and
12.5 MHz in CHOP).

Accuracy at useful storage bandwidth
limit is measured with respect to a 6-
division, 50 kHz reference sine wave.

Useful Storage Rise Time
NORM Storage Mode

PULSE Display Response

64 ns.

128 ns.

Useful storage rise time is defined as
1.6 times the minimum sampling
interval (40 ns in Single Trace or ALT
and 80 ns in CHOP).
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Table 8 (cont)

Characteristics

Performance Requirements

Supplemental Information

TRIGGERING

Sensitivity

AC Coupled Signal

0.3 division internal or 50 mV external
from 30 Hz to 10 MHz; increasing to 1.5
divisions internal or 150 mV external up to
100 MHz.

In EXT/10, multiply requirements by
10.

LF REF Coupled Signal

0.5 division internal or 100 mV external
from 50 kHz to 10 MHz; increasing to 1.5
divisions internal or 300 mV external up to
100 MHz.

Attenuates signals below approximate-
ly 50 kHz.

HF REJ Coupled Signal

0.5 division internal or 100 mV external
from 30 Hz to 50 kHz.

Attenuates signals above approxi-
mately 50 kHz.

DC Coupled signal

0.3 division internal or 50 mV external
from dc to 10 MHz; increasing to 1.5
divisions internal or 150 mV external up to
100 MHz.
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Table 8 (cont)

Characteristics

Performance Requirements

Supplemental information

TRIGGERING (cont)

Trigger Jitter

Nonstorage Mode

0.5 ns or less at 100 MHz at 2 ns per
division (X10 MAG on).

Storage Mode

+1 sample period for data transmitted on
the GPIB. See Jitter Correction Perfor-
mance Requirement.?

Inherent +1 sample jitter between
sample clock and asychronous trigger
is partially compensated for by the
jitter correction circuitry.

External Trigger Inputs

Maximum Input Voltage

250 V (dc + peak ac).®
250 V (p-p ac at 1 kHz or less).?

Input Resistance

1 MQ within 10%.?

Input Capacitance

Approximately 20 pF, within 30%.

LEVEL Control Range
EXT

At least + and —2V, 4V p-p.

EXT/10

At least + and —20V, 40 V p-p.
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Table 8 (cont)

Characteristics

Performance Requirements

Supplemental Information

TRIGGERING (cont)

A External Trigger View
(Nonstorage Mode Only)

Deflection Factor

Dc trigger coupling only; checked with
a 1 kHz signal.

EXT 100 mV per division +5%.
EXT/10 1V per division +5%.
Rise Time 5ns or less.? BW Limit at full (button out).

Delay Difference

=< +0.20 division (< +300 ps at 2 ns per
division).

5-division signal with 5 ns rise time or
less from a 25 Q source; centered ver-
tically with equal 50 Q cable length
from signal source to vertical channel
and external trigger input connectors;
terminated in 50 Q at each input.

Centering of Triggering Point

Within 1 division of center screen.

Flatness and Aberrations

+10%, —10%, 10% p-p.
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Table 8 (cont)

Characteristics

Performance Requirements

Supplemental Information

HORIZONTAL DEFLECTION SYSTEM

Sweep Rate (Nonstorage Mode)
Calibrated Range
A Sweep

0.5 s per division to 0.02 us per divi-
sion in 23 steps in a 1-2-5 sequence.
X10 MAG extends maximum sweep
rate to 2 ns per division.

B Sweep

50 ms per division to 0.02 us per divi-
sion in 20 steps in a 1-2-5 sequence.
X10 MAG extends maximum sweep
rate to 2 ns per division.

Accuracy

+20°C to +30°C
—15°C to +55°C

Within the given percentages of the indi-
cated value.

Unmagnified Magnified
Within 2% Within 3%
Within 3%? Within 4%?

Accuracy specification applies over the
full 10 div of the unmagnified sweep.

In X10 MAG, at TIME/DIV switch set-
ting of .02 us, .1 us, and .2 us, exclude
the first and last 50 ns of the sweep;
and at a TIME/DIV switch setting of
.5 us, exclude the first 100 ns of the
sweep.
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Table 8 (cont)

Characteristics

Performance Requirements

Supplemental Information

HORIZONTAL DEFLECTION SYSTEM (cont)

Sweep Rate (cont)
Two-Division Linearity Check

+5% over any two-division portion (or
less) of the full 10 divisions. When in
X10 MAG exclude first and last magni-
fied divisions when checking 2 ns,

5 ns, and 10 ns per division rates.

Alternate Sweep Trace Separation
(Nonstorage Mode Only)

= + 4 divisions.

Variable Range (A Only)
(Nonstorage Mode)

Continuously variable between calibrated
settings of the A TIME/DIV switch. Ex-
tends slowest A sweep rate to at least
1.25 s per division.

At least 2.5:1.

A Sweep Length (Nonstorage Mode)

10.5 to 11.5 divisions.

A Trigger HOLDOFF (Variable)

Increases A sweep holdoff time by at
least a factor of 10 (Nonstorage
Mode). Storage holdoff time is a func-
tion of microprocessor operation.

Magnifier Registration

Within 0.2 division from graticule cen-
ter (X10 MAG on to X10 MAG off).
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Table 8 (cont)

Characteristics

Performance Requirements

Supplemental Information

HORIZONTAL DEFLECTION SYSTEM (cont)

POSITION Range (Horizontal)

Start of sweep must position to right of
graticule center. End of sweep must
position to left of graticule center.

Differential Time Measurement
Accuracy (Nonstorage Mode)

+156°C to +35°C

Measurements of
1 or more major
dial divisions

Measurements of
less than 1 major
dial division

With 1% of
indicated value.

+0.01 major dial
division.

With the A TIME/DIV switch at 0.5 us
per division, or 0.2 us per division,
the differential time measurement
accuracy limit is valid only for

DELAY TIME POSITION dial settings
between 1.50 and 8.50.

—15°Cto +55°C

Within 2.5% of
indicated value.?

+0.03 major dial
division.?
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Table 8 (cont)

Characteristics Performance Requirements Supplemental information

HORIZONTAL DEFLECTION SYSTEM (cont)

Delay Time Jitter (Nonstorage Mode) One part or less in 50,000 (0.002% of 10
times the A TIME/DIV switch setting)
when operating on an ac-power-source
frequency above 50 Hz.

One part of less in 20,000 (0.005% of A
TIME/DIV switch setting) when operating
on a 50 Hz or lower ac-power source
frequency.?

Calibrated Delay Time (VAR Control Continuous from 0.2 us to at least 5 s
in Calibrated Detent) after the deiaying (A) sweep.
X-Y Operation (Nonstorage Mode
Only)

X-Axis Deflection Factor Same as vertical system, with X10 MAG

off.
Variable Range Same as vertical system.
X-Axis Bandwidth Dc to at least 4 MHz. 10 division reference signal.
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Table 8 (cont)

Characteristics Performance Requirements Supplemental Information

HORIZONTAL DEFLECTION SYSTEM (cont)

X-Y Operation (cont)
Input Resistance Same as vertical system.?
Input Capacitance Same as vertical system.?
Maximum Usable Input Voltage Same as vertical system.®
Phase Difference Between X and Y Within 3° from dc to 50 kHz.
Amplifiers
Deflection Accuracy Graticule indication is within 4% of true in-
put voltage.
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Table 8 (cont)

Characteristics

Performance Requirements

Supplemental Information

DIGITAL STORAGE HORIZONTAL ACQUISITION

Horizontal Resolution

Single Waveform Acquisition

9 bit. 512 data points (50 data points
per division across the graticule area).

Chopped Acquisition (NORM
Storage Mode Only)

8 bit. 256 data points per division (25
data points per division across the
graticule area).

Range

5 s per division to 20 ns per division in
a 1-2-5 sequence.

At TIME/DIV switch settings of 5 s to
2 us, waveform sampling rate is deter-
mined by the switch setting. From 1 us
to 0.02 us per division, sampling rate is
at the 2 us per division rate. Interpola-
tion and analog gain are used to ex-
pand the signal to the correct
horizontal scale.
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Table 8 (cont)

Characteristics

Performance Requirements

Supplemental Information

DIGITAL STORAGE HORIZONTAL ACQUISITION

(cont)

Accuracy (Sample Period)

Sample clock is within 0.01% of select-
ed sample period, +50 ps ADC aper-
ture uncertainity.

Crystal oscillator:
0°Cto +70°C
V.= +5V x05V.

Dynamic Range

10.24 divisions.

STORAGE DISPLAY

Vertical

Resolution

1 part in 1024 (10 bit). Calibrated for
100 points per division.

Differential Accuracy

Graticule indication of voltage cursor
difference is within 2% of LED readout
value, measured over center six divisions.
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Table 8 (cont)

Characteristics Performance Requirements Supplemental Information

STORAGE DISPLAY (cont)

Vertical (cont)

POSITION Range Any portion of a stored waveform ver-
tically magnified X10 can be positioned
to the top and to the bottom of the
graticule area.

Position Registration

NON STORE to NORM Within + 0.5 division at graticule center
at VOLTS/DIV settings from 5 mV to
5 V per division.

NORM, ENVELOPE, or AVG Within + 0.2 divisions at VOLTS/DIV
to SAVE settings from 5 mV to 5 V per division.
SAVE Mode Gain Range (Vertical) Up to X10 as determined by the setting
of the VOLTS/DIV switch.
ENVELOPE Fill 90% or more of a six division ENVE-
LOPE display.
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Table 8 (cont)

Characteristics

Performance Requirements

Supplemental Information

STORAGE DISPLAY (cont)

Vertical (cont)

Rise Time =0.3 horizontal graticule division for a
five-division step, with horizontal X10
MAG on.
Checked with no samples on the rising
edge of the waveform.

Aberrations 4+ 6%, —6%, 6% p-p or less on a five-
division step (fast rise) input.

Horizontal
Resolution 1 part in 1024 (10 bit). Calibrated for

100 points per division.

Differential Accuracy

Graticule indication of time cursor differ-
ence is within 2% of LED readout value,
measured over center eight divisions.

SAVE Mode Gain Range
(Horizontal)

Up to X100 as determined by the set-
ting of the TIME/DIV switch.
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Table 8 (cont)

Characteristics

Performance Requirements

Supplemental Information

STORAGE DISPLAY (cont)

Horizontal (cont)
Position Registration

Sweep start between NON STORE
and Storage within +0.2 division at
TIME/DIV switch setting of 1 ms.

Display Response (Selectable)
SINE

Microprocessor performs an interpola-
tion between data points that is opti-
mized to produce the best response
for input signals that have no frequen-
cy components above Fs/2, when Fs is
the sampling rate.

For a 6-division, sinusoidal input
digitized at 2.5 samples per input cycle
and expanded 10X with the TIME/DIV
switch, SINE Display Response enve-
lope distortion produces a maximum
amplitude error at any peak which is
less than 5% of the ideally reconstruct-
ed reference p-p amplitude, assuming
no distortion in the acquired input
signal.
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Table 8 (cont)

Characteristics

Performance Requirements

Suppiemental Information

STORAGE DISPLAY (cont)

Display Response (cont)
PULSE

Microprocessor performs linear inter-
polation between data points to opti-
mize the display response for fast-rise
and fast-fall waveforms (rise and fall
times faster than 3 times the sampling
interval).

For a 6-division sinusoidal input at sev-
en samples per input cycle period,
PULSE Display Response envelope
distortion produces a maximum ampli-
tude error at any peak which is less
than 5% of the ideally reconstructed
reference p-p amplitude.
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Table 8 (cont)

Characteristics

Performance Requirements

Supplemental Information

STORAGE DISPLAY (cont)

Jitter Correction

Gain

Reduces effect of sample clock-to-trig-
ger jitter.

0.4 division, +10%; X10 MAG on.

Resolution

+0.1 sample period for TIME/DIV
switch settings of 20 us to 5 s per divi-
sion. +3 ns for switch settings of
0.02 us to 10 us per division.

NOTE

Due to inherent uncertainty in-
volved in the jitter correction,
the resolution will occasionally,
at random intervals, exceed the
limits given above.
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Table 8 (cont)

Characteristics

Performance Requirements

Supplemental Information

STORAGE DISPLAY (cont)

Display Type

Four-digit, seven-segment LED
indicators.

VOLTS Readout

Displays calculated voltage difference
between horizontal cursors in VOLTS
measurement mode. Scale factor is de-
termined by VOLTS/DIV switch
setting.

Resolution

1 part in 1024 (10 bit).

TIME Readout

Displays calculated time difference be-
tween cursor dots in TIME measure-
ment mode. Scale factor determined
by setting of the appropriate TIME/DIV
switch (A or B).
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Table 8 (cont)

Characteristics Performance Requirements Supplemental Information

STORAGE DISPLAY (cont)

TIME Readout (cont)
Resolution 1 part in 1024 (10 bit).

NOTE

Scale-factor LED indicates mea-
surement is in DIV in the VOLTS
measurement mode when vertical
UNCAL LED is illuminated, or are
used in a dual-channel mode.

CRT DISPLAY
Display Area 8 X 10 cm.
Geometry 0.1 division or less of tilt or bowing.
Trace Rotation Range Adequate to align trace with horizontal

graticule lines. At least +3°.
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Table 8 (cont)

Characteristics

Performance Requirements

Supplemental Information

CRT DISPLAY (cont)

Standard Phosphor

P31 (green).

Nominal Accelerating Potential

18.5 kV.

Electrode Voltages to Ground

Heater Voltage Between CRT
Pins 1 and 14

6.3 Vrms, +3 V: elevated to —2450 V.

Cathode (Pin 2)

—2450V, +2%.

Grid No. 1 (Pin 3)

~—2455V to —2555 V.

Focus (Pin 4)

~—1780V to —2000 V.

Astigmatism (Pin 5) OVto~ +95V.
Isolation Shield (Pin 7) +35V, £5V.
First Anode (Pin 8) ~+55V.
Geometry (Pin 10) 0to ~+95V.
Mesh (Pin 12) ~—150V.
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Table 8 (cont)

Characteristics

Performance Requirements

Supplemental Information

CALIBRATOR

Output voltage
0°C to +40°C

0.3 V, within 1.0%

Within 0.5% at 25°C, £5°C.

—15°C to +55°C

0.3 V, within 1.5%.

Repetition Rate

Approximately 1 kHz.

Within 25%.

Output Resistance

Approximately 10.3 Q.

Output Current
+20°C to +30°C

30 mA, within 2%.?

—15°C to +55°C

30 mA, within 2.5%.
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Table 8 (cont)

Characteristics

Performance Requirements

Supplemental Information

Z-AXIS INPUT

Sensitivity

5 V p-p signal causes noticeable modula-
tion at normal intensity.

Positive-going signal decreases
intensity.

Usable Frequency Range

Dc to 50 MHz.2

Input Resistance

25 kQ, within 10%. Decreases to ap-
proximately 200 @ at 2 MHz and
above.

Maximum Input Voltage

25V (dc + peak ac).
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Table 8 (cont)

Characteristics

Performance Requirements

Supplemental Information

SIGNAL OUTPUTS

CH 1 VERT SIGNAL OUT
Output Voltage

At least 50 mV per division of displayed
signal into 1 MQ. At least 25 mV per divi-
sion of displayed signal into 50 Q.

Output Resistance

Approximately 50 Q.

Bandwidth

Dc to at least 50 MHz into 50 Q.

DC Level

Approximately 0 V.

Within 100 mV.

A and B + GATES
Output Voltage

Approximately 5.5 V, positive-going
rectangular pulse.

Starts at 0 V, within 500 mV.

Output Resistance

Approximately 500 €.
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Table 8 (cont)

Characteristics

Performance Requirements

Supplemental Information

POWER SOURCE

AC-Source Voltage Ranges
115V

(High) 108V to 132 V.2

(Low) 90V to 110 V.2
230V

(High) 216 V to 250 V.

(Low) 198V to 242 V.2

AC-Source Frequency

48 Hz to 440 Hz.?

Power Consumption

Typical

115 watts (140 VA).?

Maximum

150 watts (190 VA).?

48 Hz, 110 Vac, low regulating range.
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Table 8 (cont)
INTERNAL POWER SUPPLIES

Characteristics

Supplemental Information

Main Supply Accuracy
(+20°C to +30°C)

Any 500-Hour Period
Initial Setting After First 200 Hours

Maximum p-p Ripple

Accuracy From —15°C
to 55°C

-8V +0.9% +1.7% 2mv Within 0.5% of 25°C value
+5V +0.9% +1.7% 2mVv Within 0.5% of 25°C value
+15V +0.9% +1.7% 2myv Within 0.5% of 25°C value
+55V +0.3% +0.7% 4 mv Within 0.5% of 25°C value
—2450V +1.2% +2.2%
+110V +3% 100 mVv
Digital Storage Power
Supplies (Not Adjustable)
Voltage -6V —12V +5V +12v
Tolerance +4% +5% +4% +5%
Maximum p-p Ripple 150 mV

® performance requirement not checked in manual.
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Table 9
ENVIRONMENTAL CHARACTERISTICS

Characteristics Description

NOTE

All of the environmental tests performed meet the requirement of
MIL-T-28800B, Class 3, Style D equipment.

Temperature
Nonoperating (Storage) —62°C to +85°C.
Operating —15°C to +55°C.
Altitude
Nonoperating (Storage) To 50,000 ft.
Operating To 15,000 ft.

Humidity (Operating and nonoperating) 5 cycles (120 hrs) referenced to MIL-T-28800B, Par. 3.9.2.2. Class 3, 95% to
97% relative humidity.

Vibration (Operating) 15 minutes along each of 3 major axes at a total displacement of 0.025 inch p-p
(4 g's at 55 Hz), with frequency varied from 10 Hz to 55 Hz to 10 Hz in 1-minute
sweeps. Hold 10 minutes at each major resonance, or if no major resonance
present, hold 10 minutes at 55 Hz.

Shock (Operating and Nonoperating) 30 g’s, half-sine, 11 ms duration, 3 shocks per axis in each direction for a total of
18 shocks.
EMI
Option 04 Only Meets TEKTRONIX Standard 062-2866-00 with exception of RE02 relaxed
20 dB.
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Table 10

PHYSICAL CHARACTERISTICS

Characteristics

Description

Weight
With Panel cover, Accessories, and Accessory Pouch

33 pounds (15 kg).

Without Panel Cover, Accessories, and Accessory Pouch

30 pounds (13.6 kg).

Domestic Shipping Weight

47 pounds (21.7 kg).

Height
With Feet and Pouch

7.5 inches (19.1 cm).

Without Pouch

7.2 inches (18.3 cm).

Width
With Handle

12.9 inches (32.8 cm).

Without Handie

11.5 inches (29.2 cm).

Depth
Including Panel Cover

21.7 inches (55 cm).

Handle Extended

23.7 inches (60 cm).
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Table 11

OPTION ELECTRICAL CHARACTERISTICS

Characteristics

Performance Requirement

Supplemental Information

GENERAL PURPOSE INTERFACE BUS (GPIB) OPTION 02

Interface Function®

SH1 Source Handshake.

AH1 Acceptor Handshake.

T1 Basic talker, talk only mode,
serial poll.

LO No Listener.

SR1 Service Request.

RLO No Remote/Local.

PPO No Paralle! Poll.

DC2 Device Clear.

DTO No Device Trigger.

CO0 No Controller.

Waveform Data Transmitted

Conforms to Tektronix Interface Stan-
dard, GPIB Codes and Formats (Rev. C).?

When no waveform has been acquired,
only the ID portion of the waveform
message will be transmitted.
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Table 11 (cont)

Characteristics

Performance Requirements

Supplemental Information

ANALOG X-Y OUTPUT OPTION 11

X and Y Output

Sensitivity 200 mV/div Within + 3%, measured with respect to
ONn-screen cursors.
Range 0to2.048 V. 0 to 10.24 div.
Resolution
Y-Axis 8 bit.
X-Axis 8 or 9 bit.

PEN LIFT Relay contact closure to ground, polar-
ity switchable. Maximum relay current
is 200 mA, fused at 250 mA. Maximum
applied voltage is 30 V peak. A 10-
kilohm pull-up resistor to the +5-V
supply is switchable to provide TTL
pen-lift levels.

PLOT SPEED Switch selectable between fast and
slow

Switch Open Fast plot. 40 ms +10% per data point.
Switch Closed Slow plot 320 ms +10% per data point.
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Table 11 (cont)

Characteristics

Performance Requirements

Supplemental Information

SIGNAL AVERAGING OPTION 12

Averaging

Range

Two to 256 waveforms in a 2-4-8 binary
sequence. Number of sweeps to be
averaged set with CURSOR/NO. OF
SWEEPS control knob when NO. OF
SWEEPS push button (on side panel) is
pressed in.

Uncorrelated noise, signal-to-noise ra-
tio is improved by the square root of
the number of waveforms averaged.

2 performance requirement not checked in manual.
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ACCESSORIES

STANDARD ACCESSORIES INCLUDED

Basic 468 Accessories

2 Probes, 10X, length 2 m, with accessories 010-6105-03

1 Accessory Pouch 016-0594-00
1 Accessory Pouch, Zipper 016-0537-00
1 Operators Manual 070-2906-01
1 Service Manual, Volume | 070-3515-00
1 Service Manual, Volume I} 070-3516-00
2 Fuses, 1.5 A, 3AG slow-blow 159-0160-00
1 Fuse, 0.70 A, 3AG, slow-blow 159-0040-00
1 Crt Filter, Blue Plastic (installed) 337-1674-00
1 Crt Filter, Clear Plastic 337-1674-01
1 Adapter, Ground Wire 134-0016-01
Option 05 Accessories

2 Adapter, probe tip 103-0051-01
1 Graticule, NTSC 337-1674-02
1 Graticule, CCIR 337-1674-03

OPTIONAL ACCESSORIES

C-5C Option 02 low-cost general-purpose Camera-order
C-5C Option 02.
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Protective Cover, waterproof, blue vinyl-order 016-0365-00.
Polarized Collapsible Viewing Hood—order 016-0180-00.
Folding Viewing Hood, light-shielding—order 016-0592-00.
Collapsible Viewing Hood, binocular—order 016-0566-00.

Mesh Fitter—improves contrast and filters emi—order 378-
0726-01.

SCOPE-MOBILE Cart-Occupies less than 18 inches of
aisle space, with storage area in base-order 200C.

Crt Filter, smoke-gray—order 337-1674-07.
GPIB Option—GPIB I/F cable, single shielded:
2 meter length—order 012-0630-01.

4 meter length—order 012-0630-02.

Optional Power Cords

Standard, 3 meter length—order 161-0104-00.

Option A1, 3 meter length—order 161-0104-06.
Option A2, 3 meter length—order 161-0104-07.
Option A3, 3 meter length—order 161-0104-05.
Option A4, 3 meter length—order 161-0104-08.
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