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OPERATORS SAFETY SUMMARY

The general safety information in this part of the summary is for both operating and servicing 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 resuit in damage to the equipment or other property.

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

Terms as Marked on Equipment

CAUTION indicates either a personal injury hazard not
immediately accessible as one reads the marking or a
hazard to property, including the equipment 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.

Power Source

This product is intended to operate from a power source
that does not apply more than 250 volts rms between the
supply conductors or between either supply conductor
and 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 conductor
of the power cord. To avoid electrical shock, plug the
power cord into a properly wired receptacle before con-
necting to the product input or output terminals. A protec-
tive ground connection by way of the grounding conductor
in the power cord is essential for safe operation.

viii

Danger Arising From Loss of Ground

Upon loss of the protective-ground connection, all
accessible conductive parts (including knobs and controls
that may appear to be insulating) can render an electric
shock.

Use the Proper Power Cord
Use only the power cord and connector specified for your
product.

Use only a power cord that is in good condition.

For detailed information on power cords and connectors,
see Figure 2-2,

Use the Proper Fuse

To avoid fire hazard, use only a fuse of the correct type,
voltage rating, and current rating as specified in the parts
list for your product.

Refer fuse replacement to qualified service personnel.

Do Not Operate in Explosive Atmospheres

To avoid explosion, do not operate this product in an
explosive atmosphere.

Do Not Remove Covers or Panels

To avoid personal injury, do not remove the product covers

or panels. Do not operate the product without the covers -

and panels properly installed.
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SERVICING SAFETY SUMMARY
FOR QUALIFIED SERVICE PERSONNEL ONLY

Refer also to the preceding Operators Safety Summary.

Do Not Service Alone

Do not perform internal service or adjustment of this
product unless another person capable of rendering first
aid and resuscitation is present.

Use Care When Servicing With Power On

Dangerous voltages exist at several points in this product.
To avoid personal injury, do not touch exposed connec-
tions or components while power is on.

Disconnect power before removing protective panels,
soldering, or replacing components.

Power Source

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

For Service Manuals Contact
MAURITRON TECHNICAL SERVICES
8 Cherry Tree Rd, Chinnor
Oxon OX9 4QY
Tel:- 01844-351694 Fax:- 01844-352554
Email:- enquiries@mauritron.co.uk
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SPECIFICATION

INTRODUCTION

The TEKTRONIX 468 Oscilloscope is a portable digital storage oscilloscope with a four-trace, de-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 con-
ventional oscilloscope that can display CH 1, CH 2, ADD,
and A TRIG VIEW (external trigger only) simultaneously.
The vertical deflection system has calibrated deflection
factars ranging from 5 mV to 5 V per division. The hori-
zontal 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 alter-
nated with delayed 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.

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
(optional). Two storage functions are available to hold a
display indefinitely for measurement and comparison:
SAVE Storage Mode (stops acquisition) and SAVE REF
{holds a reference display and continues acquisition in the
selected Storage Mode). Using the PRE TRIG or POST
TRIG Storage Window, waveform data may be acquired
prior to or after the trigger. Time and voltage measurements
on the acquired waveform are easily made using the VOLTS
and 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,
increasing the storage time base to 5 s per division {a total
sweep time of 50 s). The waveshape of signals acquired at
these fow frequencies would be impossible to view on a
conventional oscilloscope. Digital storage circuitry, how-
ever, 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 5
mV 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
Storage Mode. Selecting NORM Storage Mode causes
acquisition and display of a new waveform with each
trigger. The display in this mode most resembles conven-
tional oscilloscope displays, and waveforms acquired will
react to the oscilloscope front-panel controls with each
trigger.

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-
fope is displayed. This mode is useful for detecting noise
and spurious or erratic signals.

Choosing the optional AVG Storage Mode allows wave-
forms 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
either 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 2 mV per division positions of
the VOLTS/DIV switch.

1-1
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Once the desired signal is obtained in storage, the signa!
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.

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 0.5, 1 or 2 mV per division may be reduced
back to the 5 mV per division deflection sensitivity if desired.
The SAVE display of a waveform acquired in the AVG Stor-
age 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 aproximately 8.75 horizontal divi-
sions of waveform data occurring before the triggering sig-
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 wave-
form 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-
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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.

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 asolute 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 (GP!B), Codes and Formats.

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.

Option 04 (EMC provides additional reduction of electro-
magnetic 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.

REV JUN 1982
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SPECIFICATION TABLES

The following electrical characteristics (Table 1-1) are valid only if the instrument has been calibrated at an ambient
temperature between +20°C and +30°C, the instrument is operating at an ambient temperature between —15°C and
+55°C (unless otherwise noted), and the instrument has had a warmup period of about 20 minutes.

Environmental characteristics are given in Table 1-2. The 468 meets the requirements of MIL-T-288008, Class 3, Style D
equipment. Physical characteristics are listed in Tabie 1-3, and option electical characteristics are presented in Table 1-4.

Table 1-1

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
input voltage up to *12 divisions, refer-
enced to instrument ground, for all
calibrated VOLTS/DIV switch settings.

Gain set with VOLTS/DIV switch set
to 5 mV per division.

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

For Service Manuals Contact
MAURITRON TECHNICAL SERVICES
8 Cherry Tree Rd, Chinnor
Oxon OX9 4QY
Tel:- 01844-351694 Fax:- 01844-352554

0.1 division or less compression or
expansion of a 2-division signal at
center screen with waveform posi-
tioned 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-$2 source; centered vertically, with
VAR VOLTS/DIV control in cali-
brated detent.

+40°C to +55°C

Dc to at least 85 MHz 2

AC Coupled Lower —3 dB Point
1X Probe

10 Hz or less.

10X Probe

1 Hz or less.

- - %Performance requirement not checked in manual.
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Table 1-1 (cont)

Characteristics

Performance Requirements

Supplemental Information

VERTICAL SYSTEM (cont)

Step Response (Non-Storage Mode)

Rise Time

0°C to +40°C

3.5 ns or less (calculated).?

5-division reference signal, dc coupled
at all deflection factors, from a 25-§2
source; vertically centered with VAR
VOLTS/DIV control in calibrated
detent.

0.35

Rise Time = ——————
BW (in MHz)

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).

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 specifi-
cations; 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.

INVERT Trace Shift

Less than 2 divisions when switching
from non-inverted to inverted.

Input Gate Current
+20°C to +30°C

0.5 nA or less (0.1 division or less
trace shift when switching input
coupling between 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

between DC and GND with VOLTS/
DIV switch set to 5 mV per division).

3pgrformance requirement not checked in manual.

14

™M

e T o T
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Characteristics

Performance Requirements

Supplemental Information

VERTICAL SYSTEM (cont)

Channel Isolation

At least 100:1 at 25 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%.

Input Rand C

Resistance

1 M, within 2%.2

Capacitance

Approximately 20 pF.2

R and C Product (+20°C to +30°C)

Aberrations 2% or less using a P6105
probe.

Maximum Input Voltage

For Service Manuals Contact
DC Coupled 250 V (dc + peak ac).? , MAURITRON TECHNICAL SERVICES
500 V (p-p ac at 1 kHz or less). 8 Cherry Tree Rd, Chinnor
Oxon-OX9-4Q¥
Tel:- 01844-351694 Fax:- 01844-352554
a
AC Coupled 250 V (dc + peak ac). Email:- enquiies@mauritron.co.uk

500 V (p-p ac at 1 kHz or less).2

Cascaded Operation

Bandwidth (Nonstorage)

Dc to at least 50 MHz.

CH 1 VERT OUT SIGNAL OUT
coupled into CH 2 input; ac coupled,
using 50-£2, 42-inch RG-58 C/U cable,
terminated in 50 {2 at the CH 2 input
connector.

Cascaded Sensitivity

At least T mV per division; terminated in
50 €2 at the CH 2 input connector.

Di

GITAL STORAGE VERTICAL ACQUISITION

Resolution

8 bits, 25 levels per division. 10.24
divisions 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 5 V per division ina 1-2-5
sequence of 13 steps.

Digital Sample Rate

10 Hz to 25 MHz as determined by the
TIME/DIV switch setting.

3performance requirement not checked in manual.
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Table 1-1 (cont)

Characteristics

Performance Requirements

Supplemental Information

DIGITAL STORAGE VERTICAL ACQUISITION

{cont)

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 expansion {(X10 MAG
off).

Analog Bandwidth

Dc to 10 MHz, within £1 dB, measured
in ENVELOPE Storage Mode with the
TIME/DIV switch set to 1 ms.

At exactly 10 MHz input signal
frequency, it is possible for aliasing to
occur and produce an envelope with
variable amplitude. If aliasing occurs,
shift the test frequency slightly to
obtain an envelope with flat amplitude.

Useful Storage Bandwidth

NORM Storage Mode
SINE Display Response

measured p-p over
any single cycle,
with TIME/DIV
switch set to 0.2 us
{X10 MAG off).

Single Trace
or Alt CHOP
Dc to 10 MHz, Dc to b MHz, with-
within +1, -3 dB, 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 respecttoa 6
division, 50 kHz reference sine wave.

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).

1-6
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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 REJ 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 approxi-
mately 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.

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 Perform-
ance Requirement.?

Inherent £1 sample jitter between
sample clock and asynchronous 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).?

For Service Manuals Contact
MAURITRON TECHNICAL SERVICES
8 Cherry Tree Rd, Chinnor
Oxon OX9 4QY

Input Resistance

1 MQ within 10%.?

- S ax:- -
Email:- enquiries@mauritron.co.uk

Input Capacitance

Approximately 20 pF, within 30%.

LEVEL Control Range
EXT

At least + and -2 V, 4 V p-p.

EXT/10

At least + and —20 V, 40 V p-p.

A External Trigger View
(Nonstorage Mode Only)

Deflection Factor

EXT

100 mV per division £5%.

Dc trigger coupling only; checked
with a 1 kHz signal.

EXT/10

1 V per division £5%,

%performance requirement not checked in manual.
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Table 1-1 (cont)

Characteristics

Performance Requirements

Supplemental Information

TRIGGERING (cont)

A External Trigger View
{Nonstorage Mode Only) (cont)

Rise Time

5 ns or less.?

BW Limit at full (button out).

Delay Difference

< +0.20 division (<400 ps at 2 ns
per division).

5-div signal with 5 ns rise time or less
from a 25-Q source; centered vertically
with equal 50-Q cable length from sig-
nal source to vertical channel and
external trigger input connectors; ter-
minated in 50-Q at each input.

Centering of Triggering Point

Within 1 division of center screen.

Flatness and Aberrations

+10%, —10%, 10% p-p.

HORIZONTAL DEFLECTION SYSTEM

Sweep Rate (Nonstorage Mode)
Calibrated Range
A Sweep

0.5 s/div to 0.02 us/div in 23 steps in a
1-2-5 sequence. X10 MAG extends
maximum sweep rate to 2 ns/div.

B Sweep

50 ms/div to 0.02 us/div in 20 steps in
a 1-2-5 sequence. X10 MAG extends
maximum sweep rate to 2 ns/div.

Accuracy

Within the given percentages of the
indicated value.

Unmagnified Magnified
+20°C to +30°C Within 2% Within 3%
—15°C to +55°C Within 3%2 Within 4%°

Accuracy specification applies over the
fuil 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.

Two-Division Linearity Check

+5% over any two-division portion (or
less) of the full 10 div. When in X10
MAG exclude first and last magnified
div when checking 2ns,5ns, and
10 ns/div 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/div.

At least 2.5:1.

¥performance requirement not checked in manual.
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Characteristics

Performance Requirements

Supplemental Information

HORIZONTAL DEFLECTION SYSTEM (cont)

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 function of
microprocessor operation.

Magnifier Registration

Within 0.2 division from graticule
center (X10 MAG on to X10 MAG
off).

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)

+15°C to +35°C

Measurements of
less than 1 major
dial division

Measurements of
1 or more major
dial divisions

+0.01 major dial
division,

Within 1% of
indicated value.

—15°C to +55°C

+0.03 major dial
division.2

Within 2.5% of
indicated value ?

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.

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 or less in 20,000 (0.005% of
A TIME/DIV switch setting) when
operating on a 50-Hz or lower ac-power
source frequency 2

For Service Manuals Contact
MAURITRON TECHNICAL SERVICES
8 Cherry Tree Rd, Chinnor
Oxon OX9 4QY
Tel- 01844-351694 Fax:- 01844-352554
Email:- enquiries@mauritron.co.uk

Calibrated Delay Time (VAR Control
in Calibrated Detent)

Continuous from 0.2 us to at least 5 s
after the delaying (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.

Input Resistance

Same as vertical system.?

Input Capacitance

Same as vertical system.?

@performance requirement not checked in manual.
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Table 1-1 (cont)

Characteristics Performance Requirements

Supplemental Information

HORIZONTAL DEFLECTION SYSTEM (con

1 X-Y Operation (Nonstorage Mode
Only) (cont)

Maximum Usable Input Voltage Same as vertical system.?

Phase Difference Between X and Y
Amplifiers

Within 3° from dc to 50 kHz.

Deflection Accuracy Graticule indication is within 4% of true
input voltage.

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.
Interpolation and analog gain are used
to expand the signal to the correct
horizontal scale.

Accuracy (Sample Period)

Sample clock is within 0.01% of
selected sample period, £50 ps ADC
aperture uncertainty.

Crystal oscillator:
0°C to +70°C

V, =t5V105V.

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.

3parformance requirement not checked in manual.
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Table 1-1 (cont)
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Characteristics

Performance Requirements

Supplemental Information

STORAGE DISPLAY (cont)

Vertical {(cont)
POSITION Range

Any portion of a stored waveform
vertically 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
to SAVE

Within £0.2 divisions at VOLTS/DIV
settings from5mV to 5 V per division.

SAVE Mode Gain Range (Vertical)

Up to X10 as determined by the set-
ting of the VOLTS/DIV switch,

ENVELOPE Fill 90% or more of a six division
ENVELOPE display.
Rise Time For Service Manuals Contact <03 hprizontal graticule diyision for
MAURITRON TECHNICAL SERVICES a five-division step, with horizontal
8 Cherry Tree Rd, Chinnor X10 MAG on.
Oxon OX9 4QY

Tol:- 01844-351694 Fax:- 01844-352554
Email:- enquiries@mauritron.co.uk

Checked with no samples on the rising
edge of the waveform.

Aberrations

+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
setting of the TIME/DIV switch.

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 inter-
polation between data points that is
optimized to produce the best response
for input signals that have no fre-
quency components above Fs/2, when
Fs is the sampling rate.

REV APR 1981
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Table 1-1 {(cont)

Characteristics

Performance Requirements

Supplemental Information

STORAGE DISPLAY (cont)

Display Response (Selectable) (cont)
SINE (cont)

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
envelope distortion produces a maxi-
mum amplitude error at any peak
which is less than 5% of the ideally
reconstructed reference p-p amplitude,
assuming no distortion in the acquired
input signal.

PULSE

Microprocessor performs linear inter-
polation between data points to
optimize 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
seven 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.

Jitter Correction

Gain

Reduces effect of sample clock-to-
trigger 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
division. £3 ns for switch settings of
0.02 us to 10 us per division.

NOTE

Due to inherent uncertainty
involved in the jitter correction,
the resolution will occasionally,
an random intervals, exceed the
limits given above.

READOUT DISPLAY

Display Type

VOLTS Readout

Four-digit, seven-segment LED
indicators.

Displays calculated voltage difference
between horizontal cursors in VOLTS
measurement mode. Scale factor is
determined by VOLTS/DIV switch
setting.

1-12
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Table 1-1 {cont)
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Characteristics

Performance Requirements

Supplemental Information

READQUT DISPLAY (cont)

Display Type (cont)
VOLTS Readout (cont)

Resolution

1 part in 1024 (10 bit).

TIME Readout

Displays calculated time difference
between cursor dots in TIME measure-
ment mode. Scale factor determined
by setting of the appropriate TIME/
DIV switch (A or B).

Resolution 1 part in 1024 (10 bit).
For Service Manuals Contact NOTE
mg g\%?rr; ;EgzNA%ALC?E:XL?Es Sca/e—facjtor LE D indicates measure-
Oxon OX9 4QY ment is in DIV in the VOLTS
Tol:- 01844-351694 Fax:- 01844-352554 measurement mode when vertical
Email- enquiries@mariron.oo.k UNCAL LED is illuminated, or
when different deflection factors
are used in a dual-channel mode.
CRT DISPLAY
s - Display Area 8 X 10 cm,
Geometry 0.1 division or less of tilt or bowing.

Trace Rotation Range

Adequate to align trace with hori-
zontal graticule lines. At least +3°,

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)

—2450 V, +2%.

Grid No. 1 (Pin 3)

~ —2455V to 2555 V.

Focus (Pin 4)

~ —1780 V to —2000 V.

Astigmatism (Pin 5)

OVto=+95V.

Isolation Shield (Pin 7)

+35V,5 V.

First Anode (Pin 8}

~+b5 V.
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Table 1-1 {(cont)

Characteristics

Performance Requirements

Supplemental Information

CRT DISPLAY (cont)

Electrode Voltages to Ground (cont)
Geometry (Pin 10)

Oto=~+95 V.

Mesh (Pin 12)

~ —150 V.

CALIBRATOR

Output Voltage
0°C to +40°C

0.3V, within 1.0%

Within 0.5% at 25°C, 25°C.

—15°C to +65°C

0.3V, within 1.5%.

Repetition Rate

Approximately 1 kHz.

Within 25%.

QOutput Resistance

Approximately 10.3 £2.

Output Current
+20°C to +30°C

30 mA, within 2%.2

—15°C to +55°C

30 mA, within 2.5%.

Z-AXIS INPUT

Sensitivity

5 V p-p signal causes noticeable
moduiation at normal intensity.

Positive-going signal decreases
intensity.

Usable Frequency Range

Dc to 50 MHz.2

Input Resistance

25 k2, within 10%. Decreases to
approximately 200 2 at 2 MHz and
above.

Maximum Input Voltage

25 V (dc + peak ac).

SIGNAL OUTPUTS

CH 1 VERT SIGNAL OUT
Output Voltage

Output Resistance

At least 50 mV per division of displayed
signal into 1 M£2. At least 25 mV per
division of displayed signal into 50 £.

Approximately 50 .

Bandwidth

Dc to at least 50 MHz into 50 2.

DC Level

Approximately Q V.

Within 100 mV.

3performance requirement not checked in manual.
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Table 1-1
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(cont)

Characteristics

Performance Requirements Supplemental Information

SIGNAL OUTPUTS (cont)

A and B + GATES
Output Voltage

Approximately 5.5 V,

rectangular pulse.

positive-going Starts at 0 V, within 500 mV.

Output Resistance

Approximately 500 (2.

POWER SOURCE

AC-Source Voltage Ranges
115V

(High) 108 Vto 132 V.2
{Low) 90Vto110V.2
230V
i a For Servige Manuals Contact
(High) 216 Vo 250 V. MAURITRON|TECHNICAL SERVICES
8 Cherry| Tree Rd, CRinnor
(Low) 198 V10242 V.2 Oxpn OX9 4QY

AC-Source Frequency

48 Hz to 440 Hz.®

Power Consumption

Typical

115 watts (140 VA).2

Maximum

150 watts (190 VA).?

48 Hz, 110 Vac, low regulating range.

Characteristics

Supplemental Information

INTERNAL POWER SUPPLIES

Any 500-Hour Period Accuracy From —15°C
Initial Setting After First 200 Hours | Maximum p-p Ripple to 55°C
Main Supply Accuracy
(+20°C to +30° C)
-8V +0.9% +1.7% 2mV Within 0.56% of 25°C value
+5 V +0.9% +1.7% 2mV Within 0.5% of 25°C value
+15V +0.9% +1.7% 2mV Within 0.5% of 25°C value
+55 V +0.3% +0.7% 4mV Within 0.5% of 25°C value
-2450V +1.2% +2.2%
+110 V 3% 100 mV
Aperformance requirement not checked in manual.
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Table 1-1 (cont)

Characteristics Supplemental information

INTERNAL POWER SUPPLIES (cont)

Digital Storage Power
Supplies (Not Adjustable) f’
Voltage -6V —12V +5V +12V i
Tolerance 4% +5% 4% 5%
Maximum p-p Ripple 150 mV i
Table 1-2 t

Environmental Characteristics

Characteristics Description

NOTE
All of the environmental tests performed meet the require-
ments of MIL-T-288008,Class 3, Style D equipment.

Temperature C

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 5 cycles (120 hrs) referenced to M{L-T-288008, Par. 3.9.2.2. Class 3, 95% to
Nonoperating) 97% relative humidity.
Vibration {(Operating) 15 minutes along each of 3 major axes at a total displacement of 0.025 inch p-p

~7m

(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 RE-02
specification being relaxed by 20 dB. ‘
r
(-
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Table 1-3

Physical Characteristics

Specification—468 Service Volume 1

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 (21.4 kg).

Height
With Feet and Pouch

7.5 inches {19.0 cm).

Without Pouch

7.2 inches (18.3 cm).

Width
With Handle

12.9 inches (32.8 cm).

Without Handle

11.5 inches (29.2 cm).

Depth

Including Panel Cover

21.7 inches (55.1 cm).

Handle Extended

23.7 inches (60.2 cm).

For Service Manuals Contact
MAURITRON TECHNICAL SERVICES
8 Cherry Tree Rd, Chinnor
Oxon OX9 4QY
Tel- 01844-351694 Fax:- 01844-352554
Email:- enquines@mauritron.co.uk
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Table 1-4

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.
PPQ No Parallel Poll.
DC2 Device Clear.

DTO No Device Trigger.
CO0 No Controller.

Waveform Data Transmitted?

Conforms to Tektronix Interface
Standard, GPIB Codes and Formats
(Rev. C).

When no waveform has been acquired,
only the ID portion of the waveform

message will be transmitted.

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/NQ. OF
SWEEPS control knob when NO. OF
SWEEPS push button {on side panel} is
pressed in.

Uncorrelated noise, signal-to-noise

ratio is improved by the square root of

the number of waveforms averaged.

3performance requirement not checked in manual.

1-18
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OPERATING INSTRUCTIONS

This section of the manual provides information on instrument installation and power requirements. The functions of
controls, connectors, and indicators are described, and procedures intended to familiarize the operator with obtaining basic
oscilloscope displays are included. For more complete operating information, refer to the 468 Operators Manual.

INSTALLATION

The 468 is shipped in its carton with its standard accessories (listed on the ‘’Accessories’ tab page at the end of Volume I/
of this manual). At installation time, save the shipping carton and packaging materials for repackaging. Refer to the
“Maintenance’’ section of this manual for repackaging information.

PREPARATION FOR USE
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-muiti-
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.

Safety Considerations

CAUTION

This instrument may be damaged if operated with
either the Line Voltage Selector switch or the Regu-
lating Range Selector switch set for the wrong applied
ac-power input source voltage or if the wrong line
fuse is installed.

Refer to the Safety Summary at the front of this manual
for power source, grounding, and other safety consider-
ations 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.

Line Voltage Selection

This instrument operates from either a 115-V or a 230-V
nominal ac-power source with a line frequency from 48 Hz
to 440 Hz. To convert the instrument for operation from
one ac source to the other, disconnect the power cord from
the power input source, and move the Line Voltage Selec-
tor {230/115) switch to the position indicating the available
nominal voltage (see Figure 2-1). The detachable power
cord may have to be changed to match the ac-power-source
outlet. (See the “Power Cord” discussion in this manual for
optional power cords.) Verify that the proper line fuse is
installed (see Table 2-1).

REV OCT 1981

Regulating Range Selection

The Regulating Range Selector (HIGH/LOW) switch is
located on the right side panel near the Line Voltage
Selector switch {Figure 2-1). Verify that the selector switch

Table 2-1
Fuse Selection

Line Volitage Selector

Switch Position Fuse Size

115 V Nominal 1.5 A, 3AG, Slow-blow

230 V Nominal 0.7 A, 3AG, Slow-blow

REGULATING
RANGE
SELECTOR
SWITCH

DETACHABLE
POWER CORD

2906-02

LINE VOLTAGE
SELECTOR SWITCH

Figure 2-1. Ac-power-source switches, line fuse, and power cord.

For Service Manuals Contact
MAURITRON TECHNICAL SERVICES
8 Cherry Tree Rd, Chinnor 2-1
Oxon OX9 4QY ”
Tel- 01844-351694 Fax:- 01844-352554
Emait: enquities@mauritron.co.uk
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is set for the average line voltage being used. See Table 2-2 Nominal :
for a listing of the regulating ranges. Plug Line- Reference {
Configuration Usage V&'\‘é‘i!e Standards  |Option # e, b
To change the regulating range: €\
. North a S
. Di he instrument from the ac- er source, : WQ\ ; ANSI C73.11
1. Disconnect the inst the ac-power source Qﬁ\#\\\‘ American| 120V | NEMA 5.15-P? | Standard
ey | 1v/ IEC 83°
2. Select a range from Table 2-2 that corresponds to the 15A
average ac-power-source voltage available and set the y Universal CEE (7). Il IV -
selector switch to the required position. Euro 240V vid Al
' 240v/ IEC 83¢
10-16A
o ﬁ:\ Uk r
Table 2-2 RN 240v/ | 240v |BS 1363° A2 '
i A 13A IEC 83¢
Regulating Ranges ( ’ L
Regulating Regulating Range = Australian f
Range Selector f \\ 2;18}\// 240V | ASC112 A3 {
Switch Position 115 V Nominal 230 V Nominal
Sy North 2
s S h ANSI C73.20
HIGH 108 Vto 132V 216 V to 250 V J<\>\/\m American| 94qy | NEMA 6-15-P° | A4 £
JLRe | 240V IEC 83¢ l
3 15A O
LOW 90Vto110V 198 Vto 242V
aANSI—American National Standards Institute
bNEMA —National Electrical Manufacturer’s Association
¢|EC—International Electrotechnical Commission
dCEE~International Commission on Rules for the Approval of
Power Cord Electrical Equipment
ie i wi eBS—British Standards Institution
. This instrument has a detachable, thre.e wire power cord f AS_Standards Association of Australia 2031.05
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 protec-
tive 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 illus-
trated in Figure 2-2. For part numbers, refer to ‘‘Replace-
able Mechanical Parts” at the end of Volume Il of this
manual, or contact your Tektronix representative or local
Tektronix Field Office.

Power On Self-Verification

A limited self-test is performed by the digital storage
circuitry whenever power is applied to the instrument. If
all the self-tests are passed, the oscilloscope will operate.
If the system, random-access memory (RAM) or read-only
memory (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.

2-2

Figure 2-2. Optional power cords for the 468.

NOTE

/f 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 FUNCTION 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 is 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.

Instrument Cooling

To maintain adequate instrument cooling, the ventila-
tion 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 oper-
ating conditions. v

T v
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CONTROLS, CONNECTORS AND INDICATORS

VERTICAL

Refer to Figure 2-3 for location of items 1 through 11.

@VOLTS/DIV Switches—Select the vertical deflection

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,
1 mV, and 2 mV) 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.

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. At-
tempting to expand the display beyond the instru-
ments limits causes the display and the VOLTS
readout scale factor to cease changing.

@VOLTS/DN Readouts—Consist of two light-emitting

diodes (LLED) for each channel, located beneath the
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 illum-
inated. 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.

@VAR Control—Provides variable uncalibrated deflec-

tion 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 cali-
brated detent, digitial storage circuitry will continue

REV OCT 1981

to acquire data; but the storage scale-factor LED will
indicate that VOLTS function measurements are in
divisions (DIV).

@ 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 Channel 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 deflec-
tion (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
activates the scale-factor-switching circuitry whenever
a 10X scale-factor-switching probe is connected.

e ®

NNl roas

\ @&@

2906-03

Figure 2-3. Vertical controls, connectors, and indicators.

For Service Manuals Contact
MAURITRON TECHNICAL SERVICES
8 Cherry Tree Rd, Chinnor
Oxon OX9 4QY
Tel:- 01844-351694 Fax:- 01844-352554
Email:- enquiries@mauritron.co.uk
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24

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 pre-
charged 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 inten-
sified 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 Coup-
ling switches must be set to GND to store a ground
reference.

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 will 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 longer 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 0.5 mV 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 po-
sition 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
{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 dis-
play 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 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 osciilo-
scope 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 versions 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 divi-
sion to approximately 1 division as the TIME/DIV
switch setting is changed from 1 us to 0.02 us per
division.

REV JUN 1981
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When either the ENVELOPE or AVG Storage
mode is selected, the position of the CHOP-ALT:
OUT switch has no effect 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,

@ 20 MHz BW LIMIT (FULL BANDWIDTH OUT)
Switch—Limits the bandwidth of the vertical pre-
amplifier to approximately 20 MHz when pressed in.
Push button must be pressed a second time to re-
lease it and regain full 100-MHz bandwidth .operation.
This control has no affect on the digital storage signal
acquisition even though the BW LIMIT LED may be
illuminated.

20 MHz BW LIMIT Indicator—A LED that is illum-
inated 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 display of Channel 2.

DISPLAY AND CALIBRATOR

Refer to Figure 2-4 for location of items 12 through 19.

Internal Graticule—Eliminates parallax. Rise time
amplitude measurement points are indicated at the
left edge of the graticule.

@ 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.

For Service Manuals Contact
REV JUN 1981 MAURITRON TECHNICAL SERVICES
8 Cherry Tree Rd, Chinnor
Oxon OX9 4QY
Tel- 01844-351694 Fax:- 01844-352554
Email:- enquiries@mauritron.co.uk
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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 0.3-V 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.

SCALE ILLUM Control—-Adjusts graticule
illumination.

ASTIG Control—Screwdriver control used in conjunc-
tion with the FOCUS control to obtain a well-defined
display. It does not require readjustment during
normal use of the instrument.

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

!E

0 oean

Al —
T OO

I}
ol

]
Os
O
]
i

(g . a88 [
8 [

DIGITAL STORAGE
@ OSCILLOSCOPE
VOLTSDIV

A2 208

J@éb 6

2906-04

Figure 2-4. Display controls and CALIBRATOR.
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TRIGGERING the SINGL.SWP push button. Stored data from
(both A and B if applicable) the single time window will remain displayed on
the crt.

s

) . , Any front-panel control change that affects the
Refer to Figure 2-5 for location of items 20 through 28. data acquisition (VOLTS/DIV, VERT MODE,
SEC/DIV, HORIZ MODE, efc.,) requires that the
SINGL SWP push button be pressed again to ob-

TRIG MODE Switches—Three push-button switches

g ] ! tain a valid display that agrees with the control set-
;‘::ttrj:‘t:r:?me the mode of trigger operation for the tipg. When storing displays that require two time fr
" ) ] windows to acquire, the SINGL-SWP push button !
AUTO—Permits triggering on waveforms with a must be pressed twice to obtain a valid display. If a
repetition rate of about 20 Hz or greater. Sweep valid display is not completed after a change affect- )
free runs and provides a bright baseline when ing the acquisition timing, the TIME dot readout [_
either an adequate trigger signal is absent, or if the may switch between two different numbers at var-
repetition rate of the trigger signal is below 20 Hz. ious settings of the SEC/DIV switch.
In a storage mode, the digital storage circuitry will ;
acquire data from the selected time window and NOTE r
display the acquired data. Applying power to the instrument with either NORM
NORM-—Sweep is initiated, or storage acquires or SINGL SWP Trigger Mode selected without a trig- r
data when an adequate trigger signal is applied. ger signal present to acquire a waveform, will cause a !
NORM Trigger Mode may be used to obtain stored dashed line to be displayed in any storage mode. The
waveforms to ensure that the time window the dashed line will be replaced by an acquired waveform B
waveform is acquired from is synchronized with when the instruments is adequately triggered. {

the triggering signal.
In firmware version 1.0 instruments, the first SINGL

i
SINGL SWP—Sweep is initiated one time (or one SWP trigger received after Power on or after a control
‘ t".ne W”.‘dow .Of dat:a is stored) when an a.d?q.“ate change that affects the data being acquired is not :
| t”g.ger signal s applied. Sweep cannot be initiated considered valid. in either case, the SINGL SWP must i
‘ again (or a new time Wmd(.)w. of data cannot'be be reset and a second trigger received before a
! stored) until the sweep logic is reset by pressing waveform is stored and displayed. For instruments r
‘ equipped with firmware version 2.0 and higher, the C " E
first SINGL SWP trigger received is valid and a -~
waveform will be stored and displayed.

@", @READY Indicator LED-—Illluminates in the single- [

_Ej,_} @ ) sweep mode to indicate that the sweep circuitry is

armed and ready to initiate the sweep when a trigger
i’ /@ 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 trig- P
‘ ’@ gering on aperiodic signals (such as complex digital L
words). In the fully clockwise position (B ENDS A), =

>y the A Sweep is automatically terminated at the end
= ) ' /@ of the B Sweep to provide the fastest possible sweep
- - repetition rate for delayed-sweep presentations and L

J U : i low-repetition-rate signals. In the NON STORE mode,

4 s holdoff time is variable to approximately ten times
0 ) \@ NORM holdoff time. Use the A trigger controls to L
- obtain as stable a display as possible before setting .

J the A TRIG HOLDOFF control to a position other

@ than NORM.

2906-05 The variable holdoff capability is reduced in the [

storage modes due to the added digital holdoff time
Figure 2-5. Trigger controls, connectors, and indicators. required for signal acquisition by the microprocessor. L
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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 attenu-
ated. Triggering is allowed only on the ac portion
of the vertical signal.

LF REJ-—Signals are capacitively 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 provid-
ing a stable display of the high-frequency com-
ponents of a complex waveform.

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 slope 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.

SOURCE Switch—Selects the source of the trigger
signal coupled to the input of the trigger circuit.

NORM-—The waveform displayed on the crt is the

Operating Instructions—468 Service Volume |

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 circuity 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-
muitiple) to the frequency of the ac-power source
or when it is desirable to provide a stable display
of a power-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 trig-
gering. 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.

source of a composite trigger signal. Stable trigger-
ing 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

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.

For Service Manuals Contact
MAURITRON TECHNICAL SERVICES
8 Cherry Tree Rd, Chinnor 2.7
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Tel- 01844-351694 Fax:- (1844-352554
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HORIZONTAL AND POWER

Refer to Figure 2-6 for location of items 29 through 35.

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

Nonstorage Mode—The A TIME/DIV switch
selects 23 calibrated sweep rates and delay times
from 0.5 s 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 divi-
sions multiplied by the TIME/DIV switch setting)
for TIME/DIV switch settings between 0.02 us 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 cal-
culated by dividing the number of samples in 1
division by the sweep time for 1 division:

Sample rate = EiO_sam

TIME/DIV
For TIME/DIV switch settings from 1 us per divi-
sion to 0.02 us per division, a waveform is sampled
at the 2 us per division rate and expanded hori-
zontally, using a combination of digital interpola-
tion 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 Horizontal Displays. The 1, 2, and 5 s per
division positions 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
selected Horizontal Display Mode. Waveforms
acquired at 1 us per division and faster are
expanded by each of the remaining faster positions
of the TIME/DIV switch. Additionally, waveforms
acquired at 1 us per division and faster may be
reduced back to the 2 us per division sweep rate in
the steps of the TIME/DIV switch.

2906-06

Figure 2-6. Sweep rate and position controls and indicators.

A Sweep VAR Control—Provides continuously vari-

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 is effective only in the NON STORE mode.

UNCAL Indicator LED—Illuminates to indicate that
the A time base sweep rate is uncalibrated (VAR con-
trol is out of calibrated detent),

In the storage modes the VAR control is ignored, and
the UNCAL LED is not illuminated when the VAR
control 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.

X10 MAG Switch—When pressed in, increases the
displayed sweep rate by a factor of 10. Extends the
fastest sweep rate to 2 ns per division. The magnified
sweep expands the center division of the unmagnified
display (0.5 division either side of the center vertical
graticule line).

.
f
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X10 MAG Indicator LED—I|luminates when the X10
MAG push button is in to indicate that the horizontal
display is magnified.

POSITION Control—Positions the display horizontally
for both nonstorage and storage modes. Provides
both coarse and fine control action. Reverse the
direction of rotation to actuate fine positioning
action.

TRACE SEP Control—Positions the B Sweep verti-
cally when the ALT horizontal display mode is
selected. TRACE SEP has no effect on the stored
display.

Refer to Figure 2-7 for location of items 36 through 40.

B INTENSITY Control—Controls the intensity of the
B trace and interacts with INTENSITY control. The
B INTENSITY control has no effect when a storage
mode is selected.

g
—®©
a
2906-07

Figure 2-7. Horizontal display, B INTENSITY, DELAY TIME
POSITION, and power controls and indicator.
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@DELAY TIME POSITION Control—Selects the

amount of delay time between the start of the A
Sweep and start of the B Sweep. Delay time is vari-
able 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 TRIG-
GER 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
determined 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
INTENSITY and B INTENSITY controls should
be adjusted to obtain the proper brightness for
viewing. 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.

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 intensity of the B Sweep whenever
it is displayed. The digital storage circuitry time
base is determined 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 deter-
mined by both the A TIME/DIV switch and the
DELAY TIME POSITION control. The digital
storage circuitry time base is determined by the
setting of the B TIME/DIV switch.

POWER Switch—A push-push switch used to turn

instrument 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.

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

For Service Manuals Contact
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DIGITAL STORAGE

Refer to Figure 2-8 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 {EEE-
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 selected operation. The AVG waveform
data cannot be transmitted from the NON STORE
Mode unless a completed 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 1D,

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 oscillo-
scope 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 repeti-
tive mode that acquires a selected number of
sweeps and displays the resultant waveform enve-
lope. Each data point of the input waveform is
compared to the maximum and minimum values

of the same data point accumulated from previous
sweeps. If the data point is greater than the
previous maximum or less than the previous mini-
mum for that data point, the previous data point is
replaced by the new data point. |f 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/DIV,
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
sequence of (1, 2, 4, ..} up to 256 sweeps.
Press in 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 display is 9999), and the digital storage
memory will repetitively acquire data until either a
new “‘number of sweeps’’ selection is made or a
control setting is changed to restart the accumu-
lation 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

NY//84
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Figure 2-8. Digital storage controls and indicators.
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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
accumulated is automatically set to 32.

AVG (Average) (Option SN B032429 & Below)
—When equipped with this option, the 468 will
average the input signal for a selected number of
sweeps and display the accumulated waveform. The
number of sweeps to be averaged may be altered
(from the power on number of 32) by pressing the NO.
OF SWEEPS push button to dispiay the number and
adjusting the CURSOR/NO. OF SWEEPS control to
obtain a new number from 2 to 256 in a binary
sequence. 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 returns 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 controis affecting the data being acquired
is changed (VERT MODE, VOLT/DIV, TIME/DIV,
STORAGE WINDOW, HORIZ DISPLAY, or

Operating Instructions—468 Service Volume |

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.

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
acquired in either NORM or ENVELOPE Storage
Mode.

Additionally, in firmware version 1.0, changing the
number of sweeps to be averaged in a dual-channel
storage 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
prevent 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 expanded normally.

VOLTS/DIV VAR in and out of detent). SAVE REF —Pressing in the SAVE REF push button

REV NOV 1982

After a control setting change, and before an AVG
acquisition is completed that reflects the new control
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 control setting
changes.

SAVE —Pressing the SAVE push button in when
NORM Storage Mode is selected will stop acquisition
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 storage to the SAVE
Storage Mode at the end of the current sweep.

If a dual-trace display is in use, the action that occurs
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 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
reference 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 display will be saved as a reference.
See Table 2-3 in “Digital Storage Displays” for a
complete listing of references saved and displays
available with various selections of Vertical and
Storage modes. The number of VERT MODE
selections that may be simultaneously displayed is
reduced 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.
Remove 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
division, a TIME cursors readout will oscillate. Again,
release the SAVE REF push button to eliminate the
condition.

For Service Manuals Contact
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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 the SAVE REF waveform. Press the
push button again to release it and remove the
time dots from the display.

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
reifluminate them.

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.

— -

|

NOTE -
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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 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},
interpolation is applied that optimizes the display
accuracy for waveforms containing no frequency
components above half of the sampling rate. When
out (PULSE), linear interpolation is applied to
optimize the display accuracy for fast-rise and fast-
fall waveforms (rise time or fall time faster than three
times the sampling interval) and to eliminate over-
shoot. The SINE and PULSE Display Response will
affect the SAVE Storage mode display. Switching
from one to the other will change the interpolation
method applied to the displayed waveform.

CURSOR FUNCTION—Two push-push switches used
to select the cursors (VOLTS or TIME) to be dis-
played on the crt. Cursors are used to select measure-
ment points on the displayed waveform. Voltage
and time differences between the cursors are dis-

played on the four-digit, seven-segment LED
indicators.
VOLTS—When pressed in, cursors displayed

consist of two horizontal lines that may be posi-
tioned vertically to any location on the crt. The
cursor selected to be active is dashed. LED indi-
cators display the voltage difference (represented
by the cursor positions) based on the VO LTS/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 divisions rather than voltage
units. Press the push button again to release it and
remove the VOLTS cursors from the display.

TIME-—-When pressed in, the displayed cursors are
two bright dots on the trace that may be posi-
tioned anywhere on the displayed waveform. The

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 location on the
displayed waveform. If more than one VERT
MODE is selected, the coupied 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 counterclock-
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-
trol clockwise will detach the VOLTS cursor from
the ground dot and reattach it to the time dot on
the dispiayed waveform. In certain instances, the
VOLTS cursor may not attach to the ground dot. If
this occurs, reacquire 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
difference 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
V/T.

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.

REV JUN 1981
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LED INDICATORS—Four-digit, seven-segment LED
indicators 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 performed
when power is first applied to the 468. In the NON
STORE mode, the LED indicators will not be illumi-
nated 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
function (red illuminates for V, mV, and DIV
measurements; green illuminates for s, ms, and us
measurements).

The DIV scale-factor LED will be illuminated when
either 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 illuminate when the VOLTS cursors are
selected.

CURSOR/NQ. OF SWEEPS Control—Combined slow
and fast cursor positioning control used to change
the position of the selected cursor on the displayed
trace. The midrange rotation of the control moves
the selected 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
Storage Mode option, this control is used to select
the number of sweeps to be averaged. In the ENVE-
LOPE 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
displayed as a dashed horizontal line.

Operating Instructions—468 Service Volume |

Refer to Figure 2-9 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 ENVELOPE Storage
mode is displayed on the seven-segment LED indi-
cators. This number, for the AVG mode, may be
changed in a binary sequence of 2, 4, 8, 16, 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). If
set for an unlimited number of waveforms, the digital
storage circuitry will continually acquire data to be
accumulated in the display until a new selection is
made.

When the instrument is turned on, the number of
sweeps or accumulations is automatically set to 32,
and it will remain at this number until a different
selection is made by the operator. Switching between
any of the modes will not change the number selected
for either ENVELOPE or AVG Storage mode.

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.

2906-09

Figure 2-9. Digital storage left side panel controls and indicator.
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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
selected operation mode upon completion of the
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
2mV 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.

Two ways of entering the TRANSMIT mode are
possible 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
TRANSMIT button will cause the 468 GPIB option
to transmit a service request (SRQ). The bus con-
troller does a serial poll in response to the SRQ, and
the 468 status byte indicates that a waveform is avail-
able. At the end of the poll, the controller arranges
for listeners, if required, 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 (DCL) is received by the 468
during transmission of a waveform, the GPIB inter-
face will go to a state equivalent to having completed
the transmission.

The data presented to the GPIB will conform to the
Waveform Transmission Standard as specified by
Tektronix Interface Standard—General Purpose Inter-
face Bus (GPIB), Codes and Formats.

NOTE

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.

To disable the circuit action of TRANSMIT switch
(S612) when the 468 is not connected to a GPIB
system, set section 8 of the internal
Service/Options switch (S707) to the “OPEN’' po-
sition. The Service/Options switch is located on the
A16 STORAGE DISPLAY board, and is shown in
Figure 5-6 in the Maintenance section of this
manual.

@

GPIB Status Indicator (TIDS/SRQ) (Option)—A dual
red/green LED indicator that illuminates to indicate
GPIB status.

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

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.

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.

REAR PANEL

Refer to Figure 2-10 for location of items 53 through 58.

®

),

A +GATE OUT—Bnc connector providing an approxi-
mately 5 V, positive-going square wave coincident
with the A Sweep time.

B +GATE OUT-Bnc connector providing an approx-
imately 5 V, 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 approx-
imately 50 mV per each division of displayed Channel
1 signal into 1 M or 25 mV per each division of
displayed Channel 1 signal into 50 2.

EXT Z-AXIS INPUT—Bnc connector used to apply
external signals to the Z-axis Amplifier to intensity
modulate the crt display. Intensity modulation does
not affect the displayed waveshape. Signals with fast
rise and fall time provide the most abrupt intensity
change. Positi