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SPECIFICATION

INTRODUCTION

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
factors 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 switc
is in the 0.02 us per division position.

STORAGE MODE

The 468 digital storage circuitry has 0 MHz Useful
Storage Bandwidth for the acquisition signals, and will
display the acquired waveform with # bright, flicker-free
trace. With the digital storage featugf, low-frequency signal
analysis and waveform measure ts—previously difficult
or impossible to make—are easgy performed. A choice of
two standard and one optiongf signal acquisition modes are
available: NORM and ENYELOPE (standard) and AVG
(optional). Two storage Jlinctions are available to hold a
display indefinitely fi measurement and comparison:
SAVE Storage Modgf(stops acquisition) and SAVE REF
(holds a reference gisplay and continues acquisition in the
selected StoragegMode). Using the PRE TRIG or POST
TRIG StoragegNindow, waveform data may be acquired

Qservice ----- This document is a complete scan from the original manual ----- Qservice

red waveform are easily made using the VOLTS
Cursor Functions, and the measurement values

The TEKTRONIX 468 Oscilloscope is a portable digital storage oscilloscope with a four-trace, de-to 00 MHz, vertical
deflection system. The 468 combines an easy-to-use storage function with cursor measurement of time voltage. Measure-
ment values are indicated on a four-digit, seven-segment LED display.

Digital storage adds three /IME/DIV switch positions,
increasing the storage time Jfase to 5 s per division (a total
sweep time of b0 s). Thegfvaveshape of signals acquired at
these low frequencies giould be impossible to view on a
conventional oscillogfope. Digital storage circuitry, how-
ever, constantly reffeshes an acquired waveform to produce
a directly viewab)€ display for ease of analysis and measure-
ment. Three aglied VOLTS/DIV switch positions increase

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-
lope 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.

11
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OPERATING INSTRUCTIONS

This section of the manual provides information on instrument installation and power requirements. The functions
controls, connectors, and indicators are described, and procedures intended to familiarize the operator with obtaining b
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 e
of this manual). At installation time, save the shipping carton and packaging materials for repackagi
““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-multi-
plier and the Y-units of a waveform whenever the ac-
quired waveform is vertically uncalibrated or when an
ADD display is obtained with unequal VOLTS/DIV
switch settings. To avoid this bug, rotate the VAR
VOLTS/DIV controls into the detent position and use
the same VOLTS/DIV switch setting on both channels
for ADD displays when acquiring the data for
transmission.

Safety Considerations

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

Refer to the Safety Summary at the front offthis manual
for power source, grounding, and other sgfety consider-
ations pertaining to the use of this ingfrument. Before
applying power, verify that the Lin oltage Selector
switch and the Regulating Range Selg€tor switch are both
set for the ac-power input voltage rce available and that
the proper line fuse is installed.

Line Voltage Selection

This instrument operategftrom either a 115-V or a 230-V
nominal ac-power sourcegvith a line frequency from 48 Hz
to 440 Hz. To convepfthe instrument for operation from
one ac source to thether, disconnect the power cord from
the power input sglirce, and move the Line Voltage Selec-
tor {230/115) syfftch to the position indicating the available
(see Figure 2-1). The detachable power

the ““Power Cord” discussion in this manual for

ower cords.) ‘Verify that the proper line fuse is
installfd (see Table 2-1).

REV OCT 1981
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of Volume I
. Refer to the

Regulating Range Selection

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

Table 2-1
Fuse Selection

Line Voltagf Selector
SwitchfPosition
%/ Nominal

/230 V Nominal

Fuse Size

1.5 A, 3AG, Slow-blow

0.7 A, 3AG, Slow-blow

REGULATING

RANGE
SELECTOR
SWITCH
DETACHABLE
LINE VOLTAGE POWER CORD

SELECTOR SWITCH
2906-02

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

21
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THEORY OF OPERATION

INTRODUCTION

SECTION ORGANIZATION

This section contains a functional description of the 468
Digital Storage Oscilloscope circuity. The discussion begins
with a general summary of instrument functions broken
down into conventional and digital storage operation.
Following the General Description, each major circuit is
explained in detail, using functional block diagrams and
schematic diagrams to show the interconnections between
parts of the circuitry, to indicate circuit components, and
to identify interrelationships with the front-panel controls.
Circuit diagrams and the larger block diagrams are located
in the tabbed “’Diagrams” section found in Volume Il of
this manual. The circuit diagram associated with each
description is identified in the text and indicated on the tab
of the appropriate foldout page by a numbered diamond
symbol. For best understanding of the circuit being
described, refer to both the appropriate circuit diagram and
functional block diagram.

INTEGRATED CIRCUIT DESCRIPTIO

Digital Logic Conventions

Digital logic circuits perform many functionsglithin this
instrument. Function and operation of the J0gic circuits

are represented by logic symbology #ind terminology.
Most logic functions are described usifig the positive logic
convention. Positive logic is a systegf of notation whereby
the more positive of two levels is #he TRUE, or 1 state; the
more negative level is the FA or O state. In this logic
description the TRUE state jf referred to as HI, and the
FALSE state is referred tgffas LO. The specific voltages
which constitute a Hl or LO state vary between specific
devices.

negatifie logic signals for bus operation. Circuitry in the 468
GPM8 interface convert the negative-logic GPIB signals to
sitive logic signals for use within the 468.

Linear Devices

The functioning of individual linear integrated circuit
devices is described in this section using waveforms or
other techniques to illustrate their operation.

GENERAL DESCRIPTION

In the following gVerall functional description of the
468 Digital Stor Oscilloscope, refer to basic block
diagrams Figuregf3-1 and 3-2 and to the detailed block
diagrams locatgfl in the ‘“Diagrams’’ section of this manual.
Each major pflock in the diagrams represents a major circuit
within thg/ instrument. In Figure 3-1, the numbered

symbol in each block refers to the appropriate
ic diagram number.

CONVENTIONAL OPERATION

Signals to be displayed on the crt are -applied to the
CH 1 OR X input connector or the CH2 OR Y input
connector. These input signals are then amplified by the.
Preamplifier circuitry. Each channel -includes separate
vertical deflection factor, input coupling, balance, gain, and
variable attenuation switches or controls. A trigger pickoff

3-1
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This 'section is in two parts. It contains a Performance Check and an Adjustment Procedure. The Performan
used to verify that the instrument meets the Performance Requirements listed in the Specification, while th

- CALIBRATION

Procedure is used to restore the instrument to its original Performance Requirements.

Section 4—468 Service Volume 1

The test equipment listed in Table 4-1, or an equivalent piece of test equipment, is required to agfomplish a complete
Performance Check and Adjustment Procedure. In Table 4-1, the specifications given for the equipgfient are the minimum

necessary to provide accurate results. Therefore, the equipment used must meet or exceed the list
operating instructions for the test equipment are not provided in these procedures. Refer to th
instruction manual if more operating information is required.

Table 4-1
Test Equipment Required

specifications. Detailed
ppropriate test equipment

Minimum Examples of Suitable
Description Specification Pyfpose Test Equipment
y 4
1. Variable Capable of supplying 1.5 A over Power Sybply Regulation General Radio WBWT3VM
Autotransformer a range of 108 to 132 V. check Variac Autotransformer.

2. Digital Voltmeter

Range, 0 to 140 V; dc voltage
accuracy, £0.15%; 4 1/2 digit
display.

Lgfv-Voltage Power Supply

ecks and adjustments. CRT
Grid Bias adjustment. Vert-
ical and Horizontal Centering
adjustments. Calibrator
Output adjustment.

a. TEKTRONIX DM501A
Digital Multimeter.?

b. TEKTRONIX DM44
Digital Multimeter.

c. Any digital multimeter
that meets minimum
specification.

3. DC Voltmeter

Range, 0 to 2500V, calibrated
to 1% accuracyfat —2450 V.

High-Voltage Power Supply
check.

a. Triplett Model 630-NA.

b. Simpson Model 262.

4. Test Oscilloscope
with 10X probe and
1X probe {1X probe
is optional accessory)

Power Supply Ripple check.
CRT Z-Axis compensation.

Vertical Gain adjustment.

A Trigger Holdoff check. A

and B + Gate Qutput Signal
check.

~

a. TEKTRONIX 465B
Oscilloscope with 2
(included) 10X probes.

b. TEKTRONIX 475 Oscillo-
scope with 2 (included)
10X probes.

c. TEKTRONIX P6101
Probe (1X). Part Number
010-6101-03.

a TM500- Series Power Module.
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MAINTENANCE

This section of the manual contains information for use in preventive maintenance, troubleshooting, ang

Section 5—468 Service Volume |

corrective

maintenance. Signature tables for use in signature analysis testing of the digital storage circuitry are containegfat the end of

INTRODUCTION

Preventive maintenance consists primarily of cleaning
and visual inspection. When performed on a regular basis, it
can enhance instrument reliability. A convenient time to
perform preventive maintenance is just prior to recalibra-
tion of the instrument. Operating the 468 under severe
environmental conditions will necessitate a more frequent
preventive maintenance schedule.

CLEANING

The cabinet minimizes accumulation of dust inside thg
instrument and should normally be in place when operatj

whenever the instrument is stored or is being transgOrted.

Exterior

Loose dust accumulated on the outsifie of the oscillo-
scope can be removed with a soft clotf or small camel-hair
brush. The paint brush is particularlyf’useful for dislodging
dirt on and around the front-pghel controls. Dirt that
remains can be removed with oft cloth dampened in a
mild detergent and water sgfition. Do not use abrasive

cleaners.

Interior

Dust and dirt igfide the instrument should be removed

fonents acts as an insulating blanket, prevent-
heat dissipation. It also provides an electrical

and trichlorethylene. Recommended cleaning
ts are isopropyl alcohol, kelite (1 part kelite,
0 parts water), and a solution of 1% mild detergent
and 99% water.

Before performing interior cleaning, refer to the ““Cabi-
net Removal” instructions in the Corrective Maintenance
part of this section. The best way to clean the interior is to
blow out the accumulated dust with dry, low-pressure air
(approximately 9 pounds per square inch). Remove any
remaining dirt with a soft brush or a cloth dampened with
a mild detergent and water solution. A cotton-tipped appli-
cator is useful for cleaning in narrow spaces or for cleaning
ceramic terminal strips and circuit boards. Do not use an
applicator on switch contacts since they tend to snag,
possibly causing damage. Strands of cotton caught by the
contacts can also cause intermittent electrical contact.

To prevent damage from electrical arcing, ensure that
circuit boards and components are dry before apply-
ing power to the instrument.

The high-voltage circuits should receive special attention.
Excessive accumulations of dirt in these areas may cause
high-voltage arcing that can result in circuit component
damage.




OPTIONS

Your instrument may be equipped with one or more options. This section provides a description of the available optj
indicates, if necessary, where more detailed information is located in this manual.

OPTION 02—GPIB

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

Option 02 operating information and circuit descriptions
are contained in sections 2 and 3 of this manual. The sche-
matic diagram, circuit board illustration, and block diagram
are located in section 8 of Volume ll. Electrical and mechani-
cal replaceable parts of Option 02 are integrated into the
standard Replaceable Parts Lists also located in Volume {i
of this manual.

NOTE

Section 8 of the internal Service/Options switch my,
be set to the closed position for the GPIB option t,
enabled. Refer to Figure 5-6 in the Maintenancgf/sec-
tion of this manual for the switch location.

OPTION 04—EMC ENVIROMMENTAL
The instrument is modified to megf certain specification
requirements related to conducted gfid radiated electromag-
netic interference. This option dg#s not affect the basic in-
strument operating instructiong’ presented in this manual.
Option 04 reduces conductegfinterference over the frequen-
cy range of 150 kHz to 25MHz and radiated interference
over the frequency rangeff 150 kHz to 1 GHz by the follow-
ing modifications:
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rs are added across the transformer secon-
indings and from the B +GATE connector to
nd to reduce conducted interference.

Shielding is added over the Storage Display circuit
board and at the front frame to reduce radiated
interference.

REV JUN 1981
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4. If the Option 02 GPIB circuit board j£ installed, addi-
tional shielding is added over the }6p of the board to
reduce radiated interference.

Electrical circuitry changes
schematic diagram of the po
cuitry shown in Figure 6-1.

e reflected in the partial
r-input and transformer cir-

Electrical and meghanical replacement parts for Option
04 are integrated igfo the standard Replaceable Parts Lists
located in Volumgflll of this manual.

OPTJON 05—TV SYNC SEPARATOR

option provides the instrument with front-panel
ion of additional trigger-signal processing capabilities
facilitate observation and measurement of composite
ideo and related television waveforms. A choice of either
FIELD 1 or FIELD 2 sync is made available to the A
Trigger Generator via the A TRIGGER SLOPE switch.

sel

Option 05 operating information and circuit descriptions
are located in this section. The schematic diagrams and cir-
cuit board illustration are located in the Diagrams section of
Volume |l of this manual. Replaceable electrical and me-
chanical parts lists are located in Volume 1l of this manual.

OPTION 12—AVERAGING

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

Operating information and circuit descriptions are located
in sections 2 and 3 of this volume. Averaging option circuitry
is integrated into the standard instrument schematic dia-
grams located in section 8 of Volume if of this manual. Elec-
trical and mechanical replaceable parts of Option 12 are
integrated into the standard Replaceable Parts List also lo-
cated in Volume Il of this manual.
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MANUAL CHANGE INFORMATION

At Tektronix, we continually strive to keep up with latest electronic dev
by adding circuit and component improvements to our instruments as
are developed and tested.

Sometimes, -due to printing and shipping requirements, wgfcan’t get these
changes immediately into printed manuals. Hence, your man may contain new
change information on following pages.

A single change may affect several sections. Since the
are carried in the manual until all changes are
duplication may occur. If no such change pages ap
manual is correct as printed.

ange information sheets
manently entered, some
ar following this page, your
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SPECIFIC NOTES @
1. The procedures for running all Service Routine tests {using the Service

ROM) are contained under "SERVICE TEST” in Section 5, Volume 1.

5-11
2. Use the following table to determine Sample Clock periods at TP446 3. Use the following table to determine Sample Clock Stuck HI Run ,VO Regjster Check U332A and
TP210 and U120-13, periods and frequencies at U120-10, 11 and 12 »| Service RoutingfUTE 1). U340C. Check cables
Is waveform at Verify sig es at | hetween Time Base (A19)
TP120 correct? Stuck LO | U140 6. U110A and Memory (A18) boards.
19 8.23 7120 (U118-1,15). 14,19 821,23
Yes
Yes Set HORIZ DISPLAY to A
- 'tfi:;’:;:fsceheck « | Mo [andTRIG MODE to AUTO.
Table A Table B g U1 10A-5. for HI. Is A tGATE pulse present Install jumper between Troubleshoot U480,
_ Is SAVE Clock ‘ atUT10A-3and UT00A-17)_oA+GATE | pins 1 and 2 of P483 No A+GATE | (481, 0482, 0483 and
TIME/DIV Sample Clock Periods Test Sample Clocks period correct at hid > at Trigger board (A12). 0484 on Trigger board.
, . TP446? (NOTE 2) Is AGATE pulse at
Point
Switch TP446 TP210 U120-13 o Period Frequency 14 8-21 Yes U110A-3 and U100A-17 7 8-17
Setting (Diagram 14) | (Diagram 19) | (Diagram 19}
U120-10 40 ns 25 Mz No 219 817,23
0.02—2 us 40 ns 40 ns Not Running
5 s 100 ns 100 ns Not Running V12011 100ns 10 Wz A GATE
10 s 200 ns 200 ns Not Running U120-12 200 ns 5 MH:
40 40 Not Runni
20 Ons s oL running 1 | Troubleshoot U332 and
50 us 1us 100 ns Not Running Is SAVE running e D U340 on Memory board.
i at Usal-2? roubleshoot Digital
0.1ms 2ps 200 ns Not Running 4 3 Hold-off circuit 14 8-21
0.2ms 4pus 400 ns 400 ns ' U120A and U340A.
05ms 104 1 14 4. Use the following table to determine Divider Chain output No | Yes 14 82
- 1'ms 20 us 2us 2us periods. When observing waveforms, disregard the
o . , 5-11
2ms 40 4 4us characteristic glitch associated with synchronous counters.
5-22
5ms 100 s 104 1045 Yes Troubleshoot Record
Counter {U540, U536,
10 ms 200 ps 20 us 208 / 1 ‘ Run Time Base Record U530 Uf‘)24) Run
es String Service Routine Y oictor Qori
20 400 40 40 > 1/0 Register Service
ms s Hs s Table C / 1s U110B-9 HI so (NOTE 1) Is +5 \,/7 Routine (NOTE 1,
50 ms 1ms 100 s 100 s Test Period Duty that Record Counters signature correct? No - S;g%k ﬂ%r;%tures on
Point Cycle (¥ i . .
0f's 2 ms 200 5 2005 oin yele (%) are enabled? "
025 4ms 400 s 400 s U430-15 400 ns 50 Replace U110.
055 10 ms 1'ms I ms U424-15 4 us 0 511
] - Run 1/0 Register
1s 20 ms 2 ms 2ms U418-15 40 ps / ﬁ(:fr:;";lt’lipgl%'; periods Yes Check U152A-5,6 Service Roust]ine (NOTE 1).
25 40ms 4ms 4ms U510-15 400 s // 10 (NOTE 2) - L‘;’cf(‘)’;fz fp122 . 1 Verify signatures > Replace U118,
X 118-2,14.
55 100 ms 10 ms 10ms U518-15 10 19 8-23 at U118-2,14.
No
5-11 5-23
Are Clocks correct Are Sample Clock periods Run 170 Register Run Time Base Counter Troubleshoot Divider
at U120-10,11,127 Yes correct at U120-13 for No Service Routine (NOTE 1), String Service Routine No chain (U430, U424,
INOTE 3) 1 all sweep speeds? > Verify signatures ®1 NOTE 1). Is +5-V —>1 U418, U510, U518,
GENERAL NOTES (NOTE 2] on U436. signature correct? U218) See NOTE 4.
A. Always set POWER switch to OFF
before swapping, removingefr No Yes Yes
5-11 1
Troubleshoot Clock Run 1/0 Register Service T
} oubleshoot U220
circuits around Y134, 5(1)2'((;"; nn(l;\fgl;E " TIME BASE TROUBLESHOOTING
U128, U220, and U230. e :
If bad, replace U120. CHART @
3515-67





