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5440

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 severat points in this product.
To avoid personal injury. do not touch exposed connec-
tions or components while power is on.
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Disconnect power before removing protective paneis,
soldering, or reptacing 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.
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Section 15440

OPERATING INFORMATION

The Tektronix 5440 Oscilloscope is a sotid-state instrument designed for general-purpose applications. This
mnstrument has three ptug-in compartments that accept 5000-series plug-in units to form a complete measurement system,
To effectively use this instrument, the operation and capabitities of the instrument must be known. This section describes
front-panel control functions, giving first-time and general operating information. Information on operating voltage,
instrument conversion, rackmounting, operating temperature, and plug-in instaliation is also included.

FIRST TIME OPERATION

Steps 1 through 19 of the following procedure provide
an operational check to verify satisfactory operation of the
oscilloscope and associated plug-ins. Refer to Fig. 1-1 for
front-panel control and connector tocations.

1. For the following procedure, a 5A-series ampiifier
phug-in should be in one of the vertical (left or center)
plug-in compartments and a 5B-series time-base plug-in
should be in the horizontal (right} compartment.

2. See Operating Voltage in this section before
proceeding. Set the POWER switch to off (pushed in) and
connect the 5440 to a power source that meets the voltage
and frequency requirements of this instrument.

3. Turn the INTENSITY and READOUT INTENS con-
trols counterclockwise and pull the POWER switch outto
turn the instrument on. Set the front-panel controis as
foliows:
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Amplifier Plug-in

Display

Position

CH 1 Volts/Div

CH 1 Variable Volts/Div
CH 1 Input Coupling
Trigger

Mode

On

Centered

1

Cal (fully clockwise)
DC

CH 1

CH 1

Time-Base Plug-in

Display

Position

Main Sec/Div
Vartable Seconds/Div
Swp Mag

Main Trig Level
Source

Coupling

Mode

Alternate {button out)
Centered

5ms

Cal {fully ciockwise)

Off (button out)
Counterciockwise

Left {(or Right if the )
amplifier plug-int is in the
center compartment)
Awto Trig, AC

Coupl, +Siope

Main Sweep

11
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INTENSITY CONTROL

CONTROLS DISPLAY
BRIGHTNESS.
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CALIBEATOR
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BEAM FINDER
PUSHBUTTON
(SN 108920 AND UP)

BRINGS BEAM ON-SCREEN;
LIMITS INTENSIFIED
DISPLAY TO AREA INSIDE
OF GRATICULE.

FOCUS CONTROL
PROVIDES ADJUSTMENT TC

OBTAIN A WELL-DEFINED
DISPLAY.

BEAM FINDER
PUSHBUTTON
{SN 108919 AND BELOW)

READOUT INTENS
CONTROL
CONTROLS BRIGHTNESS OF
THE READOUT PORTION OF
THE CRT DIiSPLAY. IN THE
FULLY COUNTERCLOCK-

WISE POSITION, THE

READOUT SYSTEM 1S IN-

' GRAT HL.LUM CONTROL
CONTROLS GRATICULE
IELUMINATION.

POWER SWITCH

TURNS INSTRUMENT ON
OR OFF.

PATEMNY NOTICE

THIS INSTRUMINT 1S MANUTACTURED
UNDER ONE OR MORE OF THE
FOLLOWING B 5 PATENTS

3 207 836 3 27% BIB
OTHER PATENTS PINDING 7
FOREIGN PATINT NURMBEIRS ok
PROVIDED ON HEOULST

TERTRONIZ NG

CAUTION

INE VOLTAGE RANGE
ELECTOR INSIDE
FFER TO MANUAL

WATT S IMAY 100
ARPSIRAAR S 11
AT 120V 6047 @

LINE FUSE @1
520V 1 254 SLOW
Z20V D TA SLOW
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CALIBRATOR LOOP

PROVIDES POSITIVE-GOING
ACCURATE 400-MILLIVOLT
AND 4-MILLIAMPERE
SQUAREWAVE AT A
FREQUENCY OF TWICE THE
LINE FREQUENCY FOR CaALI-
BRATION AND PROBE
COMPENSATION.

EXT INTENSITY INPUT
CONNECTOR
cAuTION PERMITS APPLICATION OF

ELECTRIC SMOCK HAZARD
DO KOT REMOVE PANEL

Z-AXIS SIGNALS TO THE
CRT (DC COUPLED).
POSITIVE-GOING SIGNAL

INCREASES INTENSITY.

QUALIED PERSONNEL
SEE INETRUCTION MANUAL

EXT INTENSITY
INPUT
- 60V RMAX
N7

PR 333 16845 07
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4. Advance the INTENSITY control until the trace is at
the desired viewing level. The trace should appear near the
graticule center.

5. Connhecta 1X probe, or a test lead from the ampiifier
plug-in input connector to the CALIBRATOR loop.

6. Turn the Main Trig Level controt clockwise untit a
stabie display is obtained. Adjust the vertical and horizon-
tat Position controls so that the display is centered
vertically and starts at the left edge of the graticule.

7. Adjust the FOCUS controf for a sharp, weli-defined
display over the entire trace length.

8. Disconnect the input signal and position the trace
vertically s¢ that it coincides with the center horizontal line
of the graticule.

9. It the trace is not paralie! with the center horizontal
iine, see Trace Alignment Adjustment in this section.

10. Rotate the GRAT ILLUM controf throughout its
range and notice that the graticule lines are ilfuminated as
the contrel is turned clockwise. Set the control so
graticuie lines are illuminated as desired.

Calibration Check

11. Move the trace two divisions below graticuie center
and reconnect the calibrator signai to the amplifier plug-in
input connector.

12, The display should be four divisions in ampiitude
with six complete cycles (five complete cycles for 50-hertz
line frequency) shown horizontally. An incorrect display
indicates that the oscillosocpe mainframe or plug-ing
need to be recalibrated.

Readoul

13. Turn the READOUT INTENS control clockwise
untif an alphanumeric display is visible within the top or
bottom division of the ¢rt (reset the FOCUS adjustment if
necessary for best definition of the readout). Change the
Vohts/Div switch of the amptitier plug-in that is seiected for
display. Notice that the readout portion of the display
changes as the defiection factor is changed. Likewise,
change the Sec/Div switch of the time-base unit that is
selected for display. Notice that the readout display for the
time-base unitchanges also as the sweep rate is changed.
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14. Set the time-base unit for magnified operation.
Notice that the readout display changes (o indicate the
correct magnified sweep rate. If a readout-coded 10X
probe is availabie for use with the vertical unit, install it on
the input connector of the vertical plug-in. Notice that the
deflection factor indicated by the readout is increased by
10 times when the probe is added. Return the lime-base
unitto normal sweep operation and disconnrecithe probe.

15. Notice that the readout frorm a particular plug-in
occupies a specific location onthe display area. Heither of
the vertical plug-in units is a dual-trace unit, noticethat the
readout for Channel 2 appears within the lower division of
the crt below the readout for Channel 1.

Beam Finder

16. Move the display off-screen with the vertical
positicn control.

17. Push the BEAM FINDER button and observe that
the display compresses into the screen area. Reposition
the display to screen center and release the BEAM
FINDER button.

External Intensity Input

18. Connecta 5 volt, 1 kHz sine-wave or square-wave
signal to the EXT INTENSITY INPUT connector on the
rear panel. Also, use the signal to externally trigger the
time-base piug-in.

19. Stowly rotate the INTENSITY control counter-
clockwise until the trace appears to be a series of dimmed
and brightened segments. The brightened segmenis
correspond with the tops of the calibrator squarewaves.

GENERAL OPERATING INFORMATION

Display Focus

If a well-defined display cannot be obtained with the
FOCUS control, even at low intensity settings., adjustment
of the internal astigmatism control may be required.

To check for proper setting of the Astig controf, siowly
turn the FOCUS controt through the optimum setting with
a signal displayed on the crt screen. if the Astig control is
correctly set, the vertical and horizontal portions of the
trace will come into sharpest focus at the same pasition of
the FOCUS control.

1-3
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Beam Finder

The BEAM FINDER switch provides a means of
iocating a display that overscans the viewing area either
vertically or horizontally. When the BEAM FINDER switch
is pressed, the display is compressed within the graticule
area and the display intensity is increased. To locate and
reposition an overscanned display, use the following
procedure:

1. Press the BEAM FINDER switch, hold it in, then
increase the vertical and horizontal deflection factors until
the display is within the graticule area.

2. Adjust the vertical and horizontal position controls
io center the display about the vertical and horizontal
centeriines.

3. Release the BEAM FINDER switch: the display
shouid remain within the viewing area.

Readout {(Works Only With 5400-Series Plug-in
Units)

The readout svstem of the power supply/amplifier and
display modules allows alphanumeric display of informa-
tion on the crt, along with the analog waveform dispiays.
The information displayed by the readout system is
obtained from the plug-in units that are instatied in the
plug-in compariments. The characlers of the readout
display are writlen by the cri beam on a time-shared basis
with the signal waveiorms.

The Readout System operates in a free-running mode
to interrupt the waveform dispiay to present characters’
The waveform display is interrupted ior only about 20
rmicroseconds for each character that is displaved.

The readout information from each plug-in is cailed a
word. Up to six {eight with Option 3) words of readout
information can be displayed. The location at which each
readout word is presented is fixedand is directly related to
the plug-in unit and channel from which it originated. Fig.
1-2 shows the area of the graticule where the readout from
gach plug-in unit channe! is displayed {(external readout
programming is available only with Option 3). Notice that
the readout from Channel 1 of each plug-in unit is
displayed within the top division of the graticule and the
readout from Channel 2 is dispiayed directly below within
the bottom division of the graticuie. Only the readout from
plug-in channels that are selected by display switches, or
by the mode switches of dual-channel plug-ins, appear in
the readout display.

1-4

The READQUT INTENS control determines the inten-
sity of only the readout portion ofthe disptay independent
of the other traces. The readout system is incperative in
the {ully counterciockwise OFF position, This may be
desirable when the top and bottom divisions of the
graticule are to be used for waveform disptay, or when the
trace interruptions necessary to display characters do not
allow a satisfactory waveform display to be oblained.

Option 3, Externally Programmed Seventh and
Eighth Readout Words

This optionadds a 25-pin connector to the rear-pane| of
the 5440 through which two ten-character readout words
can be displayed on the crt, see Fig. 1-2.

Display Switching Logic

The electronic switching for time-shared displays is
produced at the piug-in interface within the mainframe;
however, the switching logic is selected in the plug-in
units. The system allows any combination of ptug-ins and
Dispiay switch settings. Hefer to the individual piug-in

manuals for specific capabilities and operating
procedures.
Left Right Horizontal Horizontal
Vertical Vertical Aon :qn d 8 orlt:;:o!n ad
Channel T Channei 1 or kain or Lelaye
1 !
3 ;
i !
Left Hight External Exsernat
Vertical Vertical Word Werd
Channel 2 Channet 2 {Channel) 1 {Channel) 2
External readout
information when
option is installed. 2139.03

Fig. 1-2. Location of readout on the crt identitying the origi-
nating plug-in unit and channel (and external, if Option 3 is in-
stalled).
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NOTE

At sweep rates faster than approximately 1 us, the
&B10, 5B12, and 5813 Time Base plug-in trigger
circult will nof respond fast enough, when used ina
5440, to allow the leading edge of the display to be
observed.

Differences in wiring between the 5100-series and
5400-series oscilloscope plug-in interfaces will not
allow the use of the composite trigger mode of the
5810, 5812, and 5B13 Time Base plug-ins when
used in the 5440, If the time base units are put in this
mode, they wili trigger off the left vertical plug-in
only.

Vertical Piug-In Compartments. When a vertical plug-in
is in the active mode (Display button pushed in}, a logic
level is applied to the switching circuit in the mainframe
and a display from this plug-in will occur. When two plug-
ins are both active in the vertical compartments, a multi-
trace display will occur {(Alternate or Chopped). When no
plug-in is in the active mode, the signal from the left
compartment will be displayed. A time-base unitoperated
in one of the vertical compartments has a permanent
internal connection to apply a Jogic tevel to the switching
circuit: thus, a vertical trace produced by this unit wili
always be displayed.

Horizontal Piug-ln  Compariment. Alternate or
Chopped display swiiching is selected on a time-base unit
operated in the herizenial compartment. When the
Display switch is out {Alt}, & negative impulse is supplied
at the end of the sweep to allow alternate switching
between plug-ins and plug-in channels. When the Display
switch is pushed in (Chop), a chopped dispiay witl appear
# a multi-trace display is required by the plug-ins in the
vertical compariments. A vertical plug-in unit operated in
the horizontal compartment has a permanent internal
connection to provide a chopped display H it is required.

Switching Sequence. Four display time slots are
provided on a time-sharing basis. When two vertical plug-
ins are active, each receives two time siots, 30 the
switching sequence is: fefl, teft, center, center, ete. The
two time slots aliotled to each plug-in are divided between
amplitier channels in a dual-trage unit; if two duail-irace
plug-ins are active, then the switching sequence ig: ieff
Channel 1, left Channel 2, cenier Channel 1, center
Channel 2, etc. If only one vertical plug-in is active, it
receives all four time slots. The switching sequence is the
same tor both the Alternate and Chopped display modes.

REV MAR 1987

Opersating Information—5440

Vertical Display Mode

Display On. To display a signal, the Display button of
the applicable vertical plug-in unit must be pushed in to
activate the unit. if two plug-ins are instatled in the vertical
compartments and only the signal from one of the units is
wanted, set the Dispiay switch of the unwanted unit to Off
{button out). if neither plug-in is activated, the signal from
the left unitis displayed. Both plug-ins can be activated for
multi-trace displays.

AHlernate Mode. The alternate position of the time-base

unit Display switch produces a display that aiternates

between activated plug-ins and amplifier channels with
each sweep of the crt. The swilching sequence is describ-
ed under Display Switching Logic in this section.
Although the Aliernate mode can be used at all sweep
rates, the Chop mode provides a more satisfactory display
at sweep rates from about one millisecond/division to five
seconds/division. At these stower sweep rates, alternate-
mode switching becomes difficutt to view.

Chopped Mode. The Chop position of the time-
base unit Display switch produces a display that is
electronically switched bstween channels at a 100-
kilohertz rate. The swiiching sequence is discussed
earlier. In general, the Chop mode provides the bast
display at sweep rates slower than about ons
miflisecond/division or whenever duai-trace, single-
shot phenomena are to be displayed. At faster sweep
rates, the chopped switching becomes apparent and
may Interfere with the display.

Dual-Sweep Displays. When a dual-sweep time-base
unit is operated in the horizontal compartment, the
allernate and chopped time-shared switching for either
the A or B sweep is identical to that for a single time-base
unit. However. if both the A and B sweeps are operating,
the 5440 operates in the independent pairs mode. Under
this condition, the left vertical unit is always displayed at
the sweep rate of the A time base and the right vertical unit
is displayed al the sweep rate of the B time-base (non-
delayed sweep only). This results in two displays that have
completety independent vertical deflection and chopped
or alternate sweep switching.

X-Y Operation

In some applications, it is desirable to display one
signal versus another (X-Y) rather than against an internal
sweep. The flexibility of the plug-in units availabie for use
with the 5440 provides a means for applying asignal to the
horizontal deflection system for this type of display. Some
of the 5B-series time-base units can be operated as
amptifiers, in addition to their normal use as time-base
generators.

15
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Raster Display

A raster-typedisplay can be used to effectively increase
the apparent sweep length, For this type of display, the
irace is deflected both vertically and horizontally by
sawtooth signals, and is accomplished by installing 3 58-
series time-base unit in the left vertical compartment, as
well as one in the horizontal compartment. Normaily, the
unit in the vertical compartment shouid be set {0 a slower
sweep rate than the one in the horizontal eompariment;
the number of harizontal traces in the raster depends upon
the ratio between the two sweep rates. Information can be
displayed on the raster using the Ext Intensity Input to
provide intensity modulation of the display. This type of
raster display can be used to provide a television-type
display.

Intensity Modulation

Intensity (Z-Axis) modulation can be used 1o refate a
third item of electrical phenomena to the verticat (Y-Axis)
and the horizontal (X-Axis} coordinates without affecting
the waveshape of the displayed signal. The Z-Axis
modulating signal, apphied to the EXT INTENSITY INPUT,
changes the intensity of the displayed waveform to
provide this type of dispiay. The voltage amplitude
required for visible trace modulatiorn depends on the
setting of the INTENSITY control. About +5 volts will turn
on the display to a normal brightness ievel from an off
ievel, and about —5 voits will turn the display off from a
normal brightness level. "Gray scale” infensity modula-
tion can be obtained by applying signals between these
levels. Maximum safe input voltage is £50 volts. Usable
frequency range of the Z-Axis circuit is de to two
megahertz.

Time markers appiied 10 the EXT INTENSITY INPUT
provide a direct time reference on the display. With
uncalibrated horizontal sweep or X-Y operation, the time
markers provide a means of reading time directly from the
display. However, if the markers are not time-related to the
displayed waveform, a singie-sweep display should be
used {for internat sweep only) (o provide a stable dispiay.

Calibrator

The internai calibraior of the 5440 provides a con-
verient signal source for checking basic vertical gain and
sweep timing. The calibrator signat is also very useful for
adjusting probe compensation, as described in the probe
instruction manual, The cutput square-wave vollage is 400
millivelis, within 1%, and the sguare-wave cutrent is 4
milliamperes, within 1%, The frequency of the square-
wave signal is twice the power-line frequency. The signal
is obtained by clipping the probe to the loop.

1-6

Dispiay Photography

A permanent record of the crt display can be obtained

with an oscilloscope camera system. The crt beze! of the
5440 provides integral mounting for a Tektronix os-
cilloscope camera, The instruction manuals for the
Tektronix oscilloscope cameras include complete instruc-
tions for obtaining waveform photographs.

OPERATING VOLTAGE

Eif UTION E
.I'\m\Mg
This instrument is designed for operation from a
power source with its neutral at or near earth
{ground} potential, and with a separate safety-earth
conductor. It is not intended for operation from two

phases of a multi-phase system, or across the legs of
a single-phase, three-wire system.

INSTRUMENT CONVERSION

The 5440 Power Supply/Amplifier module and the display
module can be fastened together stacked or side by side;
this permits operation as a bench oscilioscope, or in a stan-
dard 19-inch rack. The two moduies can quickly be convert-
ed from a bench model to a rackmount modet, or vice versa.
Field conversion kits, including the necessary parts, and
instructions are available and can be installed at a later time.
See your Tekironix Catalog or contact your Tektronix field
office.

NOTE

Before atternpting {0 cperate the instrument, make
sure the module wiring interconnections are correct.

RACKMOUNTING

The rackmount version of the 5400-series oscilloscope is
designed for operation in a standard 18-inch wide rack that
has Universal, B1A, RETMA, or Western Electric hole spac-
ng. When properly mounted, this instrument will meet all
electrical and environmental specifications given in Section
2.
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Mounting Method

This instrument will fit most 19-inch wide racks whose
front and rear holes conform to Universal hele spacing,
some drilling may be required on racks having EIA, RETMA,
or Western Electric hole spacing. The slide-out tracks easily
mourtt 1o the cabinet rack front and rear vertical mounting
rails if the inside distance between the front and rear rails is
within 10-9/16 inches to 24-3/8 inches. If the inside distance
exceeds 24-3/8 inches, some means of support is required
for the rear ends of the slide-out tracks. (For example, make
extensions for the rear mounting brackets.)

Rack Dimensions

Height. At least 5-1/4 inches of vertical space is required
to mount this instrument in a rack. if other instruments are
operated in the rack, an additional 1/4 inch is required, both
above and below the oscilioscope, to aliow space for proper
circulation of cooling air.

Width. A standard 19-inch wide rack may be used. The
dimension of opening between the front rails must be at
least 17-5/8 inches for a cabinet in which the front lip of the
stationary section is mounted behind an untapped front raii
as shown in Fig. 1-4A. If the front rails are tapped, and the
stationary section is mounted in front of the front rait as
shown in Fig. 1-4B, the dimension between the front rails
should be at least 17-3/4 inches. These dimensions allow
room on each side of the instrument for the slide-out tracks
t0 operate so the instrument can move freely in and out of
the rack.

Depth. For proper circulation of cooling air, allow at least
two inches clearance behind the rear of the instrument and
any enciosure on the rack. if it is sometimes necessary or
desirable to operate the oscilloscope in the fully extended
position, use cables that are long enough to reach from the
signal source to the instrument.

During rackmount installation, interchanging the left
and right slige-out track assemblies defeats the exten-
siort stop (safety iatoh) feature of the tracks. Equip-
ment could, when extended, come out of the slides
and fall from the rack, possibly causing personal injury
and equipment damage.
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When mounting the supplied slide-out tracks, inspect
both assembiies 1o find the LH (left hand) and BH
{right hand} designations to delermine correct place-
ment. Install the LH assembly to your left side as you
face the front of the rack and install the RH assemply
fo your right side. Refer to the rackmounting instruc-
tions in this manual for complete information.

v,

Installing The Slide-Out Tracks

The shide-out tracks for the instrument consist of two
assemblies, one for the left side of the instrument and one
for the right side. Each assembly consists of three sections.
A stationary section attaches to the front and rear rails of
the rack, the chassis section attaches to the instrument
{and is installed at the factory), and the intermediate section
fits between the other two sections to allow the instrument
to fully extend out of the rack.

The small hardware components included with the slide-
out track assemblies are used o mount the tracks io most
standard 19-inch rack rails having this compatibility.

NOTE

1. Front and rear rail holes must be large enough to
alfow inserting a 10-32 screw through the rail mouni-
ing hole if the rails are untapped (see Fig. 1-4A}.

2. Or, front and rear rafl holes must be tapped to ac-
cept a 10-32 screw if Fig. 1-4B mounting method is
used. Note in Fig. 1-48 right ilustration that a No. 10
washer (not supplied} may be added to provide in-
creased bearing surface for the slide-out track station-
ary section front flange.

Because of the above compatibility, there will be some
small parts left over. The stationary and intermediate sec-
tions for poth sides of the rack are shipped as a matched
set and should not be separated. The matched sets of both
sides including hardware are marked 351.0195-00 on the
package. To identify the assemblies, note that the automat-
ic latch andt intermediate section stop is located near the top
of the matched set.

Mounting Procedure. Use the following procedure to
mount both sides. See Fig. 1-4 for instaliation details.
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1. To mount the instrument directly above or below (b} i the front flanges of the stationary sections are
another instrument in a cabinet rack, select the ap- to be mounted in front of the front rails (rails are tapped .
propriate holes in the front rack rails for the stationary far 10-32 screws), mount the stationary sections as 1
sections, using Fig. 1-5 as a guide. shown in Fig. 1-4B right illustration. To provide in-

creased bearing surface for the screw head to securely

2. Mount the stationa lide- i
v slide-out track sections to the fasten the front flange to the rail, a flat washer (not

front rack rails using either of these methods:

supplied) may be added under the screw head.

-{a) Hthe front flanges of the stationary seclions are However, if this mounting method is used, the front

o be mounted behind the front raiis (rails are counter- panel will not fit fiush against the front rail because of

sunk or not tapped). mount the stationary sections as the stationary section and washer thickness. if a flush

shown in Fig. 1-4A right ilfustration. fit is preferred, method 2 (a) should be used.
Deep Rack Cornfiguration Shallow Rock Configuration
10-32 10-32
BHS BHS
Sli&eo.m Track Serew sﬂew
St;:::ir:::y : 2) 1 {2} Slideout Trock rg}-{:;z

:Stiéeoui Track Stationary Section Stofionary Section

Screw

Rear Mounﬁn ) {2)
10-32 Brachet
PHS .\ , 10.32
Serew '! FMS §

\ Screw
12}

£2)

Bar Nut tntopped

Front Rail

Bar Nuts

Untapped Rear Mounting

Brocket?
Rear Rail Untupped

Rear Rail

Left Rear Corner Lteft Rear Comer
of {iobinet Rack of Cabinet Rack

Lefs Frony
torner of
Cabinet Rock

{A) Yop view af cabine! rack. Front and rear roils are not topped.

Deep Rock Cenfiguratien Shallow Back Ceonfiguration
0-32

BHS :
Serew H
Slidecut Track {2} .
Stati Slideout Trock
;le:?;::‘rv S?utiaury Secicn 50.32
PHS Screw

Rear Mounting \ rl

Brocket

! ‘
/
Bar Nut Tupped No, 10 Washer
Eront {net supplied,
Tapped Rear Rail see fext)
i2} Rail
ieft Reor Corner Left Front
of Cobinet Rack 1 Yy Corner of
teaft Rear Corner A" Cabinet Rack
of Gabinat Rack \L Y

A\ ,

{Bi Top view of cabinet rock. Front ond rear roils are tapped for No. 10-37 sorews.

Faigk 1-n4_i Mounting the left stationary section {with ils maiched intermediate section, not shown in iliustrations A and B} {o the
rack rails.

1-8
REV MAR 1987



RACK WAL TYPES

19125 #0082
[ CABMET oPEmmG

ALTERNATE | FOR 1" PANIL
YYRE L
ook e A e
ot THICK - b THICK
MOUNTING ([~ (T BTE | | i TG
AL CLEAR OPENNG RAL.
& 4 2
X \7sc 0623 . /
e “
Jitdoo osood L
U 1490 gegniferir |
B ) [ v CABMET
s i - PRNEL
e )
Hmoo osoprfhT I
1230
o625 750
oo se TIPLES
1230 067 i
Somfeo 0509 H
230 se2% ;
280 3000700210 -0000
* & T
B0TTOM ), mOTTOM
e

AR % 50- 32 wF o2 TN

Drill and tap 10-32 in each front
rail, if the instrument front-panel
is going to be secured to the rack.
Securing screws are.not provided.
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Panel of instrument
R“* | above _
Rail - T
F o ]2 5/8" for securing 5 1/4” opening for
o | front.panel screw instatling the R5440
o L {6 3/4" if adjacent
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33/4 © JE—— A be operated),
o
v
/ o -1 1_
e -] O T - -
T4 --erETT -
o wfpe2h- B/87 for mounting
T—. ] @ stationary section
7/8" Panel of instrument
below

This hole must be drilled {and
tapped 10.32, if desired) in each
front and rear rail of EIA,
RETMA or Western Electric
racks.
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19.0

20.4"
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3. Mount the staticnary slide-out sections to the rear
rack rails using either of these methods.

(ay If the rear rack rail holes are not tapped to accept
10-32 machine screws, mount the left stationary sec-
tion with hardware provided as shown in the left or
center ilustration of Fig. 1-4A. Note that the rear
mounting bracket can be installed either way so the
slide-out tracks will it 8 deep or shallow cabinet rack.
Use Fig. 1-4A as a guide for mounting the right
stationary section. Make sure that the stationary sec-
tions are horizontally aligned so they are level and
parallel with each other.

(k) If the rear rack raif holes are tapped to accept
10-32 machine screws, mount the left stationary sec-
tion with hardware provided as shown in the left or
center illustration of Fig. 1-4B. Note that the rear
mounting bracket can be installed either way so the
stide-out tracks will fit a deep or shailow cabinet rack.
Use Fig. 1-4B as a guide for mounting the right
stationary section. Make sure the stationary sections
are horizontally aligned so they are level and paraillel
with each other.

Installation And Adjustment

To insert the instrument into the rack, proceed as
follows:

1. Pult the slide-put track intermediate sections out o
the fully extended position.

2. Insert the instrument chassis sections into the
intermediate sections.

3. Press the stop latches on the chassis sections and
push the instrument toward the rack until the latches snap
into their holes.

4. Again press the stop latches and push the instru-
ment into the rack.

To adjust the slide-out tracks for smooth sliding action,
Ioosen the screws used to join the stationary sections o
the rails of the rack. Center the instrument, atlowing the
slide-out tracks 10 seek the proper width, then tighten the
SErews.

To secure the instrument front-panel 1o the rack, the
rack must either have universal hole spacing, or a8 hole
must be drilled and tapped for g 10-32 screw, see Fig, 1-5.
Using the hardware (not furnished) indicated in Fig. 1-5,
secure the R5440 (o the front rails of the rack.

1-10G

Slide-Out Track Maintenance

The slide-out tracks require no lubrication, The special ‘3
dark gray finish on the sliding parts is 8 permanent
Hibrication,

OPERATING TEMPERATURE

The 5440 can be operated where the ambient air
temperature is between 0°C and +50°C. The instrument
can be stored inambient temperature between —40° C and
+70°C. After storage at a temperature beyond the
operating limits, allow the chassis temperature to come
within the operating limits before power is applied.

A thermal cutout in the display module provides
thermal protection and disconnects the power to the
instrument if the internal temperature exceeds a safe
operating fevel. This device will automatically re-apply
power when the temperature returns to a safe level.

PLUG-IN UNITS

The 5440 is designed to accept up to three Tekironix
5000-series plug-in units. (Only the piug-in units without
an N suffix will provide display readout.} This piug-in
feature allows a variety of display combinations and aisc

allows selection of bandwidth, sensitivity, display mode,

elc., 1o meet the measurement requirements. in addition, it
allows the oscilioscope system to be expanded to meet
future measurement requirements. The overall
capabilities of the resultant system are in ifarge part
determined by the characteristics of the plug-ins selected.

instailation

To install a plug-in unit into one of the plug-in
compartments, align the siots in the top and bottom of the
piug-in with the associated guides in the plug-in compart-
ment. Push the plug-in unit firmly into the plug-in
compartment untii it focks into place. To remove a plug-in,
pull the release latch on the plug-in unit to disengage it
and puil the unit out of the piug-in compartment. Plug-in
units can be removed or installed without turning off the
instrument power. It is not necessary thatall of the plug-in
compartments be filled to operate the instrument, the only
plug-ins needed are those required for the measurement
{0 be made.

When the display unit is adjusted in accordance with
the adjustmentprocedure given in the display unit insiruc-
tion manual, the verticat and horizontal gain are standar-
dized. This aliows adjusted phug-in units to be changed
from one plug-in compartment to another without read-
justment. However, the basic adjustment of the individual
piug-in units should be checked when they are instailed in
this system to verify their measurement accuracy. See the
service information section of the plug-in unit manuat for
verification procedure.
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Selection

The plug-in versatility of the 5400-series oscilloscope
altows a variety of display modes with many different phug-
ins. The following information is provided here to aid in
ptug-in selection.

To produce a single-trace display, instail a single-
channet vertical unit (or duai-channel unit set for single-
channel operation} in either of the vertical {left or center)
compartments and a time-base unit in the horizontal
{right) compartment. Fordual-trace displays, either install
a dual-channei vertical unit in one of the vertical com-
partments or install a single-channel vertical unit in each
vertical compartment. A combination of a single-channel
and a dual-channel verticai unit allows a three-trace
disptay: likewise, a combination of two dual-channel
vertical units ailows a four-trace dispiay.

To obtain a vertical sweep with the input signal
displayed horizontally, insert the time-base unit into one
of the vertical compartments and the amplifier unit in the
horizontal compartment. If a vertical sweep is used, there
is no retrace blanking and the time-base unit triggering
“must be accomplished externatly.

For X-Y displays, either a 5A-series amplifier unit or a
5B-series time-base unit having an amplifier channe! can
be instalied in the horizontal compartment to accept the X
“'signal. The Y signa! is connected to a 5A-series amplifier
unit installed in a vertical compartment.

Special purpose plug-in units may have specific restric-
tions regarding the compariments in which they can be
instalied. This information will be given in the instruction
manuals for these plug-ins.

BASIC OSCILLOSCOPE APPLICATIONS

The 5400-series osciiloscope and its associated phug-in
units provide a very flexibie measurement system. The
capabitities of the overall systemn depend mainly upon the
plug-ins that are chosen. The foliowing information
describes the techniques for making basic measurements.
These applications are not described in detail, since each
application must be adapted to the requiremants of the
individuai measurement. Specific applications for the
individual plug-in units are described in the manuals for
these units, Contact your local Tektronix Field Office or
representative for additional assistance.
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Peak-to-Peak Voltage Measurements—AC

To make peak-to-peak voltage measurements, use the
following procedure:

1. Set the input coupling on the veriical plug-in unitto
Gnd and connect the signat to the input connector.

2. Set the input coupling to ac and set the Vols/Div
switch to display about 5 or & vertical divisions of the
waveform, Check that the variabie Volts/Div control (red
knobj} is in the Cai position.

3. Adjust the time-base triggering controis for z stabie
disptay and set the Sec/Div switch to display severa!
cycles of the waveform.

4. Turn the vertical Pasition conirol so that the lower
portion of the waveform coincides with one of the
graticule lines below the center horizontal fine, and the top
of the waveform is in the viewing area. Move the display
with the horizontal Position control so that one of the
upper peaks is aligned with the center vertical reference
line {see Fig. 1-6},

5. Measure the vertical deflection from peak to peak
{divisions).

NOTE

This technique may also be used 10 make
measurements between two points on the waveform,
rather than peak to peak,

6. Muitiply the distance (in divisions) measured in step
5 by the Volts/Div switch setting. Also include the
attenuation factor of the probe, if applicable.

EXAMPLE: Assume a peak-to-peak vertical defiection
of 4.6 divisions and a Volts/Div switch sattings of 5 V.

Peak-to-peak - 4.6 5 {(Vohs/Div _ 23
volts {divisions) setting} volts
1-11
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NOTE

If an attenuator probe is used that cannot change the
scale factor readout (Volts/Divj, multiply the right
side of the above equation by the aftenuation factor.

Position to center
vertical line
Y

]_\slliT

N\ I §
]
! T 70\ /N
iR AR\ AR
Jerical |/ VI
o
7

Fig. 1-6. Measuring peak-to-peak voltage of a waveform.

instantaneous Voltage Measurement—DC

To measure the dc levet at a given point on a waveform,
use the following procedure:

1. Set the input coupling of the vertical piug-in unitic
Gnd and position the trace 1o the bottom line of the
graticule (or other selected reference tine). if the voltage
to be measured is negative with respect to ground,
position the trace to the top ling of the graticule. Do not
move the vertical Position control after this reference has
been established.

NOTE

To measure a voltage level with respect 10 & voltage
other than ground, make the following changes to
step 1: Set the input coupling switch to dc and apply
the reference voltage 1o the {nput connector, then
position the frace to the reference fine.

112

2. Connect the signal to the input connector. Set the |
input coupling to dc {the ground reference can be -

checked atany fime by setting the input coupling to Gnd).

3. Set the Volis/Div switch to display about 5 or 6
vertical divisions of the waveform. Check that the variable
Volts/Div control (red knob) is in the Cal position. Adjust
the time-base triggering conirols for a stable display.

4. Measure the distance in divisions between the
reference line and the point on the waveform at which the
dc fevel is to be measured. For example, in Fig. 1-7 the
measurgment is made between the reference iine and
point A.

5. Establish the polarity. The voltage is positive if the
signal is applied to the + input connector and the
wavetorm is above the reference line.

6. Multiply the distance measured in step 4 by the
Volts/Div switch setting. Include the attenuation factor of
the probe, if applicable (see the note foliowing the Peak-
to-Peak Voltage Measurement example).

EXAMPLE: Assume that the vertical distance measured
5 4.6 divisions, the polarity is positive, and the Voits/Div
switch setting is 2 V.

Instantaneous 4.6 2 _ +9.2
Voltage {divisipons) (Volts/Div) volis
1
!
i~ 3
. -l
1 \
Vartieal (A}
distance’
Reference line

Fig. 1-7. Measuring instantaneous dc voitage with respect to a
reference voltage.
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Comparison Measurements

In some applications, it may be necessary to establisha
set of deflection factors other than those indicated by the
Volts/Div or Sec/Div switches. This is usefut for com-
paring signais to a reference voltage amplitude or period.
To establish a new set of deflection factors based upona
specific reference amplitude or period, proceed as
foilows:

Vertical Deflection Factor

1. Apply a reference signal of known amplituge to the
vertical input connector. Using the Voits/Div switch and
variable Volts/Div controi, adjust the display for an exact
number of divisions. Do not move the variable Voits/Div
control after obtaining the desired deflection.

2. Divide the amplitude of the reference signal (voits)
by the productof the deflection in divisions (established in
step 1) and the Volts/Div switch setting. This is the
Deflection Conversion Factor.

Deflection reference signal amplitude (volts)
Conversion =
Factor deflection X Volts/Div
{divisions} setting

3. Todetermine the peak-to-peak amplitude of asignal
compared to a reference, disconnect the reference and
apply the signal to the input connecter.

4. Set the Volts/Div switch to a setting that provides
sufficient defiection to make the measurement. Do not
readjust the variable Volis/Div control.

5 To establish a Modified Deflection Factor at any
setting of the Volts/Div switch, multiply the Volits/Div
switch setting by the Deflection Conversion Factor es-
tablished in step 2.

Modified . Deflection
i Volts/Div .
Detlection. = settin X  Convearsiion
Factor g Factor

6. Measure the vertical deflection in divisions and
determine the amplitude by the foliowing formula:

Modifie
Signal ) d Defiection
. Deflection X L
Amplitude (divisions)
Factor
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EXAMPLE: Assume a reference signal amplitude of 30
volts, a Volts/Div switch setting of 5 V and & deflection of
four divisions. Substituting these values in the Deflection
Coenversion Factor formuia (step 2}

30V

meEv 0

Then, with a Volts/Div switch setting of 2V, the
Modified Deflection Factor {step 5} is:

{2 V) (1.5) = 3 volts/division

To determine the peak-to-peak amplitude of an applied
signat that produces a vertical deflection of five divisions
with the above conditions, use the Signal Amplitude
formula {step &):

{3 V} (5) = 15 volts
Sweep Rale

1. Apply a reference signal of known frequency to the
vertical input connector. Using the Sec/Div switch and
variable Sec/Div control, adjust the display so that one
cycle of the signal covers an exact number of horizontal
divisions. Do not change the variable Sec/Div control after
obtaining the desired deflection. -

2. Divide the period of the reference signal (seconds)
by the product of the horizontal detlection in divisions
{established in step 1} and the setting of the Sec/Div
switch, This is the Deflection Conversion Factor,

Defiection reference signai period (seconds)
Conversion =
Factor horizontal Sec/Div
deflection X switch
{divisions) setting

3. To determine the period of an unknown signal,
disconnect the reference and apply the unknown signal.

4. Set the Sec/Div switch 1o a setting that provides
sufficient horizontal deflection to make an accurate
measurement. Do not readjust the variable Sec/Div con-
trob.

5. To establish a Modified Deflection Factor at any
setting of the Sec/Div switch, multipty the Sec/Div switch
setting by the Deflection Conversion Factoresiablished in
step 2.

Modified ) Deflection
‘ Sec/Tiv ‘
Deflection = switching settin X Conversion
Factor ¢ 8 Factor
1-13
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6. Measure the horizontal defiection in divisions and
determineg the period by the following formuta:

Modified horizomntal
Period = Defiection X defiection
Factor {divisions)

EXAMPLE: Assume a reference signai frequency nf455
hertz {period 2.2 milliseconds), a Sec/Div switch setting of
2ms, and a herizontal deflection of eight divisions.
Substituting these values in the Defiection Conversion
Factor formula (step 21

22ms
(8)(0.2ms) 1875

Then, with a Sec/Div switch setting of 50 us, the
Maodified Deflection Factor (step 5) is:

{50 us) {1.375) = 68.75 microseconds/division

To determine the time period of an applied signal which
completes one cycie in seven horizontal divisions, use the
Period formula (step 6):

(6B.75 us) (7} = 481 microseconds

This product can be converted to frequency by taking
the reciprocal of the period {see application of Deter-
mining Freguency).

Time Period Measurement

To measure the time (period) between two points on a
waveform, use the following procedure:

1. Connect the signai to the vertical input connector,
seiect either ac or de input coupling, and setf the Volts/Div
switch to display about four divisions of the waveform.

2. Set the time-base triggering controls (0 obtain &
stable display. Set the Sec/Div switch to the fastest sweep
rate that will permit displaying one cycie of the waveform
in tess than eight divisions (some non-linearity may occur
in the first and last graticute divisions of display}. Refer to
Fig. 1-8,

3. Adjust the vertical Position control to move the
points between which the time measurement is made to
the center horizontal tine. Adjust the horizontat Position
control o center the time-measurement points within the
center eight divisions of the graticule.

1-14

4. Measure the horizontal distance between the time
measurement points. Be sure the variable Sec/Div controi
is in the Cal position.

5. Multiply the distance mesasured in step 4 by the
setting of the Sec/Div switch.

EXAMPLE: Assume thal the horizontal distance
between the time-measurement points is five divisions and
the Sec/Div switch is set to .1 ms, Using the formula:

horizontal Sec/Div
Period = distance X switch = {5){0.1ms) = 0.5 ms
(divisions) setting

The pericd is 0.5 miliisecond.

Determining Frequency

The time measurement technigue can also be used to
determing the frequency of a signal. The frequency of a
periodically recurrent signal is the reciproca! of the time
duration {period) of one cycie. Use the following
procedure:

1. Measure the period of one cycle of the waveform as

descrived in the previous application.

Z. Take the reciprocal of the period 1o determine the
frequency.

EXAMPLE: The frequency of the signalshown in Fig. 1-
8. which nhas a period of 0.5 mitlisecond is:

1 = 1
period 05 ms

Frequency = = 2 kilohertz

Horizental i
: distance ;

Fig. 1-8. Measuring time duralion {period) between points on a
waveiorm.
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Risetime Measurement

Risetime measurements employ basically the same
techniques as the time-period measurements. The main
diference is the points between which the measurement is
made. The following procedure gives the basic method of
measuring risetime between the 10% and 90% points of the
waveform.

1. Connect the signal to the input connector.

2. Set the Voits/Div switch and variable Volts/Div
control to produce a display exactly five divisions in
amplitude.

3. Center the display about the center horizontal line
with the vertical Position control.

4. Set the time-base triggering controls to obtain a
stable display. Set the Sec/Div switch to the fastest sweep
rate that will display less than eight divisions between the
10% and 90% points on the waveform {see Fig. 1-8).

5. Adjust the horizontal Position control to move the
10% point of the waveform to the second vertical line of the
graticuie.

6. Measure the horizontal distance between the 10%
and 80% points. Be sure the variable Sec/Div controt is in
the Cal position.

7. Multiply the distance measured in step 6 by the
setting of the Sec/Div switch.

o e .:» R ; B P
w00% ‘ , : 00% 4

_ N Point
. ik
|
i J

[/

0% -t 0% T
—— .~ Point 1

co o

HHmizentaiw
distance

Fig. 1-9. Measuring risetime.
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EXAMPLE: Assume that the horizontal distance
between the 10% and 80% points is four divisions and the
Sec/Div switch is set to 1 us.

Using the period formula to find risetime:

Risetime horizontal Sec/Div
) = distance X switch = (4) {1 us) = 4us
period Lo .
{divisions} setting

The risetime is 4 microseconds.

Time Difference Measurements

When used in conjuction with a calibrated time-base
plug-in unit, the multi-trace feature of the 5400-series
oscilloscope permits measurement of time difference
between two or more separate events. To measure time
difference, use the foliowing procedure:

1. Set the input coupling switches of the amplifier
channels to either ac or dc.

2. Setthe Display switch onthe time-base unitto either
Chop or Alt. In general, Chop is more suitable for low-
frequency signals. More information on determining the
mode is given under Verticai Display Mode in this section.

3. Setthevertical plug-intriggering switches totrigger
the display on Channel 1 {or left piug-in) only.

4. Connect the reference signal to the Channel T input
connector and the comparison signal to the Channel 2 {or
center plug-in} input connector. The reference signal
should preceded the comparison signal in time, Use
coaxial cables or probes which have similar time-delay
characteristics {o connect the signat to the input connec-
{ors.

5. If the signals are of opposite polarity, invert the
Channel 2 {or center piug-in} display. (Signals may be of
opposite polarity due 1o 180° phase difference; if 50, take
this into account in the final calcuiation.)

6. Set the Volts/Div switches to produce about four
divisions of display waveform.

7. Set the time-base triggering controls for a stabie
display. Set the Sec/Div switch for a sweep rate which
shows three or more divisions between the measurement
points, if possibie.

8. Adjust the vertical Position controls to bring the
measurement points to the center horizontal refererice
line.
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9. Adjust the horizontal Position control so the
Channet 1 {or left plug-in) waveform (reference) crosses
the center horizontal line at a vertical graticule line.

10, Measure the horizontal cistance between the fwo
measurement points (see Fig. 1-10).

1. Multiply the measured distance by the setting of
the Sec/Div switch.

EXAMPLE: Assume that the Sec/Div switch is set to
50 us and the horizontal distance between measurement
points is four divisions. Using the formula:

Sec/Div horizontal
= switch X distance = (50 us) (4) = 200 us
setting {divisions)

Time
Delay

The time delay is 200 microseconds,

Channel 1, or left Channel 2, or center
plug-in (reference} plug-in

\ /

\ /

Amplitude t
tgvel

—g

izontal
- Harizon

A L o
H distance

Fig. 1-10. Measuring fime difference between two puises.

Multi-trace Phase Difference Measurement

Phase comparison between two or more signals of the
same frequency can be made using a dual-irace plug-in or
two single-trace plug-ins. This method of phase difference
measurement can be used up to the frequency limit of the
vertical system. To make the comparison, use the follow-
ing procedure:

1. Set the input coupling switches of the amplifier
channels to either ac or do.

2. Setthae Display switch onthe time-base unitto either
Chop or AR, in general, Chop is more suitable for tow-
frequency signals and the Alt position is more suitable for
high-frequency signals. More information on determining
the mode is given under Vertical Display Mode in this
section.
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3. Set the vertical plug-intriggering switches totrigger
the display on Channel 1 (or left piug-in) only.

4. Connect the reference signal to the Channel 1 input
connecior and comparison signal to the Channel 2 (or
center plug-in} input connector. The reference signal
should precede the comparison signal intime. Use coaxial
cables o©r probes which have similar time-detay
characteristics to connect the signals to the input connec-
fors.

5. It the signals are of opposite polarity invert the
Channel 2 (or center plug-in} display. (Signats may be of
opposite polarity due to 180° phase difference: if s0, take
this into account in the final calculation.}

6. Set the Volts/Div switches and the variable Volts/Div
controls so the displays are equal and about five divisions
in amplitude.

7. Set the time-base triggering controls to obtain a
stable display. Set the Sec/Div switch to a sweep rate
which displays about one cycie of the waveform.

8. Move the waveforms to the center of the graticule
with the vertical Position controis.

8. Turn the variable Sec/Div control until one cycie of
the reference signal (Channel 1, or left plug-in) occupies
exactly eight divisions between the second and fenth
vertical lines of the graticule {see Fig. 1-11). Each division
of the graticuie represents 45° of the cycle (360° + 8
divisions =45° /division}. The sweep rate can be stated in
terms of degrees as 45°/division.

Channet 1, or laft Channe! 2, or center
plug-ir: [reference) plug-in {iagging}
T 1

I
TN T
/m /
/1NN /
S TNN /
4 ‘, \;\\Xzf/

NN

4 Horizontal |

; distance T e
¢ B Divisions

(360 °) 3

Fig. 1-11. Measuring phase difference.
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10. Measure the horizontal difference between cor-
responding points on the waveforms.

11. Multiply the measured distance {in divisions) by
45%/division {sweep rate) lo obtain the exact amount of
phase difference.

EXAMPLE: Assume a horizontal difference of C.6
division with a sweep rate of 45° /division as shown in Fig.
1-11. Use the formula:

Phase horizontal sweep rate
Difference = difference X (degrees/ = (0.6) (45°)=27°
(divisions) gdivision}

The phase difference is 27°.

High Resolution Phase Measurement

More accurate dual-frace phase measurements can be

_ made by increasing the sweep rate (without changing the

“variabie Sec/Div control setting}. One of the easiest ways

" 1o increase the sweep rate is with the Swp Mag {10X)

bution on the time-base unit. The magnified sweep rate is

automatically indicated by the crt readout and knob-skirt
scate-factor readout.
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EXAMPLE: If the sweep rate were increased 10 times
with the magnifier, the magnifier sweep rate shouid be
45°/division + 10 = 4.5°/division. Fig. 1-12 shows the
same signals as used in Fig. 1-11, but with the Swp Mag
button pushed in. With a horizontal difference of six
divisions the phase difference is;

magnified

Phase horizontal sweep rate
Difference = difierence X {(degrees/ ={(8}(4.5°)=27°

{divisions) division)

The phase ditference is 27°.

Channet 2, or

Channel 1, or {eft
center plug-in

piug-in {reference}
¥

f1 T/
L/ v
s

HMorizontal )
¢ difference

-

¥ig. 1-12. High-resolution phase difference measurement with
increased sweep rate.
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Section 25440

SPECIFICATION AND
PERFORMANCE CHECK

The electrical specifications are valid only if (1) the instrument has been calibrated at an ambient
temperature between +20°C and +30°C; (2) the instrument is operating at an ambient temperature
between 0°C and +50°C, unless otherwise noted; {3) each plug-in mustbe operating (fully installed} ina

calibrated system.

SPECIFICATION

TABLE 2-1
Vertical Amplitier

Characteristics

Performance Requirements

Supplemental Information

Input Signal Amplitude
(Difterential)

50 mV/division £2%. Less than 0.5%
difference between left and right
vertical plug-in compartments.

Bandwidth (6-Division Reference)

D¢ to at least 85 MHz with a
067-0680-00 Calibration Fixture.

Dc to at least 50 MMz with a
calibrated 5A48.

Risstime (6-Division Reference)

4.0 ns or less with a 067-0680-00:
Caiibration Fixture,

7 ns or less with a
calibrated 5A48.

Aberrations (6-Division Reference)

5% or less measured with a 067-0680-00
‘Calibration Fixture.

4% or less measured with a
calibrated 5A48.

Position Effect on Aberrations
(6-Division Reference with

a 067-0680-00 Calibration
Fixture)

Front corner aberrations of

+step or —step response signal
should not exceed +5% when the
waveform is positioned not more
than 1 division beyond graticuie
center.

Vertical Centering

Within 0.5 division of graticule center.

Delay Line Length 140 ns.
Modes Chop and Als.
Rate
Chop 50 kHz +50% —30%; 3 us on, 2 us off.
Alt Once every two sweeps.,
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TABLE 2-2

Horizontal Amplifier

Characteristics

Performance Requiremenis

Supplementai Information

Bandwidth

Dc to at least 2 MHz.
8-division signal used as a
reference,

Horizontal Centering

Within 0.5 division of graticule center.

X-Y Operation

Less than 2° phase shift from dc 1o at
least 20 kHz.

TABLE 2-3
Z-Axis Amplifier

Characteristics

Performance Requirements

Supplemental Information

External input

Input Voltage

+5 V turns crt beam on from off condition.

-5V turns crt beam off from on condition.

Usable Frequency Range

D¢ tc 2 MHz,

Input impedance

Resistance:; 10 k2.
Capacitance: 40 pF.

Maximum Safe input

50 V (d¢ + peak ac).

TABLE 2-4
Dispiay

Characteristics

Performance Requirements

Supplemental Information

Geometry

Bowing or tiit < 0.1 division.

Orthogonality

ad° =0.7°,

Photographic Writing Rate

3000 speed film.

90 em/us, using a C-59 camera and Polarcid

Phosphor

P31 standard; P7 and P11 optional.

Deflection

Electrostatic, with mesh magnification.

Acceleration Potential

15 kV.,

2-2
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TABLE 2-5
Power Supply and Calibrator

Characteristics ' Performance Requirements Supplemental Information

Power Line Input

Line Voltage (RMS) Nominat 100V, 110V, 120 v, 200 V
220V, 240V =10%.

Line Frequency 50 {0 400 Hz.

Input Power 100 W maximum at 120 V ac, 60 Hz.

Fuse Data 1.25 A slow blow (120 V ac).

0.7 A siow blow (240 V ac).

Calibrator
Voltage 400 mV, +1%.
Current 4 mA, +1%.
Frequency Twice the power line frequency.
TABLE 2-6
Readout
Characteristics Performance Requirements Supplementat Information

Intensity Range Off to full brightness. Readout

inoperative when READOUT
INTENS fully counterclockwise in
detent position.

Location Top words are displayed in top major
graticule division between left and
right extreme graticule lines. Bottom
words are displayed in bottom major
graticule division between left and
right extreme graticuie lines.

TABLE 2-7
Miscellaneous
Characteristics Description
Graticule
Scale 8 x 10 divisions with 1.22 cm/Div.

Scale Color and Type

Normal White internal graticule lines.
Optional Biack internal graticule fines.
Beam Finder Brings trace within viewing area and

intensifies trace.
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TABLE 2-8

Environmental

Characteristics Description
Temperature
Operating 0°C to +50°C.
Storage —40°C to +70°C. 0
Altitude
Operating To 15,000 feet.
Storage To 50,000 feet.
Vibration
Operating and With the instrument complete and
Non-Operating operating, vibration frequency swept
from 10 to 50 to 10 Hz at 1 minute per
sweep. Vibrate 15 minutes in sach of
the three major axes at 0.0157 total
displacement. Hold 3 minutes at any

major resonance, or if none, at 50 Hz.
Total time, 54 minutes.

Shock
Operating and 30 g's, 1/2 sine, 11 ms duration, 2
Non-Operating shocks in each direction aiong 3
major axes for a total of 12 shocks,
Transportation Qualified under National Safe Transi
Committee Test Procedure 1A,
Category Il
TABLE 2-9
Physical
Characteristics Deseription
Finish Anodized aluminum panel with gray vinyl coated frame. Blue-vinyl coated cabinet.

Net Weight of Cabinet Version 25 Ibs {It kg).
with Feet and Handle

Overall Dimensions See Fig. 2-1.

Overall rack depth 19.5 inches.
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(495 mm} o " (212 rmm)
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(133 mm)
L/ v/ L) L
8"
{24 mm) 2139-15A
Fig. 2-1. lustration showing dimensions of the cabinet version of the 5440.
POWER TO EXTERNAL EQUIPMENT
TABLE 2-10

With the plug-in units removed from the Oscilioscope, the Power Available to External Equipment
unused power capability of the Oscilloscope power supplies
may be used to operate external electronic equipment. The Power Supply Maximum Main intertace
recommended access 10 the power supplies is through the Voltage Current Pin Number
Main Interface circuit board. Special equipment is available
from Tektronix, Inc. to facilitate connection to the individual 1200V 30 mA Al
power supply voltages. Order the equipment through vour
local Tektronix Field Office or representative. +30V 240 mA A5

+ 18V 600 mA AB

Table 2-10 lists the maximum current draw and Main +5V 15A B2
Interface pin assignment for only those power supply —15V 600 mA as
voltages recommended for operating external electronic
equipment, LAY 240 mA B5
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PERFORMANCE CHECK

introduction

This procedure checks the 5440 electrical charac-
teristics against the performance requirements that
appear in the Specification section of this manual. if the
instrument fails o meet the requirements given in this
performance check, the adjustment procedure should be
performed. This procedure can also be used by an
incoming inspection facility to determine acceptability of
performance.

Tolerances that are specified in this performance check
procedure apply to the instrument under test and do not
include test equipment error.

Test Equipment Required

The following testequipment, or equivaient, is required
to perform the performance check and adjustment
procedure. Test equipment characteristics listed are the
minimum required to verify the performance of the
eguipment under test. Substitute equipment must meetor
exceed the stated requirements. All iest equipment is
assumed 1o be operating within tolerance.

Special test devices are used where necessary to
facilitate the procedure. Most of these are availabie from
Tektronix, Inc. and can be ordered through your local
Tektronix Field Office or representative.

TABLE 2-11

List of Test Equipment Requirements

Performancae
Requirements Application

R

Description Examples

Digital Volimeter! Range, zero 1o 200 volts;

accuracy, within 0.1%

a. Tekironlx DM 501A
Option 2 Digltal
Muitimeter.2

LV power supply
check and adjustment.

DC voltmeter (wm}"f Range, zero 1o 3000 volis; HV power supply a. Vaihalla Model 4500
g

accuracy, checked to within check. H.V. Digital Multimeter.
With Test Leads 1% at 3000 volis. Tektronix part number
003-0120-00 test
leads.
Calibration Amplitude calibration, Vert and horiz a. Tektronix PG 506
generator 10 mV 1o 1 V; accuracy, gain check and Calibration Generator.?
£0.25% into 1M ouiput, adjustment,
square wave al approximately
1 kHz.
Time-mark Marker outputs, 5 ns and Sweep fiming a. Tekironix TG 501
generaior 10 ns; accuracy, within 1%, chacks and adjust- Time-Mark Generator.2

ment at 5 and 10 ns,

Pulse generator Pulse duration, 10 ns Vert compensation a. Tektronix PG 501

or less; pulse amplitude, check and Pulse Generator.?
5V {o at least 8 V into adjusiment.
5048 load.
Medium-frequency Sinewave output, 1o ai Vertical band- a. Tektronix SG 503
signal genserator least 500 MHz, lavaled; width check. Signal Generator.2

output amplitude 5 V
p-p. accuracy, 2%.
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TABLE 2-11 (cont))

List of Test Equipment Requirements

Performance

Description Requlrements

Application

Examples

o —————rerastot e oadsmeeose 1445444 et A A i e e L ——
L T e L L LUk e e o e L SR e

Amplifier plug-in Bandwidth, dc to 500 mHz;
unit,3 display mode, CH 1 and
dual-trace; deflection
factor, 5 mV to 10 V/div.

Veart and Horiz

gain check and
adjustment.

a. Tekironix 5A48
Amplifier plug-in
unit,

Time-base unit Sweep rate, at least

10 ns/div.

Sweep timing check

and adjustmant,
Used to provide

swaep throughout

procedure.

a. Tekironix 5B42
Time-Base unit,

Calibration fixture Produces gain-check and

pulse-response wavaforms.

Vert and Horiz
gain check and
adjustment.

a. Tekironix Calibra-
tion Fixture
067-0680-00.

Coaxial cable
(2 required)

Impedance, 50Q; length,
42 inch; connectors, bne.

Provides signal
interconnection.

a. Tekironix part
012-0057-01.

1X passive probe Compatible with SA-series
amplifiers used in the

oscilioscope.

Calibrator signal
check.

a. Tekironix P8101A
Probe.

Termination Impedance, 50£; accuracy,

within 2%; connectors, bne,

T-connector Conneciors, bne.

Vart check and
adiustment.

External Z-axis
ampiifier check.

a. Tektronix part
011-0048-01.

a. Tekironix part
103-0030-00.

Screwdriver 3-inch shaft, 3/32 inch bit.

Adjustments,

a. Xcelite R3323.

*Required only for Adjustment procedure, A high-voltage probe can be used with the DM501A in lieu of the DC voltmeter.

Ovder 010-0277-00.
2pequires TM 500-Series Power Module.

3 additional amplifier, such gs B5A38 required te chack duai ampilfier operation.

Preliminary Procedure

1. Ensure that the line voltage selector block has been
instailed on the correct line selector pins on the Low
Voltage and Calibrator circuit board and thai the
regulating range includes the apptied line voltage, Referto
the Operating Voltage section of this manual.

2. Ensure that ali test equipment is suitably adapted io
the applied fine voitage.

3. 1 appiicable, install the TM 500-series test equip-
ment into the test equipment Power Module.

REV MAR 1987

4. Install a vertical amplifier unit into the left vertical

compartment of the 5440,

5. Install a time-base unit in the horizonial compart-

ment of the 5440,

6. Connect the eguipment under test and the test
equipment to a suitable line voliage source. Turn all
equipment on and aliow at teast 20 minutes for the
eguipment {o stabilize.
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initiai Control Settings

Set the following controls during warm-up time:

Oscilloscope

Set for weli-defined trace
and normatl brightness.

Intensity, Focus

Amplifier Piug-in

Display On.

Position Centered.

CH 1 Volts/Div A

CH 1 Cal Fully clockwise.,
CH 1 Input coupling Dec.

Trigger CH 1.

Mode CH 1.

Time Base Plug-in

Display Alternaie.

Position Centered.

Main Sec/Div 1 ms.

Main Variable Cal.

Swp Mag Off.

Triggering -+ Slope,
Auto Trig,
AC Coupl.

Trig Source Left.

PERFORMANCE CHECK PROCEDURE

1. Check Trace Alignment

a. Position the horizontal irace over the center
horizontal graticule fine.

b. CHECK—For alignment error of .1 division or less.
the POWER

¢ Press switch 1o turn  off the

Oscilloscope.

d. interchange the amplifier and time-base unitg in
their respective compartmenis, Pull the POWER swiich to
on.

& Position the vertical irace over ihe cenier vertical
graticule ling.

f. CHECK—For alignrment error of .1 division or less.

2-8

2. Check Geometry

a. Set the FOCUS and INTENSITY controls for a weil~
defined trace, exiending vertically above and below the
graticule area.

b. CHECK—Vertical bowing and titt of the trace display
is less than .1 division when positioned horizontally across
the entire graticule area.

¢. Press the POWER switch to turn off the Oscilloscope
and interchange the amplifier and time-base units.

d. Pull the POWER switch 1o on.

3. Check Beam Finder
a. Press the BEAM FINDER switch.

b, CHECK—The display is compressed within the
graticule area and is intensified, '

c. Press and hold the BEAM FINDER switch in, then
rotate the position control of the vertical amplifier and the
tirne-base unit fully clockwise and counterclockwise.

d. CHECK—The display is compressed within the
graticule area and is intensitied.

4. Check Trigger Amplifier

a. Connect a 50 MHz sine-wave signal from the MF
{Medium Frequency) generator to the verticat amplifier input,
using a 42 inch bnc cable and a 50 ohm termination.

b. Set the vertical ampiifier and generator controls o
obtain a signal amplitude of 1 major division.

¢. Set the time-base unit for 20 ns/div {(SWP MAG on)
and adjust the trig level control for a stable display.

d. CHECK—That a stable display can be oblained.

e. Press the POWER switch 1o turn off the Oscilioscope
and change the amplifier from the left vertical compart-
ment to the center compariment.

f. Pull the POWER swiich o on, select the rightirigger
source, and repeat parts b through d of this step.
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g. Disconnect the bne cable and termination from the

. vertical amplifier input connector and reiease the SWP

MAG pushbution.

5. Check AHernate Operation
a. Push both CH 1 and CH 2 pushbuttons in.

b. Set the time-base unit for 10 ms/div and position the
traces about two givisions apart,

¢. Turn the time-base Sec/Div switgh throughout its
range.

d. CHECK—Trace aiternation at aii sweep raies {ex-
cept AMP position}. At faster sweep rates, alternation is
not apparent; instead, display appears astwo traces on the
sCreen.

e Press the POWER switch to turn off the Oscilloscope
and change the amplifier from the centervertical compart-
ment o the left compartment.

- f. Pull the POWER switch on and repeat paris a
through d of this step.
6. Check Chop Operation

a. Push the CHOP button in on the time-base unit.

b. Turn the time-base Sec/Div switch throughout its
range.

¢. CHECK—For dual-trace display at ail sweep rates,
without alteration (except AMP position}.

d. Press the POWER switch to turn off the Oscilloscope
and change the amplifier from the lefi vertical compart-
ment tc the center compartment.

e. Pull the POWER switch to on and repeat parts a, b,
and ¢ of this step.

7. Check Aliernate Operation Beiween Amplifiers

a Install a second vertical dual-trace plug-inunitin the
left plug-in compartment and set its controls for duai-
trace operation.

b. Set the time-base Chop pushbutton to its out
position and the Sec/Div switch to 20 ms/div.

Specification and Performance Check—5440

¢c. CHECK—For two traces for the left amplifier {one
for each channel), then two traces for the center ampiifier,
alternately. (Ifasingie-channelamplifier is used instead of
the second dual-trace amplifier, the single-channet trace
will appear twice for each alternation.)

d. Press the POWER switch to turn off the Oscilioscope
and interchange the two vertical amplifiers in their respec-
tive compartments. Remove the vertical amplifier from the
center compariment. Pull the POWER switch {o on,

NOTE

The 5A48 is used for the vertical system perfor-
mance procedure. When a different amplifier plug-in
is used to verify vertical specifications, the os-
citloscope system frequency response may be
degraded,

8. Check Vertical Gain

& Connect a 1 kMz sguare-wave signal from the
catibration Generator to the amplifier input, using a 42-
inch bng cable. Set the time-base Sec/Div to 1 ms.

b. Set the amplifier and generator controls to obtain a:
five-voli reterence signal. Center the display. :

¢c. CHECK—The crt display for a vertical deflection of5
divisions £0.15 division (£ 3%]).

d. Press the POWER switch to turn off the Oscitloscope
and remove the amplifier from the jeft vertical compart-
ment and instail it in the center compartment. Pull the
POWER switch to on.

e. CHECK-—The crtdisplay fora vertical defiection of 5
divisions =0.15 division (=3%;).

i Disconnect the bnc cable from the SA48 input
connecior.

8. Check Vertical Compensation

a. Set the ampiifier CH 1 VOLTS/DIV switch 1o 1.
Connect the pulse generater to the CH 1 input connector
with the 42 inch cable and a 50 ohm termination.

b. Set the time-base unit for a calibrated sweep rate of
20 ns/div and triggering for auto mode, ac coupied, and
RIGHT trigger source. Adjust the trigger level controlfora
stable display, triggered on the rising portion of a 1 MHz
puise. Center the putse horizontaily on the graticule.
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¢. CHECK—For optimum square leading corner and
flat top on a S-division displayed pulse with aberrations
not to exceed +0.15 or —~0.15 division, with total peak-to-
peak aberrations not to exceed 0.15 division.

d. Press the POWER switch to turn off the Oscilloscope
and install the amplifier in the left compartment. Pull the
POWER switch to on.

e. Push in the LEFT Trigger Source button, Adjust
trigger level control for a stable display, triggered on the
rising portion of the pulse. Center the pulse horizontally
on the graticule.

f. CHECK-For opiimum sguare leading corner and
flat top on a 5-division displayed puise with aberrations
not io exceed +0.15 or —0.15 division, with total peak-to-
peak aberrations not to exceed 0,15 division,

10. Check Vertical Bandwidth

a. Disconnect the bng¢ cable from the puise generator
and connect it to the outpui connector of the MF
generator.

b. Set the amplifier VOLTS/DIV switch to .1 and adjust
the MF generator controls for a 6-division display, at a
frequency of 50 kHz. Center the display on the gralicule,

k3

¢. Setthe time-base unit for a sweep rate of 10 us/div.

d. Without changing the outpul amplitude, increase
the generator frequency until the displayed amplitude is
reduced to 4.2 divisions.

& CHECK—The generator for a reading of at least 50
megahertz.

i Press the POWER switch {0 turn off the Oscilloscope
and instali the amplifier in the center compariment. Pull
the POWER swiich to on.

g. Repeat parts b through € for the center vertical
compariment

h. Disconnect the bne cable and termination from the
amplifier input connector.

NOTE

The 5A48 amplifier is used for the horizontal system
adjustment procedure. When & different amplifier
plug-~in is used to verify horizontal specifications,
the amplifier frequency must be considered.

11. Check Horizontal Gain

a. Press the POWER switch to turn off the Oscilloscope
and interchange the amplifier and the time-base units in
their respective compartments, Pull the POWER switch to
on.

b. Connect a 1 kHz sguare-wave signal from the
Calibration Generator to the amplifier input connector,
using a 42 inch bnc cable.

¢. Set the amplifier and generator controls to obtain a
five-volt reference signal. Center the display between the
second and seventh vertical graticule lines.

d. CHECK—The ¢rt display for a horizontal deflection
of & divisions +0.15 division.

e. Disconnect the bnc cabte from the amplifier input
dgonnector.

12. Check Horizontal Bandwidth

a. Connect a 50 kHz sine-wave signal from the MF
generator to the amplifier input, using a2 42 inch bne cable
and 50 ohm termination.

b. Set the amplifier and generator controls to obtain a
6-division display. Center the display between the second
and eighth vertical graticule lines.

¢. Without changing the output amplitude, increase
the generator frequency unt the displayed amplitude is
reduced 10 4.2 divisions.

d. CHECK—The generator for a reading of at least 2
megahertz.

@. Press the POWER switch to turn off the Oscilioscope
and interchange the ampiifier and the time-base units in
their respective compartments. Pull the POWER switch to
on.
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13. Check 10 ns Timing

NOTE

A 5B42 time-base or a lime-base having a 10 ns
sweep must he used.

a. Disconnect the bnc cable and 50 ohm termination
from the ampiifier input connactor and connect the time-
mark generator signal to the input connector.

k. Set the time-mark generator for 10 nanosecond
markers. Set the deflection factor of the amptifier so the
markers are at least five divisions in amplitude.

¢. Set the time-base unit for a sweep rate of 10 ns/div.
Adjust the time-base triggering control for a stable
dispiay.

d. CHECK—For one 10 nanosecond marker per divi-
. sion over the center eight graticuie dwvisions of the display
(position as necessary}. Sweep accuracy is 5% over the
entire sweep, excluding the first 30 and the last 100 ns of
the magnified sweep.

14A. Check 5 ns Timing with a 5B42
a. Set the time-mark generator for 5 ns markers.

b. Adjust the time-base triggering control for a
stabie display.

c. CHECK—For 5 ns marker per division over the
center eight graticule divisions of the display
{posilion as necessary). Sweep accuracy is 6% over
the anlire sweep, excluding the first 30 and the last
100 ns of the magnified sweep.

¢. Disconnect all cablas.

i48. Check § ns Timing with a 5B44
NOTE

This step can be performed only with a time-base
unit having a 5 ns sweep rate, such as Tekironix
5B44.

a. Press the POWER switch to turn off the Osciiloscope
and install an appropriate time-base unit in the horizontal
compartment. Pull the POWER switch to on.
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b. Set the time-base unit for a sweep rate of 5 ns/div.
Adiust the time-base ftriggering contrgi for a stable
display.

c. CHECK-—For one 5 nanosecond marker perdivision
over the center eight graticule divisions of the display
{position as necessary). Sweep accuracy is 6% over the
entire sweep, excluding the first 30 and the tast 100 ns of
the magnified sweep.

d. Disconnect ali cables.

NOTE

if the Readout System was deleted from the instru-
ment (Option 1), omit step 15.

15. Check Readout Modes

a. Set the time-base unit for a free-running sweep.

b. Set the READQUT INTENSITY control for a visible
readout display.

¢. Select duai-trace operation on the amplifier.

d. CHECK-That the characters are displayed at the
top and bottom of the crt. Characters do not touch or
overlap and they correlate to the respective volis/div dial
settings.

e. Rotate both CH 1 and CH 2 CAL controls coun-
terclockwise.

f. CHECK—That a > symbol is dispiayed at the left of
the readout character. Return the CAL controils to the
caliprated position {fully ctockwise).

g. Rotate the time-base MAIN SEC/DiV control
throughout its range.

h. CHECK—That the characters are displayed at the
top-center of the crt. Characters do not touch or overiap
and they correlate to the respective s/div dial settings.

the MAIN VARIABLE control coun-

i. Rotate
terclockwise.
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i. CHECK—That a >> symbol is displayed at the ieft of
the readout character. Return the control to the calibrated
pasition {fully clockwise).

k. Push the DLY'D SWP pushbutton in on the time-
base unit.

. CHECK—That characters arg displayed at the top-
right of the crt and that characters do not touch or overiap
and they correlate to the diy'd swp s/div dial settings.

m. Push the Display Mode button to MAIN SWP,

16. Check Calibrator Signai

a. Connect the 1X probe to the CH 1 input of the
amptifier. Connect the probe tip o the calibrator toop.

b. Set the ampiifier CH 1 Volts/Div switch o .1, and
select CH 1.

c. Set the time-base sweep rate 10 5 ms/div.

d. CHECK~—The crt display for a vertical deflection of 4
divisions £0.04 division.

e. Disconnect the 1X probe.

2-12

17. Check £ Axis Amplitier

a. Connect a 50 kHz sine-wave signal from the
generator 1o the amplifier input connector (useabne T
connector at the amplifier input), using a 42 inch bnc
cable,

b. Set the amplifier and generator controls to obtain a
calibrated five volt reference display.

¢. Setthe time-base unit for auto, internal triggering at
a sweep rate of 10 us/div.

d. Connect the signal from the output of the T connec-
tor at the amplifier input to the EXT INTENSITY INPUT
connector on the rear panel.

e. CHECK~—The bottom portion of the waveform is
bianked out {reduce trace brightness {o observe Z axis
modulation).

t. Turn off all equipment and remove all plug-ins and
cabies.

This completes the Performance Check of the 5440
Oscilloscope.
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