Tektronix 2440
Digital Storage Oscilloscope

Operation
This section is composed of two subsections. The first contains basic operating information and techniques that should be understood
before you attempt to make measurements with your instrument. The second consists of procedures designed to quickly acquaint a
first-time user with all the operating controls and most menu selections.

Operating Considerations
Graticule
The graticule is internally marked on the faceplate of the CRT to eliminate parallax-viewing error and to enable accurate
measurements. The graticule is marked with eight vertical and ten horizontal major divisions. Major divisions are further divided into
five subdivisions of 0.2 division each, marked along the center vertical and horizontal graticule lines (see Figure 2-1). Percentage
marks for rise-time and fall-time measurements are located on the left side of the graticule. The vertical deflection factors and
horizontal timing are calibrated to the graticule so that accurate measurements may be made directly from the CRT.

Figure 2-1. Graticule measurement markings.

Time and Voltage Measurements

This instrument provides several methods for making both time and voltage measurements. The various methods produce different
degrees of accuracy and require different amounts of time and care.
Using the graticule markings to measure voltage or time produces the quickest, but least accurate, results. To improve the accuracy of
this method takes a lot of time, because you must precisely position the waveform on the graticule and carefully count graticule
divisions. Direct graticule measurements should be used only where precision is of less importance than speed.
Using the Cursor functions to measure voltage or time on displayed waveforms produces highly accurate, precise results. The setup
time to make a particular measurement is fast, and the measurement result is displayed as readout on the ORT. Using the cursors
avoids errors due to display gain and ORT trace non-linearity and eliminates the inconvenience of counting and interpolating
graticule markings.
The cursors also offer flexibility in that they can be set up to measure either the difference between cursor positions or the difference
between the cursor position and an absolute reference point, namely ground for voltage measurements and the Record Trigger Point
for time measurements. Two coupled-cursor modes tie each VOLT cursor to a corresponding TIME cursor allowing slew rate to be
measured (SLOPE mode) and voltage measurements to be made at chosen time points on the waveform (V@T mode). The 1/TIMEcursor mode is available for making frequency measurements. You can also select the units of measurement to serve a wide range of
applications.
The Delay by Time and ∆ Time features for the B HORIZONTAL mode are used to make time-difference measurements that require
the highest degree of accuracy and/or involve delays beyond the on-screen limits of the TIME cursors. Time measurements using the
B Delayed trace take the most time to set up, but they avoid introducing errors due to cursor misalignment at the measurement point
on the waveforms.
Details of all the available cursor functions and units are provided in Section 5 “Controls, Connectors, and Indicators.‘ Use of the
various cursor and B Delay modes for making measurements is described in Section 3, “Basic Applications.“

Acquiring Data
Both CH 1 and CH 2 input signals are acquired simultaneously at all times, whether the signal is being displayed or not; therefore,
the user can call up the undisplayed channel signal after entering Save mode. Either channel signal may be independently inverted
during acquisition.
Waveforms may be acquired in NORMAL, ENVELOPE, or AVG (average) Storage mode. NORMAL produces a “live“ trace similar
to that seen on a conventional oscilloscope. ENVELOPE mode depicts any variations of the waveshape, since minimum and
maximum data-point values for each sample interval are displayed. AVG Storage mode gives a very clean display by averaging out
uncorrelated noise. The user can select the number of acquired waveforms to be incorporated into the ENVELOPE or AVG display.
REPET mode may be used with any of the three acquisition modes to extend the Useful Storage Bandwidth to 300 MHz when
viewing repetitive signals. REPET is also available for SINGLE SEQ operation, where the actual number of acquisitions occurring
for a single sequence is the number required to meet the USB (Useful Storage Bandwidth) for the SEC/DIV setting used and
adequately “till in“ the waveform for good display. When REPET is not used, the Useful Storage Bandwidth is 200 MHz, and digital
interpolation is used to provide the waveform data points between samples taken at the maximum sampling rate (for SEC/DIV
settings of 50 ns and faster).
A SAVE-ON-∆ feature enables the scope to compare the incoming signal against a reference envelope waveform. lf the signal falls
outside the reference envelope, the scope switches to the SAVE Mode to preserve the out-of-limit waveform for analysis. There are
two applications in “Storage Applications“ (Section 3) that illustrate methods of using this feature, both from the front panel and the
GPIB.
Acquired waveforms are also saved when the user presses the front-panel button labeled SAVE. The scope immediately preserves the
current CH 1 and CH 2 waveforms and ADD/MULT functions (whether they are displayed or not). All cursor functions can be used
to make measurements on the saved waveform displays, and the SAVE waveforms may be horizontally and vertically positioned and
expanded. Expansion of SAVEd waveforms is nondestructive; it is done as a display function only, so the original waveform may be
returned by merely deexpanding the display. Once saved, the waveforms may be transferred to a SAVEREF memory where they may
be preserved for extended periods of time. Saved waveforms can be called up at any time for analysis or for use as reference
waveforms to compare with the live waveforms being acquired.

Grounding
The most reliable signal measurements are made when the scope and the unit under test are connected by a common reference
(ground lead) in addition to the single lead or probe. The ground lead of the probe provides the best grounding method for signal
interconnection and ensures the maximum amount of signal-lead shielding in the probe cable. A separate ground lead can also be
connected from the unit under test to the oscilloscope ground jack on the front panel using a banana-tip connector.

Signal Connections
Probes

Generally, probes otter the most convenient means of connecting an input signal to the instrument. Furthermore, they are shielded to
prevent pickup of electromagnetic interference. The standard 10X probes supplied with this instrument offer a high input impedance
that minimizes circuit loading. This allows the circuit under test to operate with a minimum of change from the normal, unloaded
condition. Also, the subminiature body of these probes has been designed for ease of use when probing circuitry containing close lead
spacing.
The probe and its accessories should be handled carefully at all times to prevent damage. Dropping the probe, or striking it against a
hard surface, can cause damage to both the probe body and the tip. Use care to prevent the cable from being crushed or kinked, and
do not place excessive strain on the cable by pulling it.
The standard-accessory probe is a compensated 10X voltage divider. lt is a resistive voltage divider for low frequencies and a
capacitive voltage divider for high-frequency signal components. Inductance introduced by long signal or ground leads may form a
series-resonant circuit. This resonant circuit affects system bandwidth and can oscillate (ring) lt driven by a signal containing
significant frequency components at or near its resonant frequency. Ringing can then appear on the scope display and distort the true
signal waveform. Always keep both the ground lead and the probe signal-input connections as short as possible to maintain the best
waveform fidelity.
Misadjustment of probe compensation is a common source of measurement error. Because of variations in oscilloscope input
characteristics, probe compensation should be checked and adjusted, if necessary, whenever a probe is moved from one oscilloscope
to another or between channels of a multichannel oscilloscope. The probe compensation adjustment procedure is found in “Checks
and Adjustments“ in Section 4 of this manual, and in the instructions supplied with the probe.
AUTOMATIC SCALE FACTOR SWITCHING. The VOLTS/DIV scale factors, displayed on the ORT, can be automatically
switched by either GPIB-initiated control changes or by any change in the probe attenuation factor. Table B-1 in Appendix B of this
manual shows the range of the VOLTS/DIV switch for all available Tektronix coded probes. The Readout Volt/Div settings given in
the section of the table labeled “Expanded“ are obtained using firmware data expansion routines to process waveforms acquired at
the basic minimum Volts/Div setting of 2 mV. These expanded settings are only available for SAVE and/or AVERAGE mode
waveforms.

Coaxial Cables
Cables used to connect signals to the input connectors may have considerable effect on the accuracy of a displayed waveform. To
maintain the original frequency characteristics of an applied signal, only high-quality, low-loss coaxial cables should be used.
Coaxial cables must be terminated at both ends in their characteristic impedance to prevent signal reflections within the cable. The
built-in 50-Ω termination for the input of the scope should be used for interconnection of 50-Ω system signals to the scope. lt this is
not possible, then use suitable impedance-matching devices.

Input Precharging
When the input coupling is set to GND, the input signal is connected to ground through a precharging network consisting of the
input-coupling capacitor in series with a 1 -MΩ=resistor. Since this allows the input-coupling capacitor to charge to the average DC
voltage level of the input signal, it prevents large voltage transients, which can be generated when the input coupling is switched
from GND to AC, from reaching the amplifier input. This precharging network also protects external circuits to the extent that it
reduces the current levels drawn from the external circuitry during capacitor charging.

External Triggering
The A and the B trigger signals can be independently obtained from a variety of sources. Samples of the CH 1, CH 2, and ADD
waveforms are available as trigger sources. Sometimes, however, you may need a trigger source different from the one that
corresponds to the input-channel for the signal of interest. In this case, you can apply a trigger-source signal to an unused vertical
channel or to either of two external trigger input channels. While the vertical channels can condition a wide variety of signals to
produce triggers ranging from millivolts to thousands of volts in amplitude, the external trigger input channels (without the use of
external attenuation) can only divide their inputs by either a factor of 1 or a factor of 5.

Operators Familiarization Procedures
Introduction
The Tektronix 2440 is an easy-to-use Digital Oscilloscope that provides you with an accurate and flexible waveform measurement
and analysis tool. A combination of front-panel controls and menu-driven selections provides fast and convenient setup of the
instrument operating modes. Menu selections allow access to the many waveform acquisition and processing functions while
maintaining an uncluttered front panel.
Selected menu functions, front-panel control settings, and measurement results are displayed in the CRT readout. In the menu
displays, an underscore marks the active operating mode or processing function. A mode or function is off if there is no underscore
beneath its menu entry.

Readout Display

The ORT readout display tells you how the instrument controls are set up; therefore, the rotating switches and control knobs have no
physical markings to indicate the control setting. A key to the type of readout information displayed and its location on the screen is
illustrated in Figure 2-2.

Front-Panel Controls
The front-panel controls are divided into two types:
•
Those that directly affect System Operation (that is, VOLTS/DIV, SEC/DIV, HORIZONTAL and VERTICAL POSITION,
and the specific menu selection buttons)
•
Those that call up a menu from which you must make a selection to change an instrument function (that is, VERTICAL
MODE, CURSOR selections, and most of the TRIGGER selections)

Figure 2-2. Readout display locations.
Menu control buttons work in several different ways as dictated by the type of function they are controlling. In certain instances they
merely toggle a function on and off; in others, they are used to make further selections once the main function chosen by that menu
button has been made. For some functions, the menu selections are self-canceling, such as when two menu choices are mutually
exclusive.
In some menus it is possible, for convenience, to cycle through the displayed choices by repeatedly pressing the front-panel button
that called up the menu. For example, while the COUPLING control menu is displayed, you can select among AO, DO, and GND
simply by repeatedly pressing the appropriate COUPLING/INVERT button. The following familiarization procedures point out how
the various menu control buttons work.

Familiarization Procedures
These procedures will acquaint you with the System menus and front-panel function buttons. By following the step-by-step
instructions and performing the simple exercises, you will see how the various controls affect the instrument. Once you understand
how the menus control the operating system, and you see how quickly initial set-ups can be made, it should be easy to develop
efficient techniques for making specific measurements.
The detailed Operation of each control and connector is described in “Controls, Connectors, and Indicators,“ in Section 5 of this
manual. A complete list of the control menus is included at the end of that section.

Getting a Display
1. With the scope connected to an appropriate power source, push the POWER button IN (green indicator is seen in the button). The
scope does a power-on self test each time it is turned on. After a few seconds, the self test will be completed and the instrument will
be ready for Operation.
NOTE
If the Instrument fails its power-up self test, see “Start Up“ under “Preparation For Use“ in Section 1. If the scope powers up in SA
VE mode (not acquiring) a message 15 displayed instructing you to push STORAGE ACQUIRE.
After the self test has finished, there may or may not be a visible display. This depends on the front-panel settings in effect when the
instrument was powered off, because the same settings are reestablished when the instrument is turned back on. lf the READOUT
intensity has not been completely turned down, you should see some sort of readout display. lf a display source (VERTICAL MODE)
is turned on, and the DISPLAY intensity is not turned down, some waveform displays or traces should be on screen. Whether or not
there are visible displays on screen, perform the following two steps:
2.

Push STATUS/SELECT to set the READOUT INTENSITY to 65%. This level yields viewable readout and menu displays.

3.
Push PRGM to display that menu, and push the menu button labeled INIT PANEL. This sets the front-panel to known
default settings and yields a display of the CH 1 source.
Remember to use this two-step procedure (Steps 2 and 3) whenever you want to get a visible display.
NOTE
While INIT PANEL changes most front-panel controls to predefined states, certain controls (such as those accessed via the
EXTENDED FUNCTIONS menus) are not allowed to be changed. See Table B- 15 in Appendix B for a list of the states set up by
INIT PANEL.
INIT PANEL can be used to quickly return the instrument to known operating conditions without searching the STATUS display or
the menu selections to determine each front-panel control state. (This is useful when the front-panel controls have been left in
seldom-used settings.)
If you want to readjust the intensity levels which were established by pushing STATUS and INIT, perform Steps 4-7; otherwise, go
to the next procedure, “Front-Panel Setup.“
4.
2-3.

Press the SELECT button to display the INTENSITY control menu. Figure
illustrates the SELECT menu entries and the position of the Menu Control buttons.

5.
Press the READOUT menu button and use the INTENSITY control knob to set the readout intensity to a viewable level
without excessive brightness. (Clockwise rotation of knob increases intensity.) The INTENSITY control is a continuous-rotation pot
with no end stops to designate physical maximum or minimum rotation. You decide by observation when you have reached
maximum or minimum intensity.
6.
Now select GRATicule and adjust the illumination to the minimum (off) level. GRAT controls the edge lighting of the
scribed ORT graticule markings for dimly lighted work areas and oscilloscope photography. The INTENS menu selection is used to
adjust the contrast between the normal trace and the intensified zone in A INTEN displays. There‘s no need to adjust INTENS at this
time.
7.

Press the DISP menu button and use the INTENSITY control to adjust the waveform trace to a viewable level.

Figure 2-3. SELECT menu and menu control buttons.

Front-Panel Setup
Assuming you performed Steps 1-3 of the previous procedure, you are now ready to set up the remaining front-panel controls for a
basic operating mode. Proceed as follows:
1.

Push TRIGGER MODE and select AUTO in the displayed Mode menu.

2.
Now set up the front-panel shown in the following list. (Some controls may already be set correctly.) In general, the boldface headings indicate the area on the front-panel where you will find the listed controls, the left column lists the control, and the
right column gives its setting. Some controls call up a menu. Remember when using menus: to turn a function on, underline its menu
label by pressing the button beneath it; to turn a function off, remove the underline in the same way. If necessary, review the
procedure in Section 1 for more detailed instructions.
VERTICAL CONTROLS
MODE
CH 1 and CH 2
ON (underlined)
ADD and MULT OFF
YT | XY YT (toggling choice)
VOLTS/DIV
CH 1 and CH 2
20 mV
COUPLING/INVERT
CH 1, CH 2 COUPLING
AC
CH 1,CH 2 INVERT
OFF
CH 1 POSITION Set trace to 1.5 divisions above graticule center.
CH 2 POSITION Set trace to 1.5 divisions below graticule center.
BANDWIDTH
20 MHz
SMOOTH ON|OFF OFF
CH 1 and CH 2 VARIABLE CAL
HORIZONTAL CONTROLS
MODE A
A SEC/DIV
500 µs

B TRIGGER CONTROLS (Press A/B TRIG for B Trigger menus)
SLOPE + (plus, indicated by front-panel LED)
MODE
RUNS AFTER
ON
EXT CLK
OFF
SOURCE VERT (CH 1 is used)
CPLG AC
TRIG POSITION 1/2
EXT CLK
OFF
A TRIGGER CONTROLS (Press A/B TRIG for A Trigger menus)
SLOPE + (plus)
MODE AUTO (already set in Step 1)
SOURCE VERT (CH 1 is used)
CPLG AC
TRIG POSITION 1/2
CURSOR CONTROLS
FUNCTION

All OFF (none underlined)

DELAY CONTROLS
EVENTS OFF
∆=TIME OFF
STORAGE CONTROLS
ACQUIRE
NORMAL
ON
REPET OFF
SAVE ON ∆
OFF
DISPLAY REF
All OFF (none underlined)
3.

Perform the following steps to set up the SYSTEM menu.

a.
Press the MENU OFF/EXTENDED FUNCTIONS button (located immediately left of the POWER switch) twice. You
should get the EXT FUNCT menu.
b.

Press the bezel button under SYSTEM to get the SYSTEM menu. In the new menu, set PREFLT ON:OFF to ON.

c.

Press the button under MISC to get the MISC menu; then set BELL ON | OFF to ON and TRIG T ON | OFF to ON.

d.

Push the MENU OFF/EXTENDED FUNOTIONS button to exit the EXTENDED FUNOTIONS menus.

4.
Center the Trigger Position Indicator (a small “T“ riding on the CH 1 and CH 2 baseline traces) horizontally on the
graticule using the Horizontal POSITION control.
5.
Connect the two standard accessory 10X probes to the CH 1 and CH 2 Vertical Input BNC connectors. The CH 1 and CH 2
VOLTS/DIV readouts should now be 200 mV.
6.
Connect the probe tips of both probes to the CALIBRATOR output connectors and the ground lead to scope ground. A
two-division peak-to-peak display of the CALIBRATOR output signal should now be seen in both channels. The display may or may
not be stable depending on the setting of the A Trigger LEVEL control.
7.

Use the following procedure to set the A Trigger LEVEL.

a.

Press the TRIGGER MODE button.

b.

Press the A/B TRIG button, if necessary, to obtain the A TRIGGER MODE menu.

c.
Select AUTO LEVEL Trigger mode. Now the trigger level automatically follows trigger signal changes to maintain stable
triggering. lt you adjust the TRIGGER LEVEL control to set the level beyond the peak-to-peak limits of the trigger signal, the scope
automatically changes the level to regain a stable trigger.
You now have a basic front-panel display setup for viewing signals applied to the CH 1 and CH 2 inputs. In the “Getting Acquainted“
procedure in Section 1, you saw how Auto Setup was used to perform much the same function; that is, to get the front-panel set up
for a usable display. With Auto Setup, the instrument automatically executes many of the steps you have just performed, illustrating
the power and convenience of this feature. We'll examine Auto Setup more closely later in this procedure.

Storing Front-Panel Setups
The AutoStep Sequencer function can be used to store single front-panel settings under a label. Let‘s save the current setup for later
use...
1.

Press the PRGM front-panel button to display the AUTOSTEP SEQUENOER menu.

2.
Press the SAVE menu button. This calls up a submenu for labeling your front-panel setup with a 1-6 character name so it
can be recalled later.
3.
Create the label FP1 (front-panel 1) for your front-panel setup by using the arrows under ROLL-CHARS as outlined in
Steps a-c:
a.
Select the first character for your label. Press the ↓ to step forward through the alphabet first and then through the digits 09. The ↑ steps from 9-0 and from z-a. (There is a “blank space“ character between the digit 9 and letter a.)
b.
When you have displayed the letter or digit for the first character of the label, push CURSOR <>to move to the next
character. Repeat Step a to select the letter or digit for the next character of your label.
c.
Repeat Step b to include up to 6 characters in your label. You can return to any character by continually pushing the cursor
button, since it reverses the selection order after the first or sixth character is selected.
4.

Press the SAVE menu button to assign the completed label to the current front-panel settings.
NOTE

You can create labels with as few as one character and can leave any character position (1-6) blank. Simply push SA VE when the
label has the number of characters you want, in the positions you want them.
5.
When you push SAVE, the scope displays a message indicating your chosen label and telling you to set up the controls.
You could now change the controls if you wish, but since you already set up the controls earlier in this procedure, just push the frontpanel button PRGM to display the ACTIONS menu.
6.
The ACTIONS menu allows you to specify different functions to be executed when the front panel is recalled. Since at this
point we only want to store our front-panel settings, just push the menu button SAVE SEQ.
To recall any front panel stored, push PRGM and select RECALL from the AUTOSTEP SEQUENCER menu. Next, use the
SELECT arrows in the RECALL menu to underline the label for the front-panel desired. Finally, press RECALL to implement the
selected setup.

Performing SELF CALibration
The SELF CAL feature assures you that the most accurate measurements possible are being made. Self Calibration should be
performed after instrument warm-up, whenever the ambient temperature changes by more than ±5°C, and immediately prior to
making a series of measurements when the highest level of accuracy is required.
NOTE
For about ten minutes after power-on (whether the instrument is warm or not), the message NOT WARMED UP is displayed in the
CAL/DIAG menu. This message warns you that the temperature of the scope may not be stabilized. The message can be ignored and
the SELF CAL procedure initiated at any time, but optimum calibration results are obtained after the temperature is stabilized and
the message is removed.
Let‘s do a SELF CAL of the scope...
1.
Push the MENU OFF/EXTENDED FUNCTIONS button twice (the first time to turn oft the menus, the second time to turn
on the EXT FUNCT menu).
2.

Press the CAL/DIAG menu button to display the Calibration/Diagnostic menu.

3.
Press the SELF CAL menu button to start the calibration; the message “RUNNING“ should appear in the menu display.
After a few seconds the self calibration is completed (“RUNNING“ message leaves the display) and a PASS message should be
above the SELF CAL label. The scope is then ready to return to its operating state.
NOTE
If the self calibration falls, the self-diagnostic mode is entered. In this event, push MENU~ OFF/EXTENDED FUNCTIONS twice
and repeat Step 2 to rerun the self calibration. lf errors persist, the scope should be referred to a qualified service person. Any fatal
test errors should also have caused a failure of the power-on self test when the scope was first turned on. See Appendix A for more

information on the Self Test and Self Calibration features.
Depending on the test failed, the scope may function adequately for the measurements you need to make. Press the MENU
OFF/EXTENDED FUNCTIONS button to exit the error display, and check the scope operation to determine if it will function for
your purposes. In any event, the instrument should be referred to a qualified service person at the first opportunity.
4.
Press MENU OFF/EXTENDED FUNCTIONS to turn oft the Calibration/Diagnostics menu, then push ACQUIRE to start
the waveform acquisitions again. Note the scope 5 returned to the setup you created prior to executing SELF CAL. This is a
characteristic of SELF CAL Operation.
Since you won‘t need CH 2 displayed for the next part of the procedure, use the VERTICAL mode menu to turn it oft. Then center
the CH 1 display vertically on screen.

Using the SEC/DIV Control and a Horizontal Graticule Measurement
1.
Turn the SEC/DIV control slowly clockwise through the settings to 500 ns, then counterclockwise back to 500 µs. See how
the A SEC/DIV readout changes and note the effects on the CALIBRATOR waveform.
Notice that the CALIBRATOR output frequency changes with the SEC/DIV switch setting every 3 settings between a maximum and
a minimum output frequency. See Table B-2 in Appendix B for the CALIBRATOR output frequency for each SEC/DIV setting.
2.
Now check the period of the CALIBRATOR signal by determining the time of one complete cycle using the following
procedure.
a.
Use the Horizontal POSITION control to align the beginning of a cycle (the negative-to-positive rising edge) with any
convenient vertical graticule line, and determine the number of horizontal divisions needed for one complete cycle of the
CALIBRATOR signal. The center horizontal graticule line is graduated in 0.2 division increments to help you interpolate between
the large division markings.
b.
Multiply the number of divisions (and/or decimal fraction parts of a division) by the SEC/DIV readout to calculate the
CALIBRATOR signal period. Frequency is calculated by taking the reciprocal of the period. Since you set the SEC/DIV back to 500
µs in Step 1, the period should equal approximately 2 ms and the frequency, 500 Hz.

Using CH 1 Controls and a Vertical Graticule Measurement
1.
Set the CH 1 VOLTS/DIV control clockwise to 50 mV, then switch slowly through settings counter clockwise to 1 V. Note
the effect on the VOLTS/DIV readout and the waveform amplitude.
NOTE
Between 500 mV and 1 V per division, the attenuator switch activates with a clicking sound.
2.

Set the CH 1 VOLTS/DIV control to 100 mV for a four-division peak-to-peak display.

3.
Use the graticule division markings and the VOLTS/DIV setting to determine the peak-to-peak voltage of the
CALIBRATOR signal in the following manner:
a.
Align a peak of the display with any convenient horizontal graticule marking to determine the peak-to-peak amplitude in
divisions. The center vertical graticule line is graduated in 0.2 division increments to help you determine fractional parts of the major
divisions.
b.
Calculate the peak-to-peak amplitude of the CALIBRATOR signal by multiplying the number of divisions (and/or decimal
fraction part of a division) by the VOLTS/DIV readout. (You should get 400 mV.)
4.
Press CH 1 COUPLING/INVERT button to display the CH 1 COUPLING menu. Additional pushes of the button will
rotate the input COUPLING selections first to DC, then GND, then back to AC. Watch the vertical position of CH 1 change as you
switch between AC and DC. Also, note that the symbol displayed with the VOLTS/DIV readout changes with each COUPLING
selection.
You can also use the menu buttons to select any of the functions in the COUPLING menu, including the 50-Ω termination and
INVERT features.
NOTE
AC COUPLING and 50-Ω input termination are mutually exclusive; selecting one will deselect the other.
5.
Select 50-Ω input termination for Channel 1. Observe that the COUPLING switches from AC to DC and the Ω symbol is
displayed following the CH 1 VOLTS/DIV readout. (The signal display amplitude will drop to zero in 50-Ω termination as the
CALIBRATOR signal is dropped across the 10X high impedance probe.)

6.

Again select AC and observe that the 50-Ω termination is turned off.

7.
Press the CH 1 VARIABLE button to display the VARIABLE menu. Press and hold the ↓ menu button until the displayed
peak-to-peak amplitude decreases to about 1 division. Also note the symbol preceding the VOLTS/DIV readout indicates when the
CH 1 display is uncalibrated.
8.

Press and hold the ↑ menu button to increase the display amplitude back to about 1.5 divisions peak-to-peak.

9.

Return to the calibrated VOLTS/DIV settings by pushing the CAL menu button.

Using SAVE and DISPLAY REF Storage Modes
SAVE mode is normally entered in one of three ways: pushing the SAVE Storage mode button, as a result of a SAVE ON ∆ or at the
end of a SINGLE SEQ acquisition.
SAVE Mode freezes any waveform acquisition in process and holds the waveform displayed for saving as a reference, making any
type of measurements needed, or outputting via the GPIB. SAVE mode may be entered using a command via the GPIB.
Displayed along with the SAVEd waveform are a count of the number of acquisitions made in the current process before SAVE was
entered and a real-time clock display. The time in HRS (hours) is the scope run-time since the last COLD START. (The two leastsignificant digits, right of the colon, indicate minutes.)
Upon entering the SAVE Storage mode, the SAVEREF SOURCE control menu is displayed. The menu permits the selection of any
displayed VERTICAL MODE signal as the source of the reference signal to be stored. Once a source is selected, the SAVEREF
DESTINATION menu is displayed so the user can choose which of the four reference memories is to store the selected source.
Besides storing selected VERTICAL MODE signals, the SAVEREF SOURCE menu can be used to copy a stored REFerence
waveform to another memory location. If REF is selected for the source, a menu is displayed to allow one of the four available
reference waveforms to be selected. Once the REF is selected as a source, the SAVEREF DESTINATION menu appears as before
for selection of the REF destination into which the REF source is to be copied.
The SAVEREF SOURCE menu provides a third Option for selecting REF sources and destinations. The STACK REF selection
treats the reference memories as a push-up stack. AEF1 is the bottom stack location and REF4 is the top. The first push of STACK
REF stores a single-channel display first into REF1, then repeated pushes moves lt to REF2, then REF3, then REF4, and finally off
the stack. Previously stored waveforms are pushed ahead toward the top of the stack with each push. When more than one waveform
is being displayed, a predefined storage plan is used to place selected waveforms in certain reference memory locations. Basically, if
CH 1, CH 2, and either ADD or MULT are displayed, pushing STACK REF will store CH 1 in REF1, CH 2 in REF2, and the ADD
or MULT function in REF3 or REF4. See Table B-1 3 in Appendix B for the detailed STACK REF storage arrangement.
1.

You should have a display of CH 1 centered on screen from the previous procedure.

2.

Press the SAVE Storage mode button. This freezes the waveform acquisition and displays the SAVEREF SOURCE menu.

3.
In the SAVEREF SOURCE menu, push CH 1. The Channel 1 signal is now selected as the source of the reference
waveform to be stored, and the SAVEREF DESTINATION menu is displayed to select the SAVEREF memory location to store it.
4.
Press the REF1 menu button. The Channel 1 signal is now stored in reference memory 1, and the SAVEREF SOURCE
menu returns for further source selections.
5.
Now select REF as the source choice. The four reference locations are now displayed so you can choose which reference
memory you want as the source.
6.
Select REF1 as the source. In the SAVEREF DESTINATION menu that then appears, push REF3 as the storage location.
You have now copied the REF1 waveform into the REF3 reference memory.
7.
To display the stored references, push the DISPLAY REF button. This calls up a menu so you can choose the reference
waveform for display. A REFerence memory with no waveform stored in it will be labeled EMPTY. If the empty memory is turned
on for display, an invalid waveform is displayed. An invalid waveform has vertical “fill" areas alternated with short trace segments.
8.
Press REF1 and REF3 to display those reference waveforms superimposed. Use the VERTICAL MODE menu to remove
the CH 1 SAVEd waveform from the display, then push DISPLAY REF again to return that menu to the display.
NOTE
The fact that both waveforms are displayed can be deduced by noticing that both REF1 and REF3 must be turned off before the
waveform disappears from the display. Also, although REF waveforms cannot be positioned vertically, they can be horizontally
positioned independently and in unison, as we will see.
9.
Press the HORIZ POS REF menu button and set REF HPOS INDLOOK to LOOK (if not already on). Rotate the horizontal
position control to simultaneously move all REF waveforms (whether displayed or not) with SAVEd or “live“ VERT MODE
waveforms.

10.
Set REF HPOS to IND to unlock the positioning. Press REF3P, then rotate the Horizontal POSITION control. Note that it
now positions the REF3 waveform independently of other waveforms.
NOTE
REF waveforms can be horizontally positioned only when the HORIZ POS REF menu is displayed. One and only one REF is always
selected, as indicated by the underline.(If INDLOCK is set to LOCK, it doesn‘t matter which REF is selected since the REF
waveforms are positioned in unison with each other and the VERT mode waveforms, whether displayed or not.) The HORIZONTAL
POSITION menu must be displayed for the Horizontal POSITION control to position a reference waveform either independently or
in unison.
11.

Select REF1 P to be positioned horizontally, and position that reference waveform using the Horizontal POSITION control.

Although we could use the DISPLAY REF menu and the ACQUIRE front-panel button to turn off the REF waveforms and return to
“live“ acquisition mode, let‘s use the stored front panel we saved earlier in this section...
12.

Recall the stored dual-channel front panel by doing the following:

a.

Push PRGM and select RECALL from the SEQUENCE menu.

b.
Use the SELECT arrows in the RECALL menu to underline the label (FP1) of the sequence you created for the dualchannel setup.
Press RECALL to implement the selected setup.

Using Dual-Channel Displays
1.
Press VERTICAL MODE and select ADD. Three displays should now be present: CH 1, CH 2, and ADD. Observe that the
CH 1 and CH 2 SAVEd signals are digitally added together; it is not necessary to acquire a signal in ADD Vertical mode to obtain
the ADD display.
2.

Turn off the CH 1 and CH 2 displays. Check that the ADD display is four divisions in amplitude.

3.

Use the CH 1 and CH 2 Vertical POSITION controls to observe that both controls position the ADD trace.

4.
Press CH 1 COUPLING/INVERT panel button and turn CH 1 INVERT ON. Observe that the ADD display, the CH 2
signal minus the CH 1 signal, is reduced to approximately a baseline trace.
5.
Press the CH 2 COUPLING/INVERT panel button and turn CH 2 INVERT ON. Observe that the ADD trace, the inverted
CH 1 signal plus the inverted CH 2 signal, returns to four divisions in amplitude.
6.

Turn on the CH 1 and CH 2 displays.

7.
Press the SAVE button, then push the STACK REF button in the displayed menu. STACK REF treats the SAVEREF
memories as a stack and automatically saves the CH 1 signal in REF 1, the CH 2 signal in REF 2, and the ADD waveform in REF 3.
8.

Press the Vertical MODE button and turn off ADD.

9.
Switch the display to XY mode and observe the display of CH 1 versus CH 2. In an XY display, the CH 1 signal is
supplying the X-axis (horizontal) deflection and CH 2 is supplying the Y-axis (vertical) deflection. Therefore, the CH 1 Vertical
POSITION control moves the display horizontally and the CH 2 Vertical POSITION control moves the display vertically. The
Horizontal POSITION control does not position the XY display, but it does control which 512 data points of the 1024 data point
record are displayed.
10.

Return the display mode to YT and turn off CH 2.

Review of ENVELOPE and AVG (Average) ACQUIRE Modes
If you performed the introductory procedure in Section 1, this next exercise is a review and you can skip ahead to “Using SINGLE
SEQ Trigger Mode“ without missing information.
1.
Press the ACQUIRE panel button. Next, press the ENVELOPE menu button several times, changing the number above the
label each time. (This is how you vary the number of acquisitions that contribute to the ENVELOPE display before the sequence
resets.)
2.
Continue to press the ENVELOPE menu button until CONT (continuous) appears above the label. Now the instrument
saves the cumulative maximum and minimum values for each sample point without resetting.
3.
Use the CH 1 Vertical POSITION control knob to move the waveform up and down. Observe how the display grows
vertically to approximate the effect of amplitude changes and dc level shifts in the incoming signal.
4.

Now push the ACQUIRE panel button again to erase the continuous ENVELOPE display and start the acquisitions for a

new ENVELOPE sequence.
5.

Select BANDWIDTH and change the menu setting to FULL. Press ACQUIRE to return to that menu.

6.
Select AVG (Average) acquisition mode and vertically reposition the trace to center screen. Press and release the AVG
menu button until the number 2 appears above the label.
7.
Repeatedly press the AVG menu button, stepping through the range from 2 to 256. Notice that the displayed waveform
becomes cleaner as the number of averaged waveforms increases. This shows how Average acquisition mode improves the signal-tonoise ratio of the displayed waveform. (Table B-3 in Appendix B gives the expected improvement ratio versus the number of
averages.) Return the AVG setting to 16.
8.
Rotate the CH 1 Vertical POSITION control a small amount and observe that averaging for the display starts over (as seen
by the increased noise).
NOTE
Any change in a front-panel control that affects the waveform data being acquired causes the AVG acquisition sequence to start over.
Pressing the ACQUIRE button also starts a new acquisition sequence.

Using SINGLE SEQ Trigger Mode
With the SINGLE SEQuence mode, you can select an acquisition process that, when completed, does not start again until you direct
it to. As the SINGLE SEQ acquisition completes, the scope switches to the SAVE Storage mode to freeze the waveform display. That
waveform may then be saved for reference, transmitted to a data collection device,. or analyzed as required before you start another
acquisition. Let‘s use AVERAGE mode (ENVELOPE could also be used) to explore this feature...
1.

Set the ACQU IRE Mode to AVERAGE 64.

2.

Set the A TRIGGER MODE to SINGLE SEQ.

3.
Watch the Trigger Status Indicators (TRIGED, READY, and ARM). When they stop flashing (or the TRIG´D indicator
light goes out, depending on the SEC/DIV setting) and the SAVE mode is entered, the single-sequence acquisition of 64 averages is
complete.
4.
Press ACQUIRE to restart the SINGLE SEQ, and again watch as the Trigger Status indicators flash (or TRIG‘D light
remains on solidly) until the single sequence has completed.
You could STORE this saved waveform, if needed as a reference, in SAVEREF memory using the process you learned previously in
the demonstration about SAVE and DISPLAY REF modes.

Using the Cursors
Volts Cursors
Leave the display as set up from the SINGLE SEQ demonstration to start this part of the procedure; you will make the measurements
on the SAVEd CH 1 waveform.
Remember, in Section 1, how we measured the amplitude of the calibrator using the CURSOR FUNCTIONs? Let‘s review that
procedure and also look at some other uses and modes for the CURSORs...
1.

Press the CURSOR FUNOTION button, then select VOLTS to make voltage measurements.

2.
A.

Press the CURSOR UNITS button to call up the UNITS menu and select VOLTS for units. Set the ∆ | ABS menu choice to

Delta mode (∆) provides two cursors for voltage difference measurements. ABS cursor mode provides a single cursor, referenced to
the ground-position indicator.
3.
Move CURSOR/DELAY knob clockwise and counterclockwise. Observe how the “active“ (dashed line) cursor is
positioned. Set the active cursor to the top of the CALIBRATOR signal waveform.
4.
Press the SELECT button and see that the second cursor becomes the active one. Position it to the bottom of the waveform
display. The cursor readout now indicates the CALIBRATOR amplitude.
Now let‘s look at some ABS (absolute) measurements...
5.

Switch ∆ | ABS to the ABS cursor mode. Only one cursor will be displayed.

6.
Position the VOLTS cursor to the ground indicator (a small “+“ at the left edge of the screen) and observe that the readout is
0 volts when exactly aligned with ground. Oursor measurements in ABS mode are taken relative to ground Ievel.

7.
Set the VOLTS cursor to the positive peak of the waveform to see that the readout is positive (above ground) and equal to
about 1/2 the total amplitude of the square wave. Position the cursor to the negative peak. Notice the readout is now negative (below
ground) and has about the same absolute value (as you would expect with an ac-coupled, square-wave CALIBRATOR signal).
8.
4.

Switch back to Delta mode cursors and align the cursors with the top and bottom of the waveform as you did in Steps 3 and

This instrument lets you store the difference between the cursors for use as a reference. You can then make ratiometric comparisons
between the stored value and other voltages measured with the cursors. Let‘s see how lt‘s done...
9.
Press the NEW REF menu button. You have just saved the present VOLTS cursor difference (approximately 400 mV) as
the reference level for making percentage and dB measurements.
As long as you leave VOLTS selected as the units, the readout indicates only the present voltage difference between the cursors.
When % (percent) or dB (decibels) is selected, the measurement function becomes ratiometric.
10.

Select % units. The VOLTS cursor readout should now read 100%.

11.

Move the active cursor to the vertical center of the waveform.

Notice the readout changes to about 50%, indicating the cursors are measuring about 1/2 of the total amplitude of the CALIBRATOR
signal which was stored as a NEW REF. lt you position the cursor so lt‘s separated by more than 4 divisions from the other cursor,
the readout exceeds 100% since the amplitude is greater than that stored for NEW REF. See “Cursor Measurements“ in Section 3 for
more information on making ratiometric measurements.

V@T Cursors
These coupled cursors provide voltage readout for VOLTS cursors that are confined within the amplitude extremes of the waveform.
Each VOLT cursor (one for ABS, two for ∆) reads the amplitude of the waveform at the point where its coupled TIME cursor is
positioned. Since you can‘t move the TIME cursors horizontally oft the waveform, measurements using these coupled cursors are
limited to the waveform amplitude. As with the VOLTS FUNCTION, alternative units of measurement are % and dB.
1.

Set the CURSOR UNITS to VOLTS in the ~ cursor mode. Press CURSOR FUNOTION and select V@T.

2.
Rotate the CURSOR/DELAY control to move the active cursor pair over several cycles of the waveform. Did you notice
that the active (segmented) vertical cursor moves to the amplitude level corresponding to the placement of the active horizontal
cursor? Also, notice that the active vertical cursor does not leave the waveform.
3.

Position the active cursor pair to read the peak amplitude of a positive peak of the CALIBRATOR signal.

4.

Press SELECT and position the second TIME cursor to read the peak amplitude of the negative peak.

5.

Read the peak-to-peak voltage of the waveform.

6.
Press UNITS to display that menu. Push the NEW REF button, set the CURSOR UNITS to ABS mode, and select % units
for the measurement.
7.

Read the peak amplitude as a percent of the reference you set in Step 6.

8.
Position the cursor pair to the opposite peak of the signal and read the percentage. With AC input coupling, the percentage
difference is a measure of the nonsymmetry of the CALIBRATOR square wave. (The difference is typically small.)

SLOPE Cursors
SLOPE cursors behave just like V@T cursors. The readout is given in VOLTS/SEC to indicate slew rate or slope (rate of voltage
change with time). Another unit of measurement for SLOPE cursors is percentage, used when comparing against a reference slope.
SLOPE measurements require that delta cursors are on at all times; therefore, the ∆ | ABS label is omitted from the SLOPE UNITS
menu.
The CALIBRATOR signal is a poor signal source for displaying SLOPE measurement unless the SAVE horizontal expansion is
used. That is because the CALIBRATOR signal frequency changes for different settings of the SEC/DIV switch. The following
procedure simulates an increased rise-time signal for demonstrating the SLOPE cursors.
1.

Select SLOPE in the Cursor FUNCTION menu; then select SLOPE in the Cursor UNITS menu.

2.
Use the Horizontal POSITION control to place the Trigger Point Indicator T, and the rising edge of the CALIBRATOR
signal, on the center vertical graticule line.
3.
point.

Use the SELECT button and the Cursor Position knob to place both time markers of the SLOPE cursors on the trigger

4.
The scope should still be in SAVE from the previoi~s procedure. Advance the SEC/DIV switch to 5 gS. This expands the
display by a factor of 100 times and produces a display with noticeable rise time.
5.

Position the SLOPE cursors to bracket a linear portion of the leading edge and check the SLOPE readout.

6.
Change the position of the SLOPE cursors to bracket a portion of the waveform with a different slope and observe how the
readout varies.
7.

Switch the SEC/DIV setting back to 500 µs.
NOTE

The user must determine tl7e sign of the slope from observing the waveform.

TIME Cursors
TIME cursors enable rapid measurement of period, pulse width, or time difference in seconds. Alternative units, used for making
ratiometric measurements, are % (percent) and DEGREES. Choose % from the UNITS menu to express your measurement as a
percentage of the reference value; choose DEGREES to find phase differences between your measurement and the reference.
1.

Press the CURSOR FUNCTION button and select TIME cursors.

2.

Press the CURSOR UNITS button and select SEC for the time readout units.

3.
Position the active cursor (the cursor with the most dots) to one of the rising edges of the displayed CALIBRATOR squarewave signal.
4.

Press SELECT to activate the other cursor and position lt to the next rising edge (either left or right, as convenient).
NOTE

The waveform record is 1024 data points long; the display is 500 data points long. Since cursors may be positioned anywhere within
the record length, the TIME cursors may be used to scroll through the complete record merely by positioning the active cursor from
one end to the other.
5.

Read the time of one period of the CALIBRATOR signal.

6.

Press NEW REF to set the reference value to the period of the CALIBRATOR signal.

7.

Now select the O/o units tor the TIME cursor readout. Observe that the readout 5 1 000/o.

Measure the percentage of the first half cycle of the CALIBRATOR period compared to the whole period. Then measure the
second half cycle. Are both half cycles of the CALIBRATOR square wave equal? (There is usually a small difference because the
CALIBRATOR signal is not perfectly symmetrical.)

8.

9.
Position the TIME cursors for 100% at the original measurement points and select DEGREES units for the TIME cursors
readout. Observe that the readout switches to 3600 (one complete period = 3600) when the cursors are correctly aligned.
10.
Position the active cursor to the falling edge at the center of the CALIBRATOR signal period. Observe that the readout is
approximately 180°.
11.

Select SEC units for the TIME cursors and switch to ABS cursor mode.

12.
Position the displayed cursor (only one in absolute mode) to the Trigger Point Indicator. Use the TIME cursor to scroll the
display it the Trigger Point Indicator is not presently displayed near center screen horizontally.
13.
Position the cursor to the left and to the right of the Trigger Point Indicator. Time is measured relative to that trigger point,
and the time readout is negative when the TIME cursor is positioned before (to the left of), and positive when positioned after (to the
right of), the Trigger Point.

1/TIME Cursors
When you select 1/TIME as the Cursor function, Hz replaces SEC in the UNITS menu. You can now conveniently measure a
‚signal‘s frequency because the scope automatically performs the calculation that converts seconds to hertz. lt you want to express
your measurement‘s frequency as a percentage of the reference frequency, choose % from the UNITS menu. For phase
measurements, choose DEGREES; they work exactly the same as with TIME cursors.
1.

Use PRGM to recall the front-panel setup FP1. (See Step 7 of “Storing Front-Panel Setups.“)

2.

Select 1/TIME cursors from the CURSOR FUNCTION menu.

Notice that when you selected the Cursor function, you also called up a target menu for CH 1 and CH 2. Whenever more than one

signal is displayed, the target menu lets you specify the source to be used for cursor measurements. The readout for cursor
measurements can then be scaled to take into account the settings (VOLTS/DIV, etc.) of the specified source.
Since the measurement is 1/TIME, and both CH 1 and CH 2 are acquired and displayed at the same SEC/DIV setting, the target
selected in this case doesn‘t matter.
3.

Push OURSOR UNITS and set to Hz.

4.
Position the 1/TIME cursors to bracket one full period of the CALIBRATOR square wave. Verify that the frequency
readout is very near 500 Hz.
5.
Press NEW REF to replace the reference with the newly-measured frequency. Set the UNITS to % and check that the
readout is 100%.
6.
Set the SEC/DIV switch to 5 ms and, lt necessary, reposition the CURSORS to define one full period of the displayed
CALIBRATOR square wave.
7.
Observe that the percentage readout is 10%, indicating that the CALIBRATOR signal frequency is now 10% of the
reference frequency.
8.

Switch UNITS to Hz and read the frequency (500 Hz X 10% = 50Hz).

DELAY Features
DELAY by TIME
The Delay-by-Time function is used with the A INTEN and B Horizontal modes. A INTEN mode is used to locate areas of interest
within the A waveform record for closer examination using B Horizontal mode. Using z~ TIME delay mode, precise timing
measurements can be made between two points on a single channel (for pulse width and rise-time measurements) or between single
points on different channels (for propagation-delay measurements).
Delay time may be set to many times the B SEC/DIV setting (5242.8 times for most B SEC/DIV settings--see Section 6). This means
that B Delay acquisitions are not confined to within the time set by the A time base, and that the intensified zone will not be present
on the A waveform record lt the delay is set to more time than the total A record length. We start the procedure with setup conditions
that set the delay time for a visible intensified zone on the A waveform record.
1.

Recall the front-panel setup FP1.

2.
Press the DELAY by TIME button. Then turn and hold the Cursor/Delay control fully counterclockwise to set the delay
time to its minimum setting, as shown in the DELAY TIME readout.
3.

Select A INTEN Horizontal mode and turn the A and B SEC/DIV knob clockwise until the B acquisition rate is 50 µs.

4.
Press the intensity SELECT button and switch between DISP and INTENS, using the INTENSITY knob to adjust the
levels for a visible intensified zone on the trace.
5.

Press the DELAY TIME button again to return the delay time readout to the CRT.

6.

Hold the Horizontal POSITION control counterclockwise to position the end of the waveform record to center screen.

7.
Turn and hold the Cursor/Delay control clockwise to increase the delay - time setting. Observe that the intensified zone
moves oft the A trace when the delay time exceeds the time between the A trigger point and the end of the A record.
NOTE
lf the intensified zone is not present on the A trace in A INTEN Horizontal mode, lt might be that the delay time exceeds the time from
the A trigger point to the end of the A record.
8.

Recenter the A trigger point marker on the center vertical graticule line.

9.

Reduce the delay time to minimum to bring the intensified zone on the display.

10.

Select B Horizontal MODE and observe the B waveform record acquired at 50 µs/div.

11.

Rotate the Cursor/Delay control to observe the effect on the position of the delayed waveform.

12.
The delay time readout is the amount of elapsed delay from the A Record Trigger to the B Record Trigger. Decrease the
delay time to minimum.
13.

Turn on ∆ TIME delay mode and select A INTEN Horizontal mode again.

14.

If necessary, press the TIME button to underline the ∆ DELAY TIME menu label and set the corresponding delay time to

minimum.
15.

Set the B SEC/DIV to 10 µs.

16.
Now increase the ∆ DELAY TIME to about 2 ms, positioning the second intensified zone on the rising edge of the next
cycle of CALIBRATOR signal to the right of the A Record Trigger point.
17.
Switch to B Horizontal mode, and use the Cursor/Delay control to precisely align the two leading edges. (This is a tine
adjustment, and you may need to increase the intensity to make the leading edges visible. Also, there will be a little trigger jitter.)
You have now precisely measured the period of the CALIBRATOR square wave as indicated by the ∆ DELAY TIME readout.
18.

Turn ∆ TIME oft. The DELAY TIME readout is the time elapsed from the A Record Trigger to the B Record Trigger.

19.
Hold the Cursor/Delay control clockwise until you reach 52.429 ms, which is the maximum delay time at 10 µs per
division. (If ∆ TIME were on, it would be the maximum total delay of DELAY TIME plus ∆ DELAY TIME.)
20.
Switch the B SEC/DIV setting to 5 µs. Observe that the DELAY TIME readout is reduced to 26.214 ms, the maximum
delay time possible for 5 µs per division.
NOTE
When dealing with long delays at a particular B SEC/DIV setting, switching to the next faster B SEC/DIV setting will cause the
DELAY TIME setting to be limited to the maximum for that SEC/DIV setting. The delayed waveform will be relocated in time, and
you must reset the DELA Y TIME to the desired value when switching back to the slower SEC/DIV setting. Also, if ~1 DELAY is on
and the sum of the DELAY TIME plus the ∆ DELAY TIME reaches the maximum limit, any further increase in the DELAY TIME
setting causes the ~1 DELAY TIME setting to decrease (down to zero if the DELAY TIME is increased to its maximum limit).

DELAY by EVENTS
With this delay feature, you can delay the A Record Trigger by a selected number of B-trigger events. Since the B-trigger circuitry is

the source of the events, proper B-triggering conditions must be set (LEVEL, SOURCE, CPLG, etc.).
1.
Recall front-panel setup FP1. The initial setup conditions saved for the B trigger are: MODE—RUNS AFTER;
SOURCE—CH 1; OPLG—AC. Verify the trigger conditions by pushing the TRIG STATUS front-panel button.
2.
Press A/B TRIG to display the B Trigger Level readout and set the LEVEL for 0 V. A level of 0 V with AC trigger
coupling sets the level in the middle of the trigger signal and assures that triggering occurs.
3.
Set the A SEC/DIV switch to 50 µs. This yields a high enough CALIBRATOR signal frequency so that you won‘t have to
wait very long for all the events to occur when the EVENTS COUNT is high.
4.

Press the DELAY EVENTS button and turn EVENTS ON.

5.
Use the Cursor/Delay control to set the EVENTS COUNT to 1, if not already there. The count will wrap around the end
counts from minimum to maximum or maximum to minimum if the control knob is held in the rate region for a moment after the end
count has been reached.
Notice the rate at which the display is continuously updating. In the next three steps, watch the effect on the update rate as you
increase the EVENTS COUNT.
6.

lncrease the EVENTS COUNT number up about 1000 counts. Notice that the update rate is slowed slightly.

7.
lncrease the count to about 10,000 counts. Notice that now the display takes several seconds to update. Notice also that the
Trigger READY indicator can be seen slowly flashing; its rate indicates the length of time between A acquisitions. A new waveform
is acquired only after the set number of B-trigger events has been counted.
8.
lncrease the EVENTS COUNT to maximum (65536), and then hold the control hard clockwise for a few seconds to wrap
the count back around to 1.
9.

Adjust the B-Trigger LEVEL to a point where the waveform stops updating (outside the ±200 mV range).

10.
Press STATUS/HELP and observe that the trigger message reads TRIG WAIT: EVENTS and that the EVENTS COUNT =
1. These messages tell you that no events are occurring. Probable causes are: wrong trigger level, wrong source, or wrong coupling.
11.

Reset the B-trigger level to start acquiring again (set to 0 V) and push STATUS/HELP twice to rewrite the status display.

12.

Note that the trigger message has changed to COMPLETING ACQUISITION.

Extended Features
The following features allow you to operate the instrument in modes not usually available with conventional oscilloscopes. The Auto

Setup feature is demonstrated first, followed by two automatic measurement features. Finally, the AutoStep Sequencer is
demonstrated.
Remember how Auto Setup was used in “Get Acquainted“ to quickly get you a usable display of the CALIBRATOR output? lt turns
out that the calibrator isn‘t the best signal to use to explore Auto Setup and the other Extended Features because the calibrator period
and amplitude vary with the SEC/DIV setting. To explore the Extended Features, you need to obtain the following equipment:
Table 2-1
Equipment Required
Item

Requirements

Recommended

1. Calibration Generator

Capable of outputting a square wave signal with an
amplitude between 20 mV and 20 V. It should also have a
period of 1 ms and a rise time longer than 50 ns, but less
than 70 µs.
impedance: 50Ω. Length: About 40 inches.

TEKTRONIX PG506
Calibration Generator a

2. Coaxial Cable
Connectors: BNC
3. Dual-Input Coupler
a

Connects: BNC female to dual-BNC male.

Tektronix Part No.
01 2-0057-00
Tektronix Part No.
067-0525-01

Requires a TM 500-Series Power-Module Mainframe.

Using Auto Setup
1.

Recall the front-panel setting FP1. Select VERTICAL MODE and turn off CH 2.

2.
Connect the Standard Output of the Calibration Generator to CH 1 and CH 2 inputs through a 5042 cable and a dual-input
coupler.
3.

Set the generator‘s output to 0.5 V (the generator‘s frequency should be 1 kHz).

4.

Push the front-panel button labeled AUTO to do an Auto Setup on the input waveform for CH 1.

The scope displays the message AUTOSETUP WORKING: PLEASE WAIT as it acquires information about the CH 1 waveform.
Once it has characterized the waveform sufficiently to allow vertical and horizontal scaling, the waveform s sized to yield a usable
display on-screen.
When Auto Setup is executed, it uses the mode selected in the Auto Setup menu. When you did an Auto Setup in Step 4, the mode
selected was VIEW, which is designed to yield a display of 3 to 5 cycles over 10 divisions. This gives a good overall display. (In case
you‘re wondering, you selected VIEW mode when you reestablished the front-panel setup in Step 1.) Let‘s try some other modes...
5.

Push the bezel button labeled PERIOD. Note that the menu entry RES Hl | LO appears. Push the AUTO button.

In this mode, the scope automatically sets the acquisition rate so that about 1 cycle of the waveform, triggered on the positive
TRIGGER SLOPE, is displayed on screen. (PERIOD and VIEW always trigger on the positive edge of the waveform; you can
change the TRIGGER SLOPE manually if you wish.) The waveform is vertically scaled so that the waveform fits in about the center
5 divisions on screen.
The RES Hl | LO entry you noted determines how the scope sizes the waveforms in the parameter-oriented modes (i.e., all modes
except VIEW). This instrument has a 20-division horizontal record length. When resolution is set to low, the parameter associated
with the mode (in this case, PERIOD) is sized for best display over the 10 divisions on screen.
6.

Switch RES Hl | LO to HI and do another Auto Setup.

Notice that the period of the waveform is now spread over more divisions; in fact, it may not be completely contained within the 10
divisions on screen. For RES HI settings, the parameter associated with the mode is contained within the 20-division record length.
You may have to position the trace horizontally to view the entire parameter. By spreading the parameter over more divisions, more
sample points are obtained for the parameter. This yields better RESolution of the waveform.
The other modes are PULSE and EDGE. The vertical and horizontal scaling is similar for these modes. Briefly, in PULSE mode the
scope does an Auto Setup which displays a positive or negative pulse. (The pulse is defined as that part of the rectangular
waveform‘s cycle having the least time duration). EDGE mode yields a display of the rising or falling edge of the waveform
depending on the EDGE mode setting. The horizontal resolution for both PULSE and EDGE mode is determined by the RES HI | LO
setting the same as for PULSE. These modes are covered in detail in Sections 3 and 5. Let‘s look at PULSE...
7.

Set PULSE mode on and execute another Auto Setup.

Notice that the positive section of the waveform 5 treated as a positive pulse and horizontally scaled to fit in about 20 horizontal
divisions for the Hl RES setting.
8.

Switch RES to LO and reexecute Auto Setup. Notice the reduced horizontal scale (i.e. slower SEC/DIV setting).

9.

Set the Auto Setup mode to PERIOD.

10.

Push the VERTICAL MODE front-panel button. Turn CH 2 on.

11.

Execute an Auto Setup.

Auto Setup can also make adjustments for various VERTICAL MODES. In this case, the waveforms in both CH 2 and CH 1 were
sized to about 3 divisions and displayed overlapped at the vertical center of the screen. (Adjust vertical positioning slightly to see
both waveforms.)
12.

Set the Auto Setup mode to VIEW and do another Auto Setup.

Notice that this time the waveforms are scaled for about 2 divisions with the CH 1 waveform centered vertically around the graticule
2 divisions above graticule center and the CH 2 waveform centered around the graticule line 2 divisions below graticule center. Since
in View mode it‘s assumed you want to see and compare waveform amplitudes, the waveforms are offset vertically on screen. If
PULSE, PERIOD, or EDGE is selected, it‘s assumed that you are more interested in comparing time differences between waveforms.
Therefore, the channels are displayed overlapped.
Before leaving Auto Setup, it‘s important to stress that various front-panel settings for VERTICAL MODE, TRIGGER SOURCE,
and Auto Setup all influence how it operates. In general, VIEW mode will produce a usable display whenever a trigger source signal
is available in the display source (CH 1 or CH 2) selected from the VERTICAL MODE menu, provided the signal can be triggered in
AUTOLEVEL trigger mode. The sources the scope uses to trigger and size the displays vary with the front-panel conditions you set
up. Read the description for control number 47, AUTO, in Section 5 and the applications for AUTO in Section 3. Once finished, you
should be ready to use this convenient feature in all its modes.

Using MEASURE
1.

Recall FP1, the procedure stored earlier in this section. Turn oft CH 2.

2.
Push AUTO to do an Auto Setup on the CH 1 waveform. Since Auto Setup executed in VIEW mode, you should have
several cycles of the square wave displayed on screen.
3. Press MEASURE (next to PRGM) to display that menu, then press the SNAPSHOT menu button.
You have just executed the Snapshot mode for the Measure feature. lt allows you to see at a glance many of the characteristics of the
waveform for a single acquisition.
Realize that the accuracy of these measurements depends on the front-panel conditions set up. For instance, since we used Auto Setup
in the VIEW mode, several cycles of the waveform are displayed on screen. This means that few sample points were obtained for the
high-frequency components of the waveform. Those measurements relating to high-frequency components, such as RISE and FALL
(rise- and fall-time) and OVRS and UNDS (over- and undershoot), should be discounted for this setup. However, since we obtained
complete cycles of the waveform, we can trust those measurements related to amplitude and frequency, Such as P-P (peak-to-peak
voltage), TOP and BASE (voltage at the Top and Bottom levels of the waveform, respectively), FREQ (frequency), etc.
In general, the screen tails you whether a particular parameter is valid or not. lt you can‘t see the front-corner aberrations or you note
that the rise time comprises little of the 20-division acquisition, you should set up the scope to display those parameters adequately.
Let‘s do that now for the front edge of the waveform...
4.
Press AUTO to display its menu. When Auto Setup finishes executing, set the mode to EDGE (_/=) and RES to HI. Now
do the Auto Setup for EDGE mode. Notice that in the resulting display the front corner is spread over several divisions.
5.

Do another snapshot of the waveform. See Step 3 lt you don‘t remember how.

Since the leading edge of the waveform is spread over several divisions, it now makes sense to use the measurements related to the
front corner.
Note that some of the parameters have a string of "?" marks displayed instead of the parameter value. When the instrument cannot
extract the parameter, it so indicates by displaying the string. In this case, since we used the EDGE mode to display the front corner
of the waveform, the scope did not acquire an entire cycle of the square wave and could not extract those parameters pertaining to the
period of the square wave.
6.
Change the generator output to 1 V and push the menu button labeled AGAIN. The screen is updated with a new snapshot
of the single acquisition of the waveform. (Note the new values for TOP and BASE.)
7.

Select the VERTICAL MODE menu and turn on CH 2, leaving CH 1 turned on, also.

8.

Press AUTO to display its menu. Change the mode to VIEW and reexecute Auto Setup.

9.

Select the MEASURE menu. Set WINDOW 0FF in the menu.

10.

Push the menu button labeled MEAS TYPE.

The matrix you‘ve displayed allows you to select up to tour parameters that you wish to extract from the waveform. (When you select

a parameter, DISPLAY in the MEASURE menu is automatically set to ON.) Selected parameters will be displayed on screen and
continually updated tor subsequent acquisitions. Let‘s select some parameters...
11.
One parameter in the matrix is underlined (DISTAL). Push the button labeled ON in the menu. Note that the matrix menu
is replaced by a target menu. Use it to select the waveform for which you want to see the parameter displayed. The target menu
always appears after you select a parameter or execute a snapshot measurement lt more than one display source is on screen.
12.
Select CH 2 from the target menu. Since DISPLAY automatically turns ON in the main measure menu, the scope displays
the parameter name and value on screen, along with the chosen display source. (lt displays a default display source until you choose
one.) Note that the parameter menu is also returned for further parameter selection.
Look at the parameter name you turned on in the parameter matrix. lt‘s still underlined, but now there are two asterisks displayed,
one on each side of the parameter name. The asterisks indicate which parameters are on so you can see that they are turned on
regardless of whether DISPLAY is ON or OFF in the main MEASURE menu.
13.
The arrow-labeled buttons allow you to select any parameter in the matrix. When you push an arrow button, the underline
moves in the direction indicated.
14.
Use the arrow-labeled buttons to move the underline to PERIOD in the matrix. Note that, as the underline moves away
from the parameter you turned on, the parameter is no longer underlined; the underline selects the parameter, and the asterisks tell
you when it‘s on.
15.

When PERIOD is underlined, turn it on and select CH 1 as the target. The CH 1 period should be displayed.

16.
Push ON to turn the PERIOD on again. Note that the target menu is displayed and a second CH 1 PERIOD readout appears
on screen. This time select CH 2 as the target.
17.

Turn DISTAL oft in the matrix and turn PK-PK (peak-to-peak voltage) on. Select CH 1 as the target for PK-PK.

18.
lncrease the SEC/DIV setting 4 positions. Note that when the acquisition rate allows less than a complete period of a
waveform to be acquired, the message NEED 3 EDGES replaces the parameter value in the readout. (Three transitions are needed to
define a waveform cycle.) In general, the scope displays an error message if it can‘t extract the specified parameter.
19.
Return the SEC/DIV back to its original setting. Now position the CH 1 waveform upward so that its top is several
divisions off-screen. Notice that as the waveform exceeds the 10.24-division vertical-acquisition window, the message CLIP appears
at left on screen. In general, the scope displays a warning message when it CAN extract a parameter, but detects a condition that
makes the result questionable. A complete list of both error and warning messages is found in Appendix C of this manual.
20.

Turn oft CH 2 and center CH 1 vertically on screen.

21.

Press MEASURE and set WINDOW on in that menu.

22.

Press CURSOR FUNCTION and turn on the TIME cursors.

23.
Use the CURSOR/DELAY control to move the active cursor forward the inactive one. Note that when the cursors no
longer bracket at least one full cycle of the waveform, the message NEED 3 EDGES is displayed for the PERIOD measurements.
Note also that the PK-PK voltage changes to approximately 0 Volts when the active cursor is superimposed on the inactive cursor.
When you switched WINDOW on in the MEASURE menu, you tied the measurements to the position of the TIME cursors. That‘s
why, even though several cycles of the waveform are displayed on screen, you got the error message. There were not several cycles
displayed between the two cursors when the message appeared.
24.

Push MEASURE and select SETUP from the main MEASURE menu.

25.

Set MARK ON | OFF to ON for the SETUP menu.

26.

Move the active cursor so that the cursors bracket more than one waveform cycle.

Notice that two “X“ ‘s appeared on screen. These are the markers you turned on in Step 25, and they indicate the points on the
waveform where time-related measurements are being made.
27.

Note the METHOD selections in the SETUP menu. These selections relate to the way the scope extracts waveforms.

28.

Push LEVEL. This menu lets you define measurement reference levels on waveforms.

Let‘s learn more about the METHOD and LEVEL features by using HELP...
29.

Push the STATUS/HELP button near the INTENSITY control. Select HELP from the menu displayed.

30.

Push MEASURE.

The screen now displays a synopsis of MEASURE and its associated modes. The first two screens review some of the material you

have already covered. (Why not read lt as a review?) Use the menu key labeled MORE to step through the screens of information;
METHOD and SETUP information is on screens 3 and 4. Push EXIT to return to Scope mode when finished.
The MEASURE feature is discussed in Section 5, “Controls, Connectors, and indicators,“ and applications are found in Section 3.
Also, in addition to other MEASURE-related information, Appendix C lists definitions of each parameter and the methods used for
extracting those parameters.

Using PRGM (AutoStep Sequencer)
In this procedure, you have already used the AutoStep Sequencer to store front panels for later recall. While recalling front panels in
this way is useful, AutoStep can be used for more powerful applications. Let‘s see how...
1.
Connect the STD AMPLITUDE OUTPUT of the generator to CH 1 through a 5042 coaxial cable. Set the generator output
for a 5-V, 1 -kHz square wave.
We are going to assume that this waveform needs to be characterized for rise and fall times, top and base levels, and total amplitude
peak-to-peak. What‘s more, we'll use our imagination and assume that this waveform is present on several instruments, so we need to
make these measurements once for each instrument.
2.

Recall the front panel you stored earlier. We will use it as a basis for our sequence steps.

3.
Push the button PRGM and select SAVE from the AUTOSTEP SEQUENCER menu. Give the sequence a label (like
TEST1) using the menu displayed.
4.
When you have assigned the sequence a label, push the menu button SAVE to store the name and proceed with creating the
sequence.
From the message on screen, you can see that this is where we set up the front panel for Step 1. Since we only want to make sure the
instrument is operating properly and is set up to make the most accurate measurements possible, let‘s not change any front-panel
settings now, but just proceed to the ACTIONS menu. We will use Auto Setup later, in Step 2.
5.

Push PRGM to move to the ACTIONS menu for Step 1.

You have now displayed the ACTIONS menu for the first step of your sequence. Notice that the display indicates the flow of events
by labeling the beginning and end of the step and the events that occur between them. (The ACTIONS menu is a kind of time line for
the substeps that occur for each step). Actions followed by <N> (oft) are not executed when the step is recalled; actions followed by
<Y> (on) are executed. The LOAD STEP and MEASUREMENT events cannot be set; therefore, they are not marked either Y or N.
They are in the menu to show when they occur relative to the actions that can be set.
Find the line under the Y or N following one of the actions. The arrow - labeled menu buttons are used to move that underline up and
down in the ACTIONS menu to select the action desired.
6.
Use the arrows in the menu to underline the SELF-CAL action and push Y N to toggle that action on (Y). Repeat for the
SELF-TEST and PROTECT action. (PROTECT keeps the sequence from being accidently deleted). All other actions should be
turned oft.
7.

Press NEXT STEP to exit the ACTIONS menu and store our first step.

The first step is now complete. When the sequence is recalled, the scope delivers the front panel you recalled prior to labeling this
sequence (in procedure-Step 2), since you made no changes to the front panel when you created the step. Prior to recalling (loading)
the front panel, lt executes the SELF-CAL and SELF-TEST routines, since you selected those actions for Step 1.
8.
The menu for setting up Step 2 is now displayed. Change the VERTICAL MODE setting to display CH 1 only, and change
the COUPLING for CH 1 to DC. These menu changes will pause the scope to Auto Setup on the DC-coupled square wave in CH 1,
when you later include Auto Setup as an action for this step.
9.
Execute Auto Setup to verity that the Auto Setup menu is set to VIEW mode. (lt not, set lt to VIEW.) When Auto Setup
finishes, push MEASURE to display that menu.
10.
Select MEAS TYPE from the menu and turn on the parameter TOP, BASE, and PK-PK (Peak-to-Peak) using the method
outlined under the MEASURE procedure in this section (Steps 11 to 17 under “Using MEASURE“).
11.

This completes the front-panel setup for Step 2. Push PRGM to proceed to the ACTIONS menu.

Note that the ACTIONS menu is left as you set lt up for Step 1. This feature allows you to just push NEXT STEP lt you do not wish
to change those actions. In this case, however, you do not need to SELF-CALibrate or SELFTEST the scope again. Also, now that
you have set up the scope to measure the Top and Base levels of the waveform in Step 2, you probably need to PAUSE so the user of
your sequence can record the measurements, take photographs of the display, etc. This is also where we turn on the Auto Setup action
so lt executes during the step in the mode verified in Step 9.
12.
Set the SELF-CAL, SELF-TEST, and PROTECT actions oft (N); set PAUSE and Auto Setup on (Y). SET BELL on, also,
to signal the user when the measurements are ready to be recorded.

13.

Set the REPEAT action on; (we will see why later when we execute the procedure). Push NEXT STEP when finished.

14.

Execute Auto Setup to display that menu. Change the mode to EDGE (_/=) and RES HI | LO to HI.

15.

Turn TOP and BASE parameters oft and the RISE parameter on in the MEAS TYPE menu.

16.
Push PGRM to proceed to the actions. Set REPEAT oft, but leave the BELL, PAUSE, and Auto Setup on tor this step. That
way, the scope will pause and signal the user after lt has set up on the waveform‘s rising edge and is displaying its rise time. This
concludes Step 3 of the sequence.
17.
Push NEXT STEP to proceed to Step 4. Execute Auto Setup to display that menu. Change the mode to EDGE (=\_) ‘ and
leave RES HI | LO set to Hl.
18.

Turn the RISE parameter oft and set the FALL parameter on in the MEAS TYPE menu.

Notice that the rising edge is displayed on screen, and, since no falling edge is present, the FALL parameter value displayed is NO
EDGE. When the sequence is stored and recalled, the falling edge of the waveform will be displayed along with the tall-time
parameter.
When you proceed to the actions menu in the next procedure step, notice the order of events. The front panel is loaded and then the
Auto Setup is executed. Since you executed Auto Setup in the rising-edge mode when you created Step 4, the front panel loaded for
Step 4 displays the rising edge. You changed EDGE from rising mode to failing mode after you executed Auto Setup in Step 4, 50
when Auto Setup executes as an action associated with Step 4, the falling edge will be displayed.
19.

Push PGRM to proceed to the actions. Again, leave the BELL, PAUSE, and Auto Setup as for Step 3.

This completes the sequence; now let‘s store lt.
20.

Push the menu button SAVE SEQ to save the sequence.

You have now labeled, created, and saved a tour-step sequence. Let‘s review what you‘ve done by running the sequence just saved...
21.
Select RECALL from the main AUTOSTEP SEOUENCER menu. Use the arrow-labeled menu buttons to select your
sequence and push RECALL to run lt.
The sequence begins by executing Step 1. Notice that the message RUNNING SELF-CAL appears as the scope runs through that
routine. Next, the display disappears for a time and the Trigger indicator LED‘s flash as the instrument runs its SELF-TEST. (The
message RUNNING SELF-TEST appears part way through the routine). After a few minutes, the scope should finish Step 1 and
immediately, since we didn‘t set the PAUSE action for Step 1, proceed to Step 2.
At Step 2, the BELL should ring to signal you that Step 2 is complete. Note that the square wave is sized properly for VIEW mode,
and the TOP, BASE, and PK-PK (Peak-to-Peak) voltage values are displayed using the MEASURE feature. All these events
correspond to our Step 2 setup.
22.
Push PRGM to proceed to Step 3. Note that the rising edge is now displayed with the rise-time measurement chosen for
Step 3. The PAUSE and BELL actions were also executed.
23.

Push PRGM to execute the last step and display and measure the falling edge of the waveform.

Note that the menu still displays the message PUSH PRGM TO CONTINUE, even though we have already executed the last step of
the sequence. Remember when we set the REPEAT action on for sequence-Step 2? This action causes the scope to loop back to Step
2 (or whichever step contains REPEAT) when the last step of the sequence is finished.
24.

Change the generator output to the 10-Volt setting.

25.

Push PGRM to branch back to the REPEAT (Step 2).

At the beginning of this procedure we said we had to make our measurements on several instruments. Here we just changed the
amplitude setting of our generator, but you could change devices under test, test points to be measured, etc. as required. REPEAT 15
included in Step 2 instead of Step 1 so the scope can run an initialization routine (such as the SELF-CAL and SELF-TEST) once
when the sequence 15 recalled and then skip the routine by looping through Steps 2-4 for successive measurements.
26.
The scope is now at Step 2 of our sequence, with the 10-Volt square wave displayed with new Top, Base, and Peak-Peak
levels shown.
We could go on to display the rise and fall times of the waveform, but let‘s just exit the sequence...
27.
Push the menu button EXIT to get out of the sequence and display the RECALL menu. Push EXIT in the RECALL menu
to return to the main AUTOSTEP SEQUENCER menu.

lt you want to change the label of your sequence, you must copy the existing sequence, give lt a new label, then delete the old
sequence. Here‘s how lt‘s done...
28.
Select EDIT from the AUTOSTEP SEOUENCER menu, and use the familiar arrow-labeled buttons to pick out the
sequence you wish to copy.
29.

Press COPY to continue.

30.

Now create the new label for your sequence as done in Step 3 of this procedure, and press SAVE when finished.

Note that the new label for your sequence appears in the list of current sequences. Now you can delete the old one:
31.

Press EXIT to return to the main AUTOSTEP SEQUENCER menu.

32.

Press DELETE to display that menu, and use the normal method to select the label ot the sequence you want to delete.

33.

Press DELETE to remove the sequence.

When you press DELETE you should hear the bell and see the message ERROR: PROTECTED. (Remember, you turned on the
PROTECT action in procedure-Step 6.) The only way you can kill a protected sequence is to edit lt. Here‘s a quick way to do that...
34.

Push exit to return to the main menu and select EDIT.

35.
Select the sequence you want to delete, using the usual method, and press EDIT to display the first step of that menu.
Notice that the message displayed includes the sequence label and step number, along with Information about how to change the
front panel that was loaded for the step. Note also the menu label DELETE 10 BUFfer. Here, we don‘t want to change the step, we
want to delete it:
36.

Press DELETE 10 BUF.

To protect a sequence you must set the PROTECT action on for the sequence Step 1. (PROTECT in any other step is ignored). When
you deleted the first step, you also deleted the actions, thereby removing protection for this sequence.
37.

Push EXIT to return to the main menu and select DELETE from that menu.

38.
Use the arrow-labeled buttons to select the sequence you have just edited. Press DELELE. Note that the sequence label is
removed from the list.
There are ways to edit sequences besides merely deleting steps, but before we look at them, let‘s create a simple sequence that helps
keep track of the steps we‘re going to edit...
39.
Press EXIT to return to the main menu. Recall the front-panel setup we used at the beginning of this procedure. Disconnect
the generator from CH 1.
40.

Create the label “ED 1“ and save lt as you did previously.

41.
Turn oft CH 2 and position the CH 1 trace to the graticule line 3 divisions above graticule center. Push PRGM to advance
to Step 1 actions.
42.

Turn on only the PAUSE action. Press NEXT SIEP.

43.

Position the CH 1 trace to the graticule line 1 division above graticule center. Push PRGM to advance to Step 2 actions.

44.

PAUSE should be the only action on. Press NEXT STEP.

45.

Position the CH 1 trace to the graticule line 1 division below graticule center. Push PRGM to advance to Step 3 actions.

46.

PAUSE should be the only action an. Press NEXT STEP.

47.

Position the CH 1 trace to the graticule line 3 divisions below graticule center. Push PRGM to advance to Step 4 actions.

48.
PAUSE should be the only action an. Save the sequence by pushing
SAVE SEQ.
Let‘s look at the sequence...
49.

Select RECALL from the main menu, then select and recall the sequence you just saved. Step 1 should now be displayed.

50.
Use PRGM to step through the sequence, noting that the vertical position relates to the step number (most positive, Step 1;
2nd-most positive, Step 2, etc.). When you reach Step 4, the main menu is displayed. Press EDIT to change menus.

Let‘s use this new sequence to explore methods of editing sequences...
51.

Select ED 1 from the list of sequences, then press EDIT.

As the message indicates, the front-panel for Step 1 of our sequence has been loaded. (Notice the vertical position of the trace.) You
can now change this setup, lt you wish.
52.

However, since no changes are needed here, just push PRGM to call up the actions associated with Step 1.

53.

Keep PAUSE and turn an BELL.

You have now edited Step 1 — both the front-panel setup (although you didn‘t change anything) and the associated actions. (You
could also have continued without changing any at the Step 1 actions by pressing NEXT STEP.) lt no other steps were to be edited,
you would push SAVE SEQ to quit the edit session and save the revised sequence. In this case, however...
54.

Press NEXT STEP to save the revised step and continue editing.

You are now at Step 2. Let‘s not edit this step now.
55.

Push the up-arrow button in the menu.

Note the step number in the message changes back to 1. This is how you select steps to edit: when the front-panel is loaded and this
menu is displayed, you can use the arrow-labeled buttons to select any step in the sequence you want to edit.
56.

Select Step 4 for editing. Notice, as you proceed through Steps 1-4, that each step is loaded for editing in its proper order.

57.

Instead at editing Step 4, you are going to add a step. Press ADD.

58.
Center the trace vertically an screen. Select VERTICAL MODE and set YT | :XY to XY. Push PRGM, and then push
NEXT STEP (without changing any actions).
The new step is now added as Step 5. Since Step 6 doesn‘t exist, the scope can‘t proceed; instead, lt displays WARN1NG: NO
MORE STEPS 10 EDIT.
lf you had selected Step 2 for editing (rather than Step 4) and had then pressed ADD, the new step would have become Step 3 and the
remaining steps in the original sequence would have been incremented by one. ADD puts the new step after the step selected and
pushes the following steps down as a stack.
You can move a step from one position in the sequence to another by deleting lt to a buffer and adding in back in wherever you want.
59.

Press DELETE TO BUF to delete the step you just added. Use the arrow-labeled buttons to move to Step 1.

60.
Press ADD. When the menu changes, press LOAD BUFFER. Press PRGM to get the actions menu and select NEXT
STEP. Step 5 has now been moved to Step 2, and Steps 2-4 have became Steps 3-5. Using the arrow-buttons, go through all the steps
at the sequence so you can verify the changes.
What lt you want to add a step before Step 1? That also can be done. Move to Step 1 and add the new step. (You have already done
this in procedure Steps 59 and 60.)
61.

Select Step 1 and push DELETE TO BUF.

62.
Press ADD and, when the menu changes, LOAD BUFFER. Then press PRGM followed by NEXT STEP to save what you
have done.
When you deleted Step 1, Step 2 moved to Step 1. When you added the deleted Step 1, lt was inserted after the new Step 1.
63.

Return to Step 1 and press DELETE TO BUF. This should restore our sequence to its original 4 steps.

Copying steps is very similar to moving them. Let‘s put a copy of Step 3 after Step 4...
64.

Select Step 3 and press DELETE TO BUF.

65.
Select Step 2 and press ADD; when the menu changes, press LOAD BUFFER. Push PRGM, then NEXT STEP. You have
just restored Step 3 to its original place in the sequence, but a copy of lt remains in the buffer.
66.
Select Step 4. To finish putting a copy at Step 3 after Step 4, press ADD, followed by LOAD BUFFER, PRGM, and NEXT
STEP. You can use the arrow-buttons to step through the sequence and verity that you‘ve copied Step 3 and put it after Step 4.
In general, to copy a step to another location: delete that step to the buffer, then use ADD twice, once to put lt back in its original
location and once to put lt in its new location.
This completes the Operators Familiarization Procedures. Although most of the controls and functions have been exercised in these

procedures, not ALL functions have been covered. As mentioned earlier, Section 5 describes in depth the function of each control,
connector, and indicator. Section 3 contains applications for many 2440 features, and the Programmers Reference Guide provides
GPIB-related information. Also, in Section 7 of this manual is a short familiarization procedure for the Video Option, for those
Instruments equipped with this option.
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OPERATORS SAF ETY SUMMARY

)

The general safety information in this part of the summary is
for both operating and servicing personnel.
Specific warnings and cautions will be found throughout the manua
l where they apply and do not appear in this
summary.
Terms in This Manual

Grounding the Product

CAUTION statements identify conditions or practices that
could result in damage ta the equipment or other property.
WARNING statements identify conditions or practices that
could-result in personal injury or loss al life.

This product is grounded through the grounding conductor
of the power cord. To avoid electrical shock, plug the
power cord into a properly wired receptacle before making
any connections to the product input or output terminals.
A protective ·grountn:onnectiOn-by way of the grounding
conductor in the power cord is essential for safe operation.

Terms as Marke d on Equipment
CAUTION indicates a personal injury hazard not immediately accessible as one reads the markings, or a hazard to
property, including the equipment itself.
DANGER indicates a personal injury hazard immediately
accessible as one reads the marking.

Symbols in This Manual

Symbols as Marked on Equipment

@

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

Use the Proper Power Cord

This symbol indicates where applicable cautionary or other information is to be found. For
maximum input voltage see Table 1-1.

DANGER -

Danger Arising from Loss of Ground

High voltage.

(

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

Use the Proper Fuse
To avoid fire hazard, use only the fuse specified in the
instrument parts list. A replacement fuse must meet the
type, voltage rating, and current rating specifications for
the fuse that it replaces.

Protective gound (earth) terminal.

ATTENTION -

Refer to manual.

Do Not Operate in Explosive Atmospheres
To avoid explosion, do not operate this instrument in an
atmosphere of explosive gasses.

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

Do Not Remove Covers or Panels
To avoid personal injury, the instrument covers or panels
should only be removed by qualified service personnel. Do
not operate the instrument without covers and panels
properly installed.
(

'
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SERVICING SAFETY SUMMARY
FOR QUALIFIED SERVICE PERSONNEL ONLY
Refer also to the preceding Operators Safety Summary.

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

Use Care When Servicing With Power On
Dangerous voltages exist at several points in this product.
To avoid personal injury, do not touch exposed connections or components while power is on.

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

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

vii
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SPECIFICATION

INTRODUCTION

VERTICAL SYSTEM

The TEKTRONIX 2440 Digital Oscilloscope is a
portable, dual-channel instrument with a maximum digitizing rate of 500 Megasamples per second. The scope is
capable of simultaneous acquisition of Channel 1 and
Channel 2 input signals. It has a real-time useful storage
bandwidth of 200 MHz for single-event acquisitions, with
an equivalent-time bandwidth of 300 MHz when repetitive
acquisitions are acquired. Since both channels are
acquired simultaneously, the XY display is available to full
bandwidth. Options include a Word Recognition Probe,
Video signal triggering, Probe Power, and Rackmounting.

The two vertical channels have calibrated deflection
factors from 2 mV to 5 V per division in a 1-2-5 sequence
of 14 steps. Use of coded probes having attenuation factors of 1X, 10X, 1OOX, and 1OOOX extends the minimum
sensitivity to 5,000 V per division (with the 1000X probe)
and the maximum sensitivity to 200 µV per division (using
a 1X probe in SAVE or AVERAGE expanded mode).

The instrument is microprocessor controlled and menu
driven, displaying at the top of the screen alphanumeric
CRT readouts of the vertical and horizontal scale factors,
trigger levels, trigger source, and cursor measurements.
Menus, displayed at the bottom of the CRT display, are
used by the operator to select the operating mode.

A user makes decisions as to what operation and mode
setup the instrument must have to make the measurement
wanted and then selects the proper functions using a
the
and
buttons
front-panel
of
combination
displayed menu.

Five menu buttons mounted on the CRT bezel are used
to make selections from the entry choices displayed. The
top line of the menu display usually contains the menu
title, and the bottom line labels the buttons with the
control functions they select. The selection is made
(indicated by an underscoring of the menu label in the
display) when the bezel button below the selected function
is pressed. The menus, system operating modes, and
auxiliary functions are described in Section 5, "Controls,
Connectors, and Indicators" of the Operators manual
included with this instrument, and the "Getting
Acquainted" procedure in Section 1 of that manual familiarizes the user with menu operation.

VOLTS/DIV readouts are automatically switched to
display a correct scale factor when properly coded probes
are attached. Each channel can be separately inverted.
ADD and MULT are display functions provided by the processor system.
In SAVE mode, the waveforms may be both horizontally and vertically repositioned, expanded horizontally and
vertipally, added to each other, or multiplied together for
either XY or YT displays.

HORIZONTAL SYSTEM
Horizontal display modes of A, A INTEN, and B
Delayed are available. The time base has 29 calibrated
SEC/DIV settings in a 1-2-5 sequence from 2 ns per division to 5 s per division. An External Clock mode is
provided that accepts clocking signals from 1 MHz to
100 MHz.
The B Trace and the intensified zone on the A INTEN
Trace may be delayed by time with respect to the A
trigger, and a DELAY by EVENTS function permits the A
display to be delayed by a selected number of B Trigger
events. In the case of DELAY by EVENTS, the B Trigger
SOURCE, COUPLING, SLOPE, and LEVEL controls define
the nature of the signal needed to produce events
triggering. The number of events required to satisfy the
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delay may be set from 1 to 65,536, with a resolution of
one event. The DELTA DELAY feature produces two
independently settable delayed B Trac.es in DELAY
by TIME.

TRIGGER SYSTE M
The trigger system of the scope provides many features
for selecting and processing a signal used. in triggering the
acquisition system. The conventional features of SOURCE
selection, Trigger LEVEL control, Trigger SLOPE, Trigger
MODE, .and CPLG (coupling) include enhancements not
normally found in a conventional oscilloscope.

mode is discussed in "Controls, Connectors,
Indicators" in Section 5 of the Operators manual.

and

The user has a choice of trigger points within the
acquired waveform record by selecting the amount of pretrigger data displayed. The trigger location in the record is
selectable from a choice of five pretrigger lengths
beginning at one-eighth of the record length and increasing
to seven-eighths of the record Jength. A record trigger
position is independently selectable for both A and B
acquisitions. Additional trigger positions in the record are
selectable via the GPIB interface commands.

CURSOR MEASUREMENTS
- l'he- ch0ices--of-VER'I'; -GH-l-- or GH2; ex-11- or- EXT2;
LINE, and A'B or WORD (16-tlit.data word recognttion) are
available as SOURCE selections for triggering A Horizontal
Mode· acquisitions. These sources for trigger signals
provide a wide range of applications involving specialized
triggering requirements. Except for A'B (A AND B) and
LINE (power-source frequency), the same Trigger
SOURCE selections are available for triggering B acquisitions. The selected trigger signal is conditioned by the
choice of input CPLG (coupling). These coupling selections
are AC, DC, HF REF, LF REJ, and NOISE REJ. LEVEL
control provides a settable amplitude (with CRT readout)
at which triggering will occur, and SLOPE control determines on which slope of the triggering . signal (plus or
minus) the acquisition is trtggered.
Trigger MODE choices are AUTO LEVEL, AUTO,
NORM, and SINGLE SEQ (single sequence), for the A and
A INTENSIFIED Modes, and Triggerable After Delay and
Runs After Delay, for the B Mode. AUTO LEVEL provides
for automatic leveling on the applied trigger signal. AUTO
MODE produces an auto trigger in the event a trigger
signal is either not received or not within the limits needed
to produce a triggering event. When triggering cdhditions
are met, a normal triggered display results. At SEC/DIV
settings of 100 ms per division and longer, the AUTO
MODE switches to ROLL. In ROLL MODE, the display is
continually updated and trigger signals are disregarded.
NORM (normal) trigger MODE requires that all
triggering requirements are met before an acquisition will
take place. SINGLE SEQ (single sequence) MODE is a
variation of the conventional single-shot displays found on
many previous oscilloscopes. In SINGLE SEQ, a single
complete acquisition is done on all called-up VERTICAL
MODES. Since an acquisition depends on the acquisition
mode in· effect, many of the scope operating features are
altered in SINGLE SEQ. A complete· description of this

Time and Voltage cursors are provided for making
parametric measurements on the displayed waveforms.
Time may be measured etther between the cursor
positions (DELTA TIME) or between a selected cursor and
the trigger point of an acquired waveform (ABSOLUTE).
Time cursor readouts are scaled in seconds, degrees, or
percentage values. The 1/TIME cursors may be scaled in
hertz (Hz), degrees, or percentage.
Voltage cursor measurements on a waveform display
can be .selected to read either the voltage difference
between the cursor positions or the absolute voltage posi•
lion of a selected cursor with respect to ground. The volts
measurement readouts may be scaled in units of volts,
decibels (dB), or percent. The Voltage cursors and Time
cursors may also be coupled to track together (V@T and
SLOPE) and assigned to a particular waveform for ease in
making peak-to-peak and slope waveform measurements.
The units for V@T may be volts, percent, or dB; SLOPE
may have units of slope (VOLTS/SEC), percent
. (VOLTS/VOLT), or dB.

WAVE FORM ACQUISITION
Waveforms may be acquired in NORMAL, ENVELOPE,
or AVG (Average) acquisition modes; the mode chosen
depends on the measurement requirements. NORMAL
mode continuously acquires and displays successive
acquisitions producing a "live" waveform display similar to
that seen with an analog oscilloscope. AVG (averaging)
mode averages successive acquisitic>ris of a waveform
resulting in an improved signal-to-noise ratio of the
displayed waveform. Low-amplitude signals masked by
noise become easily visible for making measurements and
analysis by averaging from 2 to 256 acquisitions for
removing uncorrelated noise. ENVELOPE mode saves the

(
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maximum and minimum data-point values over a selected
number of acquisitions from 1 to 256 plus CONT (continuous). The display presents a visual image of the amount of
change (envelope) that occurs to a waveshape during the
accumulated acquisitions. Frequency, phase, amplitude,
and position changes are easily identified when acquiring
in ENVELOPE mode. The glitch-catching capability of
ENVELOPE mode can capture single-event pulses as narrow as 2 ns at the slowest SEC/DIV setting of 5 seconds
per division.
For all three acquisition modes, equivalent-time sampling extends the Useful Storage Bandwidth to 300 MHz if
the signal is repetitive and REPET mode is turned on. At
50 ns/DIV and faster, randomly-acquired data points (or
samples) taken from successive acquisitions of a periodic
signal are used to fill the complete record (1024 data
points) of the signal waveform display. Depending on the
SEC/DIV setting, as few as 10 data points (at 2 ns/DIV) or
as many as 512 data points (at 50 ns/DIV) may be
obtained on each triggered acquisition. Sampling of successive acquisitions continues until a predetermined
number of data points are acquired and any remaining
points in the record are determined by interpolating
between the acquired points. (The predetermined number
includes at least enough data point to meet the Useful
Storage Bandwidth of 300 MHz specified for REPET
mode.) These interpolated points are replaced by
randomly-acquired data points as they become available
from successive acquisitions.
Horizontally, the record length of acquired waveforms is
1024 data points (512 max/min pairs in ENVELOPE mode),
of which 500 make up a one-screen display (50 data
points per division for 1O divisions). The entire record may
be viewed by using the Horizontal POSITION control to
position any portion of the record within the viewing area.

nel 1 or channel 2 (or the results of an addition or multiplication of the two channels) to any REF memory or to
move a stored reference from one REF memory to
another. Reference waveforms may also be written into a
REF memory location via the GPIB interface.
The scope is fully controllable and capable of sending
and receiving waveforms via the standard equipped GPIB
interface. This feature makes the instrument ideal for
making automated measurements in a production or
research and development environment that calls for
repetitive data taking. Self- calibration and self-diagnostic
features built into the scope to aid in fault detection and
servicing are also accessible via commands sent from the
GPIB controller.
Another standard feature is the "DEVICES" setting for
GPIB Interface control. This feature allows the user to output waveforms (and other on-screen information) from the
front panel to many printers and plotters that use HP®
Graphics Language. In this way, hard copies of acquired
waveforms can be obtained without putting the scope into
a system controller environment

EXTENDED FEATURES
There are several other features incorporated into this
instrument designed to make it more usable, namely, the
AutoStep
and
MEASURE,
Setup,
Auto
HELP,
Sequencer features.
HELP: The HELP function can be used to display

operational information about any front-panel control.
When HELP mode is in effect, manipulating almost any
front-panel control causes the scope to display information
about that control. When HELP is first invoked, an
introduction to HELP is displayed on screen.
Auto Setup: The Auto Setup function is used to
automatically setup the scope for a viewable display based
on the input signal. The user can specify the waveform
characteristic the display is optimized for (front-edge,
period, etc.) from a menu displayed upon executing Auto

Setup.

STORAGE AND 1/0

I

r

Acquired waveforms may be saved in any of four REF
waveform nonvolatile memories. Any or all of the saved
reference waveforms may be displayed for comparison
with the waveforms being currently acquired. The source
and destination of waveforms to be saved may be user
designated. Assignment can be made to save either chan-

extracts
automatically
MEASURE
MEASURE:
parameters from signal input to the scope. In the
•SNAPSHOT" mode, 20 different waveform parameters
are extracted and displayed for a single acquisition. In the
continuous extraction mode, up to four parameters are
extracted continuously as the instrument continues
to acquire.
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Au!oStep Sequencer (PRGM): With AutoStep, the user
can save single front-panel setups or sequences of setups
and associated flow control and Input/Output actions for
later recall. If MEASURE and/or OUTPUT are saved as
part of these setups they can be used for automatic
parameter extraction and data printout. 100 to 800 frontpanel setups (depending on complexity) can be stored in

one or more sequences.

The complete descriptions of these four features are
found in Section 5 of the Operators manual included with
this instrument.

The following items are standard accessories shipped
with the scope instrument:
2
Probe packages
--l- - --snap,1oc1cac::cessorie•n:>aucff·-· ·
1
Zip-lock accessories pouch
·1
Operators manual
1
Programmer's Reference Guide
2
Users Reference Guide
1
Fuse
1
Power cord (installed)
1
Blue plastic CRT filter (installed)
1
Clear plastic CRT filter
1
Front-panel cover
For part numbers and further information about
standard accessories and a list of the optional accessories, refer to "Options and Accessories" (Section 7) in
this manual. For additional information on accessories and
ordering assistance, contact your Tektronix representative
or local Tektronix Field Office.

PERFORMANCE CONDITIONS
The following electrical characteristics (Table 1-1) apply
when the scope has been calibrated at ·an ambient temperature between +20°C and +30°C , has had a warmup
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period of at least 20 minutes and is operating at an
ambient temperature between -t5•c and +ss•c (unless
otherwise noted).

Items listed in the "Performance Requirements" column
are verifiable qualitative or quantitative limits that define
·the measurement capabilities of the instrument.
Environmental characteristics are given in Table 1-2.
The scope meets the environmental requirements of MILT-28800C for Type Ill, Class 3, Style D equipment, with
the humidity and temperature requirements defined in
paragraphs 3.9.2.2, 3.9.2.3, and 3.92.4 . The rackmounted
scope meets the vibration ·and shock requirements of
MIL-T-28800C for Type Ill, Class 5, Style D equipment
when mounted using the rackmount rE>ar~!tYPP9rt JsiLs_up,
pl1ed- witn' tiofff ___tffe'"TFi--bptiOn ancr-t he Rackmount
Conversion kit.

Mechanical characteristics of the scope are listed in
Table 1-3.

Video Option characteristics are.given in Table 1-4;

RECOMMENDED ADJUSTMENTS SCHEDULE
For optimum performance to specification, the internal
SELF CAL should be done:

1. If the operating temperature is changed by more
that 5° C since the last SELF CAL
was performed.

2. Immediately before making measurements
requiring the highest degree of accuracy.

')
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Table 1-1
Electrical Characteristics
Performance Requirements

Characteristics

ACQUISITION SYSTEM-CHANNEL 1 AND CHANNEL 2
Resolution

8 bits.a
Displayed vertically with 25 digitization levels (DL)b per division.

Dynamic Rangea
SEC/DIV
100 or slower

-128 to + 127 DL's.

50 to 500 ns

-124 to +123 DL's.

200 ns

-121 to +120 DL's.

100 ns

-113 to + 112 DL's.

50 ns to 2 ns
Repet OFF

-113 to +112 DL's.

Repet ON
Record Length

•

121 to 120 DL's.
1024 samples.a
Displayed horizontally with 50 samples per division, 20.48-division
trace length.a

Sample Rate

1O samples per second to 500 megasamples per second (5 s per
division to 100 ns per division).

Sensitivity
Range

80 µ,V per DL to 0.2 V per DL in a 1-2-5 sequence of 11 steps
(2 mV per division to 5 V per division).

Accuracy
Normal and Average Modes

Within ± (2% + 1 DL) at any VOLTS/DIV setting for a signal
1 kHz or less contained within ± 75 DL ( ± 3 divisions) of center
when a SELF CAL has been per1iormed within ± 15°C of the
operating temperature. Measured on a four- or five-division signal
with VOLTS or V@T cursors; UNITS set to delta volts.

Envelope Mode

Add 1% to Normal Mode specifications.

Variable Range

•

8

Performance Requirement not checked in the manual.

b

11

Continuously variable between VOLTS/DIV settings. Extends
sensitivity to 0.5 V per DL or greater, 12.5 V per division or
greater.

DL" is the abbreviation for "digitization level." A DL is the smallest voltage level change that 1can be resolved by the internal 8-bit
A-D converter, with the input scaled to the VOLTS/DIV setting of the channel used. Expressed as a voltage, a DL is equal to 1 /25
of a division times the VOL TS/DIV setting .

REV NOV 1988
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Table 1-1 (cont)
Performance Requirements

Characteristics

ACQUISITION SYSTEM-CHANNEL 1 AND CHANNEL 2 (cont)
Bandwidth

•

Bandwidth is measured with a leveled, low distortion, 50-n source,
sine-wave generator, terminated in 50 n. The reference signal is
set to 6 divisions or to the maximum leveled amplitude obtainab le
if the Volt/Div setting is too high to yield 6 div's on screen.
Bandwidth with probe is checked using a probe-tip-to-GR
termination adaptor (017-0520-00).
Bandwidth with external termination is checked using a BNC 50 -fl
feed-through terminator (011-004~1-01 ).

-3 dB Bandwidth
Normal or Average Modes. Envelope Mode
at SEC/DIV settings of 0.2 µs or faster.
-15°C to +30°C
+30°C to +55°C
Envelope Mode at SEC/DIV settings of
0.5 µs or slower.

Using standard accessory probe or internal termination (not
checked with probe in manual).
De to 300 MHz.
Upper Bandwidth Limit reduced by 2.5 MHz for each °C above
30°c.a
De to 150 MHz using standard accessory probe, internal 50-rl
termination, or external 50-rl termination on 1-Mn input.a

-4.7 dB Bandwidth
Normal or Average Mode. Envelope Mode at
SEC/DIV settings of 0.2 µs or faster.
+30°C to +55°C

Using 50-Q external termination on 1-MQ input.

•

Upper Bandwidth Limit reduced by 2.5 MHz for each °C above
30°c.a

Single Event Useful Storage Bandwidth
Normal or Average Mode, SEC/DIV at
0.1 µs or Faster; Repet OFF

DC to 200 MHz (calculated).
USB =

AC Coupled Lower -3 dB Point
1X Probe
10X Probe

F(sample freq maxf
2.5

10 Hz or less.a
1 Hz or less. a

Step Response, Repet and Average On;
Average Set to 16
Rise Time

1.17 ns or less (calculated).a
T [

r in

8

Performance Requirement not checked in the manual.

csample freq. max. is 500 MHz.

1-6
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Table 1-1 (cont)

•

Performance Requirements

Characteristics

ACQUISITION SYSTEM-CHANNEL 1 AND CHANNEL 2 (cont)
Envelope Mode Pulse Response
Minimum Single Pulse Width for 50% or Greater
Amplitude Capture at 85% or Greater Confidence

2 ns.a

Minimum Single Pulse Width for Guaranteed 50%
or Greater Amplitude Capture

8 ns.a

Channel Isolation

Measured with a 10-division, sine-wave input and equal VOLTI DIV
settings on both channels. 100:1 or greater at 100 MHz for
VOLT/DIV settings from 2 mV/DIV and 500 mV/DIV; 50:1 or
greater at 300 MHz for VOLT/DIV settings from 20 mV/DIV to
500 mV/DIV. 25:1 or greater at 300 MHz for VOLT/DIV setting s
of 5 mV/DIV and 10 mV/DIV.

Acquired Channel 2 Signal Delay with Respect to
Channel 1 Signal at Full Bandwidth

±250 ps.a

Input R and C (1 Mfl)
1 Mfl ±0.5%.a

Resistance

In each attenuator, the input resistance of all VOLTS/DIV
positions is matched to within O.!i%.a

•

15 pF ±2 pF.a

Capacitance

In each attenuator, the input capacitance of all VOLTS/DIV
positions is matched to within O.!i pF.a
Input R (50 Q)
±1%.8

50

VSWR (DC to 300 MHz)

1.3:1 or better.a

Maximum Input Voltage

8

n

Resistance

A

5 V rms; 0.5 W·sec for any one-second interval for instantaneo us
voltages from 5 V to 50 V.

Performance Requirement not checked in the manual.

•
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Table 1-1 (cont)
Characteristics

Performance Requirements

ACQUISITION SYSTEM-CHANNEL 1 AND CHANNEL 2 (cont)
Maximum Input Voltages

•

A

Input Coupling Set to DC, AC, or GND
Common-Mode Rejection Ratio (CMRR); ADD Mode
with Either Channel Inverted

400 V (de

+ peak ac);

800 V p-p ac at 10 kHz or less.a

At least 10:1 at 50 MHz for common-mode signals of 10 divisions
or less with VARIABLE VOLTS/DIV adjusted for best CMRR at
50 kHz.

POSITION
Range

± (9.3 to 10.4) div., at 50 mV per division with INVERT off, when
Self Cal has been done within ± 5 ° C of the operating
temperature.

Gain Match between NORMAL and SAVE

±3 DLs for positions within ±5 divisions from center.

Low-Frequency Linearity
Normal or Average Mode

3 DLs or less compression or expansion of a two-division,
center-screen signal when positioned anywhere within the
acquisition window.

20-MHz Bandwidth Limiter
-3 dB Bandwidth

13 MHz to 24 MHz.

100-MHz Bandwidth Limiter
-3 dB Bandwidth

80 MHz to 120 MHz.

Rise Time

2.9 ns to 4.4 ns.a

•

With a five-division, fast-rise step (rise time of 300 ps or less)
using 50-n de input coupling and VOLTS/DIV setting of 10 mv.a
8

Performance Requirement not checked in the manual.

•
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Table 1-1 (cont)

•

Performance Requirements

Characteristics
TRIGGERING-A and B
Minimum P-P Signal Amplitude for Stablea Triggering
from Channel 1, Channel 2, or ADD Source
A Trigger

•

DC Coupled

0.35 division from DC to 50 MHz, increasing to 1.0 division at
300 MHz; 1.5 divisions at 300 MHz in ADD mode.

NOISE REJ Coupled

1.2 divisions or less from DC to 50 MHz; increasing to 3 divisions
at 300 MHz; 4.5 divisions at 300 MHz in ADD mode.

AC Coupled

0.35 division from 60 Hz to 50 MHz; increasing to 1.0 division at
300 MHz; 1.5 divisions at 300 MHz in ADD mode. Attenuates
signals below 60 Hz.

HF REJ Coupled

0.50 division from DC to 30 kHz. Attenuates signals above
30 kHz.

LF REJ Coupled

0.50 division from 80 kHz to 50 MHz; increasing to 1.0 division at
300 MHz; 1.5 divisions at 300 MHz in ADD mode. Attenuates
signal below 80 kHz.

B Trigger

Multiply all A Trigger specifications by two.

A.B Selected

Multiply all A Trigger specifications by two.

Minimum P-P Signal Amplitude for Stable Triggeringa
from EXT TRIG 1 or EXT TRIG 2 Source
A Trigger
EXT Gain= 1
DC Coupled

17.5 mV from DC to 50 MHz, increasing to 50 mV at 300 MHz.

NOISE REJ Coupled

60 mV or less from DC to 50 MHz; increasing to 150 mV at
300 MHz.

AC Coupled

17.5 mV from 60 Hz to 50 MHz; increasing to 50 mV at 300 MHz.
Attenuates signals below 60 Hz.

HF REJ Coupled

25 mV from DC to 30 kHz.

LF R EJ Coupled

25 mV from 80 kHz to 50 MHz; increasing to 50 mV at 300 MHz.

EXT Gain= -;-5

Amplitudes are five times those specified for Ext Gain = 1.

B Trigger

Multiply all A Trigger amplitude specifications by two.

A.B Selected

Multiply all A Trigger amplitude specifications by two.

A stable trigger is one that results in a uniform, regular display triggered on the selected slope ( ± ). A stably-triggered display
should NOT have the trigger point switch between opposite slopes on the waveform, nor should it "roll" across the screen, as successive acquisitions occur. At TIME/DIV settings of 2 ms/DIV and faster, the TRIG'D LED is constantly lit if the display is stably
triggred (the LED can flash for SEC/DIV settings of 10 ms/DIV and slower) .

8

•
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Table 1-1 (cont)
Performance Requirements

Characteristics

TRIGGERING-A and B (cont)

Maximum P-P Signal Rejected by NOISE REJ
Coupling Signals within the Vertical Bandwidth
Channel 1 or Channel 2 Source

0.4 division or greater for VOLTS/DIV settings of 10 mV and
higher.
Maximum noise rejected is reduced at 2 mV per division and
5 mV per division.

EXT TRIG 1 or EXT TRIG 2 Source

20 mV or greater when Ext Trig Gain = 1. 100 mV or greater
when Ext Trig Gain = -;--5.

EXT TRIG 1 and EXT TRIG 2 Inputs
Resistance

1 Mn ±1%.a

Capacitance

15 pF ±3 pF.a

Maximum Input Voltage

A

400 V (de + peak ac); 800 V p-p ac at 10 kHz or less.a

LEVEL Control Range
Channel 1 or Channel 2 Source

± 18 divisions

x

VOLTS/DIV setting. a

EXT TRIG 1 or EXT TRIG 2 Source
EXT GAIN= 1

±0.9 volt.a

EXT GAIN = ..;.-5

±4.5 volts.a

•

LEVEL Readout Accuracy (for triggering signals with
transition times greater than 20 ns)
Channel 1 or Channel 2 Source
DC Coupled
+ 15°C to +35°C

Within ± [3% of setting + 3% of p-p signal + (0.2 division x
VOLTS/DIV setting) + 0.5 mV + (0.5 mV x probe attenuation
factor)].

--15°C to +55°C (excluding +15°C to
+35°C)

Add (1.5 mV x probe attenuation) to +15°C to +35°C
specification. a

NOISE REJ Coupled

Add ± (0.6 division
specifications.

x

---

VOLTS/DIV setting) to DC Coupled

Checked at 50 mV per division.
8

Performance Requirement not checked in the manual.

•
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Table 1-1 (cont)
Performance Requirements

Characteristics

TRIGGERING-A. and B (cont)
LEV EL Readout Accuracy (for triggering signals with
tran sition times greater than 20 ns)
(con tinued)
EXT TRIG 1 or EXT TRIG 2 Source
EXT GAIN= 1
DC Coupled

Withir'1 ± [3% of setting + 4% of p-p signal
x probe attenuation factor)].

NOISE REJ Coupled

Add :t 30 mV to DC Coupled specifications.

+

10 mV

+ (0.5 mV

EXT GAIN = -;-5
DC Coupled

Within ± [3% of setting + 4% of p-p signal
x probe attenuation factor)].

NOISE REJ Coupled

Add :t 150 mV to DC Coupled specifications.

Var iable A Trigger Holdoff

•

A SEC/Olva

+ 50 mv + (0.5 mV

MIN Hoa

MAX Hoa

2-4 µS

9-15 µS

2 ns
5 ns
10 ns
20 ns
50 ns
100 ns
200 ns

•
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Table 1-1 (cont)
Performance Requirements

Characteristics

TRIGGERING-A and B (cont)
Varia ble A Trigger Holdoff (cont)

--

A SEC/DIV8

MIN H08

500 ns

5-10µ,S

1 µ,S

10-20 µ,S

2 µ,S
5 µ,S

20-40 µ,S

MAX H08

•

--

100-150 µ,S

50-100 µ,S
0.1-0.2 ms
0.2-0.4 ms
0.5-1.0 ms

10 µ,S
20 µ,S
50 µ,S

1-2 ms
2-4 ms

100 µ,S
200 µ,S
500 µ,S

1-1.5 ms

10-15 ms

5-10 ms
10-20 ms
20-40 ms

1 ms
2 ms
5 ms

50-100 ms

10 ms

0.1-0.2 s

20 ms
50 ms

0.2-0.4 s

90-150 ms

0.9-1.5 s

0.5-1.0 s

•

1-2 s
2-4 s

100 ms
200 ms

9-15 s

500 ms
1s
5-10 s

2s
5s
SLO PE Selection

Conforms to trigger-source and ac-power-source waveforms.

Trigg er Position Jitter (P-P)

Checked in NORMAL ACQUIRE mode with a 5-division step
having less than or equal to 1 ns rise time.

A Mode, B Mode (TRIG AFTER)
SEC/DIV 100 ns and slower

0.04 x SEC/DIV settinga,b

SEC/DIV 50 ns and faster

(0.04 x SEC/DIV setting)

+

200 psa,b

B Mode (RUNS AFTER)

8

SEC/DIV 50 ns and faster

(0.04 x B SEC/DIV

SEC/DIV 50 µ,S to 100 ns

0.04 x B SEC/DIVa

SEC/DIV 100 µ,s and slower

0.08 x B SEC/Diva

+

200 psa

--

--

Performance Requirements not checked in the manual.

bUse B SEC/DIV setting if mode if B; otherwise, use A SEC/DIV setting.

•
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Table 1-11 (cont)
Performance Requirements

Characteristics
TIME EIASE

Sa rnple Rate Accuracy
Average Over 100 or More Samples

±0.0015%.a

Ex ternal Clock
F~epetition

Rate

Minimum

1 MHz.a

Maximum

100 MHz.a

Eve nts Count

1 to f55,536a

Eve nts Maximum Repetition Rate

100 MHz.a

Sig nal Levels Required for EXT Clock or EVENTS
Channel 1 or Channel 2 SOURCE

•

DC Coupled

0.7 division from DC to 50 MHz; increasing to 2.0 division s at
100 MHz; 3.0 divisions at 100 MHz in ADD mode.a

NOISE REJ Coupled

2.4 divisions or less from DC to 50 MHz; increasing to 6.0 divisions. at 100 MHz; 9.0 divisions at 100 MHz in ADD mode.a

AC Coupled

0.7 division from 60 Hz to 50 MHz; increasing to 2.0 division s at
100 MHz; 3.0 divisions at 100 MHz in ADD mode. Attenuates signals below 60 Hz.a

HF REJ Coupled

1.0 division from DC to 30 kHz. Attenuates signals above
30 kHz.a

LF REJ Coupled

1.0 clivision from 80 kHz to 50 MHz; increasing to 2.0 divisio ns at
100 MHz; 3.0 divisions at 100 MHz in ADD mode. Attenuates signals below 80 kHz.a

EXT TRIG 1 or EXT TRIG 2 Source
Ext Gain = 1
DC Coupled

35 rnV from DC to 50 MHz; increasing to 100 mV at 100 MHz .a

NOISE REJ Coupled

120 mV or less from DC to 50 MHz; increasing to 300 mV at
100 MHz.a

AC Coupled

35 mV from 60 Hz to 50 MHz; increasing to 100 mV at 100 MHz.
Attenuates signals below 60 Hz.a

HF REJ Coupled

50 mV from DC to 30 kHz.a

LF REJ Coupled

50 mV from 80 kHz to 50 MHz; increasing to 100 mV at
100 MHz.a

Ext Gain

=

7

5

Amplitudes are five times those specified for Ext Gain

=,

1. a

•Performance Requirement not checked in the manual.
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Table 1-1 (cont)

Characteristics

•

Performance Requirements
TIME BASE (cont)

Dela y Time Range
B RUNS AFTER DELAY
SEC/DIV 50 ns and faster
REPET ON

(0.08 x B SEC/DIV) to 1.05 ms.a

REPET OFF

(0.08 x B SEC/DIV) to 524 µs.a

SEC/DIV 50 µS to 100 ns

(0.08 x B SEC/DIV) to (65,536 x 0.08 x B SEC/DIV).a

SEC/DIV 100 µS and slower

(0.04 x B SEC/DIV) to (65,536 x 0.04 x B SEC/DIV).a

--

B TRIGGERABLE AFTER DELAY
SEC/DIV 50 ns and faster
REPET ON

16 ns to 1.05 ms.a

REPET OFF

8 ns to 524 µs.a

SEC/DIV 50 µS to 100 ns

(0.08 x B SEC/DIV) to (65,536 x 0.08 x B SEC/DIV).a

SEC/DIV 100 µS and slower

(0.04 x B SEC/dlV) to (65,536 x 0.04 x B SEC/DIV).a

Dela y Time Resolution
B RUNS AFTER DELAY
SEC/DIV 50 µS and faster

(0.08 x B SEC/DIV).a

SEC/DIV 100 µS and slower

(0.04 x B SEC/DIV).a

•

B TRIGGERABLE AFTER DELAY
SEC/DIV 50 ns and faster
REPET ON

16 ns.a

REPET OFF

8 ns.a

SEC/DIV 50 µS to 100 ns

(0.08 x B SEC/DIV).a

SEC/DIV 100 µs and slower

(0.04 x B SEC/DIV).a

Delay Time Accuracy

8 Perlformance

I

--

± 0.0015%.a

Requirement not checked in the manual.

•
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Table 1-1 (cont)

•

Performance Requirements

Characteristics
NONVOLATILE MEMORY

Front-Panel Setting, Waveform Data, Sequencer, and
Calibration Data Retention Time

Greater than 3 years.

Battery

3.6-volt, 1.6-Amp Hour, Lithium Thionyl Chloride; Manufacturer
EAGLE PICHER, Type LTC16P/P, TEK Part Number 146-006200; UL Listed. (See Warning below.)

I WARNING

I

To avoid personal injury, observe proper procedures for handling
and disposal of lithium batteries. Improper handling may cause
fire, explosion, or severe burns. Don't recharge, crush,
disassemble, heat the battery above 212°F {100°C), incinerate, or
expose contents of the battery to water. Dispose of battery in
accordance with local, state, and national regulations.
Typically, small quantities {less than 20) can be safely disposed of
with ordinary garbage in a sanitary landfill.

•

Larger quantities must be sent by surface transport to a
hazardous waste disposal facility. The batteries should be
individually packaged to prevent shorting and packed in a sturdy
container that is clearly labeled "Lithium Batteries-DO NOT
OPEN".

•
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Table 1-1 (cont)
Performance Requirements

Characteristics
SIGNAL OUTPUTS

CAL IBRATOR

-CALIBRATOR output amplitudes at 5 MHz are at least 50% of
output amplitudes at 1 ms SEC/DIV setting.a

•

Veiltage (with A SEC/DIV
SV.ritch set to 1 ms)
1 Mil Load
50

n Load

current (short circuit load with

0.4 V ± 1%.a
0.2 V ± 1.5%.a
8 mA ±1.5%.a

A SEC/DIV switch set to 1 ms)

Repetition Period

A SEC/DIV
Setting 8

Div/
Cycle8
--

100
40
20
10
4
2
1

5 MHz

200 ns

500 ns
1 µS
2 µS

1 MHz

1 µS

2
1
0.5

20 µS

4
2
1

5 kHz

200 µS

4
2
1

500 Hz

2 ms

4
2
1

50 µS
100 µS
200 µS
500 µS
1 ms
2 ms
5 ms
10 ms
20 ms
50 ms
100 ms
200 ms
500 ms
1s
2s
5s

1-16

Calibrator
Period 8

2 ns
5 ns
10 ns
20 ns
50 ns
100 ns
200 ns

5 µS
10 µS
20 µS

•Performance Requirement not checked in the manual.

Calibrator
1Frequency8

50 kHz

50 Hz

20 ms

4
2
1
0.4
0.2
0.1
0.04
0.02
0.01
0.004

•
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Table 1-1 (cont)
Performance Requirements

Characteristics
SIGNAL OUTPUTS (cont)
CH 2 SIGNAL OUTPUT

0 utput Voltage

20 mV per division ± 10% into 1 Mn.
1 O mV per divison ± 10'% into 50 n.

0 ff set
3 dB Bandwidth

± 10 mV into 50 n, when de balance has been performed within
±5°C of the operating temperature.
DC to greater than 50 MHz.

A TR:IGGER, RECORD TRIGGER, and WORD
REC OGNIZER Output

Logic Polarity

Negative true. Trigger occurrence indicated by a HI to LO transition.a

0 utput Voltage HI
Load of 400 µA or Less

2.5 v to 3.5 v.a

50 n Load to Ground

0.45 V or greater.a

0 utput Voltage LO

•

Load of 4 mA or Less

0.5 V or less.a

50 n Load to Ground

0.15 V or less.a

SEQ UENCE OUT, STEP COMPLETE Outputs

Logic Polarity

Negative true. HI to LO transition indicates the event occurred.

0 utput Voltage HI
Load of 400 µA or less

2.5 v to 3.5 v.a

50-n Load to Ground

0.45 V or greater.a

0 'Utput Voltage LO
Load of 4 mA or less

0.5 V or less.a

50-n Load to Ground

0.15 V or less.a

SEC!UENCE IN Input

Logic Polarity

Negative true. HI to LO transition restarts a paused sequence.a

H igh-Level Input Current

20 µA maximum at Vin

Low-Level Input Current

-0.4 mA maximum at Vin

Hligh-Level Input Voltage

2.0 V minimum.a

Low-level Input Voltage

0.8 V maximum.a

=

2. 7 V. a

=

0.4 v.a

A,bsolute Maximum Ratings

8

•

Vin max

+7.0 v.a

Vin min

-0.5 v.a

Performance Requirements not checked in the manual .
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Table 1-1 (cont)
Characteristics

Performance Requirements
DISPLAY

Grat icule

80 mm

Pho sphor

P31.a

Norn inal Accelerating Potential

16 kV.a

x

-

•

100 mm (8 >< 10 divisions).a
-

Wav eform and Cursor Display, Vertical

Resolution, Electrical

One part in 1024 (10 bit). Calibrated for 100 points per division.a

Gain Accuracy

Gratiqule indication of voltage cursor difference is within 1% of
CRT ¢ursor readout value, measured over center 6 divisions.

c entering;

Withiri ± 0.1 division.

Vectors OFF

Offset with Vectors ON
Linearity

!

Less than 0.05 division.
Less than 0.1 division difference between graticule indication and
crt cursor readout when active volts cursor is positioned anywhere; on screen and inactive cursor is at center screen.a

v1ector Response
NORMAL Mode
Step Aberration

+4%, -4%, 4% p-p.

Fill

Edges of filled regions match reference lines within ± 0.1 division.

ENVELOPE Mode
Fill

Less than 1% change in p-p amplitude of a 6-division, fil led
ENVELOPE waveform when switching vectors ON and OFF.

•

Wav 1eform and Cursor Display, Horizontal

Resolution, Electrical

One part in 1024 (10 bit). Calibrated for 100 points per division. a

G ain Accuracy

Graticule indication at time cursor difference is within 1% of crt
cursor readout value, measured over center 6 divisions.

c1entering;

Vectors OFF

Offset with Vectors ON

Linearity

8

Within ± 0.1 division.
Less t;han 0.05 division.
Less •han 0 .1 division difference between graticule indication and
crt cutsor readout when active time cursor is positioned anywhere
along i center horizontal graticule line and inactive cursor is at
center screen.a

Performance Requirement not checked in the manual.
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Table 1-1 (cont)
Performance Requirements

Characte ristics
AC POWER SOURCE
Sou rce Voltage
Nominal Ranges
115 v

90 v to 132 v.a

230 v

180 v to 250 v.a

Sou rce Frequency

48 Hz to 440 Hz.a
5 A, 250 V, AGC/3AG, Fast Blow; or 4 A, 250 V, 5 X 20 mm
Time-Lag (T).a
Each fuse type requires a different fuse cap. a

Fuse Rating

Pow1er Consumption

T ypical (standard instrument)
~laximum

(fully optioned instrument)

Prim ary Groundingc

8

•

160 watts (250 VA).a
200 watts (300 VA). a
Type test 0.1 !J maximum. Routine test to check grounding continuity between chassis ground and protective earth ground.a

Perlorman ce Requireme nt not checked in the manual.

tests both the Primary Circuit Dielectric Withstand and
cRoutine test is with ROD-L/EPA Electronic Model 100AV Hi-Pot Tester. This
using any other piece of equipmen t to perform these
to
Primary Grounding in one operation. Contact Tektronix Product Safety prior
tests .

•
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Table 1-2
Environmental Characteristics
Characteristics

Performance Requirements
STANDARD INSTRUMENT

Envi ronmental Requirements

This Oscilloscope meets the environmental requirements of MIL-T28800C for Type Ill, Class 3, Style D equipment, with the humidity
and temperature requin3ments defined in paragraphs 3.9.2.2,
3.9.2.3, and 3.9.2.4.

TE3mperature
Operating

-15°C to +55°C.

Nonoperating (storage)

-62°C to +85°C.

Altitude
Operating

To 15,000 feet (4500 meters). Maximum operating temperature
decreased 1°C for each 1000 feet (300 meters) above 5000 feet
(1500 meters).

Nonoperating (storage)

To 50,000 feet (15,000 meters).

--

Humidity

Operating and Storage

Stored at 95% relative humidity for five cycles (120 hours) from
30°C to 60°C, with operation performance checks at 30°C and
55°C.

vibration
Operating

15 minutes along each of three axes at a total displacement of
0.025 inch (0.64 mm) p-p (4 g at 55 Hz), with frequency varied
from 10 Hz to 55 Hz in one-minute sweeps. Hold 10 minutes at
each major resonance, or if none exist, hold 10 minutes at 55 Hz
(75 minutes total test time).

•

s hock
Operating and Nonoperating
T ransit Drop (not in shipping package)

50-g, half-sine, 11-ms <juration, three shocks on each face, for a
total of 18 shocks.
12-inch (300-mm) drop on each corner and each face (exceeds
MIL-T-28800C, paragraphs 3.9.5.2 and 4.5.5.4.2).

B43nch Handling

Cabinet On and Cabinet Off

MIL-STD-81 QC, Method
Paragraph 4.5.5.4.3).

516.2,

Procedure V

(MI L-T-28800C,

Topple (cabinet installed)
Operating

Set on rear feet and allow to topple over onto each of four adjacent faces (Tektronix Standard 062-2858-00).

p ackaged Transportation

1-20

Drop

Meets the limits of the National Safe Transit Assn., test procedure 1A-B-2; 10 drops of 36 inches (914 mm) (Tektronix Standard 062-2858-00).

Vibration

Meets the limits of the National Safe Transit Assn., test procedure 1A-B-1; excursion of 1 inch (25.4 mm) p-p at 4.63 Hz
(1.1 g) for 30 minutes (Tektronix Standard 062-2858-00) .
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Table

Characteristics

1-~ (cont)
Performance Requirements

STANDARD INST UMENT (cont)

Envi1ronmental Requirements (cont)
EMI (electromagnetic interference)

Meet$ MIL-T-28800C; MIL-STD-4618, part 4 (CE-03 and CS-02),
part $ (CS-06 and RS-02), and part 7 (CS-01, RE-02, and RS03-limited to 1 GHz); VDE 0871, Category 8; Part 15 of FCC
Rules1 and Regulations, Subpart J, Class A; and Tektronix
Stanqard 062-2866-00.

Electrostatic Discharge Susceptibility

Meets Tektronix Standard 062-2862-00. The instrument will not
change control states with discharges of less than 10 kV.

X-Ray Radiation

Meet$ requirements of Tektronix Standard 062-1860-00.
RACKMOUNTED' INSTRUMENT

Environmental Requirements

•

Listed characteristics for vibration and shock indicate those
envir¢nments in which the rackmounted instrument meets or
exceeds the requirements of MIL-T-28800C with respect to Type
Ill, Class 5, Style D equipment with the rackmounting rearsupport kit installed. Refer to the Standard Instrument
Envir9nmental Specification for the remaining performance
requitements. lnstrumEmts will be capable of meeting or exceeding
the requirements of Tektronix Standard 062-2853-00, class 5.

Temperature (operating)

-15~C to +55°C, ambient temperature measured at the
instryment's air inlet. Fan exhaust temperature should not exceed
+65tC.

Vibration

15 minutes along each of three major axes at a total displacement
of 0.~15 inch (0.38 mm) p-p (2.3 g at 55 Hz), with frequency
varieql from 10 Hz to 55 Hz to 10 Hz in one-minute sweeps. Hold
10 minutes at each major resonance, or if no major resonance is
presejnt, hold 10 minutes at 55 Hz (75 minutes total test time).

Shock (operating and nonoperating)

30-g, half-sine, 11-ms duration, three shocks per axis in each
direction, for a total of 18 shocks .

•
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Table
Mechanical

1-3

Ch~racteristics
Description

Characteristics

•

STANDARD IN TRUMENT
Weig ht

I'

with Front Cover, Accessories,
an d Accessories Poucl'l

= 12.81 kg (28.1 lbs).

without Front Cover, Accessories,
ar1d Accessories Pouch

=10.9 I kg (23.9 lbs).

I

1

i
I

Dom estic Shipping Weight

= 16.41 kg (36 lbs).

Overall Dimensions

See

Fi~ure 1-1 for a dimensional drawing.
I
I

HE~ight

I

I

With Feet and Accessories Pouch

190 mtn (7.48 in).

Without Accessories Pouch

160 mtn (6.3 in).

!

width (with handle)

330

m~

(13.0 in).

!

Depth

m~ (18.86 in).

With Front Cover

479

With Handle Extended

550 mfn (21.65 in).

Cool ing

Force air circulation; no air filter.

Finis h

Tektrdnix Blue vinyl-clad material on aluminum cabinet.

Com>truction

Alumir um-alloy/plastic-composite chassis (spot-molded). Plasticlaminc: te front panel. Glass-laminate circuit boards.

RACKMOUNTING

Rae•lmounting Conversion Kit

•

i

weight

4.0 kg (8.8 lbs).

Domestic Shipping Weight

6.3 k~ (13.8 lbs).

Height

178 mm (7 in).

width

483 mm (19 in).

Depth

419 mm (16 . 5 in).
I

Rea r Support Kit

weight

!

I

0.68 • g (1.5 lbs).

OPTIOI ~ 1R

Rae kmounted Instrument (Option 1 R)

weight

=15.J kg (34.9 lbs).

D1omestic Shipping Weight

= 18. kg (39.9 lbs).

Height

178 IT m (7 in).

width
c1epth

483 IT m (19 in).

i
1
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I
I

I

Table

•

~-4

Option 05 (TV Trigger) El1ctrical Characteristics
Characteristics

I
I

Performance Requirements

VERTICAL-CHANNE L[ 1 AND CHANNEL 2

Freq uency Response
Full Bandwidth

i

:
!

50 kHz to 5 MHz

Withirl ± 1%.

Greater than 5 MHz to 10 MHz

Within + 1 %, - 2%.

Greater than 10 MHz to 30 MHz

Within + 2%, -3%.

I

!
I

For VOLTS/DIV switch settings between 5 mV and 0.2 V per division with VARIABLE VOLTS/DIV set to CAL. Five-division,
50 kHlz reference signals from a 50 n system. With external 50 n
termi~ation on a 1 Mn input.

2 0 MHz Bandwidth Limit
50 kHz to 5 MHz

Within +1%, -4%.

Squ are Wave Flatness

Field Rate

•

5 mV/div to 20 mV/div

± 1%1 1% p-p at 60 Hz with input signal of 0.1 V.

50 mV/div

±1%! 1% p-p at 60 Hz with input signal of 1.0 V.
With fast-rise step (rise time 1 ns or less), 1 Mn de input coupling,
an e~ternal 50 n termination, and VARIABLE VOLTS/DIV set to
CAL. Exclude the first 20 ns following the step transition and
exclu~e the first 30 ns when 20 MHz BW LIMIT is set.
1

I

L.ine Rate

5 mV/div to 20 mV/div

± 1%:, 1% p-p at 15 kHz with input signal of 0.1 V.

50 mV/div

± 1%j, 1% p-p at 15 kHz with input signal of 1.0 V.
I

TV (Back-Porch) Clamp (CH 2 Only)

;o Hz Attenuation

18 d$ or greater.
For yoLTS/DIV switch settings between 5 mV and 0.2 V with
VARl~BLE VOLTS/DIV set to CAL. Six-division reference signal.

3ack-Porch Reference

Withi(l ± 1.0 division of ground reference .

•
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Table 1-4 (cont)

Performance Requirements

Characteristics
TRIGGElllNG

Stable video rejection and sync separation from sync-positive or
sync-negative composite video, 525 to 1280 lines, 50 Hz or 60 Hz,
interlac;ed or noninterlaced systems.

Sync Separation

•

Tr igger Modes
A Horizontal Mode

All lines:
Field 1, selected line (1 ton),
Field 2, selected line (1 ton),
Alt fields, selected line (1 to n).
n is equal to or less than the number of lines in the frame and
less than or equal to 1280.

B Horizontal Mode

Delaye1d by time.

Minirnum Input Signal Amplitude for Stable
Tr iggeringa,b
Chann~

1 and

Chann~

2

Composite Video

2 divisions.

Composite Sync

0.6 divisions.
Peak i~ignal amplitude within 18 divisions of input ground
reference.

EXT TRIG 1 or EXT TRIG 2
EXT GAIN= 1
Composite Video

60 mV.

Composite Sync

30 mV.
Peak

~>ignal

•

amplitude within ± 0.9 V from input ground reference.

EXT GAIN = -:-5
Composite Video

300 mV.

Composite Sync

150 mV

~

Peak l>ignal amplitude within ± 4.9 V from input ground referenc e.
8 Perfc>rmance

Requirement not checked in manual.

bA stable trigger is one that results in a uniform, regular display tlriggered on the selected slope ( ± ). A stably-triggered display
should NOT have the trigger point switch between opposite slopes on the waveform, nor should it "roll" across the screen, as successive acquisitions occur. At TIME/DIV settings of 2 ms/DIV and faster, the TRIG'D LED is constantly lit if the display is stably
triggered (the LED can flash for SEC/DIV settings of 10 ms/DIV and slower).
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Figure 1·1. Dimensional drawing.
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PREPARATION FOR USE

SAFE TY
d
This section tells how to prepare for and to procee
Digital
2440
ONIX
TEKTR
the
of
p
start-u
initial
with the
Oscilloscope.
Refer to the Operators and Servicing Safety Summaries
ing,
at the front of this manual for power source, ground
of
use
the
to
ing
pertain
s
eration
and other safety consid
a
to
scope
oscillo
the
cting
conne
Before
the instrument.
Safety
the
and
n
sectio
this
both
read
,
source
power
Summaries.

of
2. Pull the cap (with the attached fuse inside) out
.
holder
the fuse

3. Verify proper fuse value (see Table 2-1).
4. Install the proper fuse and reinstall the fuse-holder
cap.
NOTE
A 4 A, 250 V, 5 X 20 mm Time-lag (T) fuse may be
substituted for the factory-installed fuse. However,
the two types of fuses are NOT directly interchangeable; each requires a different type of fuse cap.

~
)

This instrument may be damaged if operated with
the LINE VOLTAGE SELECTOR switch set for the
wrong applied ac input-source voltage or if the
wrong line fuse is installed.
POWER CORO
RECEPT ACLE

I

\
LINE VOLT AGE SELECTION
V
The scope operates from either a 115 V or 230
ncy
freque
line
a
having
source
-input
power
nominal ac
the
ranging from 48 Hz to 440 Hz. Before connecting
LINE
the
that
verify
,
power cord to a power-input source
panel
VOLTAGE SELECTOR switch, located on the rear
inputac
al
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t
correc
the
for
set
is
),
2-1
(see Figure
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LINE
the
move
other,
from one line-voltage range to the
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The
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Table
(see
setting
e
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lar power-source outlet.
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Figure 2-1. LINE VOLTAGE SELECTOR, line fuse,
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Table 2-1

(

Voltage, Fuse, and Power -Cord Data

Plug
Config uration

Catego ry

Power Cord
And

Plug Type

line
Voltag e
Selecto r
Setting

Voltag e
Range
(AC}

Factory

Fuse

Installe d
Instrum ent
Fuse

Referen ce
Standa rdsb

Holder

Cap
.

~
~
~
.
~
.
~
~
.

'

U.S.
Domes tic
Standa rd

U.S.
120V
15A

115V

90V to
132V

Option Al

EURO
240V
10-16A

230V

180V to
250V

.

-····~~--~,~~

5A. 250V
AGC/3 AG
Fast-bl ow
(UL 198.6}
5A, 250V
AGC/3 AG

Fast-blo w

-~wr nra~·sr

AGC/3 AG

ANSI C73.11
NEMA 5-15-P
UL 198.6

AGC/3 AG

CEE(7}, II, IV, VII
IEC.83
. ·.
··IEC~127 ·

· --·.

-

-

0

~--·

.

Option A2

UK'
240V
6A

230V

180V to ·
2SOV

Option A3

Austral ian
240V
10A

230V

180V to
2SOV

5A. 250V
AGC/3 AG
Fast-blo w
(UL 198.6}
SA, 2SOV
AGC/3 AG

Fast-blow

AGC/3 AG

BS 1363
IEC 83
IEC 127

AGC/3 AG

AS C112
IEC 127

ANSI C73.20
NEMA 6-15-P
IEC83
UL 198.6

(UL 198.6}

Option A4

Option A5

North
Americ an
240V
1SA

230V

180V to
2SOV

SA, 2SOV
AGC/3 AG
Fast-blow
(UL 198.6}

AGC/3 AG

230V

180V to
2SOV

SA, 2SOV
AGC/3 AG
Fast-blow
(UL 198.6}

AGC/3 AG

Switzer land
220V
6A

SEV
IEC 127

a A 6A, Type C fuse is also installe d inside the plug of the
Option A2 power cord.
b

Referen ce Standa rds Abbrev iations :
ANSI-A merica n Nationa l Standa rds-Ins titute

AS-St andard s Associ ation of Austral ia
BS-Br itish Standa rds lnstitut iorl
CEE-ln ternati onal Commi ssion on Rules for
the Approv al of Electrical Equipm ent

!EC-In ternati onal Electro technic al COmmissiOn
NEMA -Natio nal Electric al Manufa cturer's Associ ation
SEV-S chweiz evisch er Elektro techisc her Verein
UL-Un derwri ters laborat ories Inc.
4918-03
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POWER CORD
This instrument has a detachable three-wire power cord
with a three-contact plug for connection to both the power
source and protective ground. The power cord is secured
to the rear panel by a cord-set securing clamp. The
protective ground contact on the plug connects (through
the power cord protective grounding conductor) to the
accessible metal parts of the instrument. For protection
against electrical shock, insert this plug into a powersource outlet that has a properly grounded protectiveground contact.
Instruments are shipped with the required power cord
as ordered by the customer. Information on the available
power cords is presented in Table 2-1, and part numbers
are listed in "Options and Accessories" (Section 7). Contact your Tektronix representative or local Tektronix Field
Office for additional power-cord information.

INSTRUMENT COOLING

)

To prevent instrument damage from overheated
components, adequate internal airflow must be maintained.
Before turning on the power, first verify that air-intake
holes on the bottom and side of the cabinet and the fan
exhaust holes are free of any obstruction to airflow. The
scope has a thermal cutout that will activate if overheating
occurs. The scope shuts down immediately with no
attempt to save waveforms or front-panel conditions if a
cutout happens. Power will be disabled to the scope until
the thermal cutout cools down, at which time the power-on
sequence is redone. The resulting loss of the last front.
panel and waveform data will cause the power-on self test
to fail and is indicated to the user by a failed CKSUMNVRAM test (number 6000 in the main EXTENDED DIAGNOSTICS menu). The cause of the overheating must be
corrected before attempting prolonged operation of the
scope. Pressing the MENU OFF/EXTENDED FUNCTIONS
button restores the scope to the normal operating mode.

START-UP
This instrument automatically performs power-up tests
each time the instrument is turned on. These tests provide
the highest possible confidence level that the instrument is
fully functional. If no faults are encountered, the instrument

will enter the Scope mode in the either ACQUIRE or SAVE
Storage mode, depending on the mode in effect when it
was powered off.
If tests are failed, the scope displays the Extended
Diagnostics menu. If the failure is in the range of 10005300 and the message "HARDWARE PROBL EM-SE E
SERVICE MANUAL" is displayed with the menu, see
"Diagnostics" in Section 6 for more information. If the
failure is in 1000-5300 range, but "RUN SELF CAL WHEN
WARMED UP" is displayed, the SELF CAL procedure
should be executed from the EXTENDED FUNCTIONS
menu (wait for the NOT WARMED UP message to disappear from the SELF CAL menu). If failures persist after the
SELF CAL is run (the "HARDWARE PROBL EM-SE E
SERVICE MANUAL" message will be displayed), see
"Diagnostics" in Section 6 for more information.
Failure of a test in the range of 7000 to 9300 may not
indicate a fatal scope fault. Several conditions can occur
that will cause a non-fatal failure of the tests. The scope
will display "RUN SELF CAL WHEN WARMED UP" to
indicate a SELF CAL should be performed. If SELF CAL
does not clear the failure ("HARDWARE PROBL EM-SE E
SERVICE MANUAL" is displayed), the scope may still be
usable for your immediate measurement purposes. For
example, if the problem area is in CH 2, CH 1 may still be
used with full confidence of making accurate measurements. Press the MENU OFF/EXTENDED FUNCTIONS
button to exit EXTENDED DIAGNOSTICS and enter
Scope mode.

NOTE

The SELF CAL procedure is detailed in Section 5 of
this manual. Refer to Section 6 of this manual for
information on the power-up tests and the procedures to follow in the event of a failed powerup test.

A fatal fault in the operating system will cause the
scope to abort. No displays are possible, and the user is
notified of an abort situation only by the flashing of the
Trigger LED indicators (if that is possible). Cycling the
power off then back on may clear the problem, but a
failure of this magnitude usually requires the scope to be
referred to a qualified service person for checkout and
repairs. Persistent or reoccurring failures of the power-on
or self-diagnostic tests should be brought to the attention
of a qualified service person at the first opportunity. Consult your service department, your local Tektronix Service
Center, or nearest Tektronix representative if further assistance is needed.
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POWER-DOWN

REPACKAGING FOR SHIPM ENT

NOTE

It is recommended that the original carton and packing
material be saved in the event _it is necessary for the
instrument to be reshipped using a commercial transport
carri.er. If the original materials are unfit or not available,
then
repackage
the
instrument
using
the
following procedure.

POWER INTERRUPTION TO THE INSTRUMENT
WHEN THE SELF'-CAL/BRA.TION ROUTINE JS EXECUTING INVAL IDArES THE INSTRUMEf!T GAU
BRA TION CONSTANTS. Upon such an intwniption,
the instrument sets an internal flag· denoting that
SELF CAL was running at shutdown. When power
is reestaf)lished, the scope will display "RUN SELF
CAL WHEN WARMED UP". When the "NOT"
· WARMED UP" message disappears from ihe SELF
CAL menu, the user MUST perform a SELF CAL to
escape tHe EXT DIAG menu (the t menu button
MUST be used to access the SELF CAL rnenu- see
Section 6 for more information). If failures persist
attet: .. the ...BEL£ CAL is performed, refer the
instrument to qualified service personnel.

For a normal power-off from the scope mode, an
orderly power-down sequence· retains the SAVE and
SAVEF!EF waveforms, the current front-panel control settings, and any stored front-panel settings. If a power-off or
transient power fluctuation. occu.rs during SELF CAL, .or
EXTENDED CALIBRATiON, or the instrument shuts-down
at any time due to overheating, the normal 'power-down
sequence is not executed. The result is loss of stored
calibration constants or last front-panel control settings (or
both) and a failure of the next power-on Self-test (60006400 range). If front panel, sequencer, or stored waveform
information was lost, the error will clear itself on the next
power-down/power-up cycle. If calibration constants were
lost the instrument will display information indicating if
calibration is needed.

If power is momentarily interrupted, starting the poweroff sequence, but is reestablished before the sequence
completes, the scope will redo the power-on procedure. If
the scope is in the middle of a waveform acquisition when
power interruption occurs, the waveform data will not be
saved, and the invalid waveform data display will be seen
when power-on has completed. Press ACQUIRE to restart
the acquisition. and obtain valid waveform data.

1. Use a corrugated cardboard shipping carton having a test strength of at least 275 pounds and
with an inside dimension at least six inches
greater than the instrument dimensions.

~- - - 2·.- Tf lfie-iri.slrum8ri!i;t,-;,i~9-,;;;ip-p;,ct1~-~ r~kt~oni;

Service Center, enclose the following information: the owner's address, name and phone
number of a contact person, type and serial
number of the instrument, reason for returning,
and
a
complete
description
of
the
service required.

3. Completely
wrap
the
instrument
with
polyethylene sheeting or equivalent to protect
the outside finish and prevent entry of harmful
substances into the instrument. .

4. Cushion instrument on all sides using three
inches of padding material or urethane foam,
tightly packed between the carton and
the instrument.

5. Seal the shipping carton with an industrial
stapler or strapping tape.

6. Mark the address of the Tektronix Service
Center and also your own return address on the
shipping carton in two prominent locations.

)
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