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OPERATORS SAFETY SUMMARY

The safety information in this summary is for operating personnel.
Warnings and cautions will also be found throughout the manual
where they apply. k

Terms in this Manual

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

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

Terms as Marked on Equipment

CAUTION indicates a personal injury hazard not immediately acces-
sible as one reads the markings, or a hazard to property, including the
equipment itself.

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

Symbols in this Manual

This symbo! indicates where applicable

A cautlonary or other information is to
be found. For maximum input voltage
see Table 8-1.

Symbols as Marked on Equipment

%’ DANGER ~ High voliage.
@ Protective ground {(earth) terminal.

A ATTENTION —Refer to manual.
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Power Source

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

Grounding the Product

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

Danger Arising From Loss of Ground
Upon loss of the protective-ground connection, all accessible con-

ductive pars, including knobs and controls that may appear to be
insulating, can render an electric shock.

Use the Proper Power Cord

Use only the power cord and connector specified for your product.
The power cord must be in good condition.

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

Use the Proper Fuse

To avoid fire hazard, use only a fuse of the correct type, voltage rating
and current rating as specified on the back of your product.

2211 Operators vii



Do Not Operate in an Explosive Atmosphere
To avoid explosion, do not operate this product in an explosive

atmosphere unless it has been specifically cerified for such
operation,

Do Not Remove Covers or Panels
To avoid personal injury, do not remove the product covers or panels.

Do not operate the product without the covers and panels properly
installed.

viii 2211 Operators
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General Information

GENERAL INFORMATION

INTRODUCTION

The TEKTRONIX 2211 is a combination analog and digital storage
portable oscilloscope. It has dual vertical input channels with an
analog bandwidth of DC-to-50 MiHz and a digital bandwidth of DC-
to-1 MHz, and a CRT readout and cursor measurement display.

Figure 1-1. The 2211 Oscilloscope.

Vertical

The vertical channels have calibrated deflection factors rom 5 mV to
5V per division at full bandwidih. A vertical magnification feature on
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General Information

each vertical channel extends the maximum sensitivity of the magni-
fied channel to 500 pV per division. Vertical magnification also
reduces the bandwidth to SMHz and may be used as a bandwicith
limiter affecting only the magnified channel. The Variable VOLTS/DIV
gain control increases the vertical deflection factor up to 2.5 times the
VOLTS/DIV switch setting.

NON-STORE. Vertical channel display modes are CH 1, CH 2, and
BOTH. BOTH permits the added choices of ADD, ALT or CHOP
display of the two channels. ALT display switches between traces at
the end of each sweep, showing each waveform alternately; CHOP
switches between the two input signais as the sweep is occurring to
display both simultaneously on the crt. ADD algebraically sums the
CH 1 and CH 2 input signals.

STORE. The vertical channel display modes are again CH 1, CH 2,
and BOTH. With BOTH Vertical MODE, CH 1 and CH 2 are digitized
simulitaneously, The only exception 1o this {s if the Vertical MODE is
ALT and the Trigger MODE is VERT MODE; then, CH 1 and CH 2 are
digitized alternately. ADD also functions in STORE mode.

Horizontal

NON-STORE. The horizontal deflection system has calibrated
sweep speeds from 0.5 s to 0.05 us per division. The Variable
SEC/DIV control may be used to increase the sweep time per division
up to 2.5 times the calibrated time per division set by the SEC/DIV
switch. The X1, X10, X50 Magnifier switch expands the horizontal
display by 1, 10 or 50 times around the center vertical graticule line.

STORE. In STORE mode, the normal calibrated sweep speeds are
from 0.5 s 10 20 us per division. At sweep speeds of 20 us to 50 ms per
division, the digitized display is updated as a full RECORD where all
the waveform data points are refreshed at the end of an acquisilion
period. At STORE mode sweep speeds 0f0.1 s10 0.5 5, the display is
updated in ROLL mode. In ROLL mode, the waveform is continuously
digitized without regard to a trigger signal (except in triggered single-
sweep mode). New data points are displayed by shitting the old
waveform left to make room for the new data points as they occur. In
single-sweep mode with a trigger signal, one RECORD of waveform
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General Information

data is digitized, then the acquisition stops. If the single-sweep is
untriggered, the acquisition continues. At sweep speeds of 10ms per
division and slower, the 100X SEC/DIV muitiplier can be enabied by
removing the Variable SEC/DIV control from the CAL position. This
extends the calibrated sweep speeds over therange of 1 10 50 s,

Storage Sampling

The maximum sampling rate (digitizing speed) is 20 megasamples
per second. A waveform record has 4096 data points (4 Kbytes) per
channet for single-channei and dual-channel acqguisitions.
Waveform acqulisition is the digitizing and storing of digital values
that repraesent the analog waveform applied o the vertical input. The
complete 4K waveform record is displayed on screen with 400 points
per division resolution.

One waveform set (either channel or both) may be stored in the 8K
referance memory. When storing new waveform data into the
reference memeory, previous data is overwritten. The stored reference
waveforms may be recalled for analysis or comparison with a newly
acquired waveform. The X1, X10, X50 MAG switch functions on the
stored reference-waveform displays, and they may be expanded
horizontally 10 or 50 times. The REFERENCE POSITION control may
be used io reposition the reference waveform display upward from
the position at which it was acquired.

Cursor Readout Display

The curser readout display reports the seflingofthe CH1and CH 2
VOLTS/DIV switches, the SEC/DIV switch, the Voltage and Time
cursor separation, the Trigger Level and position of the Trigger
CCOUPLING switch, and the AC position of the AC~GND-DGC switchio
the user. Parametric information for the waveform display is therefore
visible when oscilloscope photography is used to maintain a
permanent record of a display of interest. An additional readout area
is reserved for STORE mode SAVE/CONTINUE and ROLL mode
status.

On the displayed waveforms voltage or time measurements may be
made using cursors. The cursors should be positioned on the desired

2211 Operators 1-3



General information

measurement points, e.g. on the waveform peaks for a peak-to-
peak measurement. The AV, At or 1/At ¢t readouts indicate the
voliage difference, timing difference or reciprocal time-difference
respectively, between the positions of the cursors.,

ACCESSORIES

The instrument is shipped with the following accessories - operators
manual, user reference guide, two probe kits, a power cord, and a
power—cord clamp. Pari numbers for these standard accessorles, as
well as for other optional accessories, are found in Section 7, Options
and Accessories. The probes are built with a sturdy tip that is also
replaceable. Compensation is accomplished through a closeable
window on the probe body.

FOR MORE INFORMATION

Should you need additional information about your 2211 Oscil-
loscope or about other Tekironix products:contact the nearest
Tektronix Sales Office or Distributor, consult the Tektronix product
catalog. In the United States, you may call the Tekironix National
Marketing Center, toll free at 1-800-426-2200.

PERFORMANCE CHARACTERISTICS

Performance characteristics for the 2211 Oscilloscope are given in

tabular form in Section 8 of this manual. The tables list specifications
for the instrument's electrical characteristics, s environmental
operating limits, and the physical dimensions and weight of the
instrument”
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Preparation for Use

PREPARATION FOR USE

SAFETY

This section tells how to prepare for and to proceed with the initial
start-up of the Teldronix 2211 Oscilloscope.

Refer to the Safety Summary at the front of this manual for power
source, grounding, and other safety considerations pertaining o the
use of the instrument. Before connecting the oscilloscope to the
power source, read both this section and the Operator's Safety
Summary at the beginning of this manual.

> CAUTION 2

This instrument may be damaged if operated with the LINE
VOLTAGE SELECTOR switch (on the rear panel) set for the
wrong applied ac source voltage or if the wrong fuse is
installed.

LINE VOLTAGE SELECTION

The oscilloscope operates from either a 115-V or a 230~V nominal
ac-power line with any frequency from 48 Hz 1o 440 Hz. Before
connecting the power cord to a power source, verify that the LINE
VOLTAGE SELECTOR switch, located on the rear panel, is set cor-
rectly and that the proper line fuse is installed. Refer to Figure 2-1 and
the instrument rear panel.

To convert the 2211 for operation on either line voltage range, setthe
LINE VOLTAGE SELECTOR switch fo the required position and install
the appropriate fuse (listed on the rear panel). The detachable power
cord sent with the 2211 is the optional power cord ordered. if it does
not match the power-source outiets in your iocale, it should be
replaced with an appropriate power cord. Part numbers for the
optional power cords and matching fuses are listed in Options and
Accessories (Section 7).
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Figure 2-1. Yoltage Selector switch, fuse, and power-cord

recepiacle.

LINE FUSE

Unplug the power cord from the

in).

A fuse holder containing the instrument’s line {mains) fuse is located
on the rear panel. Use the following procedure 1o check that the
proper fuse is instalied or to install

areplacement fuse.
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Preparation for Use

2. Press in the fuse-holder cap and release it with a slight counter-
clockwlse rotation.

3. Pullthe cap (with the attached fuse inside) out of the fuse hoider.

4. Verify that the installed fuse is the same type and rating as that
listed on the back of the instrument.

NOTE

The UL198.6 and IEC 127 type fuses are not directly inter-
changeable; they each require a different type fuse cap.

5. Put the fuse (or replacement fuse) back in the fuse holder cap.

6. Reinstall the fuse and cap in the fuse holder by pressing in and
giving a slight clockwise rotation of the cap.

POWER CORD

A detachable three-wire power cord with a three-contact plug is
provided with each instrument for connecting to both the power
source and protective ground. The protective-ground connector in
the plug connects (through the protective-ground conductonjto the
accessible metal parts of the instrument. For electrical-shock protec-
tion, insert this plug only into a power-source outlet that has a
properly grounded protective—ground contact.

After plugging the power cord into its receptacle, secure Itto the rear
panel using the plastic clamp, screw, and washer provided.

Instruments are shipped with the power cord ordered by the cus-
tomer. Available power—cord information is presented in Figure 2-2,
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.
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Plug Power Cord/ Line Reference
Configuration | Option Plug Type Voltage StandardsD
ANSIC73.11
us. Uus, 120V MNEMA 5-15-P
Std. 120V IEC 83
UL 1986
iCEE(?' ).
EURO 1 IV, Vi
Al 220V 220V IEC 83
lEC 127
BS 1383
A2 2‘4"’)‘\;‘ 240V IEC 83
IEC 127
Australian AS C112
A3 240V 240y IEC 127
)
A4 American 2407 IEC 83
240¥
UL 1988
. Sev
AS Switzerland 200V EC
220 127

p6A, typeCfumisalsomstalledmsldeﬁmplugoﬂim()plionupowar cord.
P Reteronce Standards Abbreviations:

ANSI-A £ Natlonsl Standards Instiiute

AS —Standards Assoclation of Australia

BS . Biritish Standarda Instiution

CEE —International Commissicn on Rutles for the Approval of Electrical
Equlpment

{EC~Intemational Electrotechisical Comatasion

NEMA — Nattonal Electrical Manufacturer's Assoclation
SEV-Sohwelzerviacher Elektrotechnischer Vereln

UL Unidk Lab Ine.

7233-02

Figure 2-2, Optional power cords.
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Preparation for Use

INSTRUMENT COOLING

The 2211 Is force-air cooled 1o keep the internal components from
overheating. Check that the fan-exhaust holes on the side panel and
the air-intake holes on the sides and rear panel are not blocked
before turning it on. After tumning on the instrument, make sure that the
fan is running.

INITIAL START-UP

Up to now, you should have made the following preparations:
1. Read the safety information.

2. Verified that the LINE VOLTAGE SELECTOR switch is set for the
source voitage to be used.

Verified the fuse.
Attached the power cord.

Checked thatihere is adequate ventilation around the instrument.

2L

Plugged the power cord into the appropriate power-source
outiet.

Now tum on your oscilloscope by pressing in the POWER button.
Observe that the POWER-ON indicator, located below the bution,
comes on.

REPACKAGING FOR SHIPMENT

if this instrument is shipped by commercial transportation, use the
original packaging material. Unpack the instrument carefully from the
shipping container to save the carton and packaging material for this
purpose,

If the original packaging is unfit for use or is not available, repackage
the instrument as follows:

2211 Operators 2-5



Preparation for Use

Obtain a corrugated carcboard shipping carton having inside
dimensions at least six inches greater than the instrument
dimensions and having a carton test strength of at ieast 275
pounds.

2. lithe instrument is being shipped to a Tekironix Service Center for
repalr or calibration, attach a tag to the instrument showing the
following:owner of the instrument (with address), the name of a
person at your firm who may be contacted if additional infor-
mation is needed, complete instrument type and serial number,
and a description of the service required.

3. Wrap the instrument with polyethylene sheeting or equivalent to
protect the outside finish and prevent entry of packing materials
into the instrument.

4. Cushionthe instrument on all sides by tightly packing dunnage or
urethane foam between the carton and the instrument, allowing
for three inches of padding on each side (including top and
bottom),

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

6. Mark the address of the Tektronix Service Center and your return
address on the carton in one or more prominent locations.
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Conirols, Connectors, and Indicators

CONTROLS, CONNECTORS, AND

INDICATORS

The following descriptions are intended to familiarize the operator
with the location and function of the instrument’s controls, con-
nectors, and indicators.

POWER AND DISPLAY

See Figure 3-1 for location of items 1 through 8.

©® ®

INTERNAL GRATICULE —Eliminates parallax viewing efrors
between the trace and the graticule lines, Rise time amplitude
and measurement points are indicated at the left edge of the
graticule.

INTENSITY Control—Adjusts the brighiness of the NON-
STORE trace display.

READCUT/STORE INTENSITY Control—Adjusts the bright-
ness of the STORE mode traces, CRT readout and cursor dis-
plays. This control is also used to either enable or disable the
CRT readout and cursor display. The fully counterclockwise
position of the contro! toggles the readout on and off.

BEAM FIND Switch—Compresses the vertical and horizontal
defiection to within the graticuie area. The traces are intensified
1o aid the user in locating traces that are overscanned or
deflected outside of the cit viewing area.

FOCUS Control — Adjusts for optimum display definition. Once
set, proper focusing is maintained over a wide range of display
intensity.
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Controis, Connectors, and Indicators

P

(r/( ( M 221 1 DIGITAL BTCAAGE C4LILL OBCOPE j‘ ]\ :\-\
' il 3
4
- S
N y
@

723303

Figure 3-1. Power and Display conirols and power-on indicator.

@ TRACE ROTATION Control—Permits alignment of the trace
with the horizontal graticule lines. This contro! is a screwdriver
adjustment that, once set, should require little attention during
normal operation.

@ POWER Switch —Turns instrument power on or off.

(8) Power On Indicator—Lights up while the instrument is
operating.
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Controls, Connectors, and Indicators

VERTICAL

See Figure 3-2 for the location of items 8 through 17.

G
S

MOE'.‘;

8 )3 e )3 :_ ;
o Tata )y h'.
CH* BO‘I’HGHZ NDRM NVERT ADD AL.T GHOF
| I

CH 1 YOLTS/DIV Cl*i 2 VOLTS/DIV

< a00Vpk

T233-04

Figure 3-2. Vertical conirols and connectors.
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Controls, Connectors, and Indicators

Channel 1 Vertical POSITION Controi— Controls the vertical
display position of the Channel 1 signal. This control does not
function in the NON-STORE, X-Y mode.

Channel 2 Veriical POSITION Controi— Controls the verlical

display position of the Channel 2 signal. This control also
positions the NON-STORE, X-Y mode display vertically.

CH 1-BOTH-CH 2 Vertical Mode Switch — Selects the vertical
channel(s) for display in both NON-STORE and STORE.

CH 1 —Selects only the Channel 1 input signal for display.
BOTH — Selects a combination of Channel 1 and Channel 2
signals for display (CH 1-BOTH-CH 2 switch must be in the
BOTH position for ADD, ALT and CHOP cperation).

CH 2-Selects only the Channel 2 input signal for display.

@ NORM/CH 2 INVERT Switch—Inverts the Channe! 2 display

when in the CH 2 INVERT position. With Channel 2 inveried, the
oscilloscope may be operated as a differential amplifier when
the BOTH-ADD Vertical Mode is selected. In NORM, the Chan-
nel 2 display and trigger signals are non-inverted. An invert
symbol (¢} is displayed with the CH 2 VOLTS/DIV readout when
CH 2 is inverted.

ADD-ALT-CHOP Vertical Mode Switch— Selects the display
mode for the two input signals when the CH 1-BOTH-CH 2
switch is set io BOTH,

ADD - Displays the sum of Channel 1 and Channel 2 input
signals when BOTH is also selected. The difference of the
Channel 1 and Channel 2 input signals is displayed when the
Channel 2 signal is inverted. in STORE mode ADD, the sum
of CH 1 and CH 2 is acquired by Channel 1.
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ALT— Altemnately displays the NON-STORE Channet 1 and
Channel 2 input signals. Switching between channels occurs
during retrace at the end of each sweep. ALT Vertical Mode is
most useful for viewing both channel input signais at sweep
rates of 0.5 ms per division or faster.

CHOP — Switches the display between Channe! 1 and Chan-
nel 2 vertical input signals during the sweep. The chopped
switching rate (CHOP frequency) is approximately 500 kHz.

In STORE mode both signals are acquired simultaneously.
There is no functional difference between ALT and CHOP
except when VERT MODE tigger is selected. When VERT
MODE trigger is selected, each channel is acquired
aliernately.

VOLTS/DIV Switches— Select the vertical channel deflection

factors from 5 mV 1o 8 V per division in a 1-2-5 sequence. The
VOLTS/DIV switch setting for both channels is displayed in the
crt readout.

1X PROBE —Front-panel marking that indicates the defiec-
tion factor set by the VOLTS/DIV switch when a 1X probe ora
coaxial cable is attached to the channel input connector.

Variable VOLTS/DIV Controls — Provide uncalibrated variable
deflection faclors between the calibrated settings of the
VOLTS/DIV confrols. The VOLTS/DIV sensitivity Is reduced by at
least 2.5 times at the fuily counterclockwise rotation of the vari-
able knob. The switch detent at full clockwise rotation is the CAL
position of the variabie knob. The uncalibrated condition is indi-
cated by a greater-than symbol (>) in front of the affected
VOLTS/DIV readout.

Puiling the Variable VOLTS/DIV control multiplies the vertical
gain by X10 and limits the bandwidth. This latter condition is indi-
cated in the readout display by the letters B (_.
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AC-GND-DC {input Coupling) Swiiches — Select the method
of coupling the input signal from the CH 1 and CH 2 vertical Input
connectors to the vertical amplifiers.

AC —Capacitively couples the input signal o the vertical

amplifier. The dc component of the input signal is blocked.

The lower -3 dB bandpass is 10 Hz or less. Selection of AC~ _ :
input coupling is indicated in the readout by a tilde symbol D
(™) in the associated channel's VOLTS/DIV readout.

GND — Grounds the input of the vertical amplifier, providing a
zero (ground) reference voltage display. in GND, the input
coupling capacitor charges to the average dc voltage level
of the amplifier's input signal.

DC-All frequency components of the input signal are
coupled to the vertical amplifiers.

CH 1 OR X and CH 2 OR Y Input Connectors— Provide for
application of the signals to the inputs of the vertical amplifiers.

In NON-STORE X-Y mode, the signal applied to the CH 1 OR X
input connector controls the horizontal defection, and the signal
applied to the CH 2 OR Y input cannector controls the verical
deflection.

HORIZONTAL

See Figure 3-3 for the location of items 18 through 23.

@ Horizontal POSITION Controls —Position all the waveforms
horizontally over a one-sweep-length range in X1, X10 or X50 S
Magnification. In STORE mode, with At cursors selected,
operation of the Horizontal POSITION controls alsc moves the
cursors as they are attached to the waveform(s).
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SEC/DIV Switch — Selects calibrated sweep rates from 0.5 s 1o
0.05 ps per division in a 1-2-5 sequence of 22 positions. The
X-Y position selects the X~Y display in NON-STORE Mode. The
CH 1 input signal provides horizontal deflection for X-Y dis-

plays, and the CH 2 input signal produces vertical deflection. .

In STORE mode, the SEC/DIV switch determines the acquisition
and display modes, sets the sampling rate, and establishes the
time scale factor of the displayed waveforms. There are two
storage modes with respect to the SEC/DIV switch setting (see
Table 3-1).

If a SEC/DIV range above 20 us is selected while in STORE
mode, the timebase readout displays Sec/Div?, indicating that
anillegal control setting has been selected. The acquisition con-
tinues at the 20 ps/div rate.

Table 3-1
Storage Modes

SEC/DIV Switch SEC/DIV Variable
Setling CAL UNCAL
ASibibiiiit i e —— ——
x-Y RECORD ROLL
(EXTERNAL CLOCK) | Clock: dcto Clock: de to
10 MHz 4 kHz
0.05 psio 10 us Error indication® | Error Indication®
20usto5ms?® RECORD BRECORD
10 ms to 50 ms RECORD ROLL (100X
1 s/div to 5 s/div
0.1sto05s ROLL (1X) ROLL {100X)
10 s/div to
50 s/div

A The Variable SEC/DIV controf has no effect in this range,
b Sec/Div? is displayed in the crt readout.
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RECORD Mode-Updates a full record of the acquired
waveform each time a trigger event Is recognized.

ROLL Mode—Continuously acquires and displays signals.
The waveform display scrolls from right to left across the crt
with the latest samples appearing at the right edge of the crt.
Triggers are disabled except in SGL SWP.

At SEC/DIV settings of 10 ms and below, when the Variable
SEC/DIV control is moved form the CAL position, the se-
lected SEC/DIV setting is multiplied by 100 and the display
mode is ROLL.

In STORE mode, X-Y onthe SEC/DIV switch selects external
clock. In this mode the acquisition rate is controlled by a sig-
nal applied to the EXTERNAL CLOCK connector located on
the right hand side of the instrument.

The SEC/DIV switch setting is displayed in the crf readout.

Variable SEC/DIV—Continuously varies ithe uncalibrated
- NON-STORE sweep time per division to at least 2.5 times the

calibrated time per division set by the SEC/DIV switch. Full
counterclockwiserotation increases the slowest sweep tims per
divisionio atleast 2 s. The uncalibrated condition is indicated by
a greater than symbol (=) in front of the SEC/DIV readout.

In STORE mode (10 ms per division to 0.5 s per division), if the
Variable control is switched out of CAL detent, the SEC/DIV
switch sefting is multiplied by 100 times (see Table 3-2). The
control has no effect in STORE mode at SEC/DIV switch settings
faster than 10 ms. When the SEC/DIV switch is set to EXT CLK,
the Vartable SEC/DIV control selects the display mode. In the
CAL position, RECORD mode is selected, EXT CLKrange DG o
10 MHz. Out of CAL detent, ROLL mode is selected, EXT CLK
range DC to 4 kHz, and “ROLL is displayed on the crt,
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Q)

®

Table 3-2
Extended SEC/DIV Ranges

SEC/DIV Variable

CAL UNCAL
10 ms/div i s/div
20 ms/div 2 s/div
50 ms/div 5 s/div

0.1 s/div 10 s/div
0.2 s/div 20 s/div
0.5 s/div 50 s/div

Horizontal MAG Switch— Selscts the amount of horizontal
magnification: X1, X10 or X50. Magnification occurs around the
center verlical graticule division in hoth NON-STORE and
STORE. The crt SEC/DIV readout will reflect the settings of both
the SEC/DIV switch and the magnification factor. in STORE
mode, with At cursors selected, operation of the Horizontal
MAG switch will also magnify the cursors as they are attachedto
the waveform(s).

GND Connector—PFProvides an auxiliafy ground connection
directly to the instrument chassis via a banana-tip jack.

PROBE ADJUST Connector—Provides an approximately
0.5V, negative-going, square-wave voltage (at approximately
1kHz) for use in compensating voltage probes and checking the
vertical deflection system. The PROBE ADJUST output is not
intended as a reference in checking either the vertical or hori-
zortal accuracy of the instrument. '
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TRIGGER

See Figure 3-4 for location of items 24 through 32.

Trigger SLOPE Switch — Selects either the positive or negative
slope of the trigger signal to start the sweep.

THgger LEVEL Control—Selects the dc level that the Trigger
signal must pass through to produce triggering. The Trigger point
is displayed as a voltage readout in the display field untess any
of the following are selected:

Trigger Source CH 1 and CH 1 is AC coupled, oruncalibrated
Trigger Source CH 2 and CH 2is AC coupled, oruncalibrated
Trigger Source VERT and Vertical Mode is CHOP

Trigger Source VERT and CH 1 is AC coupled oruncalibrated,
or CH 2 is AC coupled or uncalibrated, or CH 1 VOLTS/DIV
and MAG are not equal to CH 2 VOLTS/DIV and MAG

Trigger Source EXT
Trigger Coupling is not set to DC
Trigger Mode TV

TRIG'D/READY Indicator—A dual-function, light-emitting
diode (LED) indicator. In P-P AUTO, NORM, and TV FIELD
Trigger modes, the indicator tumns on when triggering occurs.

In NON-STORE, for SGL. SWP Trigger mode the indicator turns
on when the trigger circuit is armed awaiting a friggering event.
The indicator tuns off again as soon as the single sweep
completes.
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Figure 3-4. Trigger controls,
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In STORE mode, selecting SGL. SWP and pressing the RESET
putton starts the sampling to fill the pretrigger portion of the
waveform RECORD. The TRIG’D/READY indicator does not
come on until the pretrigger part of the RECORD is full. When the
indicator comes on, the storage acquisition system is ready to
accept a trigger event. Filling the remaining portion of the
RECORD begins when that trigger occurs, and the indicator
turns off when the RECORD is full. The time needed to fill the
pretrigger and post-trigger portions of the RECORD depends on
two things: the sampling rate, and the setting of the PRE-TRIG
259%/75% switch. Untll a trigger occurs, the pretrigger data is
continually updated, but the RECORD display is not updated
until a complete new waveform is acquired.

@ MODE Switch—Determines the NON-STORE sweep and
STORE acquisition iriggering mode. STORE mode triggering
operation also depends on the position of the SEC/DIV switch.

P-P AUTO/TY LINE—In NON-STORE mode, the Trigger
LEVEL control range is set to the peak-to-peak limits of the
input trigger signal. Triggered operation occurs when the trig-
ger signal has enough amplitude and occurs often enough
(20 Hz and faster repetition rate) for the peak detectors to
determine the signal peaks. If the frigger signal does not
meet the requirements to produce a trigger event, an auto-
trigger Is generated, and the sweep free runs.

In STORE mode, for SEC/DiV settings of 0.5 s per divisionto
0.1 s per division, the P/P AUTO Trigger Mode is disabled,
and the input is continually digitized in the ROLL mode. ROLL.
mode is also enabled for SEC/DIV settings of 0.5s to 10 msif
the Variable SEC/DIV conirol is switched out of the CAL
detent (100X SEC/DI settings). In RECORD mode, at SEC/
DIV settings from 50 ms to the maximum STORE mode set-
ting of 20 us, friggering occurs under the same conditions as
for NON-STORE, P-P AUTO Trigger Mode.

2211 Operators REV NOV 1989 3-13



Controls, Connectors, and Indicators

3-14

NORM—Permits triggering at all NON-STORE sweep
speeds. The Trigger LEVEL control must be set correctly to
produce a sweep; an autotrigger is not generated if there is
no trigger signal. NORM Trigger Mode is especially useful in
obtaining a stable display of low-frequency and low-
repetition-rate signals.

in STORE mode RECORD, the display is updated once the
acquisition is complete; the last waveform acquired remains
dispiayed until that time.

in ROLL., the frigger signal is ignored for all the Trigger modes
except in SGL SWP Trigger mode (see Table 3-3). In non-
triggered ROLL mode, the display is continually updated at
the digitization rate,

TV FIELD —Permits stabie triggering on a television field
(vertical sync} signal. In the absence of an adequate trigger
signal, the sweep (or acquisition} free runs. The instrument
otherwise behaves as in P-P AUTO. When TV FIELD is
selected, “TV” is displayed in the crt readout.

SGL SWP — Selects single sweep operation.

Table 3-3
_ ROLL Trigger Modes
TRIGGER MODE ROLL MODE
Trigger Operation__m

P-P AUTO Untriggered ROLL
NORM Untriggered ROLL
TV TRIG (LINE and FIELD) Untriggered ROLL
SGL 8wp Triggered ROLL

REV NOV 1889 2211 Operators



Controls, Connectors, and indicators

NOTE

To avoid the possibility of losing parts of the
sweep, it is advisable to switch the readout
system off when doing single sweep
measurements at SEC/DIV settings of greater
than 0.2 ms in NON-STORE mode.

In RECORD mode, upon entering SGL SWP the last
waveform acquired remains displayed. Pressing the RESET
button rearms the trigger circuitry to accept the nexttriggering
event, When a trigger event is recognized, the full record is
acquired and the display updates. If BOTH-ALT Vertical
Mode is selected along with VERT MODE Trigger SOURCE,
the triggered channel behaves as just described. The non-
triggered channe! display is not updated. Pressing the
RESET button again causes the second channel to update.

If the display mode is ROLL when SGL SWP is selected, the

display continues to roll because the trigger circuit is not
armed. When the RESET button is pushed to arm the trigger
circuit the display continues rolling until the pretrigger portion
of the RECORD is full. The trigger point indicator (intensified
dot) then appears on the waveform, and the TRIG’D/READY
indicator lights. The display continues to roll as data is
acquired to fill the post-trigger portion of the RECORD. The
amount of pretrigger information in a RECORD is set by the
25%/75% PRETRIG button. in SGL SWP, if BOTH-ALT
Vertical mode is selected along with VERT MODE Trigger
Source the triggered channe! behaves just as described; the
non-triggered channel is blanked. The triggered and
non-triggered channel alternates with each press of the
RESET button.

RESET--Arms ihe trigger circuit either for a single sweep in
NON-STORE SGL SWP or a single acquisition in STORE SGL.
SWP Triggering requirements are the same as in NORM Trigger
Mode. After the compietion of a triggered NON-STORE sweep
or a STORE SGL SWP acquisition, pressing in the RESET button
rearms the trigger circuitry. In NON-STORE mode, the next
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trigger event can then be accepted to start the sweep. For
STORE mode, the pretrigger acquisition is started when the
RESET bution is pressed.

Variable HOLDOFF Control—Adjusts the NON-8TORE
variable holdoff time. NON-STORE variable hoidoff starts at the
end of the sweep. STORE mode holdoff starts at the end of the
acquisition cycle; it ends when the waveform data has been
transferred from the acquisition memory o the display memory
and the pretrigger portion of the RECORD has been filled. After
STORE mode holdoff ends, the next acquisition can be triggered
after the next (or current, if one is in progress) NON-STORE
holdoff ends. STORE mode holdoff can be much tonger than the
sweep time so that several NON-STORE holdoff periods may
have occurred during STORE holdoff time. This ensures that
STORE mode triggering is controllable by the Variable
HOLDOFF control and will be stable if the NON-STORE display
is stable.

Trigger SOURCE Switches —Determines the source of the
internal and external trigger signal for the trigger generator
circuits,

CH 1--Trigger signal is obtained from the channel 1 input
and “CH 1” Is dispiayed in the crt readout.

'VERT MODE - Trigger signals are obtained alternately from
the CH 1 and CH 2 input signals in ALT Vertical Mode. In
CHOP Vertical Mode, the trigger signal source is the sum of
the CH 1 and CH 2 input signal. When VERT MODE is
selected, “VERT” is displayed in the crt readout.

CH 2-Trigger signal is obtained from the channel 2 input
and “CH 2" is displayed in the crt readout. The NORM/CH 2
INVERT switch also inverts the polarity of the internal CH 2
trigger signal when the CH 2 display is inverted.
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EXT - Selects external triggers. The actual form these trig-
gers take is selected by the second SOURCE switch. When
EXT is selected, “EXT" is displayed in the crt readout.

LINE — Routes a sample of the ac power line signaltothe
trigger circuit.

EXT/10 — Attenuates the extemal signal applied to the
EXT INPUT OR Z connector by a factor of 10 before
applying it to the trigger circuit.

EXT~Routes an extemal signal applied to the EXT
INPUT OR Z connector o the trigger circuit.

EXT =Z - Routes the signal from the EXT INPUT OR Z
connector io the Z-axis amplifier rather than the trigger
circuit. If EXT and EXT=Z are both selected, the signal
applied to the EXT INPUT OR Z conneclor is routed to
both the trigger circuit and the Z-axis amplifier.

(37) COUPLING Switch — Determinesthe method of coupling for the
signal applied to the trigger circuit.

AC —Input signal is capacitively coupled, and the dc com-
ponenit (below 10 Hz) from the trigger circuit is blocked. "AC”
is displayed in the crt readout.

HF REJECT - Rejects (attenuates) the high-frequency com-
ponents (above 30 kHz) from the trigger circuit. "HF rej” is
displayed in the crl readout.

LF REJECT - Rejects (attenuates) the low-frequency com-
ponents (below 30 kHz) from the trigger circuit. “LF ref” is dis-
played in the cri readout.

DC —Couples all frequency componenis of the external
signal to the trigger circuit (DC to full bandwidth).

EXT INPUT OR Z Connector—Provides for comnection of
extemnal signals to the trigger clrcuit or, ifEXT =2 is selected, o
the Z-axis amplifier.
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STORAGE CONTROLS

See Figure 3-5 for locations of items 33 through 37 and Figure 3-2 for
location of item 38.

(33) STORE/NON-STORE Switch—Selects either the NON-
STORE or the STORE waveforms for display. The STORE
acquisition system is tumed off while NON-STORE is selected
so that the last waveform acquired in STORE mode remains in
memory. NON-STORE is selected when the button is out:
STORE mode when pressed in.

PRE-TRIG
25% STORE -

L

ON/OFF

75% NON-STORE A )

7233-G7

Figure 3-5. Storage controls.

PRE-TRIG 25%/75% Switch—Selecis either 25% or 75%
pretrigger. If either RECORD mode or SGL SWP ROLL mode is
selected, the trigger position is shown on the display by an inten-
sified dot. Selects 75% pretrigger when out; 25% when pressed
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®

ACQ SAVE/CONTINUE Switch — Stops the display from being
updated when pressed in. If the display mode is ROLL, the
current acquisition is stopped immediately upon pressing the
button. Releasing the button causes the acquisition {o continue.
if the display mode is RECORD, the current display is held
immediately upon pressing the button. When the bution is
released the display is updated with the acquisition that was in
progress when the SAVE bution was pushed. Onreturning tothe
CONTINUE mode, previously acquired waveforms are no longer
valid if the control settings were changed while in SAVE mode.
The next waveform acquired in CONTINUE mode will reflect any
changes made. When SAVE Is selected, “SAVE” appears at the
hottom of the readout display.

Reference SAVE REF Switch—Saves the displayed STORE
mode waveform(s) into the reference memory.

NOTE

Only the on-screen portions of the STORE waveform will be
correctly saved in the Reference memory.

The saved Reference waveform is displayed on the crt. When
the SAVE REF bution is pressed, previously saved waveform(s)
are over-written by the displayed acquisition waveform(s). The
Reference waveform(s) remain in memory when the instrument
is switched between STORE and NON-STORE modes.
Reference waveforms are NOT saved when the oscilloscope is
jurned off.

Reference DISPLAY ON/OFF Switch—Tums the stored ref
erence waveform display on and off when in STORE mode.

Reference POSITION Control— Allows vertical positioning of
the saved Reference waveforms. The Reference waveforms
may only be positionad in the positive region from the level at
which they were saved; they cannot be positioned below that
level.
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NOTE

Any portions of the STORE waveform that are out of the dis-
play area will not be saved correctly in the Reference
memory when SAVE REF is pressed. The off-screen portion
will be clipped. The clipping effect is seen when saving a
waveform that is partially off the bottom of the crt display.
When the Reference waveformis positioned upward to bring
it on-screen, the bottomn of the display will be clipped. The
effect cannot be seen on the Reference waveforms clipped
at the top because they cannot be positioned downwards.

CURSOR

See Figure 3-6 for the location of items 39 through 43.

L N1 17

Avwmwz AT/HAT TRACK

0 O l-l

iNDEP OFF = )

N

723308

Figure 3-6. Cursor controls.

@ DELTA V Switch — Activates the Delta Volis (AV) measurement
function and cancels any other Delta measurement function
when momentarily pressed. The CRT readout displays the
equivalent voltage represented by the separation between the
two cursors with VOLTS/DIV scaling defined by the setting of the
selected vertical channel’s VOLTS/DIV switch. The selection of
the VOLTS/DIV switch is defined by the operation of the AV
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switch such that, when the AV function is inactive, depressing
the AV swilch selects the VOLTS/DIV swilch previously selected
for AV measurement mode (CH 1 is selected after switch-on),
and, when the AV function is active and Vertical MODE is set to
BOTH, subsequent depressions of the AV button will toggle
VOLTS/DIV scaling between CH 1 and CH 2 VOLTS/DIV
swiiches. [ CH 1 is not displayed, AV1 will notbe enabled. Like-
wise, if CH 2 is not displayed, AV2 will not be enabled. Each
channel has its own independent cursors and channel selection
is indicated in the Readout field. The position of the cursors on
the display are set by the Cursor Position control. The DELTA
Volis readout is displayed as a percentage ratio {(with five
divisions corresponding 1o a 100% ratio) if either one of the
following conditions exist:

(1} The selected vertical channel is uncalibrated (VOLTS/DIV
CAL confrol out of detent), or

(2) ADD is selected when the CH 1 and CH 2 deftection factors
are not the same (VOLTS/DIV swilches are at different
settings or at least one is uncalibrated). The setting of the
VOLTS/DIV switch must take account of the X10 PULL
function.

When the 2211 is in NON-8TORE X-Y Mods, the Delta VX and
Delta VY cursors can be enabled via the Delta V switch. The AV1
cursors become the AVX cursors and the AV2 cursors become
the AVY cursors, and pressing the Delta V switch toggles
between them. The AVX cursors present a voltage measure-
ment dependent upon the difference between the position of the
cursors and the CH 1 VOLTS/DIV setting. Likewise, the AVY
cursors present a vollage measurement dependent upon the
difference between the position of the cursors and the CH 2
VOLTS/DIV setting. The AVX cursors are similar in appearance
to thetime cursors, i.e., vertical lines onthe crt, whereas the AVY
cursors are similar in appearance 1o the voltage (AV1, AV2)
cursors. If the channel VOLTS/DIV switches are in UNCAL, AVX
and AVY measurements will be displayed as ratios with 5 screen
divisions equal to 100%.
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DELTA t 1/DELTA t Switch— Activates the Delta Time (At)
measurement function and cancels any other Delta measure-
ment functions when momentarily pressed in. When the At
function is active, momenlarily pressing in the At button selects
the 1/Deita t (1/ At) function. Subsequent operation of this button
toggles between the At and 1/At functions. The CRT Readout
displays the time difference (Al), or it's reciprocal (1/At),
between the two vertical cursors with SEC/DIV scaling defined
by the positions of the SEC/DIV and MAG switches. When the
SEC/DIV switch selects the EXT CLK function, the At function
displays the difference between the two cursors in graticule
divisions, and the 1/At function displays it's reciprocal. The
positions of the cursors on the display are set by the Cursor
Position control. In NON-8TORE, if the SEC/DIV CAL control is
not in the detent position, At cursor difference is expressed asa
ratio with five divisions corresponding to a 100% ratio, and 1/At
as phase with five divisions corresponding to 360 degrees. In
STORE, if the SEC/DIV CAL control is not in the detent position,
the SEC/DIV switch setting is multiplied by 100 times, except at
SEC/DIV switch settings faster than 10 ms, when the SEC/DIV
CAL control has no effect. In STORE mode, At cursors are
attached to the waveform{(s) (waveformbased cursors). Once on
the required measurement points, operation of both the Hori-
zontal POSITION control and/or the Horizontal MAG switch will
result in the cursors moving with the waveform rather than
independently of if.

TRACK/INDEP Switch—Selects either the tracking or inde-
pendent mode for the Cursor Position control. When in the
TRACK mode, the difference between cursors does not change
with rotation of the Cursor Position control. When the Cursor
Position control is rotated, both cursors move equally until the
limit of either is reached. If INDEP is selected, the cursors are
independently movable using the Cursor Positicn control.

Cursor Position Control—Positions the Delta time cursors
{vertical line) when either the At or 1/At Measurement Mode is
active. When the AV Measurement Mode is active, the control
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positions the Delta Voltage cursors (horizontal line). Rotating the
control clockwise moves the AV cursors upwards or the At
cursors to the right. Pushing the Cursor Position control will
toggle the selaction of the active cursor.

ONJOFF Control—When Cursor Measurement mode is aclive,
depressing this bution cancels the cursor measurement mode,
extinguishing the cursors and the cursor measurement display.
When the Cursor Measurement mode is inactive, depressing
this button enables the cursor measurermnent mode, enabling the
cursors and the cursor measurement display. When the
instrument is first switched on, the Readout display will indicate
the current switch settings, and AV1 will be operative: if CH 1 or
BOTH is selected, oy, if CH 2 is selected, AV2 will be operative.

NOTE

The cursors and cursor Defta readout are disabled in the
folfowing mode: STORE, ROLL, Delta t cursors, X50 Hori-
zontal MAG and non-SAVE.

REAR PANEL

See Figure 3-7 for the location of items 44 through 46.

Fuse Holder—Contains the ac-power-source fuse, See the
rear panel nomenclature for fuse rating and line voltage range.

Detachable Power Cord Receptacle—Provides the con-
nection point for the ac power source to the instrument.

@ Line Voltage Selector (Mains switch)—Selects the line
voltage range either 115V or 230 V.
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Figure 3-7. Rear panel.

REV NOV 1989

2217 Operators



Controfs, Connectors, and Indicators

SIDE PANEL

See Figure 3-8 for the location of items 47 through 50.

@ B

Xt PARAMETERS  PLOT/

CAUTION
225 Vpk and < 100mA ABS MAX
APPLIED TO EITHER CONNECTOR

884702

Figure 3-8. Right side panel.

EXT CLOCK-—Provides a TTL compatible input for external
clock signals to the storage acquisition circuit. The EXT CLOCK
input signal is setected when the SEC/DIV switch is in the EXT
CLK position. The maximum input frequency permitted depends
on the display mode (RECORD or ROLL). The mode is selected
with the Variable SEC/DIV control. The frequency ranges are dc
{o 10 MHz in RECORD mode {Variable SEC/DIV control in CAL
detent) and dc to 4 kHz in ROLL mode (Variable SEC/DIV control
out of the CAL detent position).
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(48) PARAMETER SWITCHES ~The options of the interface are
selected using six switches mounted on the side panel. (See
Figure 3-8). Switch settings are given in Figure 3-9.

Figure 3-9
Switch Selections

S1| S2] 83| S4 | 85| 86

Handshaking Brown

Hardware (RTS, CTS, DSR, DTR} 0
Scoftware {XON, XOFF) 1

Graticule on/off Red

OFF {Screen Boundary onty) a
ON 1

Baud Rate Orange Yellow

9600 0
4800
1200
300

O

1
Y
1

Printer/Plotter Format Seiect' Green Blue

EPS1 - Epson Printers, 1 plot per page
EPS2 - Epson Printers, 2 plots per page
HPGL1 ~ HP-GL Plotters, 1 pen

HPGL4 - HP-GL Plotters, 4 pens

s 3 €D

0
1
0
1
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Handshaking (Switch 1)

Both hardware (RTS/CTS and DTR/DSR) and software
(XON/XOFF) handshaking are supported and selected via Switch
1.

Hardware handshaking utilizes both the RTS/CTS and DTR/DSR
signals as follows:

- DTR is asserted when the 2211 Serial Interface Option
(8I0) is ready and on-line.

- RTS is asserted when print/plot data is ready to transmit.
- Data istransmitted whenboth CTS and DSR are asserted.

Software handshaking makes use of the XON and XOFF flow
control characters which are sent across the data channel. This
allows for three-wire {Tx, Rx and GROUND) communications 10
be established.

Graticule On/Off (Swiich 2)

Switch 2 is used to enable/disable the printing/plotting of the
screen graticule. If disabled, only the graticule border is plotted.
Baud Rate (Switches 3 and 4)

Switches 3 and 4 select the transmit and receive baud rate in bits
per second.

Printer/Plotter Digital Format {Switches 5 and 6)

Switches 5 and 6 select the printer/plotier digital data format.

A summary of the printer/plotter digital data formats is given as .
foliows:
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Epson Printers

The format for Epson printers uses the ESC-L graphics mode.
HP-GL (Hewleti-Packard Graphics Language) Plotter
Formats

Both the HP-GL. drivers (HPGL1 and HPGL4) use a small subset
ofthe HP-GL command set. The commands used are as follows:

Cormmand arguments are shown In < > brackets.

Scale SC <scale %, scaley>

Select Pen SP <pen number >

Pen Up PU

Pen Down FPD

Set Defaulis bBF

Move Absolute PA < absolute x,y location >

Set Character Size SR < character width, character
height >

Plot Text String LB <text string >

< ETX character >

The fixed pen allocations for the HPGL4 mode are as follows:

Graticule Pen 1
Acquisition channel 1 data Pen 2
Acquisition channel 2 data Pen 3
Reterence channel 1 data Pen4
Reference channel 2 data Pen 1

The x, y command arguments for the PA command are restricted
to the scale x and scale y limits defined by the scale command.
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PRINT/PLOT SWITCH —The print/plot switch is used to initiate
and terminate waveform dumps to printers and plotters.The
switch is located on the side panel next to the Dip-switches.

A print/plot of the dispiayed waveform data can be Initiated In
gither of the foliowing two ways when the 2211 isin STORE mode:

1. By operating the print/plot push-button.

2. By shorting pin 8 (PB) and pin 5 (GROUND) of the DTE
connector. This operation allows for printing/plotting to
be remotely initiated and is of particular use in rack-
mouried versions,

A print/plot can be aborted in either of the foliowing two ways:

1. By operating the print/plot push-button for more than 3
seconds when a plot is in progress.

2. By shorling pins 8 and 5 of the DTE connector for more
than 3 seconds when a plot is in progress.

NGTE

Neither the Horizorttal position control nor
the Horizontal Magnification switch has any
effect on the horizontal position of the plot.
The hardcopy oulput represents the un-
magnified (X1 Horizontal MAG) screen and
the plotted SECIDIV scaling reflects the un-
magnified horizontal deflection factor.

Trigger Point

The Trigger Point is indicated on a plot or printout by an X
bounded by a square.

2211 Operators REV NOV 1989 3-29



Controls, Connectors, and indicators

Cursors and Readout

The Cursors and crt Readout are plotted as displayed on the
screen.

SERIAL COMMUNICATIONS INTERFACE OPTION {12~
Provides a RS-232C cornmunications interface for the instru-
ment. It offers asynchronous transmission at baud rates of 300,
1200, 4800 or 9600, with 8 data bits, one start bit, one stop bit
and no parity. Connection is made to the 2211 via a 8-pin DTE
connector.

Six interface signals are assigned {o the connector as shown in
Table 3-4.

Table 3-4
Serial Interface Connector

Signal Name Abbreviation | Pin Number ! Direction’
- - 1 -
Receive Data Rx 2 In
Transmit Data Tx 3 Out
Data Terminal Ready DTR 4 Out
Ground GND 5 -
Data Set Ready DSR 6 in
Request To Send RTS 7 Out
Clear To Send CT3 8 In
Plot Button PB 9 in

Signat directions are as viewed from the serial interface.
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Interconnection Requirements

The interface connector is provided by a standard 8 pinto 25 pin
(DCE to DTE) cable {see Figure 3~10).

CABLE ASSEMBLY
] Serial { PLOTTER/PRINTER
onnector | {

PLUG SOCKET
3 ;G"“"l f"“"?; 13
iz © © 12
Lo o112
o || o
0] 1o 1L

PLUG CKET O

101 o © © P AT
GrouND 5§ o o8 ag -, Oo—i-22..
o J— e Ee —_— ) O e
OTR (ounﬁmz_o &"g" 4 2; ve) o §1
: CTS (iN L&

""" St iEm wnd || v ww 2012 o |} o ST omoun
RTS {OUN Z o Pl Fa 7180 Oil__GROUND
HXD (N} 2y oz 15 o o 9
DS B4 o f'e) 8 80 O-4..B._DSRIN)

L.._o Q,......l.._ 18 o o 8
-0 fow IS TN
17 O O 17
wel P . -
N P © ° ot 3RO
1o ¢ o o2 TXD (0UT)
14 0 o 14

Figure 3-10. Printer-Piotter Conneciion.
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Electrical Specification
Table 3-5 :
Serial interface Characteristics

CHARACTERISTICS PERFORMANCE REQUIREMENTS
Serial Interface Requirements electrically comply with
EJA Standards RS-232-C.
Baud Rates 300, 1200, 4800 or 9600
Serial Format 8 Data Bits
1 Stant Bit
1 Stop Bit
No parity
Accuracy < 1% error
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Table 3-6
Environmental Specifications

CHARACTERISTICS PERFORMANCE REQUIREMENTS

Temperature
Operating 0°Cto +40°C (+32°F to +93°F).

Nomoperating -55°C to +75°C (~-67°F to +167°F).
tested to MIL-T-28800C, para
45.5.1.3 and 4.5.5.1.4 (0°C operating
Test) except that in para 4.5.5.1.3,
steps 4 and 5 are performed before
step 2 (-55°C nonoperating test).
Equipment shall remain off upon
return 1o room ambient temperature
during step 6. Excessive condern-
sation shall be removed before oper-
ating during step 7.

Altitude

Operating To 4,570 meters (15,000 feet). Maxi-
mum operating temperature
decreases 1°C per 1000 feet above
5,000 feet.

Nonoperating To 15,240 meters (50,000 feet).

Humidity, Operating and 5 cycles (120 hours) reference to
Nonoperating MIL-T-28800C para 4.5.5.1.2.2 for
type lit, Class 86 instruments. Opei-
ating and nonoperating at 85%
~-5% to +0% relative humidity.
Operating, +30°C to +40°C; non-
operating, -30°C to +60°C.

EMI Meets radiated and conducted
emission requirements per VDE
0871, Class B. Plus FCC section
15, sub part J, Class A. The EM!
test was caried out with a 1 meter
single shielded cable terminated in
3K with a shielded 9 pin D type
connector used at the interface.
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Table 3-6 {cont)

CHARACTERISTICS PERFORMANCE REGQUIREMENTS

Vibralion, Operating 18 minutes along each of three
major axes at a total displacement
of G.015 inch p-p (2.4g at 55 Hz)
with frequency varied from 10 Hz to
55 Hz 10 10 Hz in one minute
sweeps. Hold for 10 minutes at

55 Hz in each of the three major
axes. All major resonances must be
above 55 Hz.

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

CRT READOUT

See Figure 3-11 for an indication of the crt readout displays.

The Readout system provides an alphanumeric display ofinformation
on the crt along with the waveform displays. The readout is displayed
in two rows of characters. One row is within the top graticule division,
the other within the bottom graticule division.

Cursor Type —Indicates which A function has been selected. Pos-
sible values are: AV1, AV2, AT, 1/AT, Ratio, Phase, AVX, and AVY.

Cursor Delta Value —Indicates the distance between the two cur-
sors. Units will depend upon the cursor type.

Trig—Indicates that the following information refates to the Trigger
point. This field Is used for information only.

Trigger Value - Indicates the value of the Trigger Level. This field is
disabled in X-Y mode and a number of other trigger modes as
described on page 3-11 of this section.
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CURSGR
CURSOR DELTA TRIG THIG
TYPE VALUE TRIG VALUE SQURCE

oo C¥og| | O

=
B-g

SE TN D N AR St H (O IO ACTIVE
CURSOR
CH1 .
gw LT [
BAN T INACTIVE
CH 1 o e e eeeeed ] (STATIC)
VOLTS/IDIV B 2 GURSOR

P70+ | CHOAE TN pea

cHt 4 .

UNGCAL / STATUS
CH1 CH2 SEC/DIV SEC/DIV
COUPLING UNCAIL UNCAL

ADD CH2
COUPLING
CH2 CH2
VOLTS/DIV BW LIMIT
AND
INVERT

7233-10

Figure 3-11. CAT Readout display.

o Trigger Source—Indicates the current Trigger Source. Possible
values are:CH 1, CH 2, VERT and EXT.

CH 1 Vertical Deflection—Indicates the current CH 1 VOLTS/DIV

switch setting. A > sign appears before the value if the switchis inthe

UNCAL position, a ™ sign appears after the value if the input is AC
_____ coupled, and By appears if the channel bandwidth is limited.
ADD - If the instrument is set for ADD Mode, a + sign appears inthis
field, otherwise the field is blank.
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CH 2 Veriical Deflection—Indicates the current CH 2 VOLTS/DIV
switch setting. A > sign appears before the value ifthe switchis inthe
UNCAL position, a ™ sign appears after the value if the input is AC
coupled, By appears if the CH 2 bandwidth is limited, and a down
arrow (4 ) is displayed if CH 2 is inverted.

Horizontal Defiection—Indicates the cumrent value of the SEC/DIV
switch. A > sign appears before the value if the switch is in the
UNCAL position.

Acquisition Status —Indicates whether the instrument is in SAVE or
ROLL mode. This field is only active in STORE mode.

The AT, 1/AT, AVX, and associated Phase and Ratio cursors are
displayed as vertical lines on the ert. The AV,, AV,, AVY, and associ-
ated Ratio cursors are displayed as horizontal lines on the crt as
shown in Figure 3-11,

3-36 REV NOV 1589 2211 QOperators



SECTION 4

OPERATING
CONSIDERATIONS

2211 Operators






Operating Considerations

OPERATING CONSIDERATIONS

This section contains basic operating information and techniques
ihat should be considered before attempting to make any measure-
menis with the instrument.

GRATICULE

The graticule is intemally marked on the faceplate of the crt 1o elimi-
nate parallax-viewing errors and to enable measurements (see
Figure 4-1),

The graticule is marked with eight vertical and ten horizontal major
divisions. Eachmajor division is further divided into five subdivisions.
The vertical deflection factors and hotizontal timing are calibrated to
the graticule for making accurate measurements directly from the crt.
Percentage marks to assist the user in making rise and fall time
measurements are located on the left side of the graticuie.

GROUNDING

The most reliable signal measurements are made whenthe 2211 and
the unit under test are connected by a common reference (ground
lead) in addition to the signal lead or probe. The probe’s ground lead
provides the best grounding method for signal interconnection and
provides the maximum amount of signal-lead shielding in the probe
cabls. A separate ground lead can also be connected from the unit
under test o the oscilloscope ground receptacie located on the
oscilloscope’s front panel,
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18T OR LEFT #1TH OR RIGHT
VERTICAL VERTICAL
GRATICULE GRATICULE
LINE LINE

,/{_m

f

RISE AND CENTER CENTER
FALL TIME VERTICAL HORIZONTAL
MEASUREMENT GRATICULE GRATICULE
PERCENTAGE LINE LINE
.MARKERS

723311

Figure 4-1. Graticule measurerment markings.

SIGNAL CONNECTIONS

Probes

Generally, the accessory probes that come with the instrument pro-
vide the most convenient way to connect a signal o the oscitloscope.
The probe and probe lead are shielded to prevent pickup of stray
electromagnetic interference. The high input impedance of the 10X
probe also minimizes signal loading in the circuit being tested.

The probe and the probe accessories should be handled carefully to
prevent damage to them. Avold dropping the probe body. Striking a
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hard surface can cause damage to both the probe body and the
probe tip. Do not aliow the cable to be crushed or kinked. Do not
place excessive sirain on the cable by pulling.

The standard accessory probe is a compensated 10X voltage
divider. it is a resistive voltage divider for low frequencies and a
capacitive voltage divider for high frequency signal components.
inductance introduced by either a long signai lead or ground lead
forms a series-resonant circuit. This circuit affects system bandwidth
and will ring if driven by a signal at or near the circuit's resonant
frequency. Oscillations (ringing) can then appear on the oscilloscope
waveform display, distorting the true signal waveshape. Always keep
both the ground lead and the probe signal-input connections as short
as possible 1o obtain the best measurement results.

Uncompensated probes are a common source of measurement
error. Due to variations in oscilioscope input characteristics, probes
should be compensated whenever the probe is moved from one
oscilloscope to another or between channels on the same oscil-
loscope. See the Probe Compensation procedure in Operator's
Checks and Adjusiment in this manual or consult the instructions
supplied with the probe.

Coaxial Cables

Cables may also be used 1o connect signais to the vertical input
connectors, but they can affect the accuracy of a displayed
waveform. To malintain the original frequency characteristics of an
appiied signal, only high-quality, low-loss coaxial cables should be
used. Coaxial cables should be terminated at both ends in their
characterigtic impedance. if this is not possible, use suitable
impedance-matching devices.

INPUT-COUPLING CAPACITOR
PRECHARGING

When the Input-Coupling swiich is set to the GND position, the input
signal is connected to ground through the input--coupling capacitor
and a high-value resistance. This series combination forms a
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precharging circuit that allows the input-coupling capacitor to charge
to the average dc voltage level of the signal applied to the input
connector. Thus, any large voltage transients that may accidentally
be generated are not applied to the vertical amplifier’s input when the
input coupling is switched from GND to AC. The precharging network
also provides a measure of protection to the exiernal circultry by
reducing the current level that is drawn from the external circuitry
while the input-coupling capacitor is charging.

if AC input coupling is in use, the following procedure should be used
when connecting the probe tip to a signal source that has a different
dc level than the present signal source. This procedure is more
important if the dc-level difference is more than ten times the
VOLTS/DIV switch setting.

1. Setthe AC-GND-DC (input coupling) switch to GND before con-
necting the probe tip to a signal source.

2. Touch the probe tip to the oscilloscope’s ground connector.

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

4. Connect the probe tip'to the signal source.

5. Wait several seconds for the input-coupling capacitor 1o charge |

to the dc level of the signal source.

8. Setthe AC-GND-DC switch to AC. A signal with a large dc com-
ponent can now be vertically positioned within the graticule area,
and the ac component of the signal can be measured in the
normal manner, '
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OPERATOR’S CHECKS AND
- ADJUSTMENTS

To verify the operation and basic accuracy of your instrument before
making measurements, perform the following checks and adjustment
procedures. it adjustments are required beyond the scope of these
operator’s checks and adjustments, refer the instrurment to qualified
service personnel.

For new equipment checks, before proceeding with these
instructions, refer to Preparation for Use in this manual to prepare the
instrument for the initial start-up before applying power.

INITIAL SETUP

1. Verify that the POWER swilch is OFF (switch is in the QUT
position), and the LINEVOLTAGE SELECTOR switch is setforthe
correct source voltage.

2. Plug the power cord into the ac power outlet.
3. Press in the POWER switch {ONj and set the instrument conirols
to obtain a baseline trace,

Display
--------------- ' INTENSITY Midrange
Focus Best defined display

—_— Verlical {Both Channels)

Vertical MODE CH 1
POSITION Midrange
VOLTS/DIV 10my
AC-GND-DC DC

Variable VOLTS/DIV CAL (in detent)
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Horizontal

SEC/DIV
Variable SEC/DIV
POSITION

MAG

Trigger

HOLDOFF
SOURCE
MODE
LEVEL

SLOPE
COUPLING

Storage

STORE/NON-STORE
SAVE/CONTINUE
PRE-TRIG

Cursor

TRACKING
ON/OFF

4. Adjust the Vertical and Horizontal POSITION controls to position

0.5ms

CAL (in detent)
Midrange

X1

MIN {fully counterclockwise)
VERT MODE

P-P AUTO

For a suitable display (with signal
applied)

Positive

AC

NON-STORE (OUT)
CONTINUE (OUT)
75% (OUT)

OFF (OUT)
ON (IN)

the trace within the graticule area.

5. Adjust the INTENSITY and FOCUS conirols for the desired

display brighiness and best focused trace.

6. Allow the instument to wam up for 20 minutes before
commencing the adjusiment procedures. Reduce the INTENSITY

level during the walting time.
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TRACE ROTATION ADJUSTMENT

NOTE

Normally the trace will be paraileil to the center horizontal
graticufe line, and the TRACE ROTATION adjustment wilf not
be required.

. Preset the instrument controls and oblain a baseline frace as

described in Initial Setup.

Use the Channel 1 POSITION control to move the baseline tfrace
to the center horizontal graticule line.

If the baseline frace is not parallel to the center horizontal
graticule line, the TRACE ROTATION potentiometer needs
adjusting. Use a small-bladed screwdriver or alignment tool to
align the trace with the graticule fine.

PROBE COMPENSATION

Probes must be compensated to maich the oscilloscope inputs. For
the best measurement accuracy, always check probe compensation
before making measurements. Use the following procedure o check
and compensate the probes.

1.

Preset the instrument controls and oblain a baseline trace as
described in Initial Setup.

Connect two 10X probes to the CH 1 OR X and CH 2 OR Y input
conneciors.

Connect the hook tip to the end of each probe.
Connect the CH 1 probe to the PROBE ADJUST terminal,

Use the CH 1 POSITION control to vertically center the display. If
necessary, adjust the Trigger LEVEL control {o obtain a stable
display on the positive SLOPE.
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10.
11.

NOTE

Refer to the instruction manual suppiied with the probe for
more complete information on the probe and probe
compensation.

Check the waveform display for overshoot and rounding (see
Figure 5-1). if the probe needs 1o be compensated, use a small-
bladed screwdriver or alignment tool to adjust for a square front
comer on the waveform.

Take the CH 1 probs off the PROBE ADJUST terminal.
Connect the CH 2 probe to the PROBE ADJUST terminal,

Use the CH 1-BOTH-CH 2 switch to select CH 2 for display.
Use the CH 2 POSITION control to vertically center the display.

Check the waveform display for overshoot and rounding (see
Figure 5-1). if compensation is needed, use a small-bladed
screwdriver or alignment tool to adjust for a square front on the
waveform.

CORRECY
FLAT)

OVER

R COMPENSATED
T (OVERSHOOT)

- UNDER
COMPENSATED

n el \.? el ~—l (ROLLOFF)

{4207-11A)6847-24

5-4

Figure 5-1. Probe compensation.
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BASIC APPLICATIONS

INTRODUCTION

The procedures in this section enable the operator to make basic
measurements using the capabilities of the oscilloscope.

Many of these measurements can be oblained with either the NON-
STORE mode or the STORE mode. After becoming familiar with the
capabilities of the Instrument, the operator can choose the best
method for making a particular measurement. Read the Operating
Considerations part of this manual for information on signal con-
nections, grounding, and other general operating information that
may be useful in your appiication.

Whien the procedures call for obtaining a baseline display, refer to
Initial Setup in the Operator's Checks and Adjustments part of the
manual. The control] setlings listed in the Initial Setup procedure are
considered the basic control settings for obtaining a display. Further
control settings are usually needed to make a specific measurement.
The operator must determine the correct control settings for the
VOLTS/DiV, SEC/DIV, TRIGGER, and other controls {0 get a stable
display of the signal applied. The display intensity, focus, and
waveform positioning will also have to be controlled as needed.

The following procedures will allow the operator to set up and operate
the instrument to obtain the most commonly used oscilloscope dis-
plays. Verify that the POWER swilch is OFF {(push button QUT), then
plug the power cord into the ac-power—input source outlet.

NON-STORE DISPLAYS

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

1.

Preset the instrument controls and obtain a baseline display in
NON-STORE mode.

Using a 10X probe or a properly terminated coaxial cable, apply
a signal to the CH 1 OR X input connector. Check the signal-
source output impedance to find the termination impedance
needed at the oscilloscope input when a coaxial cableis usedto
interconnect test equipment.

NOTE

Instrument warm-up time required to meet all specification
accuracies Is 20 minutes.

increase INTENSITY until you can see the display. If the display
cannot be seen with the INTENSITY control at midrange, press
the BEAM FIND button and hold it in while adjusting the CH 1
VOLTS/DIV switch to reduce the vertical display size. Center the
compressed display using the Vertical and Horfzontal POSITION
confrols. Release the BEAM FIND button.

Set the CH 1 VOLTS/DIV switch and adjust the Vertical and Hori-
zontal PQSITION controls to posktion the display where you want
it in the graticule area.

Adjust the Trigger LEVEL coniroi for a siable, triggered display.

Setthe SEC/DIV switch to get the number of cycles {or periods) of
displayed signal you need to make your measurement.

NOTE

Amplitude measurements are usually made with many com-
plete cycles displayed. Period and rise- and fafl-time
measurements are made al the fastest sweep speed that
allows only the area of measurement to be seen on screen.
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Magnified Sweep Display

1.
2.

4,
5,

Preset the instrument controls and obiain a baseline trace.

Set the SEC/DIV swilch for a sweep speed that permits the area
you warit to magnify to be seen.

Adijust the Horizontal POSITION control to move the area to the
center crt graticule division. The actual magnified portion on
either side of the center graficule line is equal to *0.5 divisions
with X10 MAG.

Set the Horizontal MAG switch to X10.

Set the MAG swiitch back to X1 and disconnect the test signal.

X-Y Display

1.
2.

Preset the instrument controls and obtain a baseline dispiay.
Rotate the INTENSITY control fully counterclockwise.

Using two coaxial cables or probes of equal delay, apply the ver-
tical signal (Y-axis) to the CH 2 OR Y input connector. Apply the
horizontal signal (X-axis) io the CH 1 OR X input connector.

Set the SEC/DIV switch to X-Y (fully counterclockwise).

Increase the INTENSITY until you can see the display. if the dis-
play cannot be seen with the INTENSITY control at midrange,
press and hold in the BEAM FIND button while adjusting the CH 1
and CH 2 VOLTS/DIV switches uniil the display is reduced in size,
both vertically and horizontally.

with the BEAM FIND button still pressed in, center the com-
pressed display with the POSITION controls {CH 2 POSITION
control for vertical movement; Horizontal POSITION control for
horizontal movement).

Release the BEAM FIND button and adjust the FOCUS control for
a well-defined display.
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NOTE

The dispiay obtained when sinusoidal signals are applied to
the X~ and Y-axis is called a Lissajous figure. This dispiay is
commonly used to compare the frequency and phase
relationship of two input signals. The frequency relationship
of the two input signals determines the pattern seen. The
pattern will be stable only If a common divisor exists
between the two frequencies.

8. Setthe SEC/DIV switch to 0.5 ms and disconnect the input sig-
nals from the vertical input connectors.

Single Sweep Display

1. Preset the instrument controls and obtain a basefine display.

MOTE

The critical part of single-sweep operation is setting the trig-
ger point to get a sweep on a random event. You must know
the characteristics of the signal that you want to trigger the
sweep in order to set the Trigger controls correctly. You
must also determine the correct slope to trigger on and set
the Trigger SLOPE control to match.

2. Apply atest signal to the CH 1 OR X input to use for setting the
Trigger LEVEL control. The test signal should be of the same
amplitude and general type (negative or positive pulse or
sinusoidal) as the signal you want to trigger on.

3. Setthe CH 1VOLTS/DIV control and adjust the vertical POSITION
controi fo display the waveform correctly within the graticule
area. The Horizontal POSITION control should be adjusted to
place the beginning of the sweep about one division in from the
left edge of the it

4. Switch the Trigger MODE 1o NORM and adijust the Trigger LEVEL
controi carefuily until the display is stable.
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5. Swiich the Trigger MODE to SGL SWP and check that the sweep
triggers when the RESET button is pressed. If it does not, readjust
the Trigger LEVEL control slighily so that the sweep triggers each
time the RESET button s pressed.

6. Disconnect the test signal from the CH 1 OR Xinput and apply the
random signat to the input.

NOTE

The INTENSITY must be increased 1o see the single~sweep
irace. At very fast sweep speeds, the trace may not be
visibla. Reducing the background lighting improves viewing
of the single-sweep trace.

7. Press RESET. When the random trigger pulse occurs, a sweep
will be started, and a single trace will be displayed. Until the trig-
ger event occurs, the TRIG'D/READY light will be on to show that
the oscilioscope is armed and ready to start the sweep when the
trigger ocours.

8. When the single sweep has been tiggered and completed,
another sweep cannot be started until the RESET button is again
pressed 1o rearm the sweep circuit.

DIGITAL STORAGE DISPLAYS

The foliowing procedures explain how 1o set up and use the digital-
storage capabilities of the instrument. The front-panei control selec-
tions set the conditions under which a waveform is acquired for
display. Display amplitude is confrolled by the VOLTS/DIV swiiches.
The storage time base is controlied by the SEC/DNV switch. The
SEC/DIV swilch and the Trigger MODE switch will acquire and
display waveforms using the parameters given in Table 3-3 (see
Section 3).
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STORE Mode Display

1.
2.

Preset the instrument controls and obtain a baseline frace.,
Apply the signal to be displayed to the CH 1 OR X input.

Set the STORE/NON-STORE switch to the STORE position (but-
ton in).

Select either 25% (buiton in) or 75% (button out) pretrigger as
needed for your measuremant.

STORE mode displays may be expanded horizontally with the
Horizontal MAG switch.

SAVE Mode Display

1.

2.

Acquire a waveform using the STORE Mode Display procedure.

Press in the ACQ SAVE/CONTINUE button to save the displayed
waveform.

Pressing the switch again exits the SAVE Mode and continues the
acquisition.

SAVE REFERENCE Display

1.

6-6

Acquire the waveform to be used as a reference using the
previous STORE Mode Display procedure.

Press the SAVE REF button to copy the displayed waveform into
the Reference memory. The reference waveform copy is dis-
played along with the original waveform. A new reference
waveform is saved each time the SAVE REF bution is pressed.

Press the REFERENCE DISPLAY ON/OFF button fo tum the
stored reference waveform on or off. The reference remains
stored in memory when switching to NON-STORE mode. It may
be recalled at any time STORE mode is active. The reference is
not saved when the oscilloscope is turned off.
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4, Use the Reference POSITION control to position the reference
dispiay. It may be positioned only above the levei of the signal it
was copied from. No positioning below that level is possible. The
channel Vertical POSITION conirols do not affect the position of
the reference display after it is saved, but they do set the base
level of the reference at the time it is copied.

5. The reference display can be expanded horizontally along with

the active acquisition dispiay when the Horizontal MAG switch is
changed to the X10 or X50 position.

MAKING NON-STORAGE MEASUREMENTS

The following procedures will enable you to perform some basic
measurements and become familiar with the conventional oscil-
loscope capabilities of the 2211,

AC Peak-to-Peak Voltage

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

NOTE

This procedure may aiso be used to make voftage measure-
ments between any two points on the waveform.

1. Preset the instrument controls and obtain a baseline trace.

2. Apply the AC signal to either vertical-channel input connector
and set the Vertical MODE switches to dispiay the channel used.

3. Set the appropriate VOLTS/DIV switch to display about five
divisions of the waveform. Make sure the Variable VOLTS/DIV
control is in the CAL detent.

4. Adjust the Trigger LEVEL control fo obtain a stable display.
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Figure 6~1. Peak-to-peak waveform voltage.

5. Adjust the SEC/DIV switch to display several cycles of the
waveform.

6. Activate the Delta Volts measurement function by momentarily
pressing inthe AV button. Two horizontal, cursors should appear
on the screen.’

7. Position one cursor on the top of the waveform and the other on
the bottom of the waveform, using the Cursor Position control.
Rotate the conirol to move the active cursor, then press the con- 5
trol to change selection of the active cursor. o
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8.

Read the voitage difference between the two cursors from the crt
readout,

NOTE

in certain circumstances, such as comparing a test-signaf
ampliitude to a reference amplitude, it may be more cor-
venient to position the cursors in the Track mode. To activate
Track, ensure that the TRACK/INDEP button is in. in this
mode, the Cursor Position control will move both cursors
equally.

Voltage Ratio

The Delta Volts function may aiso be used to measure and compute
the ratio, interms of percent, between two different signal voitages. To
measure a voltage ratio in the general case situation of two separate
signals use the following procedure:

1.
2.

Preset the instrument controls and obtain a baseline frace..

Apply the reference signal to either the CH 1 OR X or CHZ2O0RY
input connector and select the Vertical MODE switch to display
the channel used.

Set the appropriate VOLTS/DIV switch to display more than five
divisions of the waveform.

Adjust the Trigger LEVEL to obtain a stable dispiay.

Adjust the VOLTS/DIV control so that the reference waveform is
exaclly five divisions peak-to-peak.

Select DeltaV and CURSORS ON and place the cursors atthetop
and bottom of the reference waveform. The cursors must be
exactly five divisions apart (“Ratio 100%” will appear in the crt
readout). If necessary, use the variable VOLTS/DIV control to
adjust the reference waveform,

Remove the reference signal and apply the 1est signal to the
same input connector. DO NOT change the VOLTS/DIV or
variable VOLTS/DIV setting.

2211 Operators REV NOV 1989 6-9



Basic Applications

8. Align one cursor with the top of the waveform and the other cursor
with the bottom of the waveform (see Figure 6-2).

9. Readtheratic between the test signal and the reference signalon
the crt readout.
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Figure 6~2. Voltage ratios.

Algebraic Addition

Withthe Vertical MODE switches set o add the signals (BOTH-ADD),
the waveform displayed represents the algebraic sum of the signais
appliedto the CH 1 ORX and CH2ORY input connectors {CH 1+ CH
2). If the NORM/CH 2 INVERT switch is in the invert pusition, the
resulting waveform is the difference of the two input signals (CH 1 -
CH 2). The deflection factor in ADD moade is the deflection factor
indicated by either VOLTS/DIV swilch only when both are set to the
same setling. A common use for the ADD mode is to provide a dc
offset for viewing an ac signal riding on top of a dc level.
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The following general precautions shouid be observed when using
the ADD mode:

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

2. Do not apply signals that exceed the equivalent of about eight
times the VOLTS/DIV switch setting, since large voltages may
distort the display. For example, with a VOLTS/DIV switch sefting
of 0.5 V, the voltage applied to the input channel should not
exceed 4 volis.

EXAMPLE: Using the graticule center line as 0V, the CH 1 signal
is at a 3-division, positive dc level (see Figure 6-34).

a. Multiply 3 divisions by the VOLTS/DIV switch setling to
determine the dc-level value.

b. Apply a negative dc ievel (or positive level, using the CH 2
INVERT swiich) of the value determined in part a (see Figure
6-38) fo.the CH 2 OR Y input connector.

c. Select ADD and BOTH Vertical MODE {o place the resultant
display within the operating range of the Vertical POSITION
controls (see Figure 6-3C).

Common-Mode Rejection

The ADD mode can also be used to display signals that contain
: undesirable frequency components. The undesirable components
e carn be eliminated through common-mode rejection. The precautions
given under the preceding Algebraic Addition procedure should be
observed.

EXAMPLE: The signal applied to the CH 1 OR X Input connector
contains unwanted frequency components (see Figure 6-4A).
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Figure §-3. Algebraic addition.
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Figure 6-4. Common-mode rejection.

To remove the undesired components, use the following procedure:
1. Preset the instrument controls and obtain a baseline trace.

2. Apply the signal containing the unwanted components to the
CH 1 input.
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Apply the unwanted signal to the CH 2 OR Y input.

Select BOTH and ALT Vertical MODE and set the NORM/CH 2 IN-
VERT switch 1o invert the signal.

Adjust the CH 2 VOLTS/DIV switch and Variable control 1o make
the CH 2 display approximately the same amplitude as the un-
desired portion of the CH 1 display (see Figure 6-44).

Select ADD Vertical MODE and slightly readjust the CH 2 Variable
VOLTS/DIV control for maximum cancellation of the undesired
signal component {see Figure 6-48).

Rise Time

To measure the rise time of a waveform, use the following procedure:

1.

2.

Preset the instrument controls and obiain a baseline trace.

Apply the signal 10 either vertical-channe! input connector and
set the Vertical MODE switches to display the channel used.

Adjust the Trigger LEVEL control to obtain a stable display.

Use the VOLTS/DIV, Variable VOLTS/DIV, and POSITION controls
to set the zero reference of the waveform to the 0% graticule line
and the top of the waveformto the 100% graticule line. Make sure
the Variable SEC/DIV control is in CAL detent and use the SEC/
DIV control to expand the rise time horizontally if necessary.

Activate the Delta Time measurement function by momentarily
pressing inthe AT/1/AT button. Set CURSORS ON. Two vertical
cursors will appear on the cnt screen.

Position the cursors to the 10% and 80% poinis of the waveform
using the Cursor Position and Select Active Cursor controls (see
Figure 6-5).

Read ihe time difference between the two cursors from the ort
readout,
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Figure 6-5. Rise Time.

Frequency

To measure the frequency of a waveform, use the following
procedure.

1.
2.

Preset the instrument controls and obtain a baseline trace.

Apply the signalto either vertical channel input connector and set
the Vertical MODE switches to display the channel used.,

Adjust the Trigger LEVEL control to obtain a stable display.

Set the SEC/DIV control to display one complete period of the
waveform. Make sure that the Variable SEC/DIV control is in CAL
detent,

Activate the 1/Delta Time measurement function by pressing the
AT/ 1/AT buton twice. Observe that two vertical cursors appear
on the crl.

Position the cursors to the zero-crossing polnts of the waveform
using the Cursor Position conirol {see Figure 6-6).
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Figure 6-8. Measuring frequency.

Time Difference Between Two Time-Related
Pulses

The calibrated sweep speed and dual-trace features of the instru-
ment allow measurement of the time difference between two
separate evenis. To measure time difference, use the following
procedure:

1. Preset the instrument controls and obtain a baseline trace.

2. Set the Trigger SOURGCE swiich fo CH 1,
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. Setboth AC-GND-DC switches to the same position, depending

on the type of input coupling desired {AC or DC).

. Using either probes or cables with equal time delays, connect

the reference signal to the CH 1 OR X input and the comparison
signal to the CH2 OR Y input.

. Select BOTH Vertical Mode; then select either ALT or CHOP,

depending on the frequency of the input signals.

. Set both VOLTS/DIV switches for a 4~ or 5-division display.
. Adjust the Trigger LEVEL control for a stable display.
. Setthe SEC/DIV switchto a sweep speed which provides three or

more divisions of horizortal separation between the reference
points onthe two displays. Center each of the displays vertically
{see Figure 8-7).
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Figure 6-7. Time difference between two time-relaied pulses.
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10.

Activate the Delta Time measurement function and set the cursors
to similar reference points (such as leading edges) on the two
signal displays.

Read the time difference from the crt readout.

Time Ratio

The Deita Time function can alsc be used to measure and compute
the ratio, in terms of percent, between two different time intervals. To
measure a time ratio, use the following procedure:

1.

2.

Preset the instrument controls and obtain a baseline trace.

Apply the reference signal to eitherthe CH1 ORXorCHZ2 OR Y
input connector and select the Vertical MODE to display the chan-
nel used. '

Set the appropriate VOLTS/DIV switch for a convenient amplitude
display of the waveform.

Adjust the Trigger LEVEL conirol tc obtain a stable display.

Set the SEC/DIV and Variable SEC/DIV conirols to give a refer-
ence interval of exactly five horizontal divisions.

Select AT and CURSORS ON and position the cursors to the
five-division {(Ratio 1009%) reference interval.

If the test interval is part of a different signal, apply the test signal
to the unused vertical input and select the Vertical MODE to dis-
play the channe! used. Do not change the SEC/DIV or Variable
SEC/DIV setting,

Position one cursor 1o the left edge of the test interval and the
other cursor to the right edge, using the Cursor Position and Se-
lect Active Cursor controls (see Figure 6-8).

Read the Ratio between the test interval and the reference interval

- from the crt readout.
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Figure 5--8. Time ratios.

Phase Difference

Phase comparison between two signals of the same frequency can
be made using the dual-trace feature of the instrument. The methodis
similar to a time-difference measuremeni. The phase-difference
measurement can be made up to the frequency limit of the vertical
system. To make a phase comparison, use the following procedure:

1. Preset the instrument conirols and obtain a baseline frace, then
set the Trigger SOURCE switch to CH 1.

2. Setboth AC-GND-DC switches to the same position, depending
on the type of input coupling desired (AC or DC).
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3. Using either probes or coaxlal cables with equal time delays,
connect a known reference signal to the CH 1 OR X input and the
unknown signal to the CH 2 0R Y input.

4. Select BOTH Vertical Mode; then select either ALT or CHOR
depending on the frequency of the input signals. The reference
signal should precede the comparison signal in time.

NOTE

If the two signals are of opposite polarity, you can set the
CH 2 INVERT switch to invert the CH 2 display to make the
phase measurement. You must remember to add 180
degrees to the phase diffsrence to get the total phase shift
between the two signals.

5. Setboth VOLTS/DIV switches and both Variable controls so that
the displays are equal in amplitude.

6. Adjust the Trigger LEVEL contfrol for a stable display.

7. Setthe SEC/DIV and Variable SEC/DIV controls for one period of
the reference waveform to be exactly five divisions. Position the
waveform to the zero-crossing point,

8. With the SEC/DIV control out of CAL detent, press the AT/1/AT
button once or twice until “Phase” appears inthe upper left comer
ofthe crt screen. Set the cursors for one period of exactly five divi-
sions (Phase 360.0 degreas) on the reference waveform. Read-
just or position the reference waveform as necessary.

9. Do not change the SEC/DIV or Variable SEC/DIV controls. .- :
Position one cursor 10 the first Zero-crossing point on the test
waveform (see Figure 6-9).

10. Read the phase difference in degrees from the crt readout.
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Figure 6-9. Phase difference between two time-related signals.

Smali-Angle Phase Difference

If the phase difference between the two signals being measured is
small, increased resolution for setting the cursors can be obtained by
using the X10 MAG feature.

— 1. Perform steps 1 through 6 of the preceding “Phase Difference”
procedure to obtain a five-division display of one cycle of the
reference and comparison signals.

2. Use the Horizontal POSITION control to move the zero-crossing

D points of the signals being measured 1o the center verical
- graticule Hine. . :
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3. Select X10 MAG and use the Horizontal POSITION and the
Cursor Position control to align the reference zero-crossing with
one cursor.

4. Alignthe other cursor with the second comparison zero-crossing
(see Figure 6-10).

5. Read the magnified phase difference in degrees from the crt
readowt. Divide the reading by 10 to obtain the comrect phase
difference between the two signals,
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Figure 6-10. Smali-angle phase difference.

Percent Modulation

To measure percent modulation, the following procedure should be
adopted:

1. Preset the instrument conirols and obtain a baseline trace.
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2. Apply the signal to either vertical channel input connector and set
the Vertical MODE switches to display the chamnel used.

3. Adjust the Trigger LEVEL control to obtain a stable display.

4. Using the VOLTS/DIV and Vertical position controls, position the
waveform such that dimension C (see Figure 6-11) is equal to
100%.

5. Activate the Delta Volts measurement function and remove the
VOLTS/DIV switch and the SEC/DIV switch from CAL detent. This
will activate Ratio.

6. Position the cursors, using the Cursor Position control, as shown
by dimension D in Figure 6-11.

7. The 2211 will display the percentage modulation in the top left-
hand cormer of the crt.
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Figure 6-11. Percentage Modulation.
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TV Line Signal

The following procedure is used to display a TV Line signal:

1.

Preset the instrument controls and select P~P AUTO/TV LINE
Trigger Mode.

Apply the TV signal to either vertical channel input connector and
set the CH 1-BOTH-CH 2 Vertical MODE switch to display the
channel used.

Set the appropriate VOLTS/DIV switch to disptay 0.3 divisions or
more of the composite video signal.

Set the SEC/DIV switch 10 10 us.

Set the Trigger SLOPE switch to either positive slope for
positive-going TV signal sync pulses or negative siope for
negative-going TV signal sync pulses.

NOTE

To examine a TV Line signal in more detail, set the Horizontal
MAG switch to X10.

TV Field Signal

The television feature of the instrument can also be used to display TV
Field signals.

1.
2.

Preset the instrument controls and cbiain a baseline trace.

Set the Trigger MODE switch to TV FIELD and set the SEC/DIV
switch to 2 ms.

To display a single field, connect the TV signal to either vertical-
channel input connector and set the CH 1-BOTH-CH 2 Vertical
MODE switch to display the channel used.

Set the appropriate VOLTS/DIV switch to display 2.5 divisions or
more of the composite video signal.
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Setthe Trigger SLOPE switch to either positive slope for positive-
going TV signal sync pulses or negative siope fornegative-going
TV signal sync pulses.

To change the field that is displayed, momentarily interrupt the
trigger signal by setting the AC-GND-DC switchto GND andthen
back to AC until the desired field is displayed.

NOTE

To examine a TV Field signal in more detail, set the Horizontal
MAG switch to X10.

To display either Field 1 or Field 2 individually, connect the TV sig-
nai to both the CH 1 OR X and CH 2 ORY input connectors and
select BOTH and ALT Vertical Modes,

Setthe SEC/DIV switch to a faster sweep speed (displays ofless
than one full field). This will synchronize the CH 1 display to one
field and the CH 2 display to the other field.

MAKING DIGITAL STORAGE
MEASUREMENTS

The following procedures will enable the operator to perform some
basic measurements and familiarize themselves with digital-storage
techniques. The preceding NON-STORE measurements, except
Time ratio and phase, may be performed in STORE mode. However, if
you are not familiar with acquiring a signal in digital storage, youmay
wish to review the previous information on Digital Storage Displays in
ihis section.

1.

After presetting the instrument controls and obtaining a display of
the signai fo be measuwed in NON-STORE mode, set the
STORE/NON-STORE switch to the STORE position (putton in}.

Prior to making measurements on the acquired waveform, press
on the ACQ SAVE/CONTINUE button to hold the acquired
waveforr and to provide a more stable display for measurement.
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Waveform Comparison

Repeated comparisons of the newly acquired signals with a
reference signal for amplitude, timing, or pulse-shaped analysis may
be easily and accurately made using the Save Reference function of
the instrument.

1.

Preset the instrument conirols and obtain a display of the
reference signal.

Set the STORE/NON-STORE switch to the STORE position
(button in).

Select a VOLTS/DIV switch setting that gives the desired vertical
deflection.

Set the SEC/DIV switch to display the reference signal with the
desired sweep rate (the fastest STORE mode sweep rate is 20 us
per division).

Push in the Reference SAVE REF button 1o store the reference
waveform into reference memory.

Acquire the waveform that is 1o be compared with the reference
waveform,

NOTE

A store reference will remain displayed until the Reference
DISPLAY ON/OFF button is pushed again. Switching the
instrument to NON-STORE removes stored waveforms from
the display, but the saved reference waveforms remain in the
digital memory for use upon return to a STORE mode. A new
reference waveform is saved each time the SAVE REF button
is pressed whife in STORE mode. The reference waveforms
are NOT saved during power off.
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7. Use the Reference POSITION control to overlay the reference
waveform on the newly acquired waveform for making the com-
parison (see Figure 6-12). The STORE mode vertical deflection
and sweep rate are calibrated to allow direct measurement from
the graticule,
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Figure 6-12. Waveform comparison.

Waveform-Based Cursors

The 2211 can be used to make very accurate timing measurements if
the Delta T cursors are enabled in STORE mode. This facility
“attaches” the cursors to the waveform and can prove especially
useful when signals need {0 be measured which require a SEC/DIV
setiing of <20 us. An example is outlined below.
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RISE TIME MEASUREMENTS IN STORE MODE. To measure the
rise time of the waveform, use the following procedure:

1.

2.

10.

11.

Praset the instrument controls and obtain a baseline trace.

Apply the signal to either vertical-channel input connector and
set the Vertical MODE switches to display the channel used.

Adjust the Trigger LEVEL control to obtain a stable display.

Setthe SEC/DIV control and alter the position controls so that the
zero reference of the waveform touches the 0% graticule line and
the top of the waveform the 100% graticule line. Make sure that
the Variable SEC/DIV control is in the CAL detent position.

Activate the Delfa Time measurement function by momentarily
pressing inthe AT/1/AT button. Observe that two vertical cursors
appear on the crt screen.

Press STORE/NON-STORE to STORE. This will result in the cur-
sors become “attached” to the waveform with the site of attach-
ment being indicated by a bright dot.

Paosition the cursors to the approximate positions required on the
waveform using the Cursor Position control.

Select X10 or X50. The cursors will be rmagnified with the
waveform and may disappear off-screen.

Using the Horizontal POSITION control, position the trace so that
onhe of the cursors appears on the screen,

The Cursor Position control can now be used to position the
active cursor on the expanded trace to a high accuracy.

Pasition the other cursor on the crt screen, using the Horizontal
POSITION control and reposition it on the waveform, if required,
using the Cursor Position control.
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12. Read the time difference between the iwo cursors from the crt
readou,

NOTE

When switching from NON-STORE to STORE, the resolution
of the Delta T readout dispfay increases by one decimal
place to reffect the greater accuracy of waveform-based
CUrsor measurements.

OBSERVING AND REMOVING ALIASES IN
STORE MODE

Aliasing

In digital sampling, a more accurate reproduction of a signal is pos-
sible when more samples of the signal are obtained. The instrument
samples 4000 times across the 10 horizontal divisions of the
graticule. This means that a sine wave spread across the full screen
will be sampiled 4000 times, but if the sine wave is only one graticule
division in width, it will be sampled one-tenth as many times (400
samples). This number Is still adequate for accurate reproduction of
the stored waveform.

if the SEC/DIV switch is set so that the eniire sine—wave period fills

- one-tenth of a graticule division, it will be sampled only 40 times

during its acquisition. This means that only 40 samples of the
waveform will be available to reproduce the waveform for display. in
theory, if a sine wave Is sampled atleast two times during its period, it
may be accurately reproduced, In practice, the sine wave can be
reconstructed, using special filters, from slightly more than two sam-
ples.

Al 20 ps per division, and with a horizontal magnification of X10, a
signal of 2 MHz will be sampled 10 times during the sine-wave
period. Consequently the waveform will be accurately reproduced
within 85% of its true amplitude. This is the accuracy reguired for
useful storage bandwidth.
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If the input frequency is increased beyond 8 MHz, the samples will
soon become less than two times per period. This occurs at 10 MHz
for a 20 MHz sample rate. Past this point, information sampled from
two different sine-wave periods will be used to reconstruct the dis-
played waveform. This waveform will not be a correct reproduction of
the input signal. At certain input frequencies, the data sampled will
reproduce what appears to be a correct display, when infact itis only
related to the input signal by some multiple or part of a multiple of the
input signal. This type of display is one type of “alias” {see Figure
68-13A).

The example given is for the maximum sampling rate of 20 MHz.
However, the sampling rate is controlied by the SEC/DIV switch, and
it decreases when the SEC/DIV switch is set to slower settings.
Whenever the SEC/DIV swiich Is set so that the input signal is
sampied less than 10 times per period of the fastest frequency
component, observable aliases will occur,

et u!nnlifiifi:\n
Wl i,tléflﬁllil} |

{A) POSSBIBLE ALIAS SIGNAL IN STORE MODE, -
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{B) NON STORE DISPLAY.

(5301-20}6847-15

Figure 6-13. Anii-aliasing.
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Anti-Aliasing

In the event that an alias is suspected, two things may be done to
determine whether the display is of an alias. The first is to switch back
to NON-STORE mode to determine if the input signal is higher in
frequency than the apparent signal being displayed (see Figure
6-13B). Ensure that this display is being triggered; indicated by the
TRIG'D/READY light being on.

The SEC/DIV switch may also be set for a faster sweep rate so thatthe
number of samples per cycle of the input signal is increased. The
maximum digital sweep speed available on the 2211 for STORE
mode is 20 us per division,
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QOptions and Accessories

OPTIONS AND ACCESSORIES

INTRODUCTION

This part contains a general description of instrument options avail-
able at the time of publication of this manual. Also included is a
complete list (with Tekironix part numbers) of standard accessories
included with each instrument and a partial list of optional acces-
sories. Additional Information about instrument options, option avail-
ability, and other accessories can be obtained either by consulting
the current Tektronix Product Catalog or by contacting your local
Tektronix Field Office or representative.

STANDARD ACCESSORIES

The following standard accessories are provided with each
instrument:

Qty Description Part Number

2 10X, P610S Probe packages P6109
1 Power Cord and Fuse As Ordered
1 Operator’'s Manual 070-7233-00
1 User Reference Guide 070-7235-00
1 Loop Clamp 343--0003-00
1 Flat Washer 210-0803-00
1 Self-Tapping Screw 213-0882-00
CPTIONS
Option 02

This option is intended for users who need added front-panel protec-
tion and accessories-carrying ease demanded by frequent travel to
remote setvice sites. ltincludes a protective front-panel cover and an
accessories pouch that attaches 10 the top of the instrument.
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Option 1R

When the oscilloscope is ordered with Option 1R, it is shipped ina.
configuration that permits easy installation into virtually any 18-inch-
wide, electronic-equipment rack. All hardware is supplied for
mounting the instrument into the rack.

Complete rack-mounting instructions are provided in a separate
document. These instructions also contain the procedures for con-
verting a standard instrument into the Option 1R configuration by
using the separately ordered rack-mounting conversion kit,

Option 07

When the instrument is ordered with Option 07, it is supplied fitted with
a dc power supply, for applications where mains power may not be
accessible. See Appendix B for Instruclions.

POWER CORD OPTIONS

Instruments are shipped with the detachable power-cord con-
figuration ordered by the customer. Information about the inter-
‘national power-cord options is provided in Section 2, Preparation for
Use. The following list identifies the Tektronix part number for the
available power cords.

Standard (United States)

Power Cord, 2.5 m 161-0104-00
Fuse, 1.0 A, 250V, 3AG
1/4 x 1/4 inch, slow-blow 158-0019-00

Option A1 (Universal Euro)

Power Cord, 2.5 m 161-0104-08
Fuse, 0.5 A, 250 V, 3AG )
1/4 x 1/4 inch, siow-blow 1538-0032-00
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Option A2 (United Kingdom)

Power Cord, 25 m 161-0104-07
Fuse, 0.5 A, 250V, 3AG
1/4 x 1/4 inch, siow-blow 158-0032-00

Option A3 (Australia)

Power Cord, 2.5 m 161-0104-05
Fuse, 0.5 A, 250 V, 3AG
1/4 x /4 inch, slow-blow 159-0032-00

Option A4 (North America)

Power Cord, 25 m 161-0104-08
Fuse, 0.5 a, 260V, 3AG
1/4 X 1/4 inch, siow-blow 159-0032-00

Option A5 {Switzerland)

Power Cord, 2.5 m 161-0167-00

Fuse, 0.5 A, 250V, 3AG

1/4 x 1/4 inch, slow-blow 158-0032-00
OPTIONAL ACCESSORIES

The foilowing optional accessories are recommended for use with
the instrument.

Instrument Enhancements Part Number

Fromt-panel Protective Cover 200-3397-00

Accessory Pouch 016-0677-02

Front-panel Protective Cover and

Accessory Pouch 020-1514-00
oo Carmying Case 016-0792-01
----------- : CRT Light Filter, Clear 337-2775-01

Rack Mount Conversion Kit 016-1023-00

Portable Instrument Cart K212

Service Manual Q70-7234-00
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Viewing Hoods

Collapsibie
Polarized
Binocular

Alternative Power~Cords

European
United Kingdom
Australian

Norih American
Swiss

Attenuator Voitage Probes

10X Standard

10X Subminiature
10X Environmental
1X-10X Selectable
100X High Voltage
1000X High Voltage

Current Prohes

Low-current
High-current

Current~-Probe Amplifier
Active Probe, 10X FET
Active Probe Power Supply
Ground isolation Monitor
Isolator (for muitiple
independently referenced
differential measuremernits)

Power Accessories

DC Inverter

DC Inverter Mounting Kit
Portable Power Supply
Battery Pack

Part Number

016-0582-00
016-0180-00
016-0566-00

Part Number

020-0858-00
020-0860-00
020-0861--00
020-0862-00
020-0863-00

Part Number

P6109
Pe121
PE008
P6062B
PE00s
P6015

Part Number

P6021, P8022
AB302/AMB03
AG303/AMB03
134

PB202A
1101A

AB9O1

AB902B

1107
016-0785-00
1105
1106
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Oscitloscope Cameras

Low-cost C-5C
wmotorized C-7

2211 Operators
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Performance Characteristics

PERFORMANCE
CHARACTERISTICS

INTRODUCTION

The following electrical characteristics (Tabie 8-1) are valid whenthe
instrument has been adjusted at an ambient temperature between
+20°C and +30°C, has had a warm-up period of at least 20
minutes, and is operating at an ambient temperature beiween 0°C
and +40°C (unless otherwise stated).

ltems listed in the Performance Requirements column are verifiable
lirmits that define the measurement capabilities of the instrument.

Environmental characteristics are given in Tabie 8-2. This instrument
meets the requirements of MIL-T-28800C for Type I, Class 5
equipment, except where noted otherwise.

Mechanical characteristics of the instrument are listed in Table 8-3.

2211 Operators 871



Performance Characteristics

SPECIFICATION TABLES
Table 8~1
Electrical Characteristics

Characteristics Performance Requirements

VERTICAL DEFLECTION SYSTEM

Detlection Factor

Range 5 mV per division to 5 V per division
in a 1-2-5 sequence. Sensitivily
increases 1o 500 pV per division in

X10 mag.
DC Accuracy X1 X10
3% 5%

For & mV per divisionio 5V per
division the gain is set with the
VOLTS/DIV switch at 5 mV per

division.
Siorage Acquisition
Vertical Resolution 8-bits, 25 levels per division.
Dynamic Range 10.24 division.
Hange of Variable Continuously variable between set-
VOLTS/DiV Control tings. Increases deflection factor by

atleast2.5t0 1.

Step Response
(NON-STORE Mode)

Rise Time
5°Cto +35°C

5 mV per division |{ 7.0 ns or less.
to 5 V per division
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Table 8-1 (cont)

Characteristics

Performance Requirements

Step Response
{(NON-STORE Mode)
{cont)

Rise Time (cont)
G°Cto +40°C

5 mV per division
10 5V per division

8.8 ns or less. Rise time is calcu-
lated from this formula:

0.35

Rise Time =
Bandwidth (-3 dB)
Step Response
{STORE Mode)
Useful Storage SEC/DIV X 1.6
Rise Time 400
Rise time is limited to 35 ns
minimum.
Aberrations At +25°C with cabinet instalied.
(MON-STORE
and STCRE)
5 mV per division 6% or less.
10 mV per division 4% or less.
10 0.2 V per division
0.5 V per division 6% or iess.

NON-STORE Bandwidih
{-3 dB)

5°Cio +35°C

5 mV per division
1o 5V per division

DC to at least 50 MHz.

2211 Operators

8-3



Performance Characteristics

Table 8-1 (cont)

Characteristics

Performance Requirements

NON-STORE Bandwidth
(-3 dB) (cont)

0°C o +40°C

5 mV per division
to 5 V per division

DC 1o at least 40 MHz. Measured
with a vertically centered six-
division reference signal, from a
50-0 source driving a 50-{) coaxial
cabie terminated in 50 Q at the input
connector and the VOLTS/DIV
Variable control in the CAL detent,

X10 Bandwldth (-3 dB)

DC o at least 5 MHz.

AC Coupled Lower
Cutoff Frequency

10 Hz or less at -3 dB.

Useful Storage
Performance
20 us per division
{0 50 s per division

SEG/DIV

20
Hz.

Accuracy at useful storage per-
formance limit is measured with
respect to a six-division, 50 kHz
reference sine wave.

EXT CLOCK {up to
10 MHZz)

EXT/20 Hz.

NON-STORE CHOP
Mode Switching Rate

500 kHz *30%.

A/D Converter Linearity

Monotonic with no missing codes.

8-4
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Table 8-1 (cont)

Characteristics

Performance Requirements

Input Characteristics

Resistance 1 MQ +2%.
Capacitance 25 pF $2.0pF.
Maximum Safe input
Voliage
DC and AC coupled 400 V (dc + peak) or 800 V ac p—p

at 10 kHz or less. See Figure 8-1 for
maximum Input voltage vs, fre-
guency derating curve.

Common-Mode
Rejection Ratio (CMRR)

Checked at 5 mV per division for
common-mode signais of six
divisions or less with VOLTS/DIV
Variable controf adjusted for the best
CMRR at 50 kHz.

NON-STORE At least 10:1 at 20 MHz.
X10 MAG At lsast 10:1 at 1 MHz. (Checked at
500 pV setting).
STORE At least 10:1 at 10 MHz,
X10 MAG At least 10:1 at 1 MHz. {Checked at

500 pV setting).

Trace Shift with

0.25 divisions or iess; Variable

VOLTS/DIV VOLTS/DIV condrol in CAL detent.
Switch Rotation

Trace Shift as the 1 division or less.

VOLTS/DIV Variable

control is rotated

2211 Operators
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Table 8-1 (cont)

Characteristics Performance Requirements

Trace Shift with INVERT 1.5 divisions or less,

Trace Shift with 2.0 divisions or less.
X10 MAG

NON-STORE Channel Greater than 100:1 at 10 MHz,
Isolation

STORE Channel Greater than 100:1 at 10 MHz.
isclation

TRIGGERING SYSTEM

Trigger Sensitivity
P-P AUTO and 5 MHz 50 MHz
NORM
internal 0.35 div 1.0 div
External 453 mV p-p 150 mV p-p
External trigger signal from a 50-0)
source driving a 50-Q coaxial cable
terminated in 50-( at the input
connector.
TV LINE Internal | External
035dv | 40mvp-p
TV FIELD 1 division of composite sync.
P-P AUTO Lowest 20 Hz with 1 division internal or

Usable Frequency 100 mV p-p external.

8-6 2211 Operators



Performance Characteristics

Table 8-1 {cont)

Characteristics Performance Reguirements
EXT INPUT .
Maximum input 400 V (dc + peak ac) or 800 V ac
Vollage p-p at 10 kHz or less. See Figure

8-1 for maximum input voltage vs.
frequency derating curve.

input Resistance

1MQ T10%.

Input Capacitance

25 pF +2.5 pF.

LEVEL Control Range
(NCRM Trigger Mode)

Internal Trigger

May be set to any voltage level of
the trace that can be displayed.

EXT, BC Coupling

Atleast ¥1.2V, 24V p-p.

EXT/10, DC Coupling

Atleast 12V, 24V p—p.

Variable HOLDOFF increases Sweep holdoff time by at
Control least a factor of 8, with the SEC/DIV
swiich set to 1 ms.
DC Coupled Bandwidth DC to full bandwidth.
Acquisition Window
Trigger Point
25% PRETRIG 25% of the trace Is prior to the
trigger.
75% PRETRIG 75% of the trace is prior to the

trigger.

2211 Operators
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Tabie 8-1 (cont)

Characteristics

Performance Reqguirements

HORIZONTAL DEFLECTION SYSTEM

NON-STORE Sweep
Rates

Calibrated Range

0.5 s per division to 0.05 us per
division in a 1-2-5 sequence of 22
positions. The X10 magnifier extends
maximum sweep speed to 5 ns per
division.

STORE Mode Ranges
RECORD

20 ps per division to 50 ms per
division.

ROLL

0.1 s per division t0 0.5 s per
division; 1 s per division to 50 s per
division In 100X.

NON~STORE/STORE

Accuracy X1 %10 X580
+16°C 1o + 35°C +3% *4% +5%
G°Clo + 40°C +4% +5% +8%

Sweep accuracy applies over the
center eight divisions. Exclude the
first 50 ns of the sweep for X10 mag-
nified sweep and the first 100 ns of
the X50 magnified sweep. Exclude
anything past the 10th division of
unmagnified sweeps.

Horizontal POSITION
Control Range

Start of the 10th division will position
past the center vertical graticule line
in X10 (100th division in X10 Mag).
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Table 8-1 {cont}

Characteristics

Performance Requirements

STORE/NON-STORE
Sweep Linearity

Xi Xi0 X50

£5% +8% +9%

Linearity measured over any two of
the center 8 divisions. Exclude the
first 50 ns of the X10 magnified
sweep and the first 100 ns of the
X580 magnified sweep. Exclude any-
thing past the 10th division of the
unmagnified sweep.

Digital Sampie Rate

20 ps/div to 50 s/div Eﬁé’%ﬁ Hz.
External Clock
Input Freq.
RECORD DC to 10 MHz.
ROLL BC 10 4 kHz.
Digital Sample Rate Equal to the input frequency.
Duty Cycle IO (min) Hi {min)
RECORD 50 ns 50 ns
ROLL 50 us 125 ns
Logic Thresholds
LOW 0.7 V.
HIGH 21 V.

Maximum Safe Input
Voltage

25V (dc + peak ac) or 25V p-p ac
at 100 kiHz or less. See Figure 8-2
for the maximum input voltage vs,
frequency derating curve.

2211 Operators
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Table 8-1 {cont)

Characteristics

Performance Requirements

Input Resistance

1 MQ +109%.

Input Capacitance

25 pF 12,5 pF,

STORE Mode
Resolution

Acquisition Record
Length

4096 data points.

Waveform Acquisition
Display

4095 data points {400 data
points/div across the graticule area).

Variable SEC/DIV
Control Range

NON-STORE

Continuously variable between cali-
brated settings of the SEC/DIV con-
frol. Extends the Sweep speeds by
at least a factor of 2.5 times over the
calibrated SEC/DIV switch settings.

STORE

At SEC/DIV switch settings between
0.5 s and 10 ms, when the Variable
SEC/DIV control is removed from the
detent position, the SEC/DIV sefling
is muitipiied by 100 and the STORE
display is set to ROLL. When the
SEC/DIV switch Is set to EXT CLK,
the Variable SEC/DIV control selects
the display mode as shown beic...

Variable Display
Paosition Mode

Frequency
Range

CAL, RECORD | DC to 10 MHz

UNCAL ROLL DCto 4 kHz

8-10
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Table 8-1 {cont)

Characteristics Performance Requirements
Displayed Trace Greater than 10 divisions.
tength

Registration of Magni-
fied and Unmagnified
Traces

Regisiration of unmagnified frace
with magnified trace aligned to the
center vertical graticule line is beiter
than 0.2 division.

DIGITAL STORAGE DISPLAY

Vertical
Resolution

g-bit (1 part in 256). Display
waveforms calibrated for 25 points
per division.

Pasition Registration

NON-STORE 10
STORE

Within +0.5 division at graticule
center at VOLTS/DIV switch settings
from 5 mv/div to 5 V/div.

REFERENCE POSITION
Control Range

At least +3 divisions.

Horizontal
Digital Sweep

Calibrated to 400 points per division.

Expansion Range

i, 10 or 50 times as determined
by the MAG switch.

2211 Qperators
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Table 8-1 {cont)

Characteristics Performance Requirements

DIGITAL READOQUT DISPLAY

Cursor Accuracy

Voltage Difference Within 3% of the AV readout
value, (5% in X10 MAG) measured
over the center six divisions.

Time Difference
NON-STORE X1 X10 x50
15° 10 35°C 4% +5% +6%
0° to 40°C 5% +6% +9%
Measured over the center eight
divisions,
STORE
0° to 40°C 10.1% of unmagnified sweep.
Trigger Level Readout
Accuracy
15° 10 35°C Within 0.3 division +5% of

reading with less than 8 divisions
vertical input signal.

X-Y OPERATION (X1 MAG AND NON-STORE ONLY)

Deflection Factors . Same as vertical deflection system
with the VOLTS/DIV Variable controls
inn the CAL detent positions.

Accuracy
X-Axis Measured with a dc-coupled, five—
division reference signal. Within
*5%.
Y-Axis Same as vertical deflection system.
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Table 8-1 {cont)

Characteristics

Performance Requirements

Bandwidth (-3 dB)
X-Axis

Measured with a five~division ref-
erence signal. DC to at least 2 MHz.

Y-Axis Same as vertical deflection system.
NON-STORE Phase +3° from dc to 150 kHz. Vertical In-
Difference between put Coupling set to dc.

X-Axis and Y-Axis
Amplifiers
PROBE ADJUSTY
Cutput Voltage on 05V +5%.
Probe Adjust Jack
Repetition Rage 1 kHz $20%.
Z-AXIS

Sensitivity 5V causes noticeable modulation.

(NON-STORE Only) Positive—going input decreases
intensity.

Usable Frequency DC to 5 MHz.

Range

Maximum Safe Input
Voltage

- Same as External Trigger.

2271 Operators
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Table 8-1 {cont}

Characteristics

Performance Requirements

POWER SUPPLY

Line Voltage Ranges

95 Vac to 128 Vac and 190 Vac to
250 Vac.

Line Frequency

48 Hz 10 440 Hz.

Maximum Power 85 Watts (95 VA).
Consumption
Line Fuse
115 V operation 1 A, slow-blow.
230 V operation 0.5 A, slow-blow,
CRT DISPLAY
Display Area 8§ X 10 cm.
Standard Phosphor P31.
Nominal Accelerating 12.6 kV.

Voltage

8-14
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Table 8-2

Environmental Specification

Characteristics performance Requirements
Temperature

Qperating 0°C to +40°C (+32°F to +93°F).

Nonoperating -55°C t0 +75°C (-67°F to
+167°F).
‘Tested to MIL-T-28800C, para
4551.3and 4.55.1.4 (0°C
operating test) except that in para
4.5.5.1.3, steps 4 and 5 are
performed before step 2 (-55°C
nonoperating test). Equipment shall
remain off upon return to room
ambient temperature during step 6.
Excessive condensation shall be
removed before operating during
step 7.

Altitude

Operating To 4,500 meters (15,000 feel), Maxi-
mum operating temperature
decreases 1°C per 1000 feet above
5,000 feet.

Nonoperating To 15,000 meters (50,000 feat).
Humidity, 5 cycies (120 hours) referenced to
{Operating and MIL~-T-28800C para 4.5.5.1.2.2 for
Nonoperaling) type lil, Class 5 instruments. Oper-

ating and nonoperating at 95% -5%
to + 0% relative humidity. Oper-
ating, +30° C o +40°C; non-
operating, -30°C to +60°C.

2211 Operators
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Table 8-2 {cont)

Characteristics Performance Reguirements

EMI Meets radiated and conducted emis-
sion requirements per VDE 0871,
Class B. Plus FCC seclion 15, sub
part J, Class A.

Vibration, Operating 156 minuies along each of three
major axes at a iotal displacerment
of 0.015 inch p-p (2.4 g at 55 hz)
with frequency varied from 10 Hz to
55 Hz 10 10 Hz in one minute
sweeps. Hold for 10 minutes at

55 Hz in each of the three major
axes. All major resonances must be
above 55 Hz.

Shock, Nonoperating 30 g, half-sine, 11 ms duration,
three shocks per axis each direction,
for a total of 18 shocks.
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Table 8-3
Mechanical Specification

Characteristics Performance Requirements
Weight

With Power Cord 8.15 kg (18.0 ).
Domestic Shipping 10.65 kg (23.5 1b).
Weight
Height 138 mm (5.4 in).
Width

With Handle 380 mm (15.0 In).

Without Handle 327 mm (12.9 in).
Depth 445 mm (17.5 in).

With Handle 515 mm (20.3 In).

Extended
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curve for the EXT CLK connector.
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Appendix A

PERFORMANCE CHECK
PROCEDURE

INTRODUCTION

Purpose

The “Performance Check Procedure” is used to verify the instrument’s
Performance Requirements statements listed in Table 1-1 and o
determine the needfor calibration. The performance checks may also
be used as an acceptance test or as a preliminary troubleshooting
aid.

Performance Check interval

To ensure instrument accuracy, check its perforrnance afier every
2000 hours of operation or once each year, if used infrequently. A
more frequent interval may be necessary If the instrument is sub-
jected to harsh environments or severe usage.

Structure

The "Performance Check Procedure” is structured in subsections to
permit checking individual sections of the instrument whenever a
complete Performance Check is not required. At the beginning of
each subsection there is an equipment-required Hst showing only the
test equipment necessary for performing the steps in that subsection.
In this list, the item number that follows each piece of equipment
corresponds 1o the item number listed in Table A-1.

Also at the beginning of each subsection is a list of ali the front-panel
control settings required to prepare the instrumernt for performing Step
1 in that subsection. Each succeeding step within a particular sub-
section should then be performed, both in the sequence presented
and in its entirety, to ensuwre that control-setting changes wiil be
correct for ensuing steps.
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Test Equipment Required

The test equipment listed in Table A-1 is a complete list of the equip-
ment required to accomplish both the “Performance Check Pro-
cedure” in this section and the "Adjustment Procedure” in Section 5.
Test equipment specifications described in Table A-1 are the mink-
mum necessaty 1o provide accurate resulis. Therefore, equipment
used must meet or exceed the listed specifications. Detailled oper-
ating instructions for test equipment are not given inthis procedure. if
more operating information is required, refer to the appropriate test
equipment Instruction manual.

When equipment other than that recommendad Is used, control set-
tings of the test setup may need o be altered. If the exact item of
equipment given as an example in Table A-1 is not available, check
the "Minimum Specification” column to determine if any other
available test equipment might suffice to perform the check or
adjustment.

Limits And Tolerances

The limits and tolerances given in this procedure are valid for an
Ingtrument that is operating in and has been previously calibrated in
an ambient temperature between +20°C and 30°C. The instrument
also must have had at least a 20-minute warm-up period. Refer to
Table 1-1 for tolerances applicable to an instrument that is operating
outside this ternperature range. All tolerances specified are for the
instrument only and do not include test-equipment error.

Preparation For Checks

Itis not necessary o remove the instrument cover to accomplish any
subsection in the “Performance Check Procedure,” since ali checks
are made using operator-accessible front- and rear-panel controls
and connectors,

The most accurate display adjustments are made with a stable, well-
focused, low-intensity display. Unless otherwise noted, adjust the
INTENSITY, FOCUS, and Trigger LEVEL controls as needed to view
the display.
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Table A-1
Test Equipment Required
Htem and Minimum Example of
Description Specification Use Test Equipment

1. Calibration | Standard-amplitude sig- | Signat source | TEKTRONIX

Generator | nallevels: 5 mV 1o 50 V. | for gain and PG 506 Calibration
Accuracy: £0.3%. transient Generator.d
High-ampiitude signal | /°°PoTSS
levels: 1 Vio 60 V. adiustments
Repetition rate: 1 kMHz. | :

Fast-rise signal level:

1 V. Repetition rate:

1 MHz. Rise time: 1 ns
or less. Flatness: 20.5%.

2. leveled Frequency: 250 kHz to | Vertical, TEKTRONIX
Sine-Wave | above 50 MHz. Output | horizontal, and | SG 503 Leveled
Generator | amplitude: variable from | triggering Sine~Wave

10 mVic 5V p-p. Out- | checks and Generator.®
put impedance: 50 (). | adjustments.

Reference frequency: | Display adjust-

80 kHz. Amplitude ments and

accuracy: constant with- | Z-Axis check.

in 3% of reference

frequency as output

frequency changes.

3. Time-Mark | Marker cutputs: 10 ns to | Morizontal TEKTRONIX

Generator 1+ 0.5 S, Marker accuracy: | checks and TG 501 Time-
+0.1%. Trigger output; adjustments. Mark Generator.2
1 ms to 0.1 us, time- Display
coincident with markers, | adjustment.

4. Low- Range: 10 Hz to Low- TEKTRONIX
Frequency | 500 kHz. Qutput ampli- | Frequency SG 502 Oscillator2
Sine-Wave | tude: 300 mv. Oulput trigger
Generator | ympedance: 600 £). Ref- | checks.

erence frequency:
constant within 0.3 dB
of reference frequency
as output frequency
changes.
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Table A-1 {cont)

5. Pulse Outpul: high and low Signal source | TEKTRONEX
Generator | levels independently for Storage PG 502 250 MHz
adjustable overa -H V board external | Pulse Generator.2
o +5 V range. Mini- clock checks.
mum amplitude: less
than or equal to 0.5V
p-p. Maximum ampili-
tude: greater than or
equal fo 5 V p~p. Ampli-
tude accuracy: less than
or equal to 15% at5V
p-p amplitude,

6. Screw- Length: 3~inch shaft, Adjust variable | Xcelite R-3323.
driver Bit size: 3/32 inch. resistors.

7. Test Bandwidth: dc to General TEKTRONIX 2235.
Oscilio- 100 MHz. Minimum de- | trouble-
scope flection factor: 5 mV/div. | shooting.

Acouracy: +3%.

8. Digital Range: 0o 140 V. Power supply } TEKTRONIX
Volimeter DC voltage accuracy: checks and DM 501A Digital
(DMM) 0.15%, 4-1/2 digit adjustments. Multimeter.a

display.

9. Coaxial impadance: 50-0). Signal inter- Tektronix Part
Cable Length: 42 inch, comnections. | Number

Conneciors; BNC, 012-0057-01.
10. Dual-input | Connectors: BNC Signal inter- Tektronix Part
Coupler female-to-dual-BNC connections. Number

male. 067-0525-01.

11. Termination impedance: 50-{). Signal Tektronix Part
Connectors: BNC fermination. Number

011-0048-01.

12. Termination | impedance: 600-0). Signal Tektronix Part
Connectors: BNC termination. Number

011-0082-00.

13. 10X Ratio: 10X, Vortical Tokironix Part
Attenuator impedance: 50-(3. compensation | Number

Connectors: BNG. and tnggenng 011-0059-02.
checks.

14. Adapter Connectors: BNC male- | Signal inter- Tektronix Part

to-miniature-probe tip. | connection, Number
013-0084-02.
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Table A-1 {cont)

15. Low- Length: 1 inch shaft. Adijust variable | J.ED. Electronics
Reactance | Bit size: 3/32 inch. capacitors. Corp. Adjustment
Alignment tool Number 5284,
Toot

16. GRABBER Test seriat Tektronix Part
Disk interface. Number

119-3566-01.
17. Interface Signal inter- Tekironix Part
Cable connection. Number
012-1197-00.
18. 1BM Serial interface.
Compatible
PC

aRequires a TM 500-Serles Power Module.

INDEX TO PERFORMANCE CHECK STEPS

Vertical

1. Check Deflection Accuracy and Variable Range ........ A-8
2. Check PositionRange .................... ... ... A-8
3. Check High Frequency Compensation ............... A-10
4. CheckBandwidth ... ... ... i i A-11
5. Check Channellsolation ....................... ... A-12
6. Check Common-Mode RejectionRatio .............. A-12
Horizontal

1. Check Timing Accuracy and Linearity ................ A-15
2. CheckSweeplength ........ ... .. ... ... . ... .. A-17
3. Check COARSE and FINE PositionRange ............ A-18
4, Check VariableRange ............. ... ... ........ A-18
5. CheckXGain ...... ... i A-18
6. Check XBandwidth ........... ... ... ... . . it A-19
2211 QOperators REV NOV 1889 A-5



Appendix A

Trigger

1. Check Trigger Sensitivity .......................... A-21
2. Check LFP-PAUTOTggEr ........0ivviinnn. A-22
3. CheckLFReject ........... it A-23
4. CheckHFReject ... ... ... ... ... i i, A-23
5. Check External TriggerRanges ..................... A-24
6. CheckTriggerReadout .......... ... ..o, A-25
7. Check Single Sweep Operation .................... A-26

External Z-Axis and Probe Adjust

1. Check External Z-Axis Operation ................... A-29
2. Check Probe Adjust Operation ..................... A-29
Storage

1. Check Storage VOLTS/DIV Accuracy ................ A-31
2, CheckStoreAddMode ......... ... .. ..., A-32
3. Check CH 1 StorageBalance ...................... A-33
4. CheckCH2StorageBalance ...................... A-33
5. Check Add StorageBalance ....................... A-34
6. Check StorageBandwidth ......................... A-34
7. Check Store Mode Channel Isclation . ............... A-35
8. Check Common Mode RejectionRatio ............... A-36
9. CheckDisplayandSaveRef ....................... A-36
10. Check Save/Continue ............................. A-37
11. Check TriggerPoint .............................. A-37
12. Check SingleSweep ............................. A-38
13. Check Roll Single Sweep Vert Chop-Alt Trigger .. ... ... A-39
14. Check External Clock RecordMode ................. A-40
156. Check External Clock RollMede ................... A-40

Cursors and Readout _
1. Check Operationof Readout . ...................... A-43

2. Check ProbeEncoding ........................... A-48
3. Check CUrSOTACCUIACY ... ... it A-49

Serial Interface
1. Check Operation ........................ P A-51
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VERTICAL

Equipment Required (See Table A-1}):

Calibration Generator (ftem 1)

50-0 BNC Coaxiat Cable (item 9)
Dual-Input Coupler (item 10}
50-0 BNC Termination (itern 11)
10X BNC Attenuator (ftem 13)

Leveled Sine-Wave Generator {liem 2)

BNC Male-to-Miniature-Probe Tip {item 14)

INITIAL CONTROL S

Vertical

POSITION (both)

MODE

VOLTS/DWV (both)
VOLTS/DIV Variable (both)
Magnification
AC-GND-DC

Horizontal

POSITION {COARSE and FINE)
MAG

SEC/DIV

SEC/DIV Variable

Trigger

SLOPE
LEVEL
MODE
HOLDOFF
SOURCE
COUPLING

2211 Operators REV NOV 1988

ETTINGS

Midrange

CH 1, NORM
5mvV

CAL detent

X1 (CAL knobs in)
bC

Midrange
X1

0.5 ms
CAL. detent

Positive ()
Midrange
P-P AUTO
MIN

VERT MODE
DC
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PROCEDURE STEPS

1. Check Defiection Accuracy and Variabie Range

a. Connect a 20 mV standard-amplitude signal from the calibration
generator via a 50-() BNC cable tothe CH 1 OR X input connector.

b. CHECK-—Deflection accuracy is within the limits given in Table
A-2 for each CH 1 VOLTS/DIV switch setting and corresponding
standard-amplitude signal. When atthe 20 mV VOLTS/DIV switch
setting, rotate the CH 1 VOLTS/DIV Variable control fully counter-
clockwise and check that the display decreases to two divisions
or less. Then return the CH 1 VOLTS/DIV Variable control to the
CAL detent and continue with the 80 mV check.

c. Setthe calibration generator to output 2 V.

d. Setthe CH 1 verticai magnification to X10 (pull CAL knob out).

e. CHECK—X10 MAG deflection accuracy is within the limits given
in Table A-2 for each VOLTS/DIV switch setting and corre-
sponding standard amplitude signal in reverse order, starting at
5V per division ( 0.5 V per division in X10 magnified).

f.  Movethe cable fromthe CH 1 OR X input connectorio the CH2 0OR
Y input connector. Set the Vertical MODE switch to CH 2.

9. Set the calibration generator {0 output 20 mV.
h. Repeat parts b through e using the Channel 2 controls.

2. Check Position Range

. & S8ET.
VOLTS/DIV (both) 10mv
AC-GND-DC (both) AC
SEC/DIV 0.2ms

b. Setthe calibration generator to output 0.1 V.
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Table A-2
Deflection Accuracy Limits

Standard

YOLTS/DIV Ampiitude Accuracy Limits
Switch Setting Signal {Divisions)

b4 Xio X1 Xi0 X1 X10

Smv] SmV| 20mV| 2mV |388 10412 |38 to42
1Oomv] 1mv| 50mvV 5mV 48510515 147510525
20mv| 2mvVi0o1V 10mV 485 to 515 14.75 10 525
BOmV | smv 02V 20mV {3.88 t0 4.12 138 1042
01V 10mvV 05V 50 mv 4.85 to 5.15 [4.75 t0 5.25
0.2V 20mvV| 1V 101V (48510515 |475 10525
cH5V 50 mvV 2V 02V 3.88t04.12 |38 1042

1V 01V 5V 05V 48510515 [4.75 10 5.25

2V o2V 0V 1V 485 to 5.158 {4.75 t0 5.25

5V 05V 20V 2V 388 1t04.12 |38 to42

Adjust the CH 2 VOLTS/DIV Variable control to produce a
5.25-division display.

Set CH 2 VOLTS/DIV o 5 mV.
Set the calibration generator to produce a 0.2 V signal.

CHECK~The bottom and top of the frace may be positioned
above and below the center horizontal graticule line by rotating
the Channel 2 POSITION controt fully clockwise and counter-
clockwise respectively.

Move the cable from the CH2 OR Y input connectorto the CH 1 OR
X input connector.

Set ihe Vertical MODE switchto CH 1.
2211 Operators
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i. Repeat parts b through e using the Channel 1 controls.
J- Retum both VOLTS/DIV Variable knobs to their detent positions.
k. Disconnect the test equipment from the instrument,

3. Check High Frequency Compensation

a. SET
AC-GND-DC {both) De
SEC/DIV 0.2 us
Harizontal MAG Xi
Trigger SOURCE VERT MODE

b. Connect the positive-going fast-rise square wave output via a
50-02 BNC coaxial cable, a 10X BNC attenuator, and a 50-Q BNC
termination to the CH 1 OR X input connector.

c. Setthe generator {o produce a 1 MHz, five-divisicn display.

d. Position the bottom of the display to the bottom horizontal
graticule line using the CH 1 POSITION control and position the
leading edge of a pulse on the center vertical graticule line,

e. CHECK-For aberrations at the top of the waveform of +6% (0.3
division) or less.

f.  SetCH 1 VOLTS/DIV o 10 mV.
g. Setthe generator to produce a 1 MHz, five-division display.
h. CHECK--For aberrations 4% (0.2 division) or less.

1. Repeat part g and h for each of the following CH 1 VOLTS/DIV
switch settings: 20 mV through 0.2 V. Adjust the generator output
and add or remove the 10X attenuator as necessary to maintain a
five-division display at each VOLTS/DIV switch setting.

}-  Move the cable from the CH 1 OR X input connector io the CH 2
ORY input connector. Set the Vertical MODE switch to CH 2.
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k. Repeat parts c through i for Channel 2.
1. Disconnect the test equipment from the instrument.

4. Check Bandwidth

a. SET:
VOLTS/DIV (both) 5mvV
Vertical MODE CH 1
SEC/DIV -~ 10us

p. Connect the leveled sine-wave generator output via a 50-QBNC
coaxial cable and a 50~} BNC termination to the CH 1 OR Xinput
connector. :

c. Setthe generator to produce a 50 kHz, six-division display.

d. Increase the signal frequency until a 4.2-division display is
obtained.

e. CHECK-That the frequency is greater than 50 MHz.

f. Repeat parts c through e for all VOLTS/DIV setting from 10 mV o
1V

NOTE

For the 1-V-per—division VOLTS/DIV settings, use a five-
'division display of the 50-kHz reference frequency; use 3.5
divisions peak-to-peak as the -3dB reference point of the
bandwidth.

g. SET
Channe! 1 VOLTS/DIV 5my
Channel 1 Vertical Magnification X10 (pull CH 1 CAL

knob out)
h. Setthe generator to produce a 50 kHz, six—division display.

i. Increase the signal frequency until a 4.2-division display is
obtained.
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}.  CHECK-Thatthe frequency is greater than 5 MHz.
k. Repeal parts h through | for all ranges from 10 mVic 0.2 V.

l. Setthe CH 1 Vertical Magnification to X1 (push CAL knob in).

m. Set Vertical MODE o CH 2.

n. Repeat paris b through | for CH 2 using the CH 2 controls.

5. Check Channel isolation

a. SET
VOLTS/DIV {both) 05V
AC-GND-DC (CH 1) GND
SEC/DIV 0.05 us

b. Set the generator to produce a 10 MHz, five-division display.
¢. Set Vertical MODE to CH 1.
d. CHECK—That the display amplitude is less than 0.1 division.

e. Move thetest-signal cable fromthe CH 2 OR Y input connectorio
the CH 1 OR X input connecior.

f. SET
Vertical MODE CH2
CH 2 AC-GND-DC GND
CH 1 AC-GND-DC DC

g. CHECK—That the display amplitude is less than 0.1 division.
h. Disconnect the test equipment from the instrument,

8. Check Common Mode Rejection Ratio

a. SET
VOLTS/DIV (both) 10 mv
AC-GND-DC (both) DC
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b. Connectthe leveled sine-wave generator output via a 50-0 BNC
coaxial cable, a 50-0 BNC termination, and dual-input coupler
to the CH 1 OR X and CH 2 OR Y input connectors.

c. Setthe generator to produce a 20 MHz, five-division display.
d. SET

Vertical MODE BOTH, INVERT and ADD.
e. CHECK—That the ADD race Is 0.6 division or less.

{. Disconnect the test equipment from the instrument.
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HORIZONTAL

Equipment Required (See Table A-1):

Calibration Generator {ltem 1)

Leveled Sine-Wave Generator (item 2)
Time-Mark Generator (tem 3)
Test Oscilloscope (tem 7)

50~1 Coaxial Cable (tem 9)

50-0 BNC Termination {tem 11)

INITIAL CONTROL SETTINGS

Vertical
POSITION (both) Midrange
MODE CH 1, NORM
VOLTS/DIV (both) 05V
VOLTS/DIV Variable (both) CAL detent

Magnification {both)
AC-GND-DG (both)

X1 (CAL knebs in)
DG

Horizontal
FOSITION (COARSE and FINE) Midrange
MAG X1
SEC/DIV 0.05 us
SEC/DIV Variable CAL detent

Trigger
SLOPE Positive (/)
LEVEL Midrange
MODE P-P AUTO
HOLDOFF MiIN
SOURCE CH1
COUPLING AC
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PROCEDURE STEPS

Check Timing Accuracy and Linearity

Connect 50 ns time markers from the time-mark generator via @
50-0 BNC coaxial cable and a 50-0 BNC terminationtothe CH 1
OR X input connector.

Adjust the TRIGGER L.EVEL controi for a stable, triggered display.

Use the Horizontal POSITION controls to align the second time
marker with the second vertical graticule line.

CHECK - Timing accuracy is within 3% {0.24 division at the tenth
vertical graticule line), and linearity is within 5% (0.10 division
over any two of the center eight divisions).

NOTE

For checking the timing accuracy of the SEC/DIV switch set-
tings from 50 ms to 0.5 8, watch the time marker tps only at
the second and tenth vertical graticule lines while adjusting
the Horizontal POSITION controls to line up the time makers.

Repeat parts b through d for the remaining SEC/DIV and time-
mark generator selting combinations shown in Table A-3 under
the “Normal” column,

NOTE

In X350 magnification in all 2" decade switch settings, the
associated time marker settings give only five markers per
ten divisions instead of the customary 10. When checking
these ranges, position the markers on the second and ninth
vertical graticule lines.

SET:
SEC/DIN 0.1 us
Horizontal MAG X10
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Settings for Timing Accuracy Checks

Table A-3

SEC/DiV
Swifch Setting Time-Mark Generator Setting
Normal X10 Mag X50 Mag

0.05 us 50 ns 10 ns

0.1 ps 0.1 us 10 ns

0.2 us 0.2 us 20 ns
0.5 ps 05 ps 50 ns 10 ns
1us 1 pus 0.1 us 20 ns
2 us 2 us 0.2 ps 0.1 us
5 us 5 us 0.5 pus 0.1 us
10 us 10 us 1 us 0.2 us
20 us 20 us 2 us 1 us
50 us 50 us 5us 1 us
0.1 ms 0.1ms 10 us 2 us
0.2 ms 0.2 ms 20 us 10 us
0.5 ms 0.5 ms 50 ps 10 ps
1ms 1ms 0.1 ms 20 us
2ms 2ms 0.2ms 0.ims
5 ms 5 ms 0.5 ms 0.1 ms
10 ms 10 ms 1ms 0.2 ms
20 ms 20 ms 2ms 1ms
50 ms 50 ms 5ms 1ms
0.1s 01s 10 ms 2ms
02s C2s 20 ms 10 ms
05s 05s 50 ms 10 ms
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Select 10 ns time markers from the time-marker generator.

Use the Horfzontal POSITION control to align the first time marker
thatis 50 ns beyond the start of the sweep with the second vertical
graticule line.

CHECK —Timing accuracy is within 4% (0.32 division at the tenth
vertical graticule {ine), and linearity is within 7% (0.14 division
over any two of the center eight divisions). Exclude any portion of
the sweep past the 50th magnified division.

Repeat paris h and i for the remaining SEC/DIV and time-mark
generator setting combinations shown In Table A-3 under the
“X10 Magnified” column.

SET:
SEC/DIV 0.5 s
Horizontal MAG X50

Select 10 ns time markers from the time-marker generator.

. Usethe Horizontal POSITION control to align the first time marker

that is 100 ns beyond the start of the sweep with the second verti-

cal graticule line.

CHECK - Timing accuracy is within 5% (0.40 division at the tenth
vertical graticule line), and linearity is within 9% (0.18 division
over any two of the center eight divisions). Exclude any portion of
the sweep past the 100th magnified division.

Repeat parts m and n for the remaining SEC/DIV and time-mark
generator setting combinations shown in Table A-3 under the
“X50 Magnified” column.

Check Sweep Length

SET:
SEC/DIV 0.1 ms
Horizontal MAG X1
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b. 8elect 0.1 ms time markers from the time-mark generator.

c. Position the start of the sweep at the first vertical graticule line
using the Horizontal POSITION cantrol.

d. CHECK-—That the sweep length is between than 10.2 and 12
divisions.

3. Check COARSE and FINE Horizontal Position Range

a. CHECK—That the start of the sweep can be positioned to the
right of the center vertical graticule line by rotating the COARSE
Horizontal POSITION control fully clockwise.

b. CHECK-That the tenth time marker can be positioned {o the left
of the center vertical graticule line by rotating the COARSE Hori-
zontal POSITION controf fully counterclockwise.

¢c. CHECK—That the FINE Horizontal POSITION conirol can move
the trace maore than 0.4 divisions.

4. Check SEC/DIV Variable Range
a. Select 0.5 ms time markers from the time-mark generator.
b. Set the SEC/DIV Variable control fully counterclockwise.

c. CHECK-—That the spacing between Time markers is two
divisions or less.

d. Retumn the SEC/DIV Variable to the CAL detent position.
e. Disconnect the test equipment from the instrument.

5. Check X Galn

a. SET
VOLTS/DIV (both) 10 mv
SEG/DIV XY {fully counter-

clockwise)
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Connect 50 mV standard amplitude signal from the calibration
generator via a 50-1 BNC coaxial cable to the CH 1 OR X Input
connector,

CHECK—The display is between 4.85 and 5.15 divisions.
Disconnect the test equipment from the instrument.
Check X Bandwidth

Set both channels VOLTS/DIV switches to 50 mv,

Connect the leveled sine-wave generator output via a 50-0 BNC
coaxial cable and a 50-0 BNC terminationto the CH 1 OR Xinput
comnector.

Set the generator to produce an eight-division horizontal display
at an oulput frequency of 50 kiHz.

Increase the generator output frequency until the X-Axis (hori-
zontal) deflection amplitude is 5.7 divisions.

CHECK -~ That the generators frequency is 2 MHz or greater,

Disconnect the test equipment from the instrument.
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TRIGGER

Equipment Required (See Table A-1):

Calibralion Generator (ltem 1)

L sveled Sine-Wave Generatlor (item 2)
Low-Frequency Sine-Wave Generator (ltem 4)
50-0) BNC Coaxial Cable (ltem 9)

Dual-Input Coupler (tem 10}

50-0 BNC Termination (Item 11)

600-0 BNC Termination (item 12}

INITIAL CONTROL SETTINGS

Vertical
PQSITION Midrange
MODE CH 1
CH 1 VOLTS/DIV c1vVv
CH 2 VOLTS/DIV 1V
VOLTS/DIV Variable (both) CAL detent
Magnification {both) X1 (CAL knobs In)
AC-GND-DC (both) DC
Horizontal
POSITION (COARSE and FINE) Midrange
MAG X1
SEC/DIV 0.2 us
SEC/DIV Variable CAL detent
Trigger
SLOPE Positive (/)
LEVEL Midrange
MODE PP AUTO
HOLDOFF MIN
SOURCE VERT MODE
COUPLING DC
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PROCEDURE STEPS

1. Check Trigger Sensitivity

: : a. Connectthe leveled sine—wave generator oulputvia a 30~ BNC
---------- : coaxial cable and a 50-) BNC terminationto the CH 1 OR Xinput
connector.

b. Setthe generator to produce a 3.5-division dispiay at an oulput
frequency of 5 MHz.

¢. Setchannel 1 VOLTS/DIV swilchto 1V

d. CHECK - Stable display can be obtained by adjusting the TRIG-
GER LEVEL control for each swiich combination given in Table
A-4 in both positive and negative slope. Ensure that the TRIG'D
light comes on when triggered.

. Movethe test-signal cable fromthe CH 1 OR Xinput connector o
the CH 2 OR Y input connector. Set the Vertical MODE swiich to
CH2.

f. Repeatpartd.

g. Set the generator to produce a 1-division display at an output
frequency of 50 MHz.

h. Repeatparts d and e.

i. Disconnect the test equipment from the instrument.

Table A-4
Switch Combinations for Triggering Checks

TRIGGER Mode TRIGGER SLOPE
NORM POSITIVE ()
NORM NEGATIVE (L)

PP AUTO POSITIVE (_r)
P-P AUTO NEGATIVE (1\.)
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}. SET
CH 1 VOLTS/DIV 10 mv
Vertical MODE CH 1
SEC/DIV 0.2 us
Trigger MODE P-P AUTO
Trigger SOURCE EXT, EXT

k. Cgnnectthe leveled sine~-wave generator output via a 500 BNC
coaxial cable, a 50-0 BNC termination and a dual-input coupler
io the CH 1 OR X input connector and EXT INPUT OR Z inpui
connectors.

. Setthe generator o produce a four-division (40 mv) vertical dis-
play at an output frequency of 5 MHz,

m. Repeat part d.

n. Setthe CH1 VOLTS/DIV to 50 mV. Set the generator to produce a
5-divislon (150 mV) display at an output frequency of 50 MHz,

0. Repeat part d.
pr. Disconnect the test equipment from the instrument.

2. Check LF P-P AUTO Trigger

a. SEL
CH 1 VOLTS/DiV 01V
SEC/DIV 20ms
Trigger MODE P-P AUTO
Trigger SOURCE CH1
Trigger SLOPE Positive (/")

b. Connect the low-frequency sine-wave generator oufput via a
50 O BNC coaxial cable and a 800 {} BNC terminationtothe CH 1
OR X input connector.

c. Setthe low-frequency generator output to produce a 20 Hz one-
division display.
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=)

o o

CHECK—For stable triggering in both positive and negative
slopes. Ensure that the TRIG'D light comes on when triggered.

Disconnect the test equipment from the instrument.

Check LF Reject

SET:

HORIZ MODE X1, 10 ps/DIV
VERTICAL MODE CH 2, NORM

CH2Z VOLTS/DIV 0.1V, AC COUPLED
TRIGGER MODE P-P AUTO
TRIGGER SOURCE CH2

TRIGGER SLOPE ' Positive (/)
TRIGGER COUPLING LF REJECT

Set Calibration generator for 10KHz squarewave.

Connect generator output to CH2 INPUT connector,

Adjust the generator output to display a 3-division waveform.
Set TRIGGER MODE o NORM.

Adjust TRIG LEVEL conirol fully clockwise.

Rotate TRIG LEVEL control counterclockwise unti! waveform just
triggers.

Set CH2 VOLTS/DIV to 50mV and HORIZONTAL MODE to X10.
Position vertical fransition to right-hand side of screen.

CHECK ~That when switching the TRIGGER SLOPE switch from
positive to negative, the vertical transition is advanced hori-
zomally by 3.2 to 5.2 divisions. If this check fails, recheck the
TRIG LEVEL control as described in part g.

Check HF Reject

Set TRIGGER SLOPE to positive, TRIGGER COUPLING to DC
and TRIGGER MODE to NORM.
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b. Adjust TRIGGER LEVEL for stable trigger.

c. Adjust HORIZONTAL POSITION control to set vertical transition
after 10 divisions of sweep to the center verticat graticule line.

d. Set TRIGGER COUPLING to HF REJECT.

e. Adjust TRIGGER LEVEL control so that when switching the TRIG-
GER SLOPE switch between positive and negative, the vertical
transition does not move herizontally by more than 0.2 division.

f.  CHECK-—That when switching the TRIGGER COUPLING switch
between DC and HF REJECT, the vertical transition is advanced
horizontaily by 3.1 to 5.1 divisions.

5. Check External Trigger Range

a. SET:
CH 1 VOLTS/DIV 05V
SEC/DIV 20 us
Trigger COUPLING AC
Trigger SLOPE . POSITIVE (/)

b. Connectthe leveled sine-wave generator output viaa 50-0 BNC
coaxial cable, a 50-0 BNC termination, and a duai-input coupler
to both the CH 1 OR X and EXT INPUT connectors.

¢. Setthe leveled sine-wave generator to produce a 50 kHz, five~
division display.

d. Position the waveform equally about the center horizontal

graticule line.

e. SET
Trigger MODE NORM
Trigger SOURCE EXT, EXT

. CHECK-That the display is not triggered at efther exireme of
rotation of the Trigger LLEVEL control.
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Set the frigger COUPLING swiich to DC,

CHECK - That the dispiay is not triggered at either extreme of
rotation of the Trigger LEVEL control.

Set the trigger SOURCE switch 1o EXT/10.

CHECK—That the display can be triggered about the midrange of
the Trigger LEVEL control. '

Setthe trigger SLOPE switchto NEGATIVE (- ) andrepeat part |.
Bisconnect the test equipment from the instrument,

Check Trigger Readout

Set;

VERT MODE CH1

CH1 VOLTS/DIV 0.1V, DC COUPLED
HORIZ MODE X1

SEC/DIV 20 uS

TRIGGER MODE P-P AUTO
TRIGGER SOURCE CH1

TRIGGER COUPLING DC

READOUT “ON”

Connect the leveled sine-wave generator output via a 50~ BNC
coaxlal cable and a 50— BNC termination to the CH1 OR X Input
connector.

Set the generator to produce an 8-division vertical display at an
output frequency of 50 kHz.

Adjust the CH1 POSITION control to center the frace about the
center horizontal graticule line. Set TRIG MODE to NORM.

Adjust the TRIG LEVEL control so that the trace starts equally
about the center hotizontal graticule line when switching between
- and "\ trig slopes.

Set the TRIGGER SLOPE swilchto ..
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g. Adjustthe CH1 POSITION control so that the start of the trace is
aligned with the center horizontal graticule line.

h. CHECK-That the trigger readout is 0.00V £ 0.03V.

. Adjust the TRIG LEVEL control so that the trace starls 1 division
above the center horizontal graticule line,

j. CHECK—That the trigger readout is +0.10V 10.03V.

k. CHECK-That when the trace staris 2 divisions above the center
horizontal graticule line that the readout is + 0.20V +0.03V and for
3 divisions it is +0.30V $0.03V.

.  CHECK-That when the trace starts 1 division below the center
horizontal graticule iine that the readout is -0.10V £0.03V, for 2
divislons it Is -0.20V £0.03V and for 3 divisions it is -0.30V
10.03V,

m. Adjust the CH1 POSITION control 1o center the trace about the
center horizontal graticule line.

n.  Adjust the TRIG LEVEL control so that the trace starts equally
about the center horizontal graticule line when switching between
-~ and T frig slopes.

0. Setthe TRIGGER SLLOPE switch to .

P. Adjustthe CH1 POSITION control so that the start of the trace is
aligned with the center horizontal graticule line.

4. Repeat steps h through L
7. Check Single Sweep Operation

a. SET:
CH 1 VOLTS/DIV 10 mv o
SEC/DIV 0.5ms L
Trigger SOURCE CH 1
Trigger COUPLING AC
Trigger SLOPE POSITIVE ()
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b. Connect B0 mV standard amplitude signal from the calibration
generator via a 50-0 BNC coaxial cable to the CH 1 OR X input
connector.

c. Adjust the TRIGGER LEVEL control to obtain a stable display.

d. SET
CH 1 AC-GND-DC GND
Trigger MODE SGL SWP

e. Press the SGL SWP RESET button. The READY light should light
up and remain on.

f.  8et the Channel 1 AC-GND-DC switch to DC.
NCTE

The INTENSITY control may require adjustment to observe
the single-sweep trace.

g. CHECK—READY light goes out and a single sweep occurs.

h. Press in the SGL SWP button several times.

i. CHECK-Single-sweep trace occurs, and the READY light
comes on briefly every time the SGL SWP RESET button is
pressed. |

}. Disconnect the test equipment from the instrument.
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EXTERNAL Z-AXIS, PROBE ADJUST

Equipment Required {see Table A-1):

Leveled Sine-Wave Generator (ftemn 2)
Two 50-0 BNC Coaxial Cabies (ltem 9)
Dual-Input Coupler {ltem 10)

50~ BNC Termination (tem 11)

10X Probe (Provided with instrument)
Low-Reactance Alignment Tool (tem 15)

INITIAL CONTROL SETTINGS

Vertical
CH 1 POSITION Midrange
MODE CH 1, NORM
CH 1 VOLTS/DIV 1V
CH 1 VOLTS/DIV Variable CAL detent

Magnitication
Channel 1 AC-GND-DC

X1 (CH 1 CAL knob in)
DC

Horizontat
POSITION (COARSE and FINE) Midrange
HORIZONTAL MAG X1
SEC/DIV 20 us
SEC/DWV Variable CAL detent
Trigger
SLOPE POSITIVE (/)
LEVEL Midrange
MODE P-P AUTO
HOLDOFF MiIN
SOURCE EXT, EXT=Z
COUPLING DC
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PROCEDURE STEPS
{heck External Z-Axis Operation

Connect the leveled sine-wave generator output via a 50~ BNC
coaxial cable, a 50-£) termination, and a dual-input coupler to
the CH 1 OR X input connector and the EXT INPUT OR Z
connector.

Set the generator to produce a 5V, 50 kHz signal.
NOTE

The INTENSITY level may need adjustment 1o view the in-
tensity moduiation on the displayed waveform.

CHECK —For noticeable intensity modulation. The positive part
of the sine wave should be of lower intensity than the negative
par.

Disconnect the test equipment from the instrument.

Check Probe Adjust Operation

SET:

CH 1 VOLTS/DIV 10 mvV
SEC/DV 0.5ms
Trigger SOURCE CH 1

Connect the 10X Probe to the CH 1 OR X input connector and clip
the probe tip to the PROBE connector on the instrument frort
panel. If necessary, adjust the probe compensation for a flat-
topped square-wave display.

CHECK - Display amplitude is 4.75 10 5.25 divisions.

Disconnect the probe from the instrument.
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STORAGE

Equipment Required (See Table A-1):

Calibration Generator (tem 1)

Leveled Sine-Wave Generator (item 2)

Time Mark Generator (item 3)

Low-Freguency Sine-Wave Generator (ltem 4)
50~ BNC Coaxial Cable (item 9)

Dual-lnput Coupler {tem 10)

50-2 BNC Termination (item 11)

Pulse Generator (ltem 5)

INITIAL CONTROL SETTINGS

Vertlcal
POSITION (both) Midrange
MODE CH 1, NORM
VOLTS/DIV (both) 5mv
VOLTS/DN Variable (both) - CAL detent
Magnification X1 (CAL knobs in)
AC-GND-DC DC

Horizontal
POSITION (COARSE and FINE) Midrange
SEC/DN 05 ms
SEC/DW Variable CAL detent
MAG X1

Trigger
SLOPE Positive ()
LEVEL Midrange
MODE P-P AUTO
HOLDOFF MIN
SOURCE VERT MODE
COUPLING DC
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Storage

STORE/NON-STORE NON-STORE
PRE-TRIG 25%/75% 75%

ACQ SAVE/CONTINUE CONTINUE
REFERENCE POSITION Midrange

PROCEDURE STEPS
Check Storage VOLTS/DIV Accuracy

Connect a 20 mV standard-amplitude signal from the calibration
generator via a 50-Q BNC cable to the CH 1 ORX input connector.

CHECK—That there is a 4-division signal displayed on the
screen,

SET:
STORE/NON-STORE STORE
ACQ SAVE/CONTINUE SAVE

CHECK~—That the digplayed signal is within the limits given in
Table A-5 for each CH 1 VOLTS/DIV switch selting and corre-
sponding standard-amplitude signal. At each level, select CON-
TINUE then SAVE to acquire and hold the next test waveform.

Set the calibration generator (o output 20 m\.

Move the cable fromthe CH 1 or Xinput connector to the CH2 OR
Y input connector.

SET:

Vertical MODE CH2
STORE/NON-STORE NON-STORE
ACQ SAVE/CONTINUE CONTINUE

Repeats paris b through d for CH 2.
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Table A-5
Storage Deflection Accuracy Limits

VOLTS/DIV STANDARD ACCURACY
Switch Setting .| Amplitude Signal Limits (Divisions)
5mv 20 mv 3.88 10 412
10 mv 50 mv 4,85 1o 5.15
20 mv 01V 4.85 10 5.15
50 mv 02v 3.88 to 4.12
01V 05V 485 to 5.15
o2v 1V 485 1o 6.15
05V 2V 3.88 to 4.12
1V 5V 485 1o 5.15
2V 0oV 485 1o 515
5v 20V 388 1o 412
i. 8ET
STORE/NON-STORE NON-STORE
ACQ SAVE/CONTINUE CONTINUE
2. Check Store Add Mode
a. SET
SEC/DIV 0.2ms
VOLTS/DIV (both) 20 mv
Vertical MODE BOTH, ADD, NORM
STORE/NON-STORE NON-STORE

b. Setthe calibration generator to output 50 mV and connect it via a
dual-input coupler to both CH 1 (X} and CH 2 (Y} inputs.

¢. Position the display around the center horizontal graticule line.

d. CHECK—That the displayed signal is between 4.85 and 5.15
divisions in height.
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SET
STORE/NON-STORE STORE

GHECK—That the displayed signal is between 4.85 and 5.15
divisions in height.

Disconnect the test equipment from the instrument.

Check CH 1 Storage Balance

SET:

SEC/BIV 0.2ms
Vertical MODE CH 1, NORM
VOLTS/DIV (CH 1) 5mv
AC-GND-DC {CH 1) GND

Trigger SOURCE EXT
STORE/NON-STORE NON-STORE

Posltion the trace to the center horizontal graticule line using the
CH 1 Position control.

Set STORE/NON-STORE to STORE.

CHECK —That the trace is positioned within 0.5 of a division of
the center horizontal graticule line.

Check CH 2 Storage Balance

SET:

Vertical MODE CH 2, NORM
VOLTS/DIV (CH 2) 5mv
AC-GND-DC (CH 2) GND
STORE/NON-STORE NON-STORE

Using the CH 2 Position control, position the trace to the center
torizontal graticule.

Set STORE/NON--STORE to STORE.
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d. CHECK--That the trace is positioned within 0.5 of a division of
the center horizontal graticute.

5. Check Add Storage Balance

a. B8ET
Vertical MODE BOTH, ADD
S'I"ORE/NON~STORE NON-STORE
b. Position the trace 10 the center horizontal graticule line.
c. SET
STORE/NON-STORE STORE

d. CHECK-—That the trace is positioned within 0.5 of a division of
the center horizontal graticule line.

6. Check Vertical Bandwidth

a. SET.
Vertical MODE CH 1, NORM, ALT
SEC/DWV 20 us
Trigger SOURCE VERT
Trigger COUPLING AC
AC-GND-DC (both) DC
STORE/NON-STORE STORE

b. Connect a 50 kHz signal from the leveled sine-wave generator
via a 50-{) BNC coaxial cable and a 50-0 BNC terminationto the
CH 1 OR X input.

¢. CHECK-That the trace has a height of 6 divisions.

d. Increase the signal frequency until a 4.2-division display is
obiained.

¢. CHECK-That the frequenicy is greater than 10 MHz.

. Repeat paris ¢ through e for all VOLTS/DIV settings.
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Set Vertical MODE to CH 2.

Reduce the signal generator cutput leve! 1o minimum and move
the test signal to the CH 2 input.

Repeat parts ¢ through e for CH 2 using the CH 2 controls.

Check Store Mode Channel isolation

SET:

VOLTS/DIV (CH 2) 0.5V
VOLTS/DIV (CH 1) 1V
AC-GND-DC {CH 2) GND

Connect a 50 MHz,5 V peak to peak signal from a leveled sine-
wave generator via a 50-0 BNC coaxial cable and a 50-0 BNG
termination to the CH 1 OR X input.

Increase the generator frequency to 10 MHz.

SET
Verlical MODE CH2
CH 1 VOLTS/DIV 05V

CHECK-That the displayed signal is less than 0.1 divisions in
height.

Move the test signal to the CH 2 input.

SET:

Vertical MODE CH2Z
AC-GND-DC {CH 1) GND
AC-GND-DC (CH 2) DC

CHECK —That the displayed signal amplitude is less than 0.1
divisions.

Disconnect the test equipment from the instrument.
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8. Check Common Mode Rejection Ratio

a. SET:
VOLTS/DW {both) 5mv
AC-GND-DC (CH 2) DC

b. Connect a 50 kHz signal from the leveled sine-wave generator
via a dual-input coupler to both the CH 1 (X} and CH 2 {Y) inputs.

c. Setthe generator {o give a 6-division display.

d. SetVertical MODE to BOTH, INV, ADD.

e. Increase the signal frequency 1o 10 MHz.

f.  CHECK-That the residual display is less than 0.6 divisions.

g. Disconnect the test equipment from the instrument.

8, Check DisplayandSaveRet

a. SED
Vertical MODE CH 1
AC-GND-DC (CH 1) GND
Trigger SOURCE ChH 1
Trigger COUPLING BC
PRE-TRIG 25%

b. Adjustthe CH 1 Position control so that the trace is on the second
from bottom horizontal graticute line.

¢. Press SAVE REF

d. CHECK—That the SAVE REFi{race appears and can be posi-
tioned more than 3.5 divisions above the reference trace using
the Reference Position control.

e. Press the Display ON/OFF button.

t.  CHECK-That the SAVE REF.trace disappears.
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10.

i1.

Press the Display ON/OFF button.

CHECK—That the SAVE REF.frace appears and that the Trigger
Point {bright dot) is positioned at the same place on both traces.

SET:
PRE-TRIG 75%

CHECK—Thatthe CH 1 display and Trigger Point change but that
the REF display remnains the same.

Check Save/Continue

Position the trace on the center horizontal graticule using the
CH 1 Position control.

Press SAVE/CONTINUE.

CHECK—That the trace cannot be moved vertically using the Ver-
fical Position conirol.

Press SAVE/CONTINUE,

CHECK—That the trace can be moved using the Veriical Position
control.

Check Trigger Point

SET:
SEC/DIV 50 ms
PRE-TRIG 25%

CHECK —That the Trigger Point appears towards the beginning of
the trace.

Set PRE-TRIG 10 75%.

CHECK —That the Trigger Point appears towards the end of the
trace.

Set SEC/DIV1c 0.1 s.
CHECK —That the Trigger Point is not present.
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12.

Set Trigger MODE to Single Sweep.

CHECK—That the Trigger Point appears towards the end of the
trace.

Set Trigger MODE to P-P AUTO and PRE-TRIG 1o 25%.
Set Trigger MODE to Single Sweep.

CHECK - That the Trigger Point appears towards the beginning of
the trace.

Check Single Sweep

SET:

VOLTS/DIV {CH 1) 05V
AC-GND-DC (CH 1) DC
SEC/DIV 50 ms
Trigger MODE NORM

Connect 0.1 s time markers from the time-mark generator via a
50~ BNC coaxial cable and a 50~ BNC terminationio the CH 1
OR X input.

Adjust the Trigger Level control for stable trigger.

Set SEC/DIV to 0.1 s and Trigger MODE 1o Single Sweep.
CHECK - That the display continually scrolls 10 the left.
Press the RESET button.

CHECK--That the Trigger indicator lights immediately and then
goes out. When the Trigger indicator has gone out the display
should stop scrolling.

Press the RESET button.

CHECK—That the display clears and both the Trigger indicator
and the Trigger Point do not light until the pre-trigger data is
acquired.

Disconnect the test equipment from the instrument.
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13. Check Roll Single Sweep Vert Chop-Alt Trigger

a.

SET:

Vertical MODE BOTH, NORM, ALY
VOLTS/DIV (both) 05V
AC-GND-DC (both) DC

SEC/DIV 50 ms

Trigger MODE NORM

Trigger SOURCE VERT

Connect 0.1 s time markers from the time-mark generator via a
dual-input coupler to both the CH 1 {X) and the CH 2 (Y} inputs.

Adjust the Trigger Level control for stable trigger.

Position the CH 1 frace to the top of the display and CH 2 to the
bottom.

Set SEC/DIV to 0.1 s and Trigger MODE 1o Single Sweep.
CHECK - That the display continually scrolls to the left.

Press RESET.

CHECK—That both channels trigger and remain on the screen,

CHECK - That every subsequent press of the RESET button up-
dates CH 1 or CH 2 data aliernately.

Press the RESET button until CH 2 is displayed on the screen.
Disconnect CH 1 input.
Press the RESET button.

CHECK --That the display continually scrolls to the left until CH 1
input is reconnected.

Disconnect CH 2 input.

Press the RESET button.
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14.

CHECK —That the display continually scrolls to the leftuntii CH 2
input is reconnected.

Set Verticai MODE to CHOP.

Press the RESET bution.

CHECK--That both channels are displayed and triggered.
Disconnect the test equipment from the instrument.

Check External Clock Record Mode

SET:

Vertical MODE CH 1, NORM, ALT
SEC/DIV EXT CLK

Trigger MODE P-P AUTO
Trigger SOURCE CH 1

Connect a 0-5 V 10 MHz square wave with an equal mark 1o
space ratio from the pulse generator via a 50-2 BNC coaxial
cable 10 the EXT CLK input.

Connect 20 us time markers from the time-mark generator via a
50— BNC coaxial cable and a 50~ BNC terminatorto the CH 1
OR X input.

Set SAVE/CONTINUE to SAVE.
CHECK—That the displayed signal has 2 markers per division.

Disconnect the {est equipment from the instrument.

. Check External Clock Roll Mode

Set SAVE/CONTINUE to CONTINUE.
Turn the Horizonial Varlable control fully counterclockwise,

Connect a 0-5 V 4 kHz square wave with equal mark 1o space
ratio from the pulse generator via a 50~ BNC coaxial cable and
a 50~£) BNC termination to the EXT CLK input.
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d. Connect 0.1 s time markers from the time-mark generator via a
50-0) BNC coaxial cable and a 80-0) BNC terminationtothe CH 1
OR X input.

e. Set SAVE/CONTINUE to SAVE.
{. CHECK--That the displayed signal has 1 marker per division.
g. Return the Horlzontal Variable conirol to its detent position.

h. Disconnect the test equipment from the instrument.
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CURSORS AND READOUT

Equipment Required (See Tabie A-1):

Time Mark Generator (tem 3)
50-0) BNC Coaxial Cable {item 9)
50-0 BNC Termination (ltem 11)

INITIAL CONTROL SETTINGS

Vertical
POSITION Midrange
MODE CH 2, NORM, ADD
VOLTS/DIV (pboth) 10mv
VOLTS/DIV Variable (both) CAL detent
Magnification - X1 (CAL knobs in)
AC~-GND-DC GND

Horlzontal
POSITION {COARSE and FINE) Midrange
SEC/DIV 0.05 us
SEC/DIV Variable CAL detent
MAG X1

Trigger
SLOPE Posliive ()
LEVEL Midrange
MODE SGL swP
HOLDOFF MIN
SOURCE EXT
COUPLING AC
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Storage

STORE/NON-STORE NON-STORE
PRE-TRIG 25%/75% 75%

ACQ SAVE/CONTINUE CONTINUE
REFERENCE POSITION Midrange

Cursors and Readout

READQUT/STORE INTENSITY Midrange

PROCEDURE STEPS

Check Operation of Readout

Hold inthe AV1/AV2 and AT/1/AT pushbuttons until the Tekironix
fogo appears on the crt screen.

Press the Cursor Position control four times,and check that a
diagnostic table appears on the screen.

Hold the Cursor Posilion control in for approximately two
seconds until the next menu appears onthe cri screen. Thismenu
indicates the last switch/control changed.

Set Vartical MODE 1o BOTH and check that the screen displays
VMODE BOTH ADD.

Set Vertical MODE to ALT and check that the screen displays
VMODE BOTH ALT.

Set Verlical MODE to CHOP and check that the screen displays
VMODE BOTH CHOP.

Set Vertical MODE to CH 1 and check that the screen displays
VMODE CH1.

Set Vertical MODE to CH 2 and check that the screen displays
VMQODE CH2.
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i. Set Vertical MODE 1o INV and check that the screen displays
VMODE INVERT.

j.  Set Vertical MODE 1o NORM and check that the screen displays
VMODE NORM.

k. Set AC-GND-DGC (CH 1) to AC and check that the screen
displays CH1 CPLNG AC.

. 8et AC-GND-DC (CH 1) to DC and check that the screen
displays CH1 CPLNG DC.

m. Set AC-GND-DC (CH 2) to AC and check that the screen
displays CH2 CPLNG AC.

n. Set AC-GND-DC (CH 2) to DC and check that the screen
displays CH2 CPLNG DC.

0. SetCH 1 Variable to X10 and check that the screen displays CH1
X10.

p. SetCH 1 variable to X1 and check that the screen displays CH1
X1,

g. SetCH 1 Variable to UNCAL and check that the screen displays
CH1 UNCAL.

r.  SetCH1 Variable to CAL and check that the screen displays CH1
CAlL.

8. Set CH 2 Variable to X10 and check that the screen displays CH2
X10,

1. Set CH 2 Variable 1o X1 and check that the screen displays CH2
X1.

u. Set CH 2 Variable to UNCAL and check that the screen displays
CH2 UNCAL. '

v. Set CH 2 Variable to CAL and check that the screen displays CH2 o
CAL. L
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aa.

pb.

ce.

SetVOLTS/DIV (CH 1) to 5mV and check that the screen displays

CH1 VOLTS 5mV.

Switch the CH 1 VOLTS/DIV control through its various settings
checking that the crt screen displays the values shown in Table
A-B.

Repeat items w and x for the CH 2 VOLTS/DIV switch.

Set the Horizontal MAG switch to X10 and check that the screen
displays SEC MAG X10.

Set the Horizontal MAG switch to X50 and check that the screen
displays SEC MAG X50.

Set the Horizontal MAG switch to X1 and check that the screen
displays SEC MAG X1,

Setthe SEC/DIV switchto X-Y and check that the screen displays
SEC/DWV X-Y.

Tabie A-6
VOLTS/DIV Switch Settings/Screen Displays

Switch Setting Screen Display
10 mV (CH 1/2) CH1/2 VOLTS 10mV
20 mvV {CH 1/2) CH1/2 VOLTS 20mv
50 mV (CH 1/2) CH1/2 VOLTS 50mv
0.1V (CH 1/2) CH1/2VOLTS 0.1V
0.2V {CH 1/2) CH1/2 VOLTS C.2v
0.5V {CH 1/2) CH1/2 VOLTS 0.5V
1V (CH 1/2) CH1/2 VOLTS 1V
2V{(CH 1/2) CH1/2 VOLTS 2V
5V (CH 1/2) CH1/2 VOLTS 5V
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dd. Switch the SEC/DIV switch through its various settings and check

that the screen displays agree with those given in Table A-7.

Table A-7

SEC/DIV Switch Settings/Screen Displays

SEC/DIV
Switch Setting Screen Display
05s SEC/DIV 0.5s
0.2s SEC/DIV 0.23
0.1is SEC/DIV 0.1s
50 ms SEC/DIV 50ms
20 ms SEC/DIV 20ms
10 ms SEC/DIV 10ms
5ms SEC/DIV sms
2ms SEC/DIV 2ms
1ms SEC/DIV 1ms
0.5 ms SEC/DIV 0.5ms
0.2ms SEC/DIV 0.2ms
G.1ms SEC/DIV0.1ms
B0 us SEC/DIV 50us
20 us SEC/DIV 20us
10 ps SEC/DWV 10us
5 us SEC/DIV 5us
2 us SEC/DIV 2us
1us SEC/DIV 1pus
0.5 ps SEG/DIV 0.5us
0.2 us SEC/DIV 0.2us
0.1 us SEC/DIV 0.1us
0.05 us SEC/DIV 0.05us
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ee. Set Trigger MODE, SOURCE, and COUPLING 1o the settings
given in Table A-8 and check that the screen displays agree with

those given.

Table A-8
Trigger MODE, SOURCE and COUPLING

Switch Settings/Screen Displays

Switch Setting Screen Display
MODE P-P AUTO TRIG MODE P-P AUTO
MODE NORM TRIG MODE NORM/SGL
MODE TV FIELD TRIG MODE TV-FIELD
MODE SGL SWP TRIG MODE NORM/SGL
SOURCE CH 1 TRIG SRC CHt1
SOURCE VERT TRIG SRC VERT
SOURCE CH2 TRIG SRC CH2
SOURCE EXT TRIG SRC EXT
COUPLING bC TRIG CPLNG DC
COUPLING HF REJ TRIG CPLNG HF-REJ
COUPLING LF REJ TRIG CPLNG LF-REJ
COUPLING AC TRIG CPLNG AC

ft. Press the Cursor ON/OFF push button several times and check
that the screen display switches between CURSOR ON and
CURSCR OFF.

gg. Press the TRACK/INDEP push button several times and check
that the screen display switches between CURSOR TRACK and
CURSOR INDEP.

hh. Press the AV1/AV2 push bution and check that the screen

displays AV,
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Ii-

kk.

Press the AT/1/AT push button and check that the screen
displays AT.

Press the STORE/NON-STORE push button several times and
check that the screen display switches between STORE and
NON-STORE.

Press the SAVE/CONTINUE push button several times and check
that the screen digplay switches between ACQ SAVE and ACQ
CONTINUE.

Press the Cursor Position control followed by the AV1/AV2 push
button 10 end the check.

Check Probe Encoding

SET:

VOLTS/DIV (both) 0.1v

VERTICAL MODE CH1

Read the 0.1V on the Channel 1 VOLTS/DIV portion of the crt
readout.

Connect the standard accessory 10X probe 1o the CH1 OR X
connector,

CHECK—The Channel 1 VOLTS/DIV portion of the crt readout
changes from 0.1V to 1V,

Set VERTICAL MODE to CH2.

Move the X10 probe from the CH1 OR X input connector 1o the
CH2 OR Y input connector.

CHECK—The Channel 2 VOLTS/DIV portion of the crt readout
changes from 0.1V to 1V,

Disconnect the X10 probe from the instrument.
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Check Cursor Accuracy

SET:

Vertical MODE CH 1, NORM
VOLTS/DIV (both) s5mv
AC-GND-DC (both) DC

SEC/DIV 1ms

Trigger MODE P-P AUTO
Trigger SOURCE VERT MODE
Trigger COUPLING DC

Cursors ON/OFF ON
STORE/NON-5TORE NON-STORE

Press the AV1/AV2 push button.

Position the cursors, using the Cursor Position control, exactly
two divisions above and below the center horizantal graticule
line.

CHECK~—That the AV1 readout is between 19.80 mV and
20.20 m\.

Press the AT/1/AT push button.

Position the cursors, using the Cursor Position control, so that
they are aligned with the second and fenth vertical graticule line.

CHECK—That the AT readout is between 7.92 ms and 8.08 ms,

Set to STORE.

Repeat part e, f, and g using a range of 7.960 ms to 8.040 ms.
NOTE

if the instrument fails this check, the DAC CAL must be
readjusted — see Section 5 "Adjustment Procedure™.

SET:

VOLTS/DIV (CH 1) 05V
STORE/NON-STORE STORE
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k. Connect 1 ms time markers from the time-mark generator via a
50-0 BNG coaxial cable and a 50-0) BNC terminationto the CH 1
OR X input connector.

. Position the cursors, using the Cursor Position control, so that
they are aligned with the lips of the second and tenth time
markers.

m. CHECK-—That the AT readout is between 7.86 ms and 8.04 ms.

n. Disconnect the test equipment from the instrument.
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SERIAL INTERFACE

Interface Cable (tem 17)

IBM compatible PC (item 18)
GRABBER software (item 16)

Equipment Required (see Table A-1})

1. Check Operation
a. Set

CH1 VOLTS/DIV

CH1 COUPLING
CH2 VOLTS/DIV

CH2 COUPLING
VERTICAL MODE
HORIZONTAL MODE
SEC/DIV

TRIGGER MODE
TRIGGER SOURCE
TRIGGER COUPLING
STORE/NON-STORE
CURSORS

ATH/AT

0.5V

DC

c.2v

BC

BOTH, NORM, ALT
X1

0.2ms
P-P AUTO
CH1

bC
STORE
ON

AT

SERIAL INTERFACE DIP SWITCH SET TO:

1 2 3 4 5 &

o o O o 8] o

N N F F N N
F F

then go fo drive A..

Place the GRABBER floppy disk into drive A of the computer and

Connect the 9-way interface cable from COM1: of the compuiter

io the serial intedace socket on the right-hand side of the

instrument.
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d. Type “GRABBER COM1" followed by ENTER on the computer
keyboard. A message will appear on the computer screen with [

the last line being “HIT ANY KEY TO CONTINUE".
e. Press any key on lthe computer keyboard.

f.  Press the PRINT/PLOT button on the right-hand side of the
instrument.

g. Wait until the computer displays a representation of the instru-
ment's crt display (this could take up to & minutes).

h. CHECK-—That the waveforms displayed on the crt and on the
computer display are the same,

NOTE

If the traces or cursors are behind a graticule line, they will
not be visible on the computer display or on a plot.
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APPENDIX B

OPTION 07 INSTRUCTIONS

DESCRIPTION

The Tektronix Type 2200 Series Oscilloscopes fitted with Option 07
operate from either ac or dc power sources. Option 07 provides a
de-to-de inverter circuit physically located within the power supply
compartment of the instrument.

The inverter operates from a dc input voltage of 11.810 30 V. Adc
voltage monitor circuit included on the inverter board continually
checks the deinput level. If the voltage falls to approximately 11V,
Option 07 disconnects the oscilloscope from the power source.
This action limits the depth of the discharge that battery power
sources are subjected to when supplying power to the oscillo-
scope. Option 07 is also protected from the application of reverse
polarity dec voltage.

All instrument specifications and functions are maintained when
operating from a dc power source except for the loss of line-trigger
source selection.

ACCESSORIES

in addition to all the standard and optional accessories supplied
with the standard oscilloscope, Option 07 is shipped with a dc
power cord with intergral plug. Tektronix part number 161-0094-
00, the color coding of the supplied cord is as follows:

BED..cci i POSITIVE
PURPLE......ciiiiene NEGATIVE
GREEN/YELLOW............ CHASSIS

The1104A battery pack is an optional accessory available for use
with Option 07.
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OPERATION

AC Requirements

{ Operates from 115 or 230 V ac, within the limits specified on the
instrument’s back panel label.

DC Requirements

Operates from 11.8 o 30 V dc. Maximum elevation for either the
positive or the negative conductor of the de power cordis 42 Vwith
respect to the chassis ground of the oscilloscope.

Operation with the 1104A Battery Pack
See the instruction sheet supplied with the1104A battery pack.
MAINTENANCE
Option 07 needs no routine maintenance.
SAFETY

Grounding the Product

This product is grounded through the grounding conductorof the dc
power cord. To avoid eleciric shock, the ground conductor (green/
yellow) of the dc power cord must be connected to ground. A
protective ground connection is essential for safe operation.

Danger Arising from Loss of Ground

Upon loss of the protective ground connection, all accessible con-
ductive parts - including those which may appear to be insulating -
can render an electric shock.

SERVICING

These servicing and calibration instructions are foruse by qualified
personnel only.
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There is a fuse on the Option 07 circuit board. The fuse prevents
excessive dc current into the instrument in the event of a faliure of
either the instrument or the Option 07.

CALIBRATION AND PERFORMANCE CHECK

Option 07 has no adjustments, however, correct operation of the
option may be verified.

Equipment Required

Variable dc voltage supply, capable of supplying 8 A. DC voltmeter
with a measurement range of 50 V.

Procedure

NOTE

If the asciiloscope does not perform correctly in the testing proce-
dure, it must be returned o a Tektronix service center for repair.

1. Set the de supply 1o zero.

2. Connect the Option 07 instrument fo the dc supply and turn on
the power switch of the oscilloscope.

3. Using the voltmeter, monitor the applied voltage and increase
the supply voltage. Observe that the oscilloscope switches on
when the supply voltage reaches approximately 11.8 V dc at the

input plug.

4. Check that the oscilloscope operates normally with a supply
voltage up to 30 V dc.

5. Reduce the supply voltage and observe that the oscilloscope
switches off at approximately 10.8 V dc at the input plug.

6. Turn off the oscilloscope.

7. Connect the ac mains power ¢ord o a suitable ac power source
and turn on the oscilloscope.

8. Checkthat the oscilloscope operates normally from the ac mains
supply.
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ELECTRICAL CHARACTERISTICS

Unless stated, all other electrical and mechanicalcharacteristics
remain unchanged from the standard instrument.

Characteristic Information

DC input voltage 1181030V

Battery protection - Shutdown | 10.5V approx. at dc socket*
voltage

input current 6 A maximum {depends on
host insturment}.

Elevation Maximum elevation of
gither the positive or the
negative dc power
conductor with respect to
chassis ground is 42 V.

AC mains operation Inverter automatically shuts
- downwhen the mains power

is connected to the oscillo -

scope - - and vice versa.

*Note:

Apparent shutdown voltage will be increased due o voltage
drop incurred across dc input cable.
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