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Start Up

Table 1-1: Basic Analog Display Setup (Cont.)

Control Section

Contro! Name

Control Setting

Horizontal POSITION Midrange
Zontrols MODE A
A SEC/DIV .2ms
SEC/DIV Variable CAL detent
X10 Magntier Off (knob 1)
A Trigger VAR HOLDOFF NORM
" Controls Mode P-P AUTO
SLOPE Out (positive)
LEVEL Midrange
A & B SOURCE VERT MODE
A COUPL NORM
Dispilay Mode STORE/NON-STORE NON-STORE (button out)
Control

Adjusting Trace Rotation

Using the previous setup. Figure 1-2 shows how the display should now

appear.

- TRIG1=5mV :

e e —

18my

Bl2ms: ;

Figure 1-2: Initial Setup Display

Use the following procedure to align the baseline trace paraitel with the

center honzontal graticule line:

] step 1: Tum the Channel 1 POSITION control to position the trace on

the center horizontal graticule line.

[:] Step 2: Using a small-blade screwdriver. adjust the recessed TRACE
ROTATION control to ahgn the trace with the graticule iine.

You may need to make this adjustment again if you move or orient the

oscilloscope in a difterent direction.

2232 User Manual
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Start Up

Checking the Probe Compensation
NOTE

Always compensate a probe for the particular channel that you use
it with.
Use the following procedure to check the probe compensation:.

D Step 1: Set the instrument controls as descnibed in Setting up the
Display.

D Step 2: Connect the probe to the channel you intend to use it for.

(If the probe 1s properly “coded” the voits-per-division readout for the chan-
ne! will change to match the attenuation factor of the probe. The 10X probes
supplied with the oscilloscope already have the proper coding.) -

[ step 3: Clip the probe tip to the PRB ADJ connector. .

[ step 4: Use the VOLTS/DIV control to display about 5 divisions of th
waveform. ‘ )

[ step 5: Use the VERTICAL POSITION and HORIZONTAL POSITION
controls to center the display.

T e im T LT T i —

] step 6: Check the waveform against Figure 1-3 to see if the probe 1s
correctly compensated.

Over compennwd

Under compensated

Correctly compensated

Figure 1-3: Checking Probe Compensation

} D Step 7: Adjust the compensation if necessary.

1-6 Before You
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Start Up

NOTE

The instruction manual supplied with the probe provides complete
information about the probe and probe compensation.

- Installing the
Accessory Pouch

Figure 1-4 shows the correct methoa of installing the accessory pouch on
the instrument.

Key Alignment Keys
Slots (Under Trim)

AN
S i A ——

C-t

: 1

A. Center the Pouch Plate to Align the Key Slots.

Pouch
Plate \%

N R\

B. Push the Pouch Plate into the Rear Trim Gap.

L, - ?
== ‘

C. Bow the Plate and Slide it into the Front Trim Gap.

Figure 1-4: Installing the Accessory Pouch

2232 User Manual

1-7



Start Up

Using the Power
Cord Wrap

Figure 1-5 shows how to wrap the power cora on the back when you trans

port or store the instrument.

Figure 1-5: Using the Power Cord Wrap

1-8
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Front Panel

The controls and other features on the front panet of the 2232 Digital Stor-

age Oscilloscope are divided into functional sections. Each functional sec-

tion 1s highlighted in (Figure 2-1):

CRT Display Controls. CursorControls Display Mode
page 2-8. page 2-20 Select Button.
page 2-6
CRT Display. Setup Menus, Acquisition Controls,
page 2-5. page 2-25. page 2-21.
(- ?\ ujjsjsfals] ,,6.,’Q|DDDDU;D_ O
1 ] < .
—Hl@d|lo & of O |lc 0O
+ i I ———
! ! B
| 0O
L | i N
. —1 @
i — 4
P |
a ‘ Jill ©
AN . J 5
(AN J
. J||m
\ J
Buttons Select either Menu Items, Vertical Controls Trigger Controls
page 2-25 and Input, and Extemnal input,
—-or- page 2-10. page 2-16.
Save/Recall Waveform References,
page 2-22.
Power Switch, Horizontal Controls,
page 2-4. page 2-14.

Figure 2-1: Front Panel Control Sections

Figures 2-2 and 2-3 show the front panel of the oscilloscope in greater
detail.

2232 User Manual




Front Panel

CRT Display
— N\ Y
r 2 }. Y
| Tektronix 2232 100 MHz DIGITAL S{ORAGE OSCILLOSCOPE |
4 N
! —~}— 2 INTENSITY -
- : | - ] A—e—~8
] -
| — - . ' ’ .
; t1w T TR P Tee e l
{ ! i"‘ (L* * - i TRACE ROTATION )
1 Ll
I - ®
) ! ' N
E | N - o N BEAM FIND CRT Display
R i - D > Controis
‘;, ‘ : INTENSITY
‘ } - ~~ORE/READOUT~
' ) 110 - . @ 4
| il N %W“O :
i - FOCUS
{ A< N \
| - _J
| - . - POWER
SAVE REF ! 2 onOFF__3 K
— e —— ) ||| K e a
ON OFF
. \‘ J g
, g\ A
AN w4
Bezel Buttons for Seiecting Menu items
or Power
Saving and Recaliing vavetorms
Figure 2-2: *ont Panel View — Left Side
2-2 At a Glance
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Front Panel

Display Mode
Store (aigital)
Non-Store (analog)
Storage Controls
N
a Setup Menus Cursors Acquisition
SETUP CURSORS  sgiect ACQUISITION SAVE/
ACQ DISPLAY REF  PLOT FUNCT wmarom 1K/4K  MODE TRIG POS CONT STORE .

DDDDD“‘” DDDD

NON- STORE AL | NORM

——— HORIZONTAL— —— B TRIGGER —
(- < » POSITION AB SWP SEP .~ POSITION 2 POSITION LEVEL e
O O R oY
> < @ ;| ]
iy ] ar - -
CH ' BOTH CH 2 awum ADD AT  CHOP ‘ A BOTH B l
CH 1 VOLTS/DIV CH 2 VOLTS/DWV AND B SEC/DIV
10X INVERT 10X iE UNCAL = 4K COMPRESS)

PROBE

Vertical Controls Hortzontal Controls Trigger Controls

Figure 2-3: Front Panel View — Right Side

2232 User Manual 2.3
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Front Panel

Power Switch The power switch s shown in Figure 2-4.

>~ POWER —
i
\ m a ; -
T

Figure 2-4: Power Switch

‘ POWER ' )

| The push-button switch "urns the pcwer on and cfi. A green light indicates
| the power is on. . -

2-4 At a Glance
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Front Panel

CRT Displ ay The QRT graticule'a.rela (Figure 2-5) is divided into eight venicg! inisions for
amplitude (volits/division) measurements and ten horizontal divisions for time
{seconds/division) measurements. The settings of the volts/division and
seconds/division controls determine the scale of the graticule.

NG speper
= 1BsE)
- ™ ¢
R = _J 1
|
\
Percent Markings N\
are for rise time \
measurements. \\
T < )
r\~{.,w ...... P - ...................
190 -
| .' i
— s Un OhS anba VOLTSIDIV
o o o - ‘
. _ 1 —_ -— |
‘ | i P i | -~ :
- ] RN | - ,
110 v —- Y ' b+
\{, NN N - |
. - | | Each major division is spiit into
- Y ‘, ' ) 5 minor divisions. One minor
division equals two-tenths (.2)
- SEC/DV > of a major division.

Figure 2-5: CRT Graticule

} 2232 User Manual 2-5




Front Panel

There are two separate display modes: the anaiog NON-STORE mode
(Figure 2-6) and the digital STORE mode (Figure 2-7). The STORE
STORE button selects the disptay mode.

n Display Mode

,O@rt o {3 E:\

~~_ STORE m.

™

4C

N NON-STOREAL

7/

Trigger Level

N l _ )

. TRIG1=38my

/ 1

DLY=d.700ns <

58my 18my 8.1ms 8 Ims
CH 1 CH2 A B
Voits/Div Sec/Div

Figure 2-6: Analog (NON-STORE) Mode Display

8 Deiay

1]
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Front Panel

Channel 1 A volts ———4 AU1'=B.488U‘ TRIG1=B.84U AaT=08.:493ns <*—— A Time (or 1/4 Time)
Channel 2 A volts _.MUrLSREa 1 8¢ SAVE REF Display Indicator
) LA - Acquisition Display Window
Inactive Cursor (no box)
\ T —P— Active Cursor (box)
‘———4‘ k—.——v
Trigger Point “T" Indicator — T —
— e e b
] i . DLY>=3.982nrs
8.5V 18my PERKDET B.1ms 8.1ms

Acquisition Mode

Figure 2-7: Digital (STORE) Mode Display

Other Readout Symbols

€—

rE®

%

Indicates uncatibrated volts/division or seconds/division switch settings.

Appears before the Channel 2 volts/division readout when INVERT is
on.

Appears next to the volts/division readouts when the BW LIMIT switch
is on.

Appears above the volts/division readout voits symbol (V) it input cou-
pling is set to AC. Also appears above the A Trigger Level volts symbol
when the A COUPL switch is set to LF REJ or when input coupling is
setto AC.

Precedes the volts/division readout if the input coupling is set to GND.
Replaces the A symbol in the A volts readout when making ground-ret-
erenced voltage measurements.

Indicates a compressed 4K record.

Replaces the volts symbol (V) whenever the volts/division variable
(CAL) is in the uncalibrated position.

Appears on the top graticule line below the SRQ, ADDR or PLOT
markings to indicate the status of the communications option (GPIB or
RS-232). A similar symbol under the SREF readouts 1, 2, 3, 4K (refer-
ence memories) or A (current acquisition) indicates which of these
waveform displays Is currently selected for cursor measurement.

2232 User Manual




Front Panel

CRT Display Controls The CRT display controis adjust the alignment, intensity and fc

wavetorm dispiays and readout information.

TRACE ROTATION

BEAM FIND

INTENSITY
STORE/RE,\DOUT-

Figure 2-8: CRT Display Controis

2-8
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4%

— . aa - =z TR~ o s e S

Front Panel!

INTENSITY A
Adjusts the intensity of A NON-STORE sweep.

INTENSITY B
Adijusts the intensity of B NON-STORE sweep.

TRACE ROTATION
Aligns baseline trace with the honzontal graticule. {Use a small screwdriver
to adjust the recessed control.)

INTENSITY STORE/READOUT

Adijusts the intensity of the entire STORE display as well as NON-STORE

readouts. '
GRATICULE

Controls graticule illumination.

FOCUS
Focuses the display.

BEAM FIND
Locates dim or off-screen displays. ‘

. o

e — -

 ———— e e

2232 User Manual
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Front Panel

Vertical Controls and
Connections

Figure 2-9: Vertical Controis and Connections

2-10
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Front Panel

POSITION (Channe

Vertically positions the s:gnal displayed in Channel 1.

XY

Displays simultaneous phase and amplitude relationships between signais
connected to Channel 1 and Channel 2 (Lissajous figures). The signal in
Channei 1 drives the honzontal (X) axis and the signal in Channe! 2 drives
the vertical (Y) axis.

A/B SWP SEP

(A and B Sweep Separation) — Vertically separates the B sweep from A
sweep in the NON-STORE moae.

BW LIMIT

(Bandwidth Limit) — Reduces or eiiminates unwanted high-frequency noise
on the input signal by limiting the bandwidth of the oscilloscope to 20 MHz.
POSITION (Channet 2)

Vertically positions the signal displayed in Channel 2.

ADD ALT CHOP
(This switch is activated when the CH 1 BOTH CH 2 switch is in BOTH.)
ADD — Displays the sum of Channel 1 and Channei 2 signals. (Displays the

difference between Channel 1 and Channel 2 with Channel 2 INVERT
pushed in.)

ALT (Alternate) — Alternates the sweep between Channel 1 and Channel 2
dispiay.

CHOP — Electronically switches the sweep display between Channel 1 and
Channel 2 at a rate of 500 kHz.

INVERT

Vertically inverts the Channel 2 signal.

VOLTS/DIV (Channel 2)

(Volts per division) — Selects the vertical scale factor for Channel 2. Also
vertically expands or compresses Channel 2 saved waveforms.

CAL (Channet 2)

(Calibrated) — The clockwise position provides calibrated volts/division
settings. Rotating the control counterclockwise variabty increases the attenu-
ation of the settings, thereby reducing signal amplitude. (Variable settings
are not calibrated.) '

2232 User Manual
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Front Panel

Vertical Controls and
Connections (Cont.)

VERTICAL .
o POSITION A/B SWP SEP P POS!TION
N O O O '
hd N
S
= 5V .o
MODE

CHY BOTH CH2 BWUMIT ADD ALT CHOP

17 ' [ [ =3

CH 1 VOLTS/DIV CH 2 VOLTS/DIV

16 10X INVERT 10X
X PROBE 1x PROBE
il e
N

Figure 2-10: Vertical Controls and Connections (Cont.)
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10.

11.

12.

13.

14.

15.

16.

17.

18.

Front Panel

COUPLING (Channel 2)
AC — Capacitively couples the signai input. Blocks DC to 10 Hz signals.

GND (Ground) — Decouples the signal input and connects the vertical
system to ground reterence. :

DC — Passes all signal components to the vertical and acquisition systems.
Input Connection (Channel 2)
Provides the Channel 2 signat iInput connection for probes or coaxial cabtes.

GND Connection

The “Banana’ jack receptacle provides a connection to the instrument
ground.

input Connection (Channel 1)

Provides the Channel 1 signal input connection tor probes or coaxial cables.
COUPLING (Channet 1)

AC — Capagcitively couples the signal input. Blocks DC to 10 Hz signals.

GND (Ground) — Decouples the signal input and connects the vertical
system to ground reference.

DC — Passes all signal components to the vertical and acquisition systems.

VOLTS/DIV (Channel 1)

(Volts per division) — Selects the vertical scate tactor for Channel 1. Also
vertically expands or compresses Channel 1 saved waveforms.

CAL (Channel 1)

(Calibrated) — The clockwise position provides calibrated volts/division
settings. Rotating the control counterclockwise variably increases the attenu-
ation of the settings, thereby reducing signal amplitude. (Variable settings
are not calibrated.)

CH1 BOTH CH2
Selects either a singte-channel display or a two-channel display:

CH 1 — Displays Channel 1 only.
BOTH — Activates the A.)D ALT CHOP switch for two-channel displays.
CH 2 — Displays Channel 2 only.

PRB ADJ

(Probe Adjust) — Provides a 0.5 V square wave signal to compensate X10
probes.

. 2232 User Manual
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Front Panel

Horizontal Controis

The honzontai controls are shown in Figure 2-11.
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—— HORIZONTAL—

.. POSITION

x 'om 5 )
gl

A anp B SEC/DIV
(STORE UNCAL = 4K COMPRESS)

Figure 2-11: Horizontal Controls
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Front Panel

POSITION

Horizontally positions signal displays in both STORE and NON-STORE
modes.

ABOTHB
Selects the desired horizontal mode:
A — Displays only the main or “A” (non-delayed) sweep.

BOTH — Simultaneousiy displays both A (intensified) and B sweeps in the
NON-STORE mode. (In the STORE mode only the A intensified sweep s
displayed.) The intensified portion of A sweep indicates where the B delayed
sweep begins and ends.

B — Displays only the delayed or “B” sweep.

A SEC/DIV

Selects the horizontal seconds-per-division scale for A sweep. To lock the A
and B controls together, align the control indicators.

B8 SEC/DIV

Selects the horizontal seconds-per-division scale for B sweep. Puil the knob
out and turn it clockwise to select faster “delayed” sweep speeds.

X10 PULL

In NON-STORE, pulling the knob out horizontally magnifies (by ten times) )
the center one division of the display.

in STORE, pulling the knob out horizontally magnifies (by ten times) one ,
division area of the display centered around the active cursor. !

CAL f

In NON-STORE, rotating the control counterclockwise variably decreases
the sweep speed. The clockwise position selects calibrated settings. ’

in STORE, rotating the control counterclockwise horizontally compresses 4K
acquisitions to 1K.

B DELAY TIME POSITION
Selects the point where B (delayed) sweep starts in relation to A sweep.

X10 (STORE ONLY)

Sliows the STORE sweep speeds of 0.1, 0.2, and 0.5 seconds to 1, 2. and
5 seconds respectively.

2232 User Manual




Front Panel

Trigger Controls
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Figure 2-12: Trigger Controls
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Front Panel

VAR HOLDOFF

(Variable Holdoff) — Vanes the amount of time the horizontal system waits
before beginning another sweep. This helps stabilize the display of some
waveforms.

The holdoff time in the MAX position is at least 10 times greater than NORM.

SLOPE (B Trigger)

Selects either the positive (button out) or negative (button in) signal transi-
tion to trigger B sweep.

P-P AUTO/TV LINE

Automatically determines the trigger ievel on repetitive signals of 20 Hz and
higher in NON-STORE and 500 Hz and higher in STORE. Initiates a base-
line reference trace in the absence of an adequate trigger signal.

it a TV signal is appiied. the osciiloscope will trigger on the TV line informa-
tion.

NORM

(Normal Triggering Mode) — in NON-STORE, the A TRIGGER LEVEL
control sets the trigger point regardiess of the trigger signal amplitude. The
oscilloscope does not automaticalty sweep without an adequate trigger
signal. This mode is useful for low frequency or low repetition rate signals.

In STORE, the last signal acquired is displayed until the next trigger occurs.

TV FIELD — (Press P-P AUTO and NORM in at the same time.) This mode
sets the oscilloscope to trigger on television field (vertical sync) signals. The
A sweep will occur automatically in the absence of a trigger signal.

LEVEL (A Trigger)

Selects the voltage level on the positive (or negative) signal transition) at
which the A trigger will occur.

A EXT COUPL
Selects the method of coupling the EXT INPUT signal:

AC — Capacitively couples (and biocks DC components) of the signal.
DC — Couples DC and all other signal components.

DC/10 — Couples all signal components and attenuates the extemal input
signal by a factor ot 10.

2232 User Manual
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Front Panel
Trigger Controls
(Cont.)
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Figure 2-13: Trigger Controls (Cont.)
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Front Panel

EXT INPUT

Input connection for an external trigger signal.

A COUPL

Selects the method of coupling the A trigger source:

NORM (Normai Coupiing) — Couples all frequency components of the
tngger signat.

HF REJ (High-frequency Reject) — Attenuates AC components of the trig-
ger signal above 40 kHz.

LF REJ (Low-frequency Reject) — Attenuates AC components of the trigger
signal below 40 kHz.

A LINE SOURCE — Uses a signal derived from the AC power line to trigger
the A sweep.

A&B SOURCE

Selects the trigger signal source for both A and B Triggers:

VERT MODE (Vertical Mode) — The selected vertical mode automatically
supplies the trigger signal. In ADD or CHOP the trigger source is the alge-

braic sum of the Channel 1 and Channel 2. In ALT. the trigger source alter-
nates between the channels tn sync with the display.

CH 1 — Selects only the signal in channel 1 as the trigger source regardless
of the vertical mode selected.

CH 2 — Selects only the signal in channei 2 as the trigger source.

A EXT (A External) — Uses the signal applied to the EXT INPUT connector
as the trigger signal for the A trigger circuit.

SLOPE (A Trigger)

Selects either the positive (button out) or the negative (button in) signal | ‘
transition tor tnggering the next A sweep or acquisition.

LEVEL (B Trigger)

Sets the point in the signal transition at which the B sweep trigger occurs. If
the control is set to RUNS AFTER DELAY, B DELAY TIME POSITION will
control the amount of time delay from the start of A sweep to start of B
sweep. (The A sweep, and not B sweep, is triggered in RUNS AFTER
DELAY mode.)

SGL Swp

(Single Sweep) — Sets the oscilloscope to trigger a single sweep in the
NON-STORE mode. In the STORE mode, single-shot everits are captured
and displayed.

2232 User Manual
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Front Panel
Cursor Controls The cursor controts are shown in Figure 2-14.
- ,': Zoza: o
a2 AN ¢ g 2
. e RS
- ne
L@ (0 (o o
oy 9%
S e @ T B O A | N ’
~
~
~N
~
~
~N
~N
N
N
1 -
CURSORS  sgiect 2 -
WAVEFOFLM/
SELECT
C1/C2
(PUSH) )
Figure 2-14: Cursor Controls
1. CURSORS

Rotating the CURSORS knob moves the selec:za cursor. The 1K window of
a 4K acquisition will move with the selected cu:sor to view the entire record. -

(The CURSORS control can also make item selections or change item
values in the ACQ and REF Setup menus.)

SELECT C1/C2 (PUSH) — Pushing the CURSORS knob selects the cursor
to position. The cursor is enciosed by a box when selected.

2. SELECT WAVEFORM

Selects the wavetorm on which the cursors appear it one or more reference
memornes are displayed. The “—" symbol under the “SREF” iocation read-
out indicates that the cursors are on this particular reference memory dis-
play. (The “A” stands for the current acquisition dispiay.)
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Underscore indicates the cursors
are on reference memory “1"
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Front Panel

Acquisition Controls

The Acquisition Controls are shown in Figure 2-15.

ACQUISITION
1 1K/4K | MODE TRIG POS | CONT 4

Figure 2-15: Acquisition Controis

1K/4K

Selects an acquisition record length of either 1K (one-thousand bytes, one
screen) or 4K (tour-thousand bytes, four screens).

MODE

Selects the desired acquisition mode direétly without using the acquisition
menu. (Refer to Digitizing Signals, page 3-8.)

TRIG POS

(Trigger Position) — Selects the acquisition record displayed relative to the
trigger position (indicated by a “T") on the waveform; pretngger, midtrigger.
or posttrigger.

SAVE/CONT

(Save or continue) — SAVE temporarily freezes and displays the current
acquisition record.

CONT (continue) starts another acquisition.

2232 User Manual
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Front Panel

Save Reference The Save Reference Memory buttons are shown in Figure 2-16
Memory Buttons
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L( SAVEREF 1) 1 2 _ ON/OFF__3 K »

|

Figure 2-16: Save Reference Memory Buttons

SAVE REF 1, 2, 3 or SAVE REF 4K — When waveforms are displayed in - -
the STORE mode, you can use the buttons to save up to three separate
displays acquired in the 1K mode (memory locations 1,2 or 3) orone dis- __ _
play acourred in 4K mode (memory location 4K). Refer to Figure 2-17 and
Figure 2.-¢

To save a waveform display, press the SAVE REF button first and then one
of the memory location buttons within five seconds. The waveform display
will be savea to that memory tocation.

To turn the reference memory display on or off press only the numbered
menu buzo~.
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Front Panel

aU1=8.4808V AT=0.2%0ns
AU2=46.8mV SREF 3
K 4 ) i n
i f 1 {
Lo
! | !
NN .
= Indicates SAVE REF
Memory location 1. ;

K — _— — — A The —" underneath 1 !
N A S T T indicates the cursors are

~— ~— ~—— T on this memory display.

]

8.2y % 58my PERKDET 2.5ms

Figure 2-17: 1K Two-Channel Acquisition, Memory Location 1

N Indicates SAVE REF
Memory location 4K.

B.2v bY5@au  PEAKDET 8.5ms

Figure 2-18: 4K Two-Channel Acquisition, Memory Location 4K
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Front Panel

Save Reference The Save Reference Memory buttons are shown In Figure 2-16.
Memory Buttons
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Figure 2-16: Save Reference Memory Buttons

SAVE REF 1, 2, 3 or SAVE REF 4K — When waveforms are displayed in
the STORE mode, you can use the buttons to save up to three separate
displays acguired in the 1K mode (memory locations 1, 2 or 3) or one dis-
play acourad in 4K mode (memory location 4K). Reter to Figure 2-17 and
Figure 2--¢

To save 2 waveform display, press the SAVE REF button first and then one
of the memmory location buttons within five seconds. The waveform dispiay
will be savea to that memory tocation.

To tumn the reference memory display on or off press only the numbered
menu buza™.
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The Setup Menu buttons are shown in Figure 2-19.
‘ C T SIS
o =
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4 ———\;:"”Exl(g @ O‘- ® ~
< ———— SETUP —
) N ACQ DISPLAY REF  PLOT FUNCT
AN
) AN
Menu item Select Buttons
)
) Figure 2-19: Setup Buttons

Pressing one of the five Setup buttons displays a corresponding menu on
' the CRT. Pressing the same button again to returns to normal operation.

8  ACQ — Acquisition Menu

@ DISPLAY — Display Menu

®  REF — Waveform Reference Menu

' ] _ 7 =  PLOT — Plot Menu

) ® ADV FUNCT — Advanced Functions Menu

Menu ltem Select Buttons — When a Setup menu is displayed, each bezel
button (located underneath the displayed menu) moves a “box” to select
‘ \ from the menu items that appear directly above the button.

For example, pressing the DISPLAY setup button brings up the Display
) Menu (Figure 2-20). Pressing the button underneath AT Display selects
either AT or 1/ AT.
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Setup Menus

r DISPLAY ?
- : !
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. ON . : _ ! iR
4 Time Selected Lo  floN | gﬁ_ T -
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&F - ' : J
Display Smooth! Veétor | l
Menu item Select ————> = &=
“Bezei” Buttons AVEREF — > ovor 1 .

Figure 2-20: Setup Menu Exampte (6isplay)

"
'

Acquisition Menu

The Acquisition menu (Figure 2-21) allows you to configure the acquisition
system to your particular application.

! ACQUISITION

Cursor Knob setsé vg Wat: 1/4

e = Swp Lim: NO LIMIT

tAverage:

. Roll_] [Slow
. Reset
lSampig|..Scan . ..Fast .. ‘Defaai *Cursor

Acq >=0.1" ca
Mode s/div Clock Modes FuncJ

L — =N =
' SAVEREF T ' i ON/OFF L Ky
Figure 2-21: Acquisition Menu
Acq Mode

Peakdet (Peak Detect) — Detects spikes or “glitches” in the acquired sig-
nals.
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Setup Menus

Average — Reduces the amount random signal noise displayed by
weighted average of signal samples.

Accpeak (Accumulate Peak) — Accumulates signal peaks over mulitiple
acquisttions.

Sample — Samples the signal at 100 Ms/sec ;megasampies per second)
but, unlike the other acquisition modes. does not do any digital signal
processing.

Roll / Scan

Roll — Continuously acquires and displays waveform data. The acquisition
appears to “roll” from right to left across the display. (Roll 1s only avanabie for
settings 01 0.1 s105s.)

Scan — Updates the acquisition record left to right across the display at the
rate set by the seconds/division control. (Scan is only available tor settings
of0.1st05s.)

Ext Clock

(External Clock) — Selects the siow (Roll/Scan) mode or Fast (Record)
mode for an external (acquisition) clock signal applied to the auxiliary con-
nector on the left side of the instrument.

Reset Default Acq Modes

(Reset Default Acquisition Modes) — Resets the Acquisition Menu selections
to tactory detauit conditions.

Cursor Knob Func

(Cursor Knob Function) — Selects the menu item vaiue to set with the
CURSORS control.

Trig POS (Trigger Position) — Sets the number of points acquired prior to
the trigger.

Avg Wgt (Average Weight) — Weights the last sample in the Average ac-
quisition mode from 1/1 to 1/256.

Swp Lim (Sweep Limit) — Selects the number of acquisitions to make
betore halting; 1 to 999,000 or NO LIMIT,

2232 User Manua)
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Setup Menus

Display Menu

The Display menu allows you to configure cursor time readout. smoothing
and vectors (Figure 2-22).

-

DISPLAY

AT Display

. Digplay Smooth! Veétor ! |

T = = =

SAVE REF T A b ON/QFF o ®_, j]

Figure 2-22: Display Menu

A T — Disptay time or penod measurement.

1/A T — Display frequency measurement.

Smooth

Uses a digital process to smooth the waveform display. yet retain the ghtcn-
catching capabilities of Peak Detect or Accumulate Peak acquisition moaes.
(Smooth applies only to the Peak Detect or Accumulate Peak modes.;

Vector

ON — Connects data points together with vector lines in all acquisitior

modes.

OFF — Dispiays only the data pomnts In all acquisition moaes.

Auto — Dispiays vector hines at all seconds/division acquisition senincs
except repetitive store (0.5 us to 0.05 us) and X-Y.

At a Glance
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Setup Menus

Format Reference
Menu

Use the Save Ref (Save Reterence) button to toggle between the reference
menus NVmem (non-volatile memory. Figure 2-24) and Format (Figure
2-23).

HEFEREN(PE

1100

A =1

- 5Vi20us Smooth ONPEAKDET CH1

Cursor Knob sets i{Ven Pos

- : Vert Gain: 5V

m Ref2 CH1 ‘

Eormat],- Ref3. ... CH2. . X1, 1Gursor|
Save | Tlarget - Horiz | ool
Ref | | Ref Chnl ' M | Func
SAVE AEF = (I 2 ON/OFF__3 ax_,

Figure 2-23: Format Reference Menu

Format

The Format reference menu allows you to select a SAVE REF memory and
change its vertical and horizontal format.

Target

Ref (Reterence) — Selects the contents of one of the three reference memo-
ries (Ref1, Ref2 or Ref3) to format.

Chn! (Channel) — Selects which of the channels (CH1 or CH2) of the refer-
ence memory to format.

Horiz Mag

(Horizontal Magnification) — Magnifies the selected memory by ten times
(X10) or by the acquired (X1) magnification.

Cursor Knob Func

(Cursor Knob Function) — Selects which vertical aspect of the saved wave-
form to adjust with the CURSORS knob.

Vert Pos (Vertical Position) — Adjusts the vertical position of the saved
waveform dispiay.

2232 User Manual
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Setup Menus

Vert Gain (Vertical Gain) — Adjusts the vertical scale of the saved v
to a maximum of three settings higher, or lower. than the setting-# -
onginally saved at. -

NVmem Reference
Menu

Use the Save Ref (Save Reference) button to toggle between the: .
menus NVmem (non-volatile memory, Figure 2-24) and Format (Figure
2-23).

| REFEI
| Plish §
wo . 123 Ol

-2210401000000000000000/00000|

S WT T ;
_lCuanﬂnabfetsﬂSourceMK ! il

1 i | be ]

‘ ‘ t Dest:D ‘
Pomemlcopy |2/
.Forrnat.LSource,:.||/QJrso.n
Save To; Protect: Delete: Knob

| Ref: Dest | Dest Dest ' Func
— =] = &4 )

(savemreF o 1 2_ ON/OFF 3 w,

Figure 2-24: NVmem Reference Menu

NVmem

This reference menu allows you to copy to or from any of the SAVE REF
memory locations and NVmem locations. The non-volatile memory is divided
into locations labeled A through Z. (However, the number of actual wave-
forms that you can store depends on their individual record length and

mode of acquisition.) The number under each memory location mndicates the
size in kilobytes of the contents.

Copy Source To Dest

{Copy Source to Destination) — Copies the mdicated source (+) to the
indicated destination (T).

2-30
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Protect Dest

(Protect Destination) — Protects the indicated destination (T). Destination
memories can not be overwritten or deleted when protected. The numeral
unde-neath the memory location intensifies to show when that location is
protected.

Delete Dest

(Delete Destination) — Deletes the indicated destination (T} if it 1s not pro-
tected.

Cursor Knob Func

{Cursor Knob Function)

Source —— Activates the source arrow (1) indicator. Use the CURSORS knob
to position the arrow at the desired memory source.

Dest (Destination) — Activates the destination arrow (T) indicator. Use the
CURSORS knob to position the arrow at the desired memory destination.

2lot Menu

The Plot menu (Figure 2-25) controls the plotting parameters.

Figure 2-25: Plot Menu

Plotter Type

Selects the analog X-Y Plotter or digital plotter output format. The dignal
output format requires a GPIB or RS-232 option.

2232 User Manual
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Setup Menus

Advanced Functions

Menu

The Advanced Functions menu (Figure 2-26) provides access to various
other diagnostics and setup functions.

( —\
ADVANCED FUNCTIONS ‘
—_ Push SETUP ADV FUNCT Buttonto exit
\:p ) R : ........... : e .. ...............
i -
JOWs =+ - tr e menx e Sa-ve ....................
‘ ; ! T Fact
IMenu | Menu | Menu © ' | Reset !
g____________/ba = e B
\ SAVEREF O 1 2 _ ON/OFF.__2 w, |

Figure. 2-26: Advanced Functions Menu

Diag Menu

(Diagnostic Menu) — Selects diagnostic tests and calibration asls used to
service the instrument. Detailed menu information is contained in the 2232
service manual.

Comm Menu

(Communications Menu) — Sets stop-bit and flow parameters for the
RS-232 option.

Factory Reset

Resets the factory default acquisition, processing. and display modes for all
sweep speeds.

Save Setup Menu

The Saved Setups Menu (Figure 2-27) aliows you to save acquisition and
other menu settings as well as select what defauit or saved settings the
oscilloscope will recall when the power is turned on.

2232 User Manual
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Recall Setup

Recalls the indicated Select Setup memory.

Save Setup

Setup Menus

Saves the current software-controlled settings to the indicated Select Setup

memory.
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| Displaying Signals

- Displaying Signals descnbes the basic tasks involved in using the 2232
Digital Storage Oscilloscope to reveal the waveform charactenstics of electri-
cal signals. In particular, Building a Basic Display. provides an overview of

A the control sections and is a good starting point for anyone unfamiliar with

' - oscilloscopes.

Applying Signals to There are two vertical channels on the oscilloscope. Each channel has an
the Vertical Inputs input connection and an input coupling switch (Figure 3-1).

Signal input Connection

Figure 3-1: Input Connection and Coupiliyg Switch
'

Connecting Signals

Use either a probe or coaxial cable to connect a signal to a vertical input.

AAAAA
AAAAAJ

' CAUTION

Be careful to observe the maximum input voltage rating
(< 400 Vipeax). Use a high-voltage probe if necessary.

For AC signais that have a DC level higher than ten times the volts/divisior
setting, use the precharging technique described below.

Connecting the Standard Probes — Use the standard accessory 10X
probes supplied with the instrument for most circuit-to-input connections.
The 10X attenuation tactor provides a high input impedance that minimizes

Ty
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Displaying Signals

signal loading in the circuitry under test. The connector ends of the *
ry 10X probes are coded to change the readout by the appropnate
factor.

D Step 1: Gently twist the probe connector clockwise onto the inpul
until it locks.

] step 2: Make sure the probe is properly compensated. Refer to C:
ing the Probe Compensation, page 1-6.

D Step 3: Connect the ground clip on the probe to the ground conn
of the circuit. This will reduce signal noise and provide a common
ground reference for DC measurements.

Probe Accessories — Tektronix also supplies many other types of pre
and probe accessories to meet your measurement needs. Your Tektron
representative, local Tektronix Field Office, or Tektronix products cati *
also provide additional information on accessories.

Coaxial Cables — Use a coaxial cable to connect a BNC output or other
terminated signal source to the oscifloscope input. If necessary, use a
termination (usually 50 Q) on the signal input to match the characteristic
impedance and preserve the fidelity of the signal. Tektronix also carries a
variety of coaxial cable and cabling accessories for various applications.

Coupling Signals

Use the AC-GND-DC switch to select the desired input coupling mode
(Figure 3-1). -

AC — Capacitively couples the input and blocks DC to 10 Hz signals.

GND — Decoupies the signal from the input and connects the nput circuit
to ground reference. _ :

DC — Passes all signal components (AC and DC) to the vertical system.

Precharging the Signal input

Use the procedure below when coupling AC signals that have a high DC
voitage level or when probing between signalis that differ greatly in DCe
levels. This procedure becomes especially useful if the difference in DC level
is more than ten times the volits/division switch setting or if the circuit is
sensitive to the charging, or discharging. of the internal AC coupling capaci-
tor.

|:] Step 1: Set the input coupling switch to GND betore connecting the
probe tip 10 a signal source.

|:] Step 2: Touch the probe tip to the oscilloscope chassis ground (GND)
connector.

|:] Step 3: Wait several seconds for the input-coupling capacitor to dis-
charge.
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D Step 4: Connect the probe tip to the signal source.

D Step 5: Wait several seconds for the input-coupling capacitor to charge
to the DC level of the signal source.

D Step 6: Set the input coupling switch to AC. Position the AC signal
within the graticule area.

Building a Basic
Display

STORE = (1)

NON-STORE B ‘04

Displaying a simple. repetitive signal is one of the most common tasks
encountered when using an oscilloscope. To properly display a signal you
must make the appropriate control settings in four difterent sections ot the
front panet:

s CRT Display
s Vertical

e Horizontal

® Trigger

These control sections are arranged left to right across the front panetl of the
2232 Digital Storage Oscilloscope.

Presetting the Controls

It is often helptul to preset the front panet controls to get a sweep on the
screen before you try to apply a signal. With a simple “trace” on screen you
can adjust the display intensity and focus before you make any other set-
tings.

It you are untamiliar with oscilloscopes you may want to begin with the basic
analog setup given in Start Up, page 1-4. In addition, the following sections
describe the basic controls and a general approach to setting them:

s Selecting the Display Mode (STORE/NON-STORE)
s Selecting the Trigger Mode

m  Selecting the Horizontal Mode and Scale

m  Selecting the Vertical Mode and Scale

a  Setting the Display Intensity and Focus

®  Finding "Lost” Displays

Selecting the Display Mode (STORE/NON-STORE)

Toggle the STORE/NON-STORE button to display signals in either the
digital (STORE) or analog (NON-STORE) mode. You may find it heiptfut to
set up the sighai display in the analog mode first betore switching to the
STORE mode.

2232 User Manual
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A TRIGGER

As soon as you enter the STORE mode the oscilioscope digitally -

the signal ana actively displays it on the screen. Acquisition m-~
different sweep speeds are determined by defautt but they may bé .
(Refer to Digiizing Signals. page 3-8.) The front panel controis that
the analog display in NON-STORE aiso govern the storage display. T
STORE mode. however, gives you the additional capabilities of digital |
cessing, cursor measurements, and waveform storage and retrieval.

Selecting the Trigger Mode

Set the trigger mode to P-P AUTO for most routine displays. This made

automatically adjusts the range of the trigger-level control for repetitive
signals above 20 Hz and automatically generates a sweep in the abse:
an adequate trigger signal.

There are many other ways to trigger a signal. Refer to the section entitl
Triggering on Signals, page 3-26, for a complete discussion.

Selecting the Horizontal Mode and Scale

Using the horzontal controls (Figure 3-2) you can display and horizontally
scale a signat applied to the oscilloscope. There are aiso two separate?limc"
base modes that you can use separately or in combination.

‘ | I ‘ ~—— HORIZONTAL—
I Lo S I POSMON &) |

,.:, ............. | e e @ —‘
- : | :

SEC/DIV

Figure 3-2: Horizontal Display Controls
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[ Step 1: Select the time base mode with the horizontal MODE switch:

A — Selects the A sweep mode. Use this mode for basic displays that
require only one sweep.

BOTH — Simuitaneously displays both A (intensified) and B sweeps in
the NON-STORE mode. (In the STORE mode only the A intensified
sweep is dispiayed.) The intensified portion of A sweep indicates where
the B delayed sweep begins and ends. Refer to Displfaying Two Sweeps.
page 3-22.

B — Displays B sweep only. Reter to Displaying Two Sweeps. page
3-22.

Step 2: Use the A anD B SEC/DIV controls to select the horizomal scate
factor for the selected mode(s).

A SEC/DIV — Selects the A sweep speed by turning both A ano B
SEC/DIV controls together. The gray DLY'D SWEEP (B SEC/DIV) knob
will lock together with the clear piastic A SEC/DIV skirt when you align
the indicators. )

B SEC/DIV (DLY'D SWEEP) — Selects the B sweep speed by turning
the gray DLY'D SWEEP (B SEC/DIV) knob. Pull and turn the DLY’D
SWEEP knob clockwise to select faster sweep speeds for the B SEC/
DIV time-base only.

[ step 3: Adjust the horizontal POSITION control as necessary.

Selecting the Vertical Mode and Scale

The vertical display controls allow you to adjust the vertical scale, position,
and mode.

[J step 1: Select the channel you want with the CH1 BOTH CH2 switch:

CH 1 — Displays Channel 1 only.

BOTH — Activates the ADD ALT CHOP switch for two-channel displays.

CH 2 — Displays Channef 2 only.

D Step 2: Preset the input coupling for that channei to ground (GND).

{Also refer to Precharging the Signal Input, page 3-2.)

2232 User Manual
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O

Step 3: Set the vertical scale (or attenuation factor) for the disg
turning the volts/division knob of the selected channel (Figure 3%, .
Choose a setting that is several times higher than the amplitude «
signal. This will keep the display from going off screen.

Note the 1X and 10X nomenclature next to the VOLTS/DIV control.
Vertical scale tactors range from 2 mV to 5 V per division for a X1 prol
and 20 mV to 50 V per division for a 10X probe. (Probes with higher
factors of attenuation are also available from Tektronix.) if a probe is
properly coded. the display readout of the channel it is connected to' -
change by the appropriate scaie tactor.

— ; CH1' BOTH CH 2

s—

cterfeete

CH 1 VOLTS/DIV

4 * vOLTS/DIV

[XEXS TREEEE X5
—t _~}..4

(X

Figure 3-3: Vertical Displav Controls

D Step 4: Apply the signal * * ‘ne input and move the coupling switch to

AC (or DC). (Refer to Appiying a Signals to the Vertical Inputs.
page 3-1.)

D Step 5: Adjust the vertical position controf for the selected channel as

necessary.

Setting the Display intensity and Focus

Once you have a simpie trace or signal displayed on the screen, use the
FOCUS and INTENSITY knobs to control the CRT display (Figure 3-4).

The

larger (outer) knob of the A and B INTENSITY controls adjusts the

intensity of A NON-STORE sweep. The smalier (inner) control adjusts the
intensity of B NON-STORE sweep and the intensified portion of the A NON-
STORE sweep.

3-6
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INTENSITY
A—e—8
2U1=9.48QU 21=0.298rs @@
AV2=46,8my RS
K (e o d ~
‘ ‘ 4 : -. . : ; : TRACE ROTATION
| ' . ‘ | ! i ! : ‘
i | ‘ } '
{ T : .
— . BEAM FIND
6 ,4-‘-""1 — r’—"‘l K“] = INTENSITY
} — ; e ‘ STORE /READOUT
e L W ‘.
o
8.2U ©5gmU  PEAKDET .5ms |

Figure 3-4: CRT Display Controis

The INTENSITY STORE/READOUT control sets the brightness of the read-
outs in the NON-STORE mode as well as the intensity of the entire STORE
display. You can also toggle the readouts on and off by turning the larger
(outer) control fully counterclockwise and then back to the normal level.

Some readouts do not appear in both STORE and NON-STORE modes.
Reter to Display Mode, page 2-6.

The FOCUS control adjusts the clarity of the display.

Finding “Lost” Displays

Because of signal variances or misadjusted front panei settings it is not
uncommon to “lose” a signal display. When this happens, use the following
procedure:

D Step 1: Note which channel the signal is applied to and make sure the
vertical mode is set for that channel.

D Step 2: Set the oscilloscope in the NON-STORE mode.

[[J step 3: Press the BEAM FIND button and hotd it in. The beam of the
CRT is now intensified ana compressed into the viewing area (Fig-
ure 3-5).
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BEAM FIND

Figure 3-5: Beam Find

It the beam appears to be stuck on some portion of the display, check the
trigger mode settings. Setting the Horizontal mode to A and the trigger
mode to P-P AUTO will give you a sweep in the absence of a trigger signal.
Also check to be sure the X-Y button is not pushed in and the seconds/divi-
sion is not set too fast or too slow for the signal you are trying to display.

D Step 4: Adjust the honzontal and vertical position control(s) to center

the signal dispiay within the compressed area and then release the
BEAM FIND button.

] steps5: Adjustthe A and B INTENSITY control to a normal level and
adjust the vertical and honzontal scale with the VOLTS/DIV and SEC/
DfV controls.

If you fail to locate the sweep using this procedure you may want to use the
basic analog setup given in the Start Up. page 1-4 and try reapplying the
signal to the input.

Digitizing Signals

There are four different acquisition modes to choose from when you digitize
a signal in the STORE mode:

s Accumulate Peak mode finds the highest and lowest record points over
many acquisitions. It reveals vanations in the signal over time.

® Average mode calculates the average value for each record point over
many acquisitions. It reauces apparent noise in a repetitive signal.

s Sample mode records the first sample in every acquisition interval and
presents more of a “real-time” view of the signal.
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s Peak Detect mode uses the highest and lowest samples in two inter-
vals. It reveals glitches and is relatively immune to waveform aliasing.
(For further discussion of aliasing refer to Preventing Signal Aliases.
page 3-18.)

Each sweep speed has a “default” setting for the acquisition mode. You can
reset to these default modes anytime by selecting Factory Reset in the
Advanced Functions menu. You can also set the oscilloscope to return to the
default settings every time you power up the instrument. (See Saving and
Recalling Setups. page 3-49)

Not all acquisition modes are available at all sweep speeds. The SEC/DIV
and trigger mode settings determine the storage mode and corresponding
set of available acquisition modes. Refer to Appendix D.

Selecting the Acquisition Mode
There are two ways to select the acquisition mode:

1. Acquisition Menu — Push the ACQ button under SETUP and press the
menu button labeled Acq Mode.

2. Front-Panel Acquisition Controis — Push the MODE button on the
front-panel bank of ACQUISITION switches.

Selecting the High-Speed Storage Mode

The “Repetitive Store” mode is indicated on the front panel for time base
settings of 0.5 us and faster. Because of the sampling rate (100 Ms/s) the
oscilloscope must make numerous acquisitions at these speeds to compiete
a waveform record. The Repetitive Store mode, theretore, should only be
used when acquiring repetitive signals.

Seiecting Slow-Speed Storage Modes

For time base settings 0.1 s and slower, both the trigger mode and the roll or
scan selection from the Acquisition Menu configures one of the following
storage modes:

Scan:

s Untriggered Scan — (P-P AUTO) Each acquisition record appears left
to right across the display and continually overwrites the previous record
at the rate set by the SEC/DIV control. Untriggered Scan Mode is useful
for viewing single. slowly occurring events that you do not want to
trigger the oscilloscope on.

s Triggered Scan — (NORM) The acquisition record appears left to night
across the display with every trigger. The oscilloscope overwrites the
record left to right with new data only when there is another trigger.
Triggered Scan Mode is useful for capturing single. slowly occurring
events coincident with a trigger.
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a Scan-roli-scan — (SGL SWP and Scan) A new record
the screen from left to right until it reaches the trigger point :
rolls right to left from the trigger point until a tngger occurs.
tngger occurs, the oscilloscope scans left to right until the
and then freezes the display. (Selecting either Average or .
acquisition switches the storage mode to the equivalent of Tri
Scan, but only allows one acgquisition or “single sweep.”) Scan-i.
(or single-sweep scan) is useful for captunng an intermittent eves.
saving it on screen until the trigger is manually rearmed.

Roli:

s Untriggered Roll — (P-P AUTO or NORM) The waveform moves ¢
uously across the screen from nght to left like a chart recorder. U
gered Roll mode is useful for viewing a series of events or slowly
occurring, continuous events when no tngger is desired.

= Triggered Roll — (SGL SWP) The record moves across the screen
continuously from right to left. When the tngger event occurs, the 0s."
scope retains the waveform on screen and disables further acquisitio
Triggered Roll is useful for capturing an intermittent event and saving i
on screen until the trigger is manually rearmed.

Refer to the following sections entitied Viewing Slo:wly Occum‘r:rg Events |
Capturing Random Events for further instructions on how to use the slow-
speed storage modes.

Viewing Slowly Occurring Events
Untriggered Scan Mode:
""View singlei slowly occurning events that you do not want to trigger on.
[ step 1: Set the A Trigger Mode to P-P AUTO.
D Step 2: Press the Setup ACQ button to call up the Acquisition Menu.

D Step 3: Select Scan and press the ACQ menu button again to exit the -
menu.

[ step 4: Note that the acquisition record appears across the screen from:
left to night. then repeatedly overwrites the previous record with new
data (Figure 3-6).
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& Scan-roll-scan — (SGL SWP and Scan) A new record appears. -
the screen from left to right until it reaches the trigger point and th.
rolts night to teft from the trigger point until a tngger occurs. When a
trnigger occurs. the oscilloscope scans left to nght until the record is 1
and then freezes the display. (Selecting either Average or Accpeak
acquisition switches the storage mode to the equivalent of Triggered
Scan, but only allows one acquisition or “single sweep.") Scan-roll-se-
(or single-sweep scan) is usetul for capturing an intermittent event and
saving it on screen until the trigger is manually rearmed.

Roll:

e Untriggered Roll — (P-P AUTO or NORM) The waveform moves contir.
uously across the screen from right to left like a chart recorder. Untrig-
gered Roll mode is useful for viewing a series of events or slowly
occurring, continuous events when no tngger is desired.

®» Triggered Roll — (SGL SWP) The record moves across the screen
continuously from right to left. When the trigger event occurs, the oscillo-
scope retains the waveform on screen and disables further acquisitions.
Triggered Roll is useful for capturing an intermittent event and saving it
on screen until the trigger is manually rearmed.

Refer to the following sections entitled Viewing SIoMy Occurrir_rg Events ar?d
Capturing Random Events for further instructions on how to use the slow-
speed storage modes.

Viewing Slowly Occurring Events

Untriggered Scan Mode: t
" "View singlei slowly occurring events that you do not want 1o trigger on.

[ step 1: Set the A Trigger Mode to P-P AUTO.

] Step 2: Press the Setup ACQ button to call up the Acquisition Menu.

] Step 3: Select Scan and press the ACQ menu button again to exit the
menu.

D Step 4: Note that the acquisition record appears across the screen from
left to nght. then repeatedly overwrites the previous record with new
data (Figure 3-6).
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) o Direction of Scan
| ; | \\ o

/—-—— Previous Record

Current Data /

H 8.5, BEAKDET .55

Figure 3-6: Scan Mode

Triggered Scan Mode:

'View singje islowly occurring events that you wart to redisplay coincident
with a new trigger.

] Step 1: Set the A Trigger Mode to NORM.
D Step 2: Press the Setup ACQ button to call up the Acquisition Menu.

D Step 3: Select Scan and press the ACQ menu button again to exit the
menu.

D Step 4: Note that a waveform record is acquired left to right with a
trigger event. Each new trigger event then causes the acquisition to
overwrite the previous record from left to right.

Untriggered Roll Mode:

View a'series of eventslor slowly occurring, continuous events.

[C] step 1: Set the A Trigger Mode to P-P AUTO or NORM

D Step 2: Press the Setup ACQ button to call up the Acquisition Menu.

D Step 3: Select Roll and press the ACQ menu button again to exit the
menu.

[C] Step 4: Note that the trace “rolis” across the screen from right to left
(Figure 3-7) and does not permit any trigger event to interrupt the dis-

play.
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oU1=8.888U TRiG2=@.13V A1=8.8088s

initiat Data , SAVE
ST ¥ S
ﬂv‘ yani
=1
A
i fi ‘
\ ‘ ‘ WLJ\]Q:J P\\\\\
Direction of "Roll” ) ) v ‘U : c

8.5y | PEAKDET 9.Ss

.Figure 3-7: Roll Mode

Capturing Random Events

Infrequent or random eventsican be “captured” by using the single-sweep
trigger mode in combination with either the Scan or the Roll mode. These _
two modes are called “Scan-roll-scan” and “Triggered Roll” respectively.
These two modes are only available at sweep speeds of 0.1 ms and slower.

Triggered Roll:
[[] Step 1: Set the A Trigger Mode to P-P AUTO.

[[] step 2: Press the Acquisition TRIG POS button to setect the position ¢
the screen where the trngger event (“T") will be displayed.

[[] step 3: Press the Setup ACQ button to call up the Acguisition Menu.

D Step 4: Select Roll and press the ACQ menu button again to exit the
menu.

[] step5: Press the SGL SWP button.

Note that the trace moves across the screen continuously from right to left.
Also. the READY light is on indicating the oscilloscope is waiting for a trigger
signal. (If the READY light is not on, press the SGL SWP button again.)

When the tngger event occurs, the acquisition continues across the screen
from night to left until it reaches the trigger point indicator. The oscilloscope
then records the event coincident with the tngger. compietes the record. and
freezes the dispiay.

Scan-roli-scan:
] step 1: Set the A Trigger Mode to P-P AUTO.

D Step 2: Press the Acquisition TRIG POS button to select the position on
the screen where the tngger event ("T") will be displayed.

D Step 3: Press the Setup ACQ button to call up the Acquisition Menu.

3-12
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(] Step 4: Select Scan and press the ACQ menu button again to exit the
menu.

[[] step 5: Press the SGL SWP bution.

Note that the acquisition scans across the screen from left to right until it
reaches the trigger point and then roits nght to left from the tngger point until
a trigger occurs.

When a trigger occurs. the oscilioscope scans left to rignt until the record 1s
filled and then freezes the dispiay.

if you want to retain a waveform for later reference. transfer it to a SAVE REF
mernory location.

To rearm the trigger circuit, press SGL SWP again. The previous acquisition
record will now disappear and the oscilioscope will be ready for the next
trigger.

Accumuiating Signal Peaks (ACCPEAK)

Acquiring signais in ACCPEAK (Figure 3-8) is the best mode to use when
you want to observe the upper and lower boundanes of a signal’'s amplitude
over time. it will also indicate how much the DC component of the signal
drifts or the amount of noise present in the signal.

AU3=8.328V] TRIG1=.380 Jar= 1.234kH,
- =N
\ .
S

/iR

!

!
|
|

1

Il

i ’ N ' | H
.25 | . . ACCPEAK Bi2ms

Figure 3-8: Accumulate Peak Mode Display

Detecting Signal Glitches

A signal glitch is an aberrant spike that i1s not characteristic of the waveform
or level it rides on. Both the ACCPEAK (accumulate peak) and PEAKDET
{peak detect) modes are excellent modes for viewing signal glitches. (it you
do not want to see these spikes AVERAGE mode 1s best. Reter to Averaging
Signals, page 3-14.) While ACCPEAK gives the best view of signa: glitches
over time, PEAKDET mode is the best default mode (for sweep speeds of

5 us and slower) because it automatically captures signal spikes and pres-

2232 User Manual
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ents a truer view of the signal. Figure 3-9 shows how the signal i
appears in the Peak Detect mode. Notice that the noise and glit.
detected, but not accumutated in Peak Detect.

oU1=8.328V TRIG1=B.380 Zr=1.234kH:

VAN VAR
B

|
NLA L N/
r,.i[i\*‘*/r

0.2 | PEAKDET @i2ms

A1

Figure 3-9: Peak Detect Mode Dispiay -

Averaging Signals

The AVERAGE mode (Figure 3-10) is excellent for visually eiminating ran-
dom signal noise that rides on the waveform. Acquisitions are averaged over
multiple records. The default weight of one acquisition is 4 but it may be
changed using the ACQUISITION menu.

£.1=98.886V TRIG1=8.18V 7= 0.,992BkH:

! R

AL NEVARY
\ j‘ \
— < y

8.10 AVERAGE 2 _2ms

Figure 3-10: Average Mode Display

Sampling Signals

W~en you select SAMPLE the special features of the other modes are not

usad. The acquisition displayed is composed of 100 samples per Qivision
(Fgure 3-11).
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aV1=2.816U TRIG1=R.18V %r=8.95208kH:

8.u SAMPLE @.2ms

Figure 3-11: Sample Mode Dispiay

Clocking Acquisitions

Normally, storage acquisitions are clocked internally. You can, however,
supply an external clocking signal through the auxiliary connector on the
side of the instrument. Refer to Specification, Appendix B.

Selecting the Acquisition Record Length (1K/4K)

A 1K acquisition consists of 1,024 data points spread across one display
screen. A 4K acquisition consists of 4,096 data points spread across four
screens. To view these additional screens in the 4K mode you must use the
cursor knob.

[C] step 1: Press the ACQUISITION 1K/4K button. In the 4K mode an
acquisition window indicator will appear.

The acquisition window indicator (Figure 3-12) displays the relative position
of the cursors, what cursor is active, what part of the acquisition is displayed
(display window indicator), and the trigger point.

D Step 2: Position the active cursor one way or the other to view the rest
of the acquisition record. (Note that the active cursor and the display
window indicator also move aiong the acquisition window indicator

Trigger Point Active Cursor
Display Window Indicator Inactive Cursor

Figure 3-12: Acquisition Window Indicator
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Compressing the Acquisition Record Length (4K Ci

You can compress a 4K acquisition to one screen. However only 1,02".
points are displayed.

[J step 1: Goto the STORE mode and display the signal in the 4K m
(Figure 3-13).

[ step 2: Tum the X10 CAL knob counterciockwise. Note that the ti. -
increases by a factor of four, the small letter “c” appears before the (
base readout, and the signal is compressed (Figure-3-14). -

aUT=5.16U | TRIG1=1.8U  AT=1385
! ! [SAUE
\ | t a3 ;
¥
! |
: — - _
]
" I l
| \ | =
L | ! l
2y . ©PESYIET 1s

Figure 3-13: 4K Acquisition. 1K Window

U b PEAKDET -ug

Figure 3-14: Compressed 4K Acquisition
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Positioning the Acquisition Record

The acquisition record can be positioned relative to the trigger point. Press-
ing the Acquisition button labeled TRIG POS moves the trigger point indica-
tor (“T") to select three different views of the record:

®  Pretrigger (Figure 3-15)
e Midtrigger (Figure 3-16)
m  Postinigger (Figure 3-17)

aV1= 8.6V TRIG1=5.80  AT=8.8us

Y SIR .

20 ' SEAKDET SBus

Figure 3-15: Pretrigger Acquisition

AU1=8.88U 1 TRIG1=5.80 Al=8{8as
| S N
I

B T P
| .
HMAA"AAVAVAVV
of | ‘ UUVWV
A Y
[ I : | I i
i‘ 1
25 ‘ SEAKDET 5Bus

Figure 3-16: Midtrigger Acquisition
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AU1=3.88V  TRIG1=5.8% aTl=8.8us
o
i
nﬂAUnJ\VA\]AVJV‘VV —o
AR |
20 i ' DEQKDET SauS

Figure 3-17: Posttrigger Acquisition

The trigger position is also “point selectable.” This means that the trigger
point can be positioned anywhere along the acquisition record. Use the
following procedure: _

['_'] Step 1: Press the Setup ACQ button to call up the Acquisition Menu.

-

] step 2: Press the Cursor Knob Func button to select “Trig Pos.”

D Step 3: Turn the CURSORS knob to set the trigger point to the desired
location.

The 4K acquisition mode extends the acquisition record and the cursor knob
adjusts which portion of the record is displayed. Refer to Selecting the
Acquisition Record Length (1K/4K), page 3-15.

Preventing Signal Aliases

Aliasing may occur in the digital mode because the oscilloscope cannot
sample the signal fast enough to construct an accurate waveform record
(Figure 3-18). When aliasing happens, you see a waveform with a frequency
lower than the actual signal on the input or a wavetorm that is not stable
even though the light next to TRIG'D is lit.
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Figure 3-18: Aliasing

One simple way to check for aliasing is to slowly change the horizontal scaie
{time per division setting). if the shape of the displayed waveform changes
drastically, you may have aliasing.

There are a couple of ways to prevent signal aliasing:

@ Set up the signal display in the NON-STORE mode before switching to
STORE. While the oscilloscope is in the NON-STORE mode you can set
the time base for an appropriate speed.

®  Set up the signal display in another mode besides Sample. Because the
Peak Detect mode, for example, searches for sampies with the highest
and lowest values, it can detect faster signal components over time.

Displaying Magnified
Sweeps

There are several ways to horizontally magnify the sweep:
8 Change the time base to a faster sweep speed.

8 Use the B Delayed Sweep. (Refer to Displaying Two Sweeps, page
3-22))

®  Use the X10 control to magnify (by ten times) the center one division of
the NON-STORE display or one division centered around the active
cursor in the STORE mode. The X10 magnifier also extends the upper
range of sweep speeds (for example, .05 us to 5 ns per division).

Using the X10 Magnifier

The time per division readouts automatically change by the correct tactor
when the X10 knob is pulled. In the STORE mode an acquisition window
indicator appears and CURSORS contro! can be used to scroll along the
waveform.

Perform the following procedure to use the X10 magnifier in the NON-
STORE moage:

2232 User Manual
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Figure 3-18: Aliasing

One simple way to check for aliasing is to slowly change the horizontal scale
{time per division setting). if the shape of the displayed waveform changes
drastically, you may have aliasing.

There are a couple of ways to prevent signal aliasing:

®  Set up the signal display in the NON-STORE mode before switching to
STORE. While the oscilloscope is in the NON-STORE mode you can set
the time base for an appropriate speed.

B Set up the signal display in another mode besides Sample. Because the
Peak Detect mode, for example, searches for samples with the highest
and lowest values, it can detect faster signal components over time.

Displaying Magnified
Sweeps

There are several ways to horizontally magnify the sweep:
®  Change the time base to a faster sweep speed.

® Use the B Delayed Sweep. (Refer to Displaying Two Sweeps, page
3-22)

= Use the X10 control to magnify (by ten times) the center one division of
the NON-STORE display or one division centered around the active
cursor in the STORE mode. The X10 magnifier also extends the upper
range of sweep speeds (for example, .05 us to 5 ns per division).

Using the X10 Magnifier

The time per division readouts automatically change by the correct tactor
when the X10 knob is pulled. In the STORE mode an acquisition window
indicator appears and CURSORS control can be used to scroll along the
waveform.

Perform the following procedure to use the X10 magnifier in the NON-
STORE mode:
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D Step 1: Position the sweep until the portion of the sweep you wan
magnify is centered horizontally on the dispiay.

] Step 2: Puii out the X10 CAL PULL knob.

D Step 3: Adjust the horizontal position control as necessary to cen’
disptay.

Perform the following procedure to use the X10 magnifier in the STORE
mode:

E] Step 1: Center the active cursor on the portion of the sweep you war
to magnity. -

O Step 2: Puli out the X10 CAL PULL knob.

O step 3: Adjust the CURSORS control as necessary to center the dis-
play.

Displaying Two
Channels

By using both channels on the instrument you can compare one signal -
directly with another. With one signal in each channel it is also very easy o
algebraically add them together or subtract them from each other. -

Comparing Two Signals

D Step 1: Connect one signai to Channel 1 and the other signal to Chan-
nel 2. Move the CH1 BOTH CH2 switch to BOTH.

O Step 2: Move the ADD ALT CHOP switch tc ALT or CHOP (In general,
it etter to use CHOP when the SEC/DIV ontrol 1s set in the millisec-
.~ 2 (ms) range, and ALT when the SEC/DIV is in the microsecond (us)
range.)

[J step 3: Position both signals on screen and adijust the vertical and
honizontal scaies.
Adding Two Signals

D Step 1: Connect one signal to Channel 1 and the other signai to Chan-
nel 2. Move the CH1-BOTH-CH2 switch to ADD.

[C] Step 2: Adjust the vertical position of the resultant disptay with both the
Channel 1 and Channe! 2 POSITION controts.

Subtracting Signals or Signal Components
(Common Mode Rejection)

You can subtract an undesirable DC or AC signal component by inverting it
in Channel 2 and adding it to Channel 1 (Figure 3-19).

inC
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[ step 1: Connect one signal to Channel 1 and the other signal or signal
component you want to subtract to Channel 2. Move the CH1-BOTH-

CH2 switch to ADD.

[J step 2: Push the Channel 2 INVERT switch in.

D Step 3: Adjust the vertical position of the resultant display with both the
Channel 1 and Channel 2 POSITION controls.

Channel 1 signal with undesired
AC component

Channel 2 with undesired AC
component inverted

Channei 1 and Channel 2 (invert) in the ADD
Mode. Undesired AC component is canceied.

Figure 3-19: Rejecting Common Mode Signal
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Displaying Two Using the horizontal BOTH mode you can select a portion of the A ¢
Sweeps you wish to magnify and/or trigger separately on.

Using RUNS AFTER DELAY
] step 1: Setthe STORE/NON-STORE control to NON-STORE.
[C] step 2: Set the instrument controls to obtain the A sweep on screen.

D Step 3: Set the HORIZONTAL MODE switch to BOTH and the B 1
GER LEVEL control to B RUNS AFTER DLY,

[C] step 4: Pull the gray DLY’D SWEEP knob and turn it clockwise to m
separate B SEC/DIV settings. The intensified portion on the A sweep .
indicates what part ot the A sweep is magnified by the B sweep as well
as the amount of delay from the start of A sweep to the start of B sweep.

[C] step 5: Adjust the B DELAY TIME POSITION contro! to move the
intensified zone over the portion of the A sweep you wish to display with
the B sweep. - - -

D Step 6: Vertically separate the A intensified and B sweep displays by
adjusting the A/B SWP SEP control in the VERTICAL section of the
front pane! (for NON-STORE mode only).

To view the B sweep by itself set the HORIZONTAL MODE switch to B.

To separately trigger on the B sweep, adjust the B TRIGGER LEVEL until
the B display is stable.

NOTE

The B DELAY TIME POSITION control will not provide continuously
varniable delay when the B TRIGGER LEVEL control is set to a
position other than B RUNS AFTER DLY. Also, differential time
measurements are invalid when the B TRIGGER LEVEL control is
not set to B RUNS AFTER DLY.
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Displaying X-Y
Patterns

Phase and frequency relationships between two signals can be viewed in
the X-Y mode by pressing the X-Y button on the front panel (Figure 3-20).

: MODE

y (CH 2)

x
(CH1)

Figure 3-20: Selecting the X-Y Mode

The patterns displayed in the X-Y mode are called “Lissajous” figures. Some
basic examples are given in Figures 3-21 and 3-22. With the X-Y button
pressed in, the signai in Channel 1 drives the hornizontal (or X) axis of the
display and Channel 2 drives the vertical {(or Y) axis.

Display two signals in the X-Y mode using the following procedure;
D Step 1: Connect one signal to Channel 1 and the other to Channel 2.

D Step 2: Adjust the VOLTS/DIV control for each channel. (if you want the
amount of signal displacement to be exactly the same you may have to
adjust the VOLTS/DIV CAL variabie controls.)

(] Step 3: Press the X-Y button in. The signal in Channel 1 now drives the
honizontai (or X) axis of the display and Channel 2 drives the vertical (or
Y) axis.

When using the X-Y mode, measuring the precise phase and frequency

difterences between the signals requires a little more skill than other tech-

niques. Making X-Y measurements in the anaiog mode aiso requires that

you take the performance characteristics of the oscilloscope into consider-

ation for frequencies above 150 kHz. The digital mode, however, has the

same bandwidth as the vertical system. Refer to the section on X-Y Opera-

tion in Specification, Appendix B. '

Refer to Measuring Frequency. page 3-39, and Measuring Phase Difference,
page 3-42, for more discussion about phase and frequency measurement }
techniques. ‘
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0° or 360° 48° or 315°

135° or 225° 180°

Figure 3-21: X-Y Phase Relationships

Frequency of the s:qna: cpplied to X axis is
twice that of the signa. applied to the Y axis.

Frequency of the signal applied to Y axis is
twice that of the signal appiied to the X axis.

Figure 3-22: X-Y Frequency Relationships
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Limiting Bandwidth
BwW LIMIT

High-frequency noise from extraneous sources can sometimes interfere with
a signal display. Push in the BW LIMIT button on the front panel to limit the
vertical response of the scope to frequencies beiow 20 MHz. A “BWL reac-
out will also appear on the display.

Modulating the
Display Intensity

The NON-STORE intensity may be modulated with an external signai ap-
plied to the External Z-Axis connection (Figure 3-23) located on the rear
panel of the ascilloscope. Certain specifications of the instrument must be
observed. Refer to the Z-Axis section of Specification, Appendix B.

7

—

CAUTION
TO AVOID ELECTRIC
SHOCK. THE POWER

GROUNDING CONDUCTOR
MUST BE CONNECTED

TO GROUND.

EXT Z AXIS INPUT

10 Ka. POSITIVE GOING
INPUT DECREASES
INTENSITY.

5 VOLTS P-P CAUSES
NOTICEABLE MODULA-

TION AT NORMAL
INTENSITY.

=30V PEAK

" Figure 3-23: External Z-Axis Connection
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Triggering on Signals

Triggening 1s an important function of the oscilloscope that atlows
stabilize the display of a signal. The trigger circuit of the oscillog.
chronizes the beginning of a sweep (or acquisition) with a par

the rising or falliing edge ot a trigger signal. Without a proper trigg .t
signal disptay may either “free-run” or not appear at all.

Triggering on Repetitive Signals

Repetitive signals. such as a fixed-frequency sine wave (Figure-3-24), -
supply their own trigger signal to synchronize the display. The PP At =~
mode is the easiest mode to use for repetitive signals because it automa*
cally adjusts the range of the trigger-level control and generates a sweey
when no trigger signal is present.

D Step 1: Apply the repetitive signal to the Channel 1 input connector.
D Step 2: Set trigger mode to P-P AUTO and the horizontal mode to A. -

D Step 3: Set the vertical mode to Channel 1 and the A & B (trigger) .
SOURCE to VERT MODE. (The trigger signal is obtained from the signai
applied to the selected channet; in this case, Channel 1.) i

[ step a: Set the A COUPL switch to NORM.

[ step 5: Adjust the A TRIGGER LEVEL, if necessary, to stabilize the
display.

D Step 6: Adjust the vertical and horizontal controls to display a few
cycles of the waveform. _ _

AV1=8.08V . TRIG1=B.6U  Y%r= 8.996Bkn:

w PEAKDE™ @.2~¢

Figure 3-24: Repetitive Sine Wave
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Triggering on Low-Frequency Signais

Use the NORM trigger mode far signals that are lower than 20 Hz in NON-
STORE or 500 Hz in STORE. If the repetitive signal is lower than these

tfrequencies, the P-P AUTO circuit interferes with obtaining a stable tnigger.
This is because the P-P AUTO circuit will start to generate its own signal to

trigger a sweep or acquisition.

(Note: NORM trigger mode is not the same as A COUPL NORM.)
D Step 1: Apply the repetitive signal to the Channe! 1 input connector.
[[] step 2: Set trigger mode to NORM and the horizontal mode to A.

[ step 3: Set the vertical mode to Channel 1 and the A & B (trigger)
SOURCE to VERT MODE. (The trigger signal is obtained from the signal
applied to the selected channel; in this case, Channei 1.)

[] step 4: Set the A COUPL switch to NORM.

[J step 5: Adjust the A TRIGGER LEVEL and VAR HOLDOFF, if neces-
sary, to stabilize the display.

[J step 6: Adijust the vertical and horizontal controis to display a few
cycles of the waveform.

D Step 7: Set the oscilloscope to STORE mode (Figure 3-25). Note that
the annoying flicker ot the NON-STORE display is removed.

AU1=0.98V | TRIG1=P.8VI  Jr= 3i846H:

i -

| ‘ . '

[N ‘
W " PERKDET SBms

Figure 3-25: Low-Frequency Signal in the STORE Mode

Triggering on Random or Infrequent Events

Sometimes the event that you want to disptay occurs very infrequently. The
oscilloscope can be set up to capture these events. Reter to Capturing

Random Events. page 3-12.
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Triggering on Complex or Non-Repetitive Signals

Some signals are too compiex or irreguiar to provide a usable tngg'er Q!
there own. Circuits that carry digital information are a good example. Oft
however. a signal from another part of the circuit. such as a more widely
spaced clocking signal, will provide a meaningful tngger event. You can
even view the trigger sighal at the same time as the other signal with a
two-channel display:

D Step 1: Connect one signal to Channel 1 and the trgger signal to
Channel 2. Move the CH1 BOTH CH2 switch toCH 2. - >

I:] Step 2: Set the trigger mode to NORM and the A & B SOURCE to
CH 2.

[7] step 3: Adjust the A TRIGGER LEVEL to trigger on the signal.
[[] Step 4: Set the oscilloscope in STORE.
[] step5: Move the CH1 BOTH CH2 switch to BOTH. - -

[[] Step 6: Move the ADD ALT CHOP switch to ALT or CHOP. (In general, -
it is better to use CHOP when the SEC/DIV control is set in the millisec-
ond (ms) range, and ALT when the SEC/DIV is in the microsecond (us)
range.)

[[] step 7: Position both signals o~ screen and adjust the vertical and
horizontal scales.

AUt=0.88U  TRIGZ2=2.5U -~° ¢.88us
AUR=0,80Y .

| o ! Channel 2 (Yrigger) Signat

T T

T
i

i ;
- il
—————— L u“ L—Jh L— Channel 1 Signat

2V ev PEAKDET Sus

Figure 3-26: Channel 1 Signal Triggered with Channel 2

The STORE mode is ideally susted for viewing extended (4K) acquisitions
and events that occur before during or after a trigger. Retfer to Selecting tne
Acquisition Record Length (1K/4K), page 3-15.
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Triggering on Line Frequency

To trigger on power line signals, apply the signal to an input and move the A
COUPL switch to A LINE SOURCE.

‘ Triggering with an External Signal!

! Trigger one- or two-channel displays with an externally appiied signai using
the following procedure:

"_D Step 1: Apply the external signal to the EXT INPUT connector using a
» coaxial cable.

[[] step 2: Setthe A & B SOURCE to A EXT.
[C] step 3: Selectthe A EXT COUPL mode: AC. DC. or DC < 10.
[[] step 4: Adjust the A TRIGGER LEVEL for a stable display.

Triggering on TV Signals

You can trigger on either TV line or TV field signals.

Triggering on a TV Line Signal

[C] step 1: Push inthe P-P AUTO/TV LINE trigger mode button.

D Step 2: Apply the TV signal to a channel input and dispiay the channel.

D Step 3: Set the VOLTS/DIV switch to display 0.3 or more of composite
video signal.

" [0 step a: Setthe A SEC/DIV switch to 10 s.

[] step 5: Setthe A TRIGGER SLOPE switch either out (for positive-going
TV Signal sync pulses) or in (for negative-going TV signal sync pulses).

[] step 6: Adjust the A TRIGGER LEVEL stabilize the display (Figure
3-27).
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aV1=0.988V: TRIG2=8.25V AaT=0iBus
SRFF 1 A

1] 1Ak

sl b
g U
[ —— .
_ } | } . L _ — -
, l
8.5y ‘ PEIAKDET 18us

Figure 3-27: Multi-burst Signal Triggered in TV Line

Triggering on TV Field

D Step 1: Set the A TRIGGER Mode to TV FIELD. (Press the P-P AUTO
and NORM mode buttons in at the same time.)

D Step 2: Apply the TV signal to a channel input and display the channel.

] step 3: Setthe VOLTS/DIV switch to display 2.5 divisions or more of
composite video signal.

[C] step 4: Setthe A TRIGGER SLOPE switch either out (for positive-going
TV signal sync pulses) or in (for negative-going TV signal sync pulses).

[] step 5: Adjust the A TRIGGER LEVEL to stabilize the display (Figure
3-28).

D Step 6: To display two separate fields individually, connect the TV signal
to both CH 1 and CH 2 input connectors and select BOTH and ALT
VERTICAL MODE.

[J step 7: Setthe A SEC/DIV switch to a faster sweep speed (displays of
less than one full field). This will synchronize the Channel 1 display to
one'field and the Channel 2 display to the other field.
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aV1=8.888V "RIG 1= .epsb AT=81080ms
8.5V PAKDET 2ps

Figure 3-28: Multi-burst Signal Triggered in TV Field

Removing Unwanted Trigger Signal Components

Sometimes an unwanted high-frequency or tow-frequency signal component
can interfere with obtaining a stable trigger. To remove that component from
the trigger signal, move the A COUPL switch to either HF REJ or LF REJ.
The HF REJ position attenuates trigger signal components above 40 kHz
and the LF REJ position attenuates trigger signal components beiow

40 kHz.
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Measuring Signals

Measuring Signals details how you can measure waveform displays in terms
of time, amplitude. frequency. and phase.

Measuring with the
, Graticule Although you can measure any signal with cursors in the STORE mode. it is
sometimes just as easy to use the graticule (Figure 3-29).

: i -
4 : | -
— - ’ VOLTS/DIV Z
T — Each major division Is split into
ows » 0 e e ]'...i‘.“i“'.t.'..} ......... r ......... 5mln0rdM8’on8.0nOf“m0f

{
v - T T ! division equais two-tent:'s (0.2)
. ! of a major division.

- SEC/DIV >

Figure 3-29: Measuring with the CRT Graticule

The graticule is a graph that you can change the vertical and horizonta!
scale factors. The VOLTS/DIV setting (or readout) indicates the vertical scale
for each major division. The SEC/DIV setting (or readout) indicates the
horizontal scale for each major division. Each minor division represents
two-tenths (0.2) ot the major division value.

Y\ Measuring with Cur§or measurements are highly accurate and elirpinate the ;alculations of
' STORE Mode graticule measurements. in STORE mode the oscilloscope simultaneously
displays the voltage and time difference between the cursor pair. Using the

Cursors DISPLAY menu you can also measure frequency by selecting 1/4T.
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CURSORS  sgiecT

SELECT
c1.c2
PUSH)

=y

WAVEFORM

]

Cursor Voitage Difference \
r

Inactive Cursor \ :
|

Positioning the Cursors

A cursor is either active or inactive. A box surrounds the active cursor to
signify that it can be positioned by the CURSORS knob. The inactive cL
does not have a box around it and wili stay fixed while you position the .
cursor (Figure 3-30).

Cursor Time Difference

/T

TRiGZ=-0.13V aT=1.882ns

“AU2=8,497Y

'
i

i
i
|
|

|
|
I Yaw AUERAGE Bi2ms.

Figure 3-30: Cursor Measurements

Selecting a Cursor — Select the cursor you want to position by pushing-
in the CURSORS k:ob.

Selecting a Waveform-— On two-channel alternate and chop displays
there are two pairs of cursors with one active cursor apiece. The active
cursors of each pair track together when you move the cursor knob. When
you have more than one waveform recalled from memory. however. you
must use press the SELECT WAVEFORM button to move the cursors from
one waveform to another.

Measuring Voitage

Make amplitude or other vertical measurements between two points on a
waveform using this basic procedure:

D Step 1: Display the signal on screen so that the upper and lower points
you wish to measure are on screen.

] step 2: In NON-STORE mode use the graticule lines to make a mea-
surement — or go to STORE mode and use the rest of this procecure.

D Step 3: in STORE mode. position a cursor on the lower pomnt of the
waveform using the cursor controi.
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Measuring Signals

[ step 4: Push the CURSORS knob in to select the other cursor and
position it on the upper point.

D Step 5: Note the A volts (change or difference in volts) readout in the
upper left corner of the display.

Figure 3-31 shows a typical Peak-to-peak voltage measurement.

AV1=8.864U “RIG1=2.84U A1 =9.585mns
A N » SN2 W—
; [ [ \
A S B S S WY S
T ‘ \ ‘
o R W
f [ o P 7 1
A Y R N N
( \ . i '
VARV ISR YRV
i . I i
3.2v | AVERAGE 8iSms

Figure 3-31: Peak-to-Peak Measurement

Measuring Voltages in Reference to Ground

When a signal is DC coupled at the input, you can measure DC voltage
levels, DC components of an AC signal (Figure 3-32), or other volitage levels
in reference to ground (Figure 3-33). The procedure varies slightly depend-
ing on whether you use graticule lines or cursors to measure the DC level.

Graticule lines:

[ step 1: Set the input coupling to GND and the trigger mode to P-P
AUTO to display a flat trace on screen.

D Step 2: Align the trace with a horizontal graticule line. This line is now
the ground reference point.

[0 step 3: Set the input coupling to DC.

[ step 4: The amount of vertical offset is the DC component.
Cursors: _

[ step 1: Set the oscilloscope to STORE.

D Step 2: Set the input coupling to GND and wait a couple of seconds.
The oscilloscope will now recognize this point as ground and place a
small dot at the left side of the screen. (This dot may not be readily
apparent it you have a flat line trace on screen.)

[ step 3: Set the input coupiing to DC.
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[ step a: Move one of the cursors over to the left side of the

When this cursor aligns with the ground reference dot the A s
to the volts readout changes 10 a ground symbol (Figure 3-3%
Figure 3-33).

D Step 5: Position the other cursor to make the DC level measurer

NOTE

You may have to reset the coupling switch to ground in order to
obtain the ground reference dot if you change a front panel control
setting.

DC Component ——4=4U1=0.638U. TR]G1=1.84U aT=8.618ns

(.690 voits)

Center of AC Signsi

Ground Reference

/]

S

S NANTA
\VERAV ARV

;
|
| 1

8.5V AVERAGE B:5ms

DC component ot an AC signal

Figure 3-32: DC Component of AC signal

OC Voitage —————f 4U1=2.668U TRIG1=2.8%0 AT=155.845

(2.66 volts)

Ground Reference

—— Moasurement point.

i
7 T .

oA - o,

. il
8.5. PEAKDET 2845

Figure 3-33: Ground-Referenced Voltage Measurement
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Using the Oscilloscope as a Digital Voltmeter — With ground-reter-
enced cursors, you can also use the oscilloscope as a digitai voitmeter tor
measuring ordinary DC voltages (Figure 3-34).

AU1=1.835U T73:61=2.89Y 5°=227.3.,s
8.5V AUERAGE SPus

Figure 3-34: Measuring DC Levels with Cursors

Measuring Time with the Graticule or Cursors

Make period or other time measurements between two points on a wave-
form using this basic procedure:

[C] step 1: Display the signal on screen so that the first point you wish to
measure from is on screen.

] step 2: in NON-STORE mode adjust the time base to place the other
horizontal point on screen and use the graticule lines to make the mea-
surement — or go to STORE mode and use the rest of this procedure.

[C] step 3: In STORE mode, position a cursor on the first point of the
waveform with the cursor control.

[C] step 4: Push the CURSORS knob in to select the other cursor and
position it on the second point. (On 4K or magnified displays an acquisi-
tion window indicator at the top of the display shows where the cursors
are relative to the entire record length.)

[C] step 5: Note the A time (change or difference in time) readout in the
’ upper right corner of the display.
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Flgure 3-35 shows a typical period measurement.

aU1=2.82V  TRIG=3.7U '~ =8.383us

A ~ g O
A AS s
T _, - —
¢

A l "'\a‘f\- LN~ N
i { . .
W ! Co QUERAGE B.1us:

Figure 3-35: Period Measurement

Measuring Time Using the Delay Time Readout

The amount of time between events can be measured by taking the differ-
ence between two delay time readings:

[[] step 1: Select Horizonta; BOTH and use the A/B SWP SEP control to
separate the A sween from the B sweep.

provides a usa:. -- -visible) intensified zc—

[J step 3: Adjust the B DELAY TIME POSITION control to move the
intensified zone to the leading edge of the first horizontal point on the A
trace; then fine-adjust until the rising portion on the B trace is aligned

with any convenient vertical graticule line (Figure 3-36).

In the NON-STORE mode the A and B traces can be displayed

simuftaneously.

NOTE
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AU1=8.84U  TRIG1=2.9U  AT=7.10rs e=——— Cursor Time
SALE difterence
=7'Ims
F;"’E‘i.""’”r”r’,@\"
ol b { ] | l N i
BAN SRR RN
Sy £ N U N N B T . 1
7 —DLY=d.94nms
PZAKCET ims S58us
avt=2.88U  TRIG1=2.BU, A1=335.0us aU1=2.76V  TRIG1=¢.3v  aT=355.8us
Time difference
=712ms
= > (8.06 ms ~ 0.94 ms)
T T T =
" "
T ) Bl =6, 94nms DI V=8.86nms
W PEAKDE T 50us W . PEAKDET SBus
Figure 3-36: Delay Time Readout Difference

[ step 4: Record the delay readout.

[ Step 5: Adjust the B DELAY TIME POSITION control clockwise to
move the intensified zone to the leading edge of the second pulse on
the A trace; then fine-adjust until the rising portion on the B trace is
centered at the same vertical graticule used in Step 3.

[J step 6: Record the delay readout.

D Step 7: The difference between the two readings equals the time difter-
ence.

Measuring Frequency

Frequency is measured by calculating the inverse of a penod measurement

(1/AT). With a graticule measurement you woulid have to calculate this

vourself. Using the Display menu., however. you can set the STORE mode

cursors to display the freauency:

[] step 1: Press the Setup DISPLAY button on the front-panel.
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D Step 2: Push the left bezel button to place the setection box around
“1/AT.” Push the DISPLAY button again to return to the storage ace

tion dispiay.

D Step 3: Position a cursor on the rising edge of the wavetorm where it

crosses a graticule line.

[ step 4: Push the CURSORS knob in to select the other cursor and
position it at the same transition point on the next cycle of the signal

(Figure 3-37).

D Step 5: Note the 1/AT (frequency) readout in the upper nght corner of -

the display.

At 8.88v ; TRIG1=3.2V;

%v=3,300HH,

J .+ v 4 v

~,

W ! ' AUTRAGE

8.

Figure 3-37: Cursor Frequency Measurement

Measuring Rise Time and Fall Time

Rise time is a measure of the time between the 10% and 80% points on the
leading edge ot a waveform (Figure 3-38). Fall ime is a measure of time
between the 30% and 10% points on the trailing edge of a waveform (Fig-

ure 3-39).
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aV1=79.8% " ©°=38%  al=162.Sns

_SAVE
100%f - - - - - - - - = _=
90 Tt A/ T T
/"r

J . o .

A//
10 5
P

>8.5V <VERAGE S@ns

Figure 3-38: Measuring Rise Time

aVt=81]8% . TRIZ1=B2% = al=172.8ns
90
S S
e
L
N _
10 i ‘:’5‘-‘..__
0% - = -1 . T
>8.5V AVERAGE SBns « |

Figure 3-39: Measuring Fall Time

[C] step 1: Apply a signal to the oscilloscope.

D Step 2: Set the trigger SLOPE out (positive) for a rise ime measure-
ment and in (negative) for a fall time measurement.

D Step 3: Adjust the vertical dimension for exactly 5 divisions (you may
have to use the CAL vanabie.)

D Step 4: Vertically position the signal so that the bottom of the signal on
the 0% graticule line and the top of the signal is on the 100% line.

D Step 5: Magnify the rising edge of the signal honzontally so that the nse
time is spread over 4 or 5 divisions. (Refer to Dispfaying Magnified
Sweeps. page 3-19.)

E] Step 6: Measure the rise time honzontally from the 10(%) graticule line
to the 90(%) graticule line.
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Measuring Trigger Level

The tngger level is the point on the rising or failing edge of a signal where

the oscilloscope triggers a sweep. This voltage level is indicated by the TRI
readout at the top of the CRT. TRIG1 represents the level of the tngger signal

coming from Channel1 and TRIG2 represents Channel 2.

Measuring Phase Difference

With the two vertical channels on the oscilloscope you can measure phase-
differences on signais that range in frequency anywhere within the limits of

the vertical system. Use the following procedure:

D Step 1: Set both input coupling switches to the same position, depend-

ing on the type of input coupling desired.

E] Step 2: Using either probes or coaxial cables with equal time delays,

connect a known reference signal to the Channetl 1 input and the un- -

known signal to the Channel 2 input.

] step 3: Switch the Vertical Mode to BOTH and then select either ALT or

CHOP

] Step 4: Set both VOLTS/DIV switches and both variable controls so the

displays are equal in amplitude.

E] Step 5: Setthe A & B SOURCE to CH 1 so the oscilloscope uses only
the reference signal for triggering. Adjust the A TRIGGER LEVEL control

for a stabie display.

] step 6: Set the A SEC/DIV switch to a sweep c'Joed that displays about

one full cycle of the referencc waveform.

[C] step 7: Position the displ:vs and adjust the SEC/DIV variable control so _

that one cycle of the reference signal occupies exactly 8 horizontal

divisions. Each horizontal division of the graticule now represents 45° of

the cycle (360° + 8 divisions).

D Step 8: Measure the horizontal difference in divisions between the
signais and muttiply 1t by 45° (Figure 3-40).
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go—— Channel 1 Reference
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Figure 3-40: Measuring Phase Ditference

For higher resolution measurements of the phase difference the dispiay may
be magnified horizontally by pulling the X10 magnification knob out
(Figure 3-41).

\\‘_ Channel 2
‘ ? ! |

- : |<e——— Channel! 1 Reference

a——— Six divisiong ———
difference
in X10 Mag

Figure 3-41: Phase Ditfference in X10 Magnitication
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Saving Waveforms and Setups

The 2232 Digital Storage Oscilloscope not only provides reierence memones
for saving digitized waveiorms, but also allows you 10 retain STORE mode
setup configurations.

Saving and Recalling
Waveforms

With the 2232 oscilloscope you can “freeze” a wavetorm with the touch of a
button. You can also keep a waveform for later reterence by using a SAVE
REF memory location. The contents of the SAVE REF memory locations
remain intact when the scope is turned off and can be recalled dunng a later
session.

Saving the Current Acquisition
One way to quickly save a waveform is to use the SAVE/CONT button.
] step 1: Acquire the signal in STORE mode.

D Step 2: Press the SAVE/CONT button. The current acquisition Stops
and the wavetorm is “frozen” on screen. (At sweep speeds of 50 ms or
faster a triggered acquisition is allowed to compiete before it is saved.)

D Step 3: Copy the waveform to a SAVE REF memory location if you want
to retain the waveform for later reference. (Refer to the following sec-
tion.)

[] step 4: Press the SAVE/CONT button again to continue with normat
acquisition.

Saving Waveforms in SAVE REF Memory

In the 1K acquisition mode you can save up to three waveform displays in
SAVE REF memory. in the 4K mode, because of the greater record length,
you can save only one. Each SAVE REF memory location can hold either a
one- or two-channel acquisition record.

[J step 1: Acquire the signal in STORE mode.
D Step 2: Select the desired 1K or 4K acquisition mode.

D Step 3: Press the SAVE REF button underneath the display (Figure
3-42). The current acquisition stops and a display readout app=ars that
indicates the status of each memory location as either full or empty.

[[] step 4: Press the memory location you want to save to or overwrtte. If
you we't more than 5 seconds to choose the memory location, the
oscilloscope will continue with normal acquisttion.

2232 User Manual
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110

kH—{l——ll:{L—JFZI—J

\ © SAVEREF = 2 _ ON/OFF_3

j

Figure 3-42: SAVE REF Memoi'y Buttons

Recalling a Waveform from SAVE REF

Once a waveform is stored in a SAVE REF memory location, simply press
the memory location button to recall or remove it from memory. The con-
tents will remain intact even after the power is turned off. There is no over-
write protection on these memories, however. Pressing the SAVE REF and
memory location button will save a new waveform to that location and
overwrite the old.

Comparing Saved Waveforms

You can simultaneously dispiay the contents ot more than one SAVE REF
memory location. This enables you to compare one saved waveform with -
another. -

D Step 1: Press one or more memory location buttons to display their
respective contents.

D Step 2: Change the position, horizontal magnification, or vertical gain of -
the saved waveform display using the Format reference menu. (Refer to
the following section.)

[] step 3: Press the SELECT WAVEFORM button (next to the cursor
control) one or more times until the cursors appear on the waveform you
want to measure. An underscore appears under the selected SREF
memory number at the top of the dispiay.

Formatting Saved Waveforms

You can change the horizontat magnification. vertucal position. and vertical
gain of a waveform in a SAVE REF memory location.

[] step 1: Press the front-panel Setup REF button.

D Step 2: Press the left Save Ref menu to indicate Format. The Format
Reference Menu appears (Figure 3-43).

[ step 3: Select the Target Ref (Ref1. Ref2, Ref3. or Ref4K) to indicate
the desired memory location.
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Saving Waveforms and Setups

[[] step 4: Select the Target Chnl. (This is the particular channel of the
SAVE REF display that you want to format.)

D Step 5: Press the Horiz Mag button to select either X1 (default) or X10
(times ten) horizontal magnification.

D Step 6: Press the Cursor Knob Func menu button to select either Vert
Gain or Vert Position. and then use the cursor knob to adjust that
parameter. (Verticat gamn can only be changed by a factor of 10 in either
direction.)

f REFERENCE :

" 5V120us Smooth ONFPEAKDET CH1
=
3 burdor Knob sets ih/ert Pos

a ‘ 3 Vert Gain: 5V
‘ y] Rett———
J Ref2_ |CH1
[Eormat} . Ret3.. -CH2..LX! “Cursor
Save Ia f “Honiz ~ Knob—
\Ret! | Mag _ Func
\ —lzi l=i = y
(_savemer o —2_ ON/OFF __3 w®_,

Figure 3-43: Format Reference Menu

Saving Waveforms in Long-Term Memory

The Non-volatile Memory Reference Menu (Figure 3-44)-indicates that there
are 26 (A—Z) 1K memory focations available; each ot which can be “write”
protected. The actual number of these additional memories that you can
use, however, depends on the number of bytes stored at each location. For
example, given the 26 kilobytes of memory available (26 x 1K), you can
only store six 4K acquisitions. (A 4K acquisition in the Average mode will use
8K of memory.)

A memory location is filled if it indicates a number besides zero. The number
“1" means 1,000 bytes, “4” means 4,000 bytes and so on.

Waveforms can be copied between any two memory locations. You cannot
interchange 1K or 4K SAVE REF memories, however.

D Step 1: Press the front-panel Setup REF button.

[0 step 2: Press the left Save Ref menu to indicate NVMem.

2232 User Manual
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Saving Waveforms and Setups

[J step 3: Push the Cursor Knob Func (Or push the cursort
select Source. The cursor knob will now move the source a
when you turn it.

D Step 4: Position the source arrow ({) on the memory location
to copy.

D Step 5: Select Dest and move the destination arrow (T) with .
knob to the memory location you wish to copy to.

[J Step 6: Press Copy Source to Dest to fill that memory tocation.

Protect Destination

D Step 7: If you want to protect that destination from being inad
deleted or overwritten, press Protect Dest. The number at that lox
intensifies to indicate that it is protected.

Remove Destination Protection

[] Step 8: It you want to remove the protection from a destination, :
that location with the destination (T) arrow and press Protect Dest. Tn
number at that location will no longer be intensified.

Delete Destination

D Step 9: If you want to dele:= "ne conients of a memory location, select
that tocation with the destination (1) arrow and press Delete Dest. The
contents of that location will now indicate zero. '

[ N 2
REFERENCE __

—Push SFTUIP REF Buttomtaexit -

n»1230|4K-:\l ;

in—Q00—4— i - L Fige-17

~ : VY‘ I ; :

|
i

£22/04010000000f00000000:00000°
T

| iCursor Knob seisif [Source:aK | |
Ay : Dest:D /
‘H"'o;mat. | -Source - ---- e / A\

Save " To ' Pratect Delete Knob
- Ret Dest Dest Dest Func ]

= = = = =

SAVEREF T, " 2 _ONOFF__1 ax

Figure 3-44: NVmem Reference Menu
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Saving Waveforms and Setups

Saving and Recalling The oscilloscope can retain front-panel and menu setups. even after the
Setups power is turned off. You can also select the Power up State or group of
P setups that the instrument will recall when the power is turned back on.

Saving a Setup

Save and recall menu and acquisition setups by using the Save Setup
Menu located under the ADV FUNCT menu.

O] step 1: Press the Setup ADV FUNCT button. The Advanced Functions
menu appears.

[[] step 2: Press the button underneath Save Setup Menu.

] step 3: Press the Select Setup menu button to select either Setup1 or
Setup2 memory location for the setup information. .

[ step 4: Press Save Setup to save to current acquisition and menu
settings to the selected memory location.

Recalling a Setup from Meinory .

Recall a saved setup either by returning to the ADV FUNCT/Save Setup
Menu or by specifying the Power Up State as the particular setup you want
to recall. (Reter aiso to the following section, Recalling a Power Up State.) |

D Step 1: Press the Setup ADV FUNCT button. The Advanced Functions ;
menu appears. ’

D Step 2: Press the button undemeath Save Setup Menu. | '

D Step 3: Press the Select Setup menu button to select either Setup1 or l
Setup2 memory location. .-

D Step 4: Press Recall Setup to recall the acquisition and menu settings ’
previously saved to that memory location. ;

Recalling a Power Up State

The oscilloscope can be configured to return to one of four setups when the
instrument is turned on.

[ step 1: Press the Setup ADV FUNCT button. The Advanced Functions
menu appears.

] [ step 2: Press the button underneath Save Setup Menu.

3 [[] step 3: Press the button underneath Power Up State to select one of
the foifowing alternatives:

Default — The instrument will use the factory default settings when instru-
ment powers up.
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Saving Waveforms and Setups

Pwr Dwn — The instrument will automatically save the software-cu
settings when the instrument is turned off. The instrument will > . .
same settings when the instrument is turmed back on.

Setup1 — The instrument will use the setup saved under Setup

up.

Setup2 — The instrument will use the setup saved under Setup2 at ;
up.

[C] step 4: The selection is now saved. Press the ADV FUNCT button f
return to normal operation.
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‘Transmitting Waveforms

Digitized waveforms may be transmitted to an external device for printing.
plotting, storage, or wavetorm analysis. Every instrument is equipped with
an auxiliary connection for an analog X-Y plotter. Most applications. however.
require either a GPIB (Option 10) or RS-232-C (Option 12) intertace.

Communicating via
Interface Options

The RS-232-C or GPIB interface is usually ordered as factory installed:
however, you can order either interface separately for instatlation on existing
instruments. (Only one interface can be instalied in the instrument at a ime.)

The two interface options are depicted in Figure 3-45 and Figure 3-46.

The 2221A, 2224, & 2232 Optional GPIB & RS-232-C Interfaces User Manual
(070-8159-01) provides you with information about connecting the GPIB and
RS-232-C communication options to externai printers, ptotters, or computer
ports.

r )
AUXILIARY CONNECTOR PARAMETERS
RELAYNO. e =
vazvic o | [ ~seeo =2
| =3
[ : r'g
Jre — s
%TA%CJ X Lm}mm =%
() 0 1 ()
RS-232-C PORT

CAUTION
$25Vpk AND <100mA ABS, MAX
APPLIED TO ANY CONNECTOR

G

Figure 3-45: RS-232 Interface (Option 12)

2232 User Manual

3-51




¥

Transmitting Wavetorms

B )

-8

-16
-'LLFONMEU
X7 o _]I Ll—v - :m,
REAYNC.— X - smEDGw0

® 0

CAUTION
$25Vpk AND <100mA ABS, MAX
APPLIED TO ANY CONNECTOR

E _
.
| illlllll'll

\EEE STD 488 PORT

SH1, AH1. TS5, L3, SR1, RL2. PPO
DC1, D70, CO. E2

Comm\> > |

Figure 3-46: GPIB Interface (Option 10)

Plotting or Printing a
Waveform

The auxiliary connection (Figure 3-47) is a standard feature on all instru- -
ments. The X, Y, and RELAY lines on the auxiliary connection allow you to-
drive an analog X-Y plotter. The section entitled X-Y Plotter Output in Appen-
dix B supplies technical information pertaining to these outputs.

\
( AUXILARY CONNECTOR
] (R

o g -
RELAYN.C. X SHIELD GNO

O

CAUTION
$25Vpk AND <100mA ABS. MAX
APPLIED TO ANY CONNECTOR

Figure 3-47: Auxiliary Connection
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Transmitting Wavetorms

The 2221A, 2224, & 2232 Optional GPIB & RS-232 Interfaces User Manual
(070-8159-01) provides you with information about using either interface
option to drive a printer or plotter.

Plot Menu

The Plot menu (Figure 3-48) allows you to control and initiate the plot. Each l g
item on the menu 1s described below.

PLOT
ﬂxsnﬁE]IJP_EI.QJEBunonmm_ .

Plotter— AT XY

Type . Grat  Plat  : Setup  Star
= = = = J
(CeavereF o 2 oNiOFF 2 w, )

Figure 3-48: Plot Menu

Plotter Type

The Plotter Type menu button selects the analog X-Y Plotter or digital plotter
output format. The digital output format requires a GPIB or RS-232 option.

XY — Analog XY plotter |
HPGL — Hewilett-Packard® Graphics Language
EPS7 — Epson® low-speed

EPS8 — Epson® high-speed double-density
TJET — Hewlett-Packard® ThinkJet®

Grat
ON — Plots graticule fines.

OFF — Suppresses graticute lines.
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Auto Plot

ON — Automatically plots acquisito™s. The graticule and readouts are¢
piotted on the first acquisition only. T-2 oscilloscope will wait for each ;
tinish before beginning another acaus:ion.

OFF — Disables Auto Plot.

XY Setup

XY Setup generates a pattern for caucrating analog X-Y plotter gain and
offset.

Start

The Start menu button initiates transmssion of the wavetorm display over
the X-Y plotter or communications ooZon.
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Appendix A: Options and Accessories

i This section describes the various options as well as the standard and
\ optional accessories that are available for the 2232 Digital Storage Oscilio-
scope.

“ Options The Options listed below may be ordered with the instrument or ordered
: separately:

' Options A1—A5: International Power Cords

Besides the standard North American, 110 V. 60 Hz power cord, Tektronix
ships any of five altemate power cord configurations with the oscilloscope
- when ordered by the customer.

Tabie A-1: international Power Cords

Option Power Cord

Al Universal European — 220 V, 50 Hz

A2 UK — 240V, 50 Hz

A3 Australian — 240 V, 50 Hz
] A4 North American — 240 V. 60 Hz
7 A5 Switzerland — 220 V, 50 Hz

) _ OPTION 10: GPIB Intertace

Option 10 provides a GPIB {General Purpose intertace Bus) communications
interface. The interface implemented conforms to the specitications con-
tained in JEEE Standard Digital Interface for Programmable Instrumentation
, (ANSI/IEEE Std 488—1978). It also complies with a Tektronix Standard relat-
ing to GPIB Codes. Formats, Conventions and Features. The 2227A, 2224, &
) 2232 GPIB & RS-232-C Optional Interfaces User Manual (070—8159—xx)
: - provides operating information: for the Option 10 GPIB interface.

The GPIB option may be ordered separately as a kit {F-10). The kit includes
the user manual listed above as well as instructions for installation,

) OPTION 12: RS-232-C Intertace

) Option 12 provides an RS-232-C serial communications interface. The
interface imptemented conforms to RS-232-C specifications. The option
) provides both DTE and DCE capability to aid in hooking up the various

) 2232 User Manual ’ A-1
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types of printers, piotters, personal computers. and modems that are1
able. The 2221A, 2224, & 2232 GPIB & RS-232-C Optic- | Interfaces
Manual (070-8159-xx) provides operating information for the Opti
RS-232-C intertace.

The Option 12 also includes a 10-foot, RS-232-C interface cable
(012-0911-00) and a 25-pin male-to-male adapter (131-4923-00).

The RS-232-C option may be ordered separately as a kit (F-12). The kit
includes all of the items listed above as well as instructions for instal

OPTION 33: Travel Line

The Travel Line option provides impact protection needed for rough inc*
trial and service environments. When the instrument is ordered with Q

33, it comes equipped with the accessory pouch, front pane! cover, shock-
absorbing rubber guards mounted on the front and rear of the cabinet, an
easy-to-use power-cord wrap, and a carrying strap.

The Travel Line option can be installed on existing instruments by ordenng
the Travel Line kit (040—1202-04).

OPTION 3R: Rackmount

Option 3R allows you to mount the 2232 into a standard 19 inch equipment
rack.

Standard The following standard accessories are included with the 2232 Digital Stor-
Accessories age Oscilloscope:
Table A-2: Standard Accessories
Accessory Part Number
Probes (qty. two) P6109B 10X Passive P6109B
User Manual 070-7066-XX
Front Panel Cover 200--2520—-00
Accessory Pouch 016-0677-02
Fuse. 3AG. 2A, 250 V Slo-Blo 159-0023-00
DB-9 Maie Connector and Connector Shell 131-3579-00
Loop Clamp 343-0003-00
Flat Washer 210-0803-00
Selt-Tapping Screw 213-0882--00
A-2 Appendices . |
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: Other Accessories The following accessories are recommended for use with the instrument:

Table A-3: Optional Accessories

Accessory ' Part Number
Service Manuat (SN B010100 to B029999) 070-7067-01
) Service Manual (SN B030000 and Above) 070-8548-XX
) Rack Adapter 016-0833-01
) | Viewing Hood 016-0566-00
7 ‘ Carrying Strap 346—-0199-00
. Carrying Case 016—0792-01
Rain Cover 016-0848-00
Camera C9, Option 20
Portable instrument Cart K212
T ) QuickStart Training Aid (U.S.) 020~-1812-04
- QuickStart Training Aid (International) 020-1812-06
) WaveSaver Software S41SAVE
HC100 Plotter HC100 Opt 03
) RS-232
or

) HC100 Opt 01 GPIB
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in General Product Description you will find a hsting of the traits of the
2232 Digital Storage Oscilloscope. Characteristic Tables, lists instrumer!
characteristics of the oscilloscope in detait and the requirements that cufe-
spond to them.

General Product
Description

The TEKTRONIX 2232 Digital Storage Oscilloscope is a portable, duai-chan-
nel oscilloscope suitable for use in a variety of test and measurement ap
plications. It combines analog real-time (NON-STORE mode) and aigita!
storage (STORE mode) capabitities to provide a 100 MHz analog panawidth
and up to a 100 Megasample/second digital sampling rate.

Vertical System
The vertical system offers the following features:

= Calibrated deflection factors from 2 mV to 5 V per division for both
channels

= Variable VOLTS/DIV gain control that increases the defiection factor at
least 2.5 to 1 for any VOLTS/DIV setting of either channel

s Vertical display modes CH 1, CH 2, and BOTH, with a choice in BOTH
of ADD, ALT, or CHOP

= Bandwidth limiting that reduces bandwidth of the vertical amplifier
system and the A Trigger system to 20 MHz

Horizontal System

The horizontal system offers the following features:

= Calibrated A SEC/DIV settings that range from 0.5 s to 50 ns per divi-
sion: calibrated B SEC/DIV settings that range from 50 ms to 50 ns per
division

s Variable SEC/DIV control that increases the non-store sweep tme el

division up to four times the calibrated time per division set by.the SEC/
DIV switch

® Horizontal magnification by X10 (extends the fastest sweep-speed \ime
of 50 ns per division to 5 ns per division)
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Digital Storage System
The digital storage offers the following features:

® Sampling at a maximum rate of 100 megasamnples per second with both
channels sampied simultaneously

®  Glitch-catching capabilities for glitch widths as narrow as 10 ns

8 Acquisition of waveforms in any of four acquisition modes: SAMPLE,
AVERAGE, ACCPEAK, and PEAKDET (peak detect is availabte only at
SEC/DIV settings siower than 2 us)

s Maximum stored record lengths per waveform of either 4096 bytes (4 K)
for single-channel acquisitions or 2048 bytes (2 K) for duai-channel
acquisitions (ALT or CHOP)

® Four calibrated storage time bases of 1, 2, and 5 s per division for
low-frequency signal acquisitions (Horizontal Mode A only) using X10
STORE ONLY button ‘ )

a& Compression of the 4 K acquisition record into a 1 K acquisition record  _
using the Variable SEC/DIV control (4 K Compress mode)

@ Storage of up to three 1 K records (512 data points per waveform when
dual-channe! records are stored) or one 4 K record (2 K per waveform
when dual-channel acquisitions are stored) in the SAVE REF memory

® Storage of up to 26 K of waveform records in up to 26 locations in
extended memory

= Capability to move waveforms between SAVE REF memory—where
they can be disptayed, measured. or replaced—and extended storage
memory which frees up SAVE REF memory for stonng new wavetorms

User interface

An internal microprocessor provides front panel control and feedback on -
control settings.

Front Panel Controls — This oscilloscope uses a combination of front-
panel buttons, knobs. and on-screen menus to control its many functions.
The front-panel controls are grouped according to function: vertical. horizon-
tal, trigger. setup, and acquisition.

Almost all NON-STORE (anaiog real-time) and STORE moade functions are
set using front panel controls. which allows them to be quickly adjusteq.
Some setup functions. such as SETUP ACQ and DISPLAY. are set indirectly
using menus.

Display — An internal microprocessor reads the front-pane! controls 10
determine therr settings and generates on-screen readouts of many of those
settings. Settings are displayed for the foliowing controis:

®  VOLTS/DIV knobs and AC-GND-DC switches for both channels

A-6
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s SEC/DIV knob
s B DELAY TIME POSITION knob

® Voltage and Time CURSOR measurement readouts (on STORE Mode
displays only)

m  ATrigger LEVEL knob

Additional readout information is displayed when in STORE (digital) mode.
Shown are the acquisttion mode. names of any SAVE REF memories dis-
played, SAVE it SAVE/CONT is so set, and SWEEP LIMIT if it is active.

Since all information just listed is read out on screen, it appears on all hard f
copies made by the oscilloscope. Theretore. hard copies of wavetorm piots '
will also document the setup and measurement information associated with
the wavetorm.

Measurement Features

You can measure voitage or time on both NON-STORE (analog) and
STORE (digital) waveforms using the graticule. For STORE mode wave-
forms. you can also measure voltage and time using CURSORS. (Wave-
forms can be current acquisitions or SAVE REF acquisitions.)

The cursors are toggled to any displayed waveform of interest and then
positioned using the CURSORS knob to any two points of interest on the
wavetorm. The AV and AT readouts indicate the voltage difference and
timing difference between the positions of the cursors.

For 4 K acquisition records, the CURSORS knob also scrolls the record
back and forth horizontally, so any 1 K portion can be viewed on screen.
- - ) (The screen can only display 1 K record points.)

- Options and For part numbers and information about both standard and optional acces-
Accessories sories, refer to Options and Accessories which begins on page A-1 of this
manual. Your Tektronix representative, local Tektronix Field Cffice, or Tektro-
nix products catalog can also provide additional accessories information.
[
f - Performance - The following electrical characteristics (Table A-4) are valid when the instru- y
0 cae ment has been adjusted at an ambient temperature between +20° C and
- Conditions

+30° C (+68° F and 86° F), has had a warm-up period of at least 20 min-
) utes, and is operating at an ambient temperature between 0° C and +50° C
(32° F and 122° F), uniess otherwise noted.
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Characteristic Tables

The characteristics listed in the tables that follow are valid when t~
mance conditions just listed are met. items listed in the "Pertorm
auirements” column are verifiable qualitative or quantitative limits ;
t the measurement capabilities of the oscilloscope.

! Environmental characteristics are given in Table A-5 on page A-22. Tt
oscilloscope meets the requirements of MIL-T-28800D for Type Ill, C*
equipment, except where noted otherwise.

|; ! ‘ Physical characteristics of the oscilloscope are listed in Table A-6 on
f page A-23.

Table A-4: Electrical Characteristics

Characteristics

Performance Requirements

Vertical Deflection System

Deflection Factor

Range 2 mV per division to 5 V per division in a 1-2-5 sequence.
DC Accuracy (NON-STORE)

+15° Cto +35° C +2%.

0°Cto +50° C *3%.!

For 5 mV per division to 5 V per division VOLTS/DIV switch
settings, the gain is set at a VOLTS/DIV switch setting of
10 mV per division. -

2 mV per division gain is set with the VOLTS/DIV switch set to
2 mV per division.

On Screen DC Accuracy (STORE)
+15° Cto +35° C

*2%.

0° Cto +50° C

+3%.1
Gain set with the VOLTS/DIV switch set to 5 mV per division.

Storage Acquisition Vertical Resoiution

8-bits. 25 levels per division. 10.24 divisions dynamic range.’

Range of VOLTS/DIV Vanable control

Continuously variable between settings. increases defiection
factor by at least 2.5t0 1.

Ipertormance requirement not checked in manual.

A-8
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Table A-4: Electrical Characteristics (Cont.)

Characteristics

Performance Requirements

NON-STORE Bandwidth (-3 dB)
0°Cto+35°C

5 mV per division to 5 V per division

DC to at least 100 MHz

2 mV per division

DC to at least 80 MHz

+35° C'to +50° C

2 mV per division to 5V per division

DC to at least 80 MH2z?

Measured with a vertically centered six-division reference
signal, from a 50 QQ source. The source is connected through
a 50 ) coaxial cable terminated in 50 (2 at the input connec-
tor. The VOLTS/DIV Vanable controt 1s in the CAL detent.

BW LIMIT (-3dB)

20 MHz +10%

AC Coupled Lower Cutoff Frequency

10 Hz or less at —3 dB!

Step Response (NON-STORE Mode)
Rise Time
0°Cto+35°C

5 mV per division to 5 V per division

3.5 ns or less.1

2 mV per division

4.4 nsor less.1

+35° Cto +50° C

5 mV per division to 5 V per division

3.9nsorless.!

2 mV per division

4.4 ns or less.!
Rise time is calculated from:

Rise Time = g it (=3 GB)
Step Response (STORE Mode)!
Useful Storage Rise Time
SAIYIPLE Singie Trace Dual Trace (CHOP/ALT)

SEC/DIV setting x 1.6 SEC/DIV setting < 1.6
700 sec 50 sec

PEAKDET or ACCPEAK with SMOOTH

SEC/DIV setting x 1.6 SEC/DIV setting x 1.6
) sec 55 se

C

Rise time is limited to 3.5 ns minimum with derating over
temperature (see NON-STORE Rise Time).

1 Pertormance requirement not checked in manual.

2232 User Manual
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Appendix B: Specitication

Table A-4: Electrical Characteristics (Cont.)

Characteristics Performance Requirements
Aberrations (NON-STORE and STORE»in De-
fault Modes) -
2 mV per division to 50 mV per division +4%, —4%, 4% p-p
0.1 V per division t0 0.2 V per division +6%. —6%. 6% p-p
0.5 V per division +6%, —6%. 6% p-p! - ~ -
1 V per division to 5 V per division +12%, —12%, 12% p-p?!

Measured with a vertically centered six-division reference
signal, from a 50 Q source. The source is connected through
a 50 Q coaxial cable terminated in 50 Q at the input connec-
tor. The VOLTS/DIV Variable control is in the CAL detent.

Useful Storage Performance? -

;,‘, RECORD, SCAN and ROLL Store Modes
b
4 SAMPLE Acquisition, no AVERAGE
1 us per division to Single Trace CHOP/ALT )
5 s per division
10 ' 5 1
SECIDIV setting 12 SECIDIV seting |2
' EXT CLOCK (up to 100 kHz) % Hz' EXT 1
20
PEAK DETECT
Sine Wave 10 MHz!?

Amplitude Capture (5% p-p
maximum amplitude uncertainty)

Puise Width 10 ns
Amplitude Capture (50% p-0
maximum ampiitude uncertainty})

! Performance requirement not checked in manual.

2usetul storage performance is limited to the frequency where there are 10 sampies per sine wave signal period at the maximum
sampling rate. (Maximum sampling rate is 100 MHz.) This yieids a maximum amplitude uncertainty of 5%. Accuracy at the useful
storage bandwidth limit is measured with respect to a six-division, 50 kHz reference sine wave.

. A-10 . Appendices
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Appendix B: Specitication

N Table A-4: Electrical Characteristics (Cont.)

) Characteristics

Pertormance Requirements

}  REPETITIVE Store Mode
SAMPLE and AVERAGE
0.05 us per division
0.1 us per division
0.2-us per division
to 2 us per division

(5% maximum amplitude
uncenainty)

Single Trace CHOP/ALT

100 MHz (-3 dB)3 100 MHz (-3 dB)3

100 MHz (-3 dB)1-3 50 MHz (-3 ¢B}!
10 1 5 |

SECIDIV setiing 2 SEC/DIV semng 2

ACCPEAK

0.05 us per division
to 5 s per division

Same as NON-STORE Bandwidth

AVERAGE Mode _
. Sweep Limit Adjustabte from 1 to 998,000 or NO LIMIT. May be set in incre-
ments of 1 from 1 to 200; 2 from 202 to 1,000; 10 from 1,010
to 2,000: 20 from 2.020 to 10.000: 100 from 10,100 to 20.000:.
200 from 20,200 to 100,000; 1,000 from 101.000 to 200,000;
2,000 from 202,000 to 998,000.1
Weight of Last Acquisition %, 16, Ya. %, Ke Y42, Y64, Y28, OF Yos6 (MENU selections).

AVERAGE mode default weight is 4.1

NON-STORE CHOP Mode Switching Rate

500 kHz = 30%"

"~ A/D Converter Linearity -

Monotonic with no missing codes?

Anatog CH1/CH2 Delay Match

+1.0 ns!

NON-STORE Common-Mode Rejection Ratio
(CMRR)~

At least 10 to 1 at 50 MHz.

Checked at 10 mV per division for common-mode signais of
six divisions or less with the VOLTS/DIV Variable control ad-
justed for the best CMRR at 50 kHz.

Input Current

1 nA or less (0.5 division or less trace shift when switching
between DC and GND input coupling with the VOLTS/DIV
switch set to 2 mV per division).!

Input Characteristics

Resistance

1 MQ * 2%!

Capacitance

20 pF = 2pF?

1performance requirement not checked in manual.

30One hundred MHz bandwidth derated for temperatures outside 0 C to +35 C and at 2 mV VOLTS/DIV setting as tor NON-STORE.

2232 User Manual
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Appendix B: Specitication

Table A-4: Electrical Characteristics (Cont.)

Characteristics

Performance Requirements

Maximum Safe Input Voitage (CH 1 and
CH2)

DC and AC Coupled A

See Figure A-1 on page A-21 for maximum input voitage.
sus frequency derating curve.

400 V (DC + peak AC) or 800 VAC p-p at 10 kHz or less.!

Channel Isolation STORE and NON-STORE

Greater than 100 to 1 at 50 MHz

POSITION Control Range

At least =11 divisions from graticule center.

A/B SWP SEP Control
Range (NON-STORE Mode Oniy)

+ 3.5 divisions or greater.

Trace Shift with VOLTS/DIV Switch Rotation

0.75 division or less; VOLTS/DIV Variable control in the CAL
detent.!

Trace Shift as the VOLTS/DIV Variable Controt
is Rotated

1 division or less!

Trace Shift with INVERT

1.5 divisions or less!

Trigger System : =
A Trigger Sensitivity
P-P AUTO and NORM 10 MH2 60 MHz 100 MHz
Internal 0.35 div 1.0 div 1.5div
External 40 mv 120 mV 150 mv

Extermal trigger signai from a 50 Q2 source driving a 50 Q
ccaxial cabte terminated in 50 Q at the input connector.

HF REJ Coupling

Should not trigger with a one division peak-to-~ - * 250 kHz
signat when HF REJ is ON.

Reduces trigger signal amplitude =: nigh frequencies by
about 20 dB with rolioff beoins .. i 40 kHz *25%.

LF REJ Coupling

Should not trigger wi* - ", division peak-to-peak 25 kHz
signal when LF RE .

Attenuates sigrais -.clow 40 kHz (-3 dB point at 40 kHz
+25%).

P-P AUTO Lowest Usable Frequency (Non-
Store Mode only)

20 Hz with 1 division internal or 100 mV external!

P-P AUTO Lowest Usable Frequency
(Store Mode only)

500 -z with 1 division internal or 100 mV external’

'Performance requirement not checked in manual.

A-12
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Table A-4: Electrical Characteristics (Cont.)

Appendix B: Specification

Characteristics Performance Requirementn
TV LINE
internal 0.35 div?
External 35 mV p-p!
TV FIELD = 1 division of composne sy}

B Trigger Sensitivity (Internal Only)

10 MHz 60 MH; 100 MHz
0.35 div 1.0 aw 1.5 div

EXT INPUT A
Maximum Input Voitage

400 V (DC + peak AC) or Btx) VAC p-p at 10 kHz or less.!

See Figure A-1 on page A-2) for maximum input voltage ver-
sus frequency derating curve

Input Resistance

1 MQ = 2%!

Input Capacitance

20 pF = 2.5 pF!

AC Coupled Lower Cutoff Frequency

10 Hz or less at —3 dB!

LEVEL Control Range

A Trigger (NORM)
INT May be set at any voltage Isve) of the trace that can be dis-
played.!
EXT, DC  Atleast = 1.6V, 3.2V p-p.
EXT, DC = 10 Atleast = 16V, 32V p-p.!
B Trigger (Internai) May be set at any point of the trace that can be displayed.!

VAR HOLDOFF Control® (NON-STORE Hol-

doff)

Increases A Sweep holdoff time by at least a factor of 10.

Trigger Level Readout Accuracy
+15°C to +35°C

= (0.3 division, +5% of reaumg)
Applies to =10 divisions #14mm zerp volts.

Acquisition Window Trigger Points

Pretrigger

Seven-eighths of the wavet/»m acquisition window is prior to
the trigger (other trigger purs are selectable via the MENU).

TPerformance requirement not checked in manual.

“Hoidoff in STORE mode is a function of microprocessor activity and the pretrigger acomeition. The VAR HOLDOFF control main-
tains some control over the STORE hoidoff by preventing a new trigger from being accessed by the storage circuitry until the next
(or current, it one is in progress) NON-STORE hoidoft has completed.

2232 User Manual
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Appendix B: Specification

Table A-4: Electrical Characteristics (Cont.)

Characteristics Performance Requirements
Midtrigger One-haif of the waveform acquisition window 1s priori¢
trigger (other trigger points are selectable viathel = *
Post Trigger One-eighth of the waveform acquisition window is prior {
trigger (other trigger points are selectable via the MENU).
Point-Selectable Triggering PRETRIG! MIDTRIG! POST TRIG! ~
1 K Record Length 128 512 896
4 K Record Length 512 2048 3584
o
Horizontal Deflection System _
S

NON-STORE Sweep Rates

Calibrated Range

—————

A Sweep 0.5 sec per division to 0.05 s per division in a 1-2-5 se-
quence of 22 steps.5
B Sweep 50 ms per division to 0.05 us per division in a 1-2-5 seque:'nce
of 19 steps.5
STORE Mode Ranges
REPETITIVE 0.05 us per division to 0.5 s per division.1:6
RECORD 1 Ws per division to 5C ms per division.1-6
ROLL/SCAN 0.1 s per division tc 5 s per division. (A Sweep only).1.6
NON-STORE Accuracy Unmagnified Magnified
+15°* Cto +35° C
0.5 s per division *2% +3%
to 0.1 us per division
0.05 us per division *2% *4%
0" Cto +50° C
0.5 s per division +3%! +4%!
to 0.1 ys per division _
0.05 ps per division +3%! +6%!

Sweep accuracy épphes over the center eight divisions. Ex-
clude the first 40 ns of the sweep for magnifiea sweeps and
anything beyond the 100" magnified dwision.

'Performance requirement not checked in manual.

5The X10 MAG controt extends the maximum sweep speed 1o 5 ns per division.

6The 4k COMPRESS control multiplies the SEC/DIV setting by 4.

A-14
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! Appendix B: Spacification

Table A-4: Electrical Characteristics (Cont.)

Characteristics Pertormance Requirements
)
STORE Accuracy See Horizontat Differential Accuracy and Cursor Time Differ-
K ence Accuracy.!

NON-STORE Sweep Linearity

0.5 s per division to 10 ns per division +0.1 division.

5 ns per division +(0.15 division.

Linearity measured over any two of the center eight divisions.
Exclude the first 40 ns and anything past the 100%" division of
the X10 magnified sweeps.

Digital Sample Rate Single Trace CHOP/ALT
SAMPLE ‘ 100 Hz? 50 Hz!
(1 s per division to 5 s per division) SEC/DIV setting SECIDIV setting z
PEAKDET or 100 MHz! 100 MHz!
ACCPEAK

(1 us per division to 5 s per division)

REPETITIVE Store 100 MHz? 100 MHZ"
(0.05 us per division to 0.5 ps per division)

External Clock

input Frequency

Slow DCto 1 kHz
Fast DC to 100 kHz
Digital Sample Rate 100 MHz in ACCPEAK and PEAKDET, otherwise it is equal to

the input frequency.!

Screep Update Rate

Slow One data pair for every second falling clock edge.!
Fast Varies with record length and sweep speed.?
Duty Cycie 10% or greater (5 us minimum pulse width).!
Ext Clock Logic Thresholds Logic Thresholds are TTL compatible.
Maximum Safe Input Voltage~A 25V (DC + peak AC) or 25V ., AC at 1 kHz or less.!
’ input Resistance Greater than 3.5 kQ (LSTTL compatible).!

iPertormance requirement not checked in manual.
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B R M+ < i % e

|




1

proy=—my

et p———

Appendix.B: Specification

Table A-4: Electrical Characteristics (Cont.)

Characteristics

Performance Requirements

STORE Mode Resoiution

Acquisition Record Length

1024 or 4096 data points.}

Single Waveform Acquisition Display

1024 data points (100 data points per division across the
graticule area).

CHOP or ALT Acquisition Display

512 data points (50 data points per division across the grati-
cule area).

Horizontal POSITION Control Range

Start of the 10" division will position past the center vertical
graticule line in X1; start of the 100%™ division will position past
the center vertical graticule line in X10 magnified and NON-
STORE.

Horizontal Variable Sweep Control Range

Continuously variable between calibrated settings of the SEC/

NON-STORE
DIV switch. Extends the A and the B Sweep speeds by at
least a tactor of 2.5 times over the calibrated SEC/DIV set-
tings. -
STORE Horizontal Variable Sweep has no affect on the STORE Mode
time base. Rotating the Variable SEZ/DIV control out of the
CAL detent position horzorially c2 mpresses a 4 K point ac-
quisition record to 1 . £~~-z '~ '=ncrn, so that the whole re-
cord length can be . .ev 2d on scresn. Screen readout is al-
tered accordingly
Displayed Trace Length
NON-STORE Greater than iu divisions.
STORE 10.24 divisions.1
Delay Time

0.5 us per division to
0.5 s per division
(A Sweep)

Delay POSITION
Range

Less than (0.5 div + 300 ns) to greater than 10 divisions.

Delay Time is functionai, but not calibrated. at A Sweep
speeds faster than 0.5 us per division.

NON-STORE Delay Jitter

One part or tess in 5000 (0.02%) of the maximum available
gelay ime.

'Pertormance requirement not checked in manual.
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Appendix B: Specification

Table A-4: Electrical Characteristics (Cont.)

Ch racteristics

Performance Requirements

Delay Time Difterential Measurement Accura-
2y (Runs After Delay only)

+15°Cto+35° C

= 1% of reading. =0.5% of full scale (10 divisions).

0 Cto+50" C

=2% of reading. =0.5% of full scale (10 divisions).!

Exclude delayed operation when the A and B SEC/DIV knobs
are locked together at any sweep speed or when the A SEC/

DIV swilch is faster than 0.5 us per division. Accuracy applies
over the B DELAY TIME POSITION control range.

' Digital Storage Display

) Vertical

L Resolution

10 bits (1 part in 1024).
Display waveforms are calibrated for 100 data points per divi-
sion.

] Position Registration
) NON-STORE to STORE

=0.5 division at graticule center at VOLTS/DIV switch setings
from 2 mV per division to 5 V per division.

B CONTINUE to SAVE

+0.5 division at VOLTS/DIV switch settings from 2 mV per
division to 5 V per division.

SAVE Mode Expansion or Compression
| Range

Up to 10 times as determined by the remaining VOLTS/DIV
switch positions up or down.

2 mV per division acquisitions cannot be expanded, and 5 V
per division acquisitions cannot be compressed.

Any portion of a stored waveform vertically magnified or com-
pressed up to 10 times can be positioned to the top and to
the bottom of the graticule area.

Storage Display Expansion Algorithm Error

+0.1% of full scale.!

Storage Display Compression Algorithm
Error

'+0.16% of reading +0.4% of full scale.!

Horizontal
Resolution

10 bits (1 part in 1024).!
Calibrated for 100 data points per division.

Difterential Accuracy

Graticule indication of time cursor difference is +2% of the
readout value, measured over the center eight divisions.

SAVE Mode Expansion Range (YT mode)

10 times as determined by the X10 MAG switch.

Expansion Accuracy

Same as the Vertical.l

' Pertormance requirement not checked in manual.

2232 User Manual
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Appendix B: Specification

Table A-4: Electrical Characteristics (Cont.)

Characteristics Performance Requirements
Digital Readout Display
CURSOR Accuracy
Voltage Difference +3% of the AV readout value, +0.4% of full scaie

(8 divisions).
Applies within center 6 divisions.

Time Difference

RECORD or ROLL/SCAN
SAMPLE or AVERAGE +1 display interval.”
PEAKDET or ACCPEAK +2 display interval.}.7
REPETITIVE
SAMPLE or AVERAGE *(2 display interval + 0.5 ns).1+7
ACCPEAK *(4 display interval + 0.5 ns).1+7

X-Y Operation (X1 Magnification Only)

Deflection Factors

Same as vertical deflection system with the VOLTS/DIV Vari-

able controis in the CAL detent position.

NON-STORE Accuracy®
X-Axis
+15°Cto +35° C +3%
0° Cto +50° C +4%!

Y-Axis

Same as vertical defiection system.!

NON-STORE Bandwidth (—3 dB)8
X-Axis

DC to at least 2.5 MHz.

Y-Axis

Same as vertical defiection system.!

NON-STORE Phase Difterence Between
X-Axis and Y-Axis Amplifiers

+3 degrees from DC to 150 kHz.!
Verticat Input Coupling set to DC.

STORE Accuracy
X-Axis and Y-Axis

Same as dignal storage vertical deflection system. !

Performance requirement not checked in manual.

?A display interval is the time between two adjacent display points on a waveform.

8Measured with a DC-coupled, five-division reference signal.

A-18

Appendices




Appendix B: Specification

Table A-4: Electrical Characteristics (Cont.)

\ Characteristics Performance Requirements

Usetul Storage Bandwidth

RECORD and REPETITIVE Store Modes 5 1
) SECIDIV setting

) STORE Mode Time Ditference Between
Y-Axis and X-Axis Signais

RECORD. SCAN. and ROLL Modes +1.0ns?
) REPETITIVE Store SECIDIV setting ,
’ 100
Probe Adjust
Output Voltage on PRB ADJ Jack 0.5V =5%
Probe Adjust Signal Repetition Rate 1 kHz =20%!
Z-Axis
~ Sensrtivity (NON-STOREVOnIy) - 5V causes noticeable modulation. Positive-going input de-

creases intensity.
Usable frequency range is DC to 20 MHz.

- 30V (DC + peak AC) or 30 V p-p at 1 kHz or less.!
Maximum Input Voltage A. P ) p

Input Resistance Greater than 10 kQ.1

. X-Y Plotter Output

Maximum Safe Applied Voltage, Any A 25V (DC + peak AC) or 25 V p-p AC at 1 kHz or less.!
Connector Pin

X an_d Y Plotter (_)utpms o ‘ , .
Pen Lift/Down Fused relay contacts, 100 mA maximum.}
Output Voltage Levels 500 mV per division =20%. Center screen is 0 V =1 division.
Measured with a DC-coupled, five-division reference signal.
Series Resistance 2kQ =10%!

1Pertormance requirement not checked in manual.
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Table A-4: Electrical Characteristics (Cont.)

Characteristics Performance Requirements
Power Supply

Line Voitage Range 90 VAC to 250 VAC!

Line Frequency 48 Hz to 440 Hz!

Maximum Power Consumption

85 watts (150 VA)!

Line Fuse

2 A, 250 V. slow blow!

o Primary Circuit Dielectric Requirement

Routine test to 1500 Vgug, 60 Hz, for 10 seconds without
breakdown.!

CRT Display

Display Area 8cmX 10cm.?
Standard Phosphor P31?
Nominal Accelerating Voitage 14 k!

4.2 V Output +10% through 2 kQ!
Memory
Nonvolatile Memory 26 Kbytes?

Power-Down

Battery Voltage

Memory retained for battery voltages greater than 2.3 V!

Data Retention

Memory maintained at least 6 months without instrument
power.!

Battery Life

Power-down data retention specification shall be maintained
for 3 years without battery change.

|
!
| Power-Down Detection

Threshold Fail asserted for supply drop to less than 4.5 .
Reset held until supply 1s greater than 4.75 V.1
Reset Detay Power-down interrupt to reset delay =1 ms.!

|
i
' 1pPerformance requirement not checked in manual.
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Appendix B: Specification

Table A-4: Electrical Characteristics (Cont.)

Characteristics Performance Requirements

GPIB Option

GPIB Requirements Complies with ANSI/IEEE Standard 488-1978.1

RS-232-C Option

RS-232-C Requirements Complies with EIA Standard RS-232-C.!
Baud Rates
Available Rates 110, 300, 600, 1200, and 2400 baud.!
Accuracy < 1% error.!

Performance requirement not checked in manual.

400

300
200 \

Volts 100
(DC + Peak AC)

50

125V

20

10
10 kHz 50 kHz 100 kHz 500 kHz 1 MHz 100 MHz

Frequency

Figure A-1: Maximum input voitage versus frequency derating curve for the CH1 ORX, CH2 ORYY,
and EXT INPUT connectors.

2232 User Manual A-2)




b -

e —————e i — el sl

Appendix B: Specification !.

Table A-4: Electrical Characteristics (Cont.)

\ Characteristics Performance Requirements
" | ~ GPIB Option

’ GPIB Reguirements Complies with ANSV/IEEE Standard 488-1978.1
s ! RS-232-C Option

h RS-232-C Requirements Complies with EIA Standard RS-232-C.!

+ Baud Rates
} _ Available Rates 110, 300, 600, 1200, and 2400 baud.!

Accuracy < 1% error.}

IPerformance requirement not checked in manual.

400

300 ,

- N\

Volts 100
(DC + Peak AC)

50

125V

- - /
20
a

10

) 10 kH2 50 kHz 100 kHz 500 kHz 1 MHz 100 MHz

Frequency

Figure A-1: Maximum input voltage versus frequency derating curve for the CH1 ORX,CH2ORYY,
and EXT INPUT connectors.
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Appendix B: Specification

Table A-5: Environmental Characteristics

Characteristics

Performance Requirements -

Environmental Requirements

The instrument meets the following MIL-T-28800D require-
ments for Type Ill. Class 5. Style D equipment. except whe
noted otherwise.?

et

Temperature
Operating 0° C1o +50° C (+32° Fto +122° P)! ~
Nonoperating -40° Cto +71° C (—-40° Fto +160° F)! -
Tested to MIL-T-28800D, para 4.5.5.1.3 and 4.5.5.1.4, except
that in para 4.5.5.1.3 steps 4 and 5 (—10° C operating test)
are performed before step 2 (—40° C nonoperating test).
Equipment shall remain off upon returmn to room ambient tem-
perature during step 6. Excessive condensation shall be re-
moved before operating during step 7.
Altitude
Operating To 4,500 meters (13,716 feet)?
Maximum operating temperature decreases 1° C per 1,000
feet above 5,000 feet.
Nonoperating To 15,240 meters (50,000 feet)?
Exceeds requirements of MIL-T-2880D, para 4.5.5.2.
Humidity

Operating and Nonoperating

5 cycies (120 hours) referenced to MIL-T-28800D para
4.5.5.1.2.2 for Type lil, Class 5 instruments. Operating and
nonoperating at 95%, ~5% t0 +0%, reiative humidity. Operat-
ing, +30° C to +50° C: nonoperating. +30° C to +60° C.!

EMI (electromagnetic interterence)

Meets radiated and conducted emission requirements per
VDE 0871, Class B.!

To meet EMI reguiations and spec'rﬁcatiods. use a double
shielded cable and metal connector housing with the housing
grounded to the cable shieid on the AUXILIARY CONNEC-
TOR.

Vibration

Operating

15 minutes along each of three major axes at a total displace-
ment of 0.015 inch p-p (2.3 g at 55 Hz) with frequency varied
from 10 Hz to 55 Hz to 10 Hz in one-minute sweeps. Hold for
10 minutes at 55 Hz in each of the three major axes. All major
resonances are above 55 Hz.!

Meets requirements of MIL-T-22800D. para 4.5.5.3.1.

‘Performance requirement not checked in manual.
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’ ’ Appendix B: Specification
) Table A-5: Environmental Characteristics (Cont.)
) Characteristics Performance Requirements
.
) Shock _
| Operating and Nonoperating 30 g half-sine. 11 ms duration. three shocks per axis each

} direction. for a total of 18 shocks. !

’ Meets requirements of MIL-T-22800D. para 4.5.5.4.1. excer
hmited to 30 g.

LX)

T Bench Handling Test Each edge lifted four inches and allowed to free falt onto a
) solid wooden bench surtace.!

Meets requirements of MIL-T-22800D. para 4.5.5.4.3.

TPerformance requirement not checked in manual.

Table A-6: Physical Characteristics®

Characteristics Performance Requirements
Weight |
With Power Cord, Cover, Probes, and 9.4 kg (20.7 ib).
Pouch )
With Power Cord Only 8.2 kg (18 Ib).
Domestic Shipping Weight 12.2 kg (26.9 Ib). {
Height 137 mm (5.4 in).
Width ’
- With Handle 360 mm (14.2 in). ~
Without Handle 328 mm (12.9 in). ]
Depth 5
! With Front Cover 445 mm (17.5 in).
- |
) Withot..i i * Cover 440 mm (17.3 .n). '
. ’ . 0
K With Handle Extenac. 511 mm 20.1 in).

9See Figure A-2 on page A-24 for a dimensional drawing.
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Figure A-2: Physical dimensions of the 2232 Digital Storage Oscilloscope
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Appendix C: Performance Verification

This appendix begins with General Information which contains topics you
should understand before performing the procedures in this appendix. The
table Test Equipment Required follows. The performance checks are found
under Procedures.

General Information

Read the following topics before performing the performance verification
procedures in this appendix.

Purpose

The Performance Verification is used to verity the instrument against the
pertormance requirements listed in Table A-4 {page A-8) and to determine
the need for instrument adjustment. It may also be used as an acceptance
test or as a preliminary troubleshooting aid.

Performance Check Interval

To ensure instrument accuracy, check its performance after every 2000
hours of operation or once each year, it used infrequently. A more frequent
interval may be necessary, if the instrument 1s subjected to harsh environ-
ments or severe usage.

Structure

The Performance Verification is structured in subparts to permit checking
individual sections of the instrument, whenever a complete verification of
performance is not required.

Each subpart begins with a list of the test equipment required for performing
the steps in that subpart. Following that equipment list is a list of all the
front-pane! contro! settings required to prepare the instrument for performing
Step 1 of that subpart. The procedure steps follow.

When periorming any subpart, start at the beginning and do each step
within a particular subpart--both in the sequence presented and in its
entirety—1to ensure that control-setting changes will be correct for following
steps.

Limits and Tolerances

The tolerances given in this procedure are valid for an snstrument that is
operating n and has been previously calibrated in an ambient temperature
petweer +20° C and +30 C. The instrument atso must have had at least a
20 minute warm-up pernod. Refer to Table A-4 for tolerances applicable to an

2232 User Manua)
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| Appendix C: Performance Verification

This appendix begins with General Inforrnation which contains topics you

v shouig understand before performing the procedures in this appendix. The
table Test Equipment Required follows. The pertormance checks are found
) under Procedures.

[ - General Information Read the following topics betore performing the performance verification
procedures in this appendix.

Purpose

The Performance Verification 1s used to verify the instrument against the
pertormance requirements listed in Table A-4 (page A-8) and to determine
’ the need tor instrument adjustment. It may also be used as an acceptance
test or as a preliminary troubleshooting aid. -

) Performance Check Intervai

' ) To ensure instrument accuracy, check its pertormance after every 2000
L hours of operation or once each year, it used infrequently. A more frequent
) interval may be necessary. if the instrument is subjected to harsh environ-
ments or severe usage.

Structure

The Performance Verification is structured in subparts to permit checking
individual sections of the instrument, whenever a complete verification of
pertormance is not required.

Each subpart begins with a list of the test equipment required for performing
) the steps in that subpart. Following that equipment list is a list ot all the

front-panet contro! settings required to prepare the instrument for performing
} Step 1 of that subpart. The procedure steps follow.

) When pertorming any subpart, start at the beginning and do each step
within a particular subpart--both in the sequence presented and in its
entirety—to ensure that control-setting changes will be correct for following
steps.

Limits and Tolerances

The tolerances given in this procedure are valid for an instrument that 1s

operating in and has been previousily calibrated in an ambient temperature

between +20° C and +30 C. The instrument also must have had at ieast a
4 20 minute warm-up perniod. Refer to Table A-4 for tolerances applicable to an
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instrument that 1s operating outside this temperature range. All tolerances
specified are for the instrument only and do not include test-equipment
error.

Test Equipment

Table A-7 lists all the test equipment required to do the Performance Veritica-
tion in this appendix. Aiso listed is the minimum specifications for the test

Requu'ed equipment. Ali equipment used must meet or exceed its minimum specifica-
tions.
When equipment other than that recommended is used, contro! settings of
the test setup might need to be aitered. If the exact item of equipment given
as an example in Table A-7 is not available, check the Minimum Specification
column to determine if any other available test equipment might suffice to
perform the check or adjustment.
Operating instructions for test equipment are not given in this procedure. !f
more operating information is required, refer to the appropriate test equip-
ment instruction manual.
Table A-7: Test Equipment Required
item and Minimum Example of Suitable
Description  Specification Purpose Test Equipment
Calibration Standard-amplitude signal leveis: 5 mV to 50 V. Signal source for TEKTRONIX PG 506A
Generator Accuracy =0.3%. gain and transient  Calibration Genera-
High-amplitude signal levels: 1 V to 60 V. response. tor.!
Repetition rate: 1 kHz.
Fast-rise signal level: 1 V. Repetition rate: 1t MHz.
Rise time: 1 ns or less. Flatness: =2%.
Leveled Frequency: 250 kHz to above 100 MHz. Vertical, horizon-  TEKTRONIX SG 503
Sine Wave Output amplitude: vanable from 10 mV to 5V p-p. tal, and triggenng Leveled Sine Wave
Generator Output impedance: 50 Q. checks and ad- Generator.!
Reference frequency: 50 kHz. justments. Display
Amplitude accuracy: constant within 3% of refer-  adjustments and
ence frequency as output frequency changes. Z-Axis check.
Time-Mark Marker outputs: 10 ns t0 0.5 s. Horizontal checks TEKTRONIX TG 501
Generator Marker accuracy: * 0.1%. and adjustments.  Time-Mark Genera-
Trigger output: 1 ms to 0.1 ms, time-coincident Display adjust- tor.1
with markers. ment.
Low- Range: 1 kHz to 500 kHz. Low-frequency TEKTRONIX SG 502
Frequency QOutput amplitude: 300 mV. trnigger checks. Osciltator. !
Generator Output impedance: 600 W.
Reference frequency: constant within 0.3 dB of
reference frequency as output frequency
changes.
Pulse Repetition rate: 1 kHz. Output amplitude: 5 V. External clock and TEKTRONIX PG 501
Generator storage checks. Pulse Generator.!
A-26
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Table A-7: Test Equipment Required (Cont.)

Item and Minimum Example of Suitable
Description  Specification Purpose Test Equipment

Test Oscillo-  Bandwidth: DC to 100 MHz. Minimum deflecticn  General trouble TEKTRONIX 2235
scope with factor: 5 mV/div. Accuracy: =3%. shooting. holdoff  Oscilloscope.

10X Probes cneck.

Dignal Range: 0 to 140 V. DC voltage accuracy: Power supply TEKTRONIX DM 501A
voltmeter = 0.15% checks and ad- Digital Multimeter.’

4'/> digit display.

justments. Vertical
adjustment.

Coaxial Cable

tmpedance: 50

Signal intercon-

Tektronix Part Number

{2 required) Length: 42 in. nection. 012-0057-01
Connectors: BNC
Precision Impedance: 50 () Vertical banawidth  Tektronix Part Number

Coaxial Cable

Length: 36 in.
Connectors: BNC

and aberrations
checks.

012~0482-00

Dual-input Connectors: BNC female-to-duai-BNC male. Signal intercon- Tektronix Part Number

Coupler nection. 067~-0525-02

Coupler Connectors: BNC female-to-BNC female. Signal intercon- Tektronix Part Number
nection. 103~-0028-00

T-Connector  Connectors: BNC Signal intercon- Tektronix Part Number
nection. 103~-0030—-00

Termination Impedance: 50 (0 Connectors: BNC Signal Tektronix Part Number
termination. 011-0049-01

Termination Impedance: 600 {1 Connectors: BNC. Signal Tektronix Part Number
termination 011-0092-00

10X Attenua-  Ratio: 10X Impedance: Vertical com- Tektronix Part Number

tor 50 Q1 Connectors: BNC pensation and 011-0059-02

B triggering checks.

2X Attenuator Ratio: 2X. Impedance: 50 Q0 External triggering  Tektronix Part Number

Connectors: BNC checks. 011-0069-02

Adapter Connectors: BNC male-to-miniature-probe tip. Signal Tektronix Part Number
interconnection. 013-0084—-02

Adapter Connectors: BNC male-to-tip plug. Signal Tektronix Part Number
interconnection. 175-1178-00

Low- Length: 1 in. shaft. Bit size: 3%, in. Adjust variable J.F.D. Electronics

Capacitance capaciors. Corp. Adjustment Tool

Alignment Number 5284.

Tool

Screwdriver  Length: 3 in. shaft. Bit size: 3%, in. Adjust vanable Xcelite R-3323.

capacitors.

1Requires a TM500-Series Power Module.
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Procedures

These procedures check all charactenstics in Appendix B except thdse
marked not checked. Be sure you have read General Information on pa-
A-25, incluading Limits and Tolerances before doing these procedures,

For a list of each check and the page number on which it is found, ¢
Performance Verification entrnies in the index at the rear of this manual

Initial Setup Procedure

Betore performing any procedures. note the foliowing items:

8 |tis not necessary to remove the instrument cover to accomplisha
procedure in this Performance Verification, since all checks are made
using operator-accessible front- and rear-panel controls and conne

® To make accurate display adjustments and checks, you want a stable,
well-focused, low-intensity dispiay. Theretore. uniess otherwise noted.
adjust the A and B INTENSITY, STORAGE/READOUT INTENSITY, _
FOCUS, and A and B Trigger LEVEL controls as needed to view the
display when performing procedures.

Betore doing the procedures that follow, perform these four steps to enstii.
performance accuracies for the digital portion of the instrument. Perfor- -
mance of the Factory Reset routine sets the digital part of the instrument to
tactory default settings. :

Procedure Steps: ' -
[[] step 1: Power on :ne instrument and allow it to warm up 20 minutes
before doing the nroced.res that foliow.

[J step 2: Press :ne Setup ADV FUNCT button to display the Advanced
Functions setud menu.

] step 3: Press the Fact. Reset menu button to set the instrument to
factory default settings.

D Step 4: Return the instrument to display mode by pressing the Setup
ADV FUNCT button a second time.

Vertical System Checks

These procedures check those characteristics that relate to the vertcal
system and that are listed as checked in Appendix B of this manual. .

Equipment Required (see Table A-7):
Calibration Generator 50 Q BNC Precision
Cable

Leveled Sine Wave Generator Dual-input Coupler
Pulse Generator 50 Q BNC Termmnation
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50 Q BNC Cable
Initial Control Settings:

Vertical (Both Channeils)
POSITION
MODE
XY
BW LIMIT
VOLTS/DIV
VOLTS/DIV Vanable
INVERT
AC-GND-DC

Horizontal
POSITION
MODE
A SEC/DIV
SEC/DIV vanable
X10 Magnifier

A Trigger
VAR HOLDOFF
Mode -
SLOPE
LEVEL
A & B SOURCE
A COUPL

Storage
STORE/NON-STORE

Procedure Steps:

. P-P AUTO

e ek - . e e e

Appendix C: Performance Verification

10X Attenuator

Midrange

CH 1

Oft (button out)
On (button in)
2mV

CAL (detent)
Off (button out)
DC

Midrange

A

0.5 ms

CAL detent
Oft (knob In)

NORM

Positive (button out)
Midrange !
Vertical MODE
NORM

NON-STORE (button i
out)

[C] step 1: Check Deflection Accuracy and Variable Range

a. Connect the standard-amplitude signat from the calibration genera-
tor via a 50 {2 cable to the CH 1 OR X input connector.

b. CHECK — Deflection accuracy is within the limits given in Table A-8 _
for each CH 1 VOLTS/DIV switch setting and corresponding stan- ;

dard-amplitude signal.

When at the 20 mV VOLTS/DIV switch setting, rotate the CH 1

VOLTS/DIV Variable control fully counterclockwise and CHECK that
the display decreases to 2 divisions or less. Then return the CH 1
VOLTS/DIV Variabie control to the CAL detent and continue with the

50 mV check.

2232 User Manual

A-29 _ .l




Appendix C: Performance Verification

Table A-8: Deflection Accuracy Limits

VOLTS/DIV Standard Accuracy
Switch Amplitude Limits
Setting Signal (Divisions)
2mv 10mv 490 to 5.10
5mv 20 mVv 3.92 to 4.08
10 mvV 50 mV 490 to 5.10
20 mv o1V 490 to 5.10
50 mv 0.2V 3.92 to 4.08
0.1V 05V 490 to 5.10
0.2V 1V 490 t0 510
05V 2V - 3.92 to 408 -
1V 5V 4.90 to 5.10
2V 0V 4.90 to 5.10
5V 20V 3.92 to 4.08 )

c. Move the cable from the CH 1 OR X input connector to the CH 2 Ok
Y input connector. Set the Vertical MODE switch to CH 2. -

d. Repeat part b using the CH 2 controls.

[[] step 2: Check Store Defiection Accuracy

a. Set: .
CH 2 VOLTS/DIV 2mV
STORE/NON-STORE STORE (button in)
Acquisition MODE AVERAGE
; ) b. Set the generator to produce a five division standard amplitude

i signal.

¢. Usethe CURSORS control and SELECT C1/C2 switch (push in the
CURSORS controls knob) to set one cursor at the bottom of the
square wave and the other cursor at the top of the square wave. -

d. CHECK — Deflection accuracy is within the limits given in Table A-9
for each CH 2 VOLTS/DIV switch setting and corresponding stan-
dard-ampiitude signal.

e. Move the cable from the CH 2 OR Y input connector to the CH 1 OR
X input connector. Set the Vertical MODE switch to CH 1.

f.  Repeat parts b and ¢ using the CH 1 controls.
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Table A-9: Storage Deflection Accuracy

VOLTS/DIV Standard Voltage

Switch Amplitude Divisions of Readout

Setting Signal Deflection Limits

2mv 10 mV 490 to 5.10 9.70 to 10.30 mV
5mV 20 mv 3.92 to 4.08 19.40 10 20.60 mV
10 mv 50 mV 490 to 5.10 485 o 51.5mVv
20 mv 0.1V 4.90 to 5.10 97.0 to 103.0mV
50 mv 0.2V 3.92 to 4.08 194.0 1o 206.0 mV
01V 0.5V 4.90 to 5.10 0.485 to 0.515V
0.2V TV 4.90 to 5.10 0.970 to 1.030V
0.5V 2V 3.92 to 4.08 1.940 to 2.060V
1V 5V 490 to 5.10 485 to 515V
2V 10V 490 to 5.10 9.70 1o 1030V
5V 20V 3.92 to 4.08 19.40 to 20.60V

D Step 3: Check Save Expansion and Compression

c

a o

Set the CH 1 VOLTS/DIV switch to 0.1 V.

Set the generator to produce a 0.5 division standard-amplitude
signal.

Press in the SAVE/CONT button to select SAVE.
Set the CH 1 VOLTS/DIV switch to 10 mV and reposition the display.
CHECK—The display is expanded to five divisions in amplitude.

Set:
CH 1 VOLTS/DIV 01V
SAVE/CONT CONT

Set the generator to produce a five division standard-amplitude
signal.

Press in the SAVE/CONT button to select SAVE.
Set the CH 1 VOLTS/DIV switch to 1 V.
CHECK—The display is compressed to 0.5 division in amplitude.

Move the cable from the CH 1 OR X input connector to the CH 2 OR
Y input connector.

Set:
Vertical MODE CH2
SAVE/CONT CONT
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m. Repeat parts a through |, using the CH 2 VOLT/DIV control.

[J step 4: Check Position Range

a. Disconnect the calibration generator from the CH 2 input conr )
and connect the leveled sine-wave generator output via a 50 Q-

cable and a 50 Q termination to the CH 2 input connector.

b. Set:
VOLTS/DIV (both) 0.1V
AC-GND-DC (both) AC
STORE/NON-STORE NON-STORE (button-
out)
¢. Setthe generator to produce a 50 khz, two division dispilay.
d. Setthe CH 2 VOLTS/DIV switch to 10 mV.

e. Rotate the CH 2 POSITION control fully clockwise.

f. CHECK — That the bottom of the wavetorm Is positioned at least 1
division above the center honzontal graticuie tine.

Rotate the CH 2 POSITION control fully counterclockwise.

CHECK — That the top of the waveform is positioned at least 1
division below the center horizontal graticule line.

i. Move ihé cable from the CH 2 input connector to the CH 1 input
connector and set the Vertical MODE switch to CH 1.

j. Repeat parts d through h using the Channel 1 controls.

[] step 5: Check Acquisition Position Registration

a. Set:
AC-GND-DC (both) GND
A SEC/DIV 0.5ms

b. Position the trace exactly on the center horizontal graticule line using
the CH 1 POSITION control.

c. Set:
STORE/NON-STORE STORE (button in)
SAVE/CONT CONT

d. CHECK — Trace remains within 0.5 division of the center graticule
line.

e. Set:
Vertical MODE CH2
STORE/NON-STORE NON-STORE (button

out)
t.  Repeat parts b through d for CH 2 trace. using the CH 2 controls.

g. Position the trace 0.5 division betow the top horizontal graticule iine
using the CH 2 POSITION control.

h. Press in the SAVE/CONT button to select SAVE.
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CHECK — Trace shift of 0.5 division or less.
Press in the SAVE/CONT button to select CONT.

Position the trace 0.5 division above the bottom horizontal graticule
line using the CH 2 POSITION control.

Press in the SAVE/CONT button to seiect SAVE.
CHECK — Trace shift of 0.5 division or less.
Press in the SAVE/CONT button to select CONT.
Set the Vertical MODE switch to CH 1.

Repeat steps g through m for CH 1 trace.

[J step 6: Check Bandwidth

a. Set:
VOLTS/DIV (both) 2mv
AC-GND-DC {both) DC
A SEC/DIV 0.2ms
BW LIMIT Off (button out)
STORE/NON-STORE NON-STORE (button
out)
b. Connect the leveled sine wave generator output via a 50 Q) precision
cable and a 50 Q2 termination to the CH 1 OR X input connector.
c. Setthe generator to produce a 50 kHz, six division display.
d. CHECK — Display amplitude is 4.2 divisions or greater as the gener-
ator output frequency is increased up to the vaiue shown in Table
A-10 for the corresponding VOLTS/DIV switch setting.
Table A-10: Settings tor Bandwidth Checks
VOLTS/DIV Generator
Switch Setting Output Frequency
2mv  B0MHz
5mVto05V 100 MHz
e. Repeat parts c and d for all indicated CH 1 VOLTS/DIV switch
settings, up to the output-voitage upper mn of the sine wave gener-
ator being used.
f. Move the cable from the CH 1 OR X input connector to the CH 2 OR
Y input connector.
g. Set the Vertical MODE switch to CH 2.

Repeat parts ¢ and d for all indicated CH 2 VOLTS/DIV switcn
settings. up to the output-voltage upper iimit of the sine wave gener-
ator being used.
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[[] step 7: Check Repetitive Store Mode and Bandwidth

a.

Set:

CH 2 VOLTS/DIV 10 mv

A SEC/DIV 0.2ms

Set the generator to produce a 50 kHz, six division display.
Set:

A SEC/DIV 0.05 us

X10 Magnifier On (knob out)
Set the generator to produce a 100 MHz display.

Set:

STORE/NON-STORE STORE (button in)
SAVE/CONT CONT

NOTE

Allow the points to accumulate for a few seconds before saving the
display.

Press in the SAVE/CONT button to select SAVE.
CHECK — The 100 MHz display s saved.

CHECK — Display amplitude 1s 4.2 divisions or greater.
Press in the SAVE/CONT button to select CONT.

Set the Vertical MODE switch to BOTH and ALT.
Repeat parts f thraough h.

[C] step 8: Check Single Sweep Sample Acguisition

a.

Set:

Vertical MODE CH2

A SEC/DIV 5 us

X10 Magnifier Oft (knob In)
A Trigger Mode NORM

A & B SOURCE CH2
SAVE/CONT CONT

Set the generator to produce a 50 kHz. six division dispiay.
Press in the A Trigger Mode SGL SWP button.
Set the generator output to 2 MHz.

Press in the A Trigger Mode SGL SWP button.

CHECK — the minimum peak-to-peak envelope amplitude 1s greater

than 5.6 divisions.
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[[J step9: Check Bandwidth Limit Operation

a.

Set:

8W LIMIT On (button n)
VOLTS/DIV (both) 10 mV
AC-GND-DC (both) DC

A SEC/DIV 20 us

A Trigger Mode P-P AUTO

A & B SOURCE Vertical

NON-STORE (button
out)

MODE STORE/NON-STORE

Set the generator to produce a 50 kHz, six division dispiay.

Adjus! the generator output frequency untl the display ampitude
decreases to 4.2 divisions.

CHECK — Generator output frequency I1s between 18 and 22 MHz.

Move the cable from the CH 2 OR Y input connector to the CH 1 OR
X input connector.

Set the Vertical MODE switchto CH 1.
Repeat parts ¢ and d.

Disconnect the test equipment from the instrument.

[J step 10: Check Common-Mode Rejection Ratio

a.

Set:
BW LIMIT Oft (button out)
INVERT On (button In)

Connect the leveled sine wave generator output via a 50 Q cable, a
50 Q termination, and a dual-input coupler to the CH 1 OR X and the
CH 2 OR Y input connectors.

Set the generator to produce a 50 MHz, six division dispiay.

Vertically center the display using the CH 1 POSITION control. Then
set the Vertical MODE switch to CH 2 and vertically center the
display using the CH 2 POSITION control.

Set the Vertical MODE switches to BOTH and ADD.
CHECK — Display amplitude is 0.6 division or 'ess.

It the check in part t meets the requirement, skip to part p. It it does
not, continue with part h.

Set the Vertical MODE switch to CH 2.
Set the generator to produce a 50 kHz, six division display.
Set the Vertical MODE switch to BOTH.

Adjust the CH 1 or CH 2 VOLTS/DIV Varable control for mimmum
display amplitude.
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I.  Set the Vertical MODE switch to CH 2.

m. Set the generator to produce a 50 MHz, six division dispiay.
n. Set the Vertical MODE switch to BOTH.

0. CHECK — Display amplitude is 0.6 division or less.

p. Disconnect the test equipment from the instrument.

[ step 11: Check Non-Store and Store Channel isolation

a. Set -
Vertical MODE CH1
VOLTS/DIV (both) 01V
VOLTS/DIV Variable (both) CAL detent
INVERT Oft (button out)
CH 1 AC-GND-DC DC
CH 2 AC-GND-DC GND
A SEC/DIV 0.1 us _

b. Connect the leveled sine wave generator output via a 50 Q cable
and a 50 Q termination to the CH 1 OR X input connector.

Set the generator to produce a 50 MHz, five division display.

a o

Set the Vertical MODE switch to CH 2.
e. CHECK — Display amplitude is 0.05 division or less.

f. Move the cable from the CH 1 OR X input connector to the CH 2 OR
Y input connector.

g. Set
Vertical MODE CH1
CH 1 AC-GND-DC GND
CH 2 AC-GND-DC DC

h. CHECK — Display amplitude is 0.05 division or less.

i. Set:
CH 2 VOLTS/DIV 50 mvV
STORE/NON-STORE STORE (button in)
SAVE/CONT CONT

j.  CHECK — Display amplitude 1s 0.1 division or less.

k. Move the cable from the CH 2 OR Y input connector to the CH 1 OR
X input connector.

. ! Set:
Verucal MODE CH2
CH 1 VOLTS/DIV 50 mV
CH 2 VOLTS/DIV 0.1V
CH 1 AC-GND-DC DC
CH 2 AC-GND-DC GND

m. CHECK — Display amplituce 1s 0.1 division or tess.

n. Disconnect the test equipment from the instrument.

A-36

Appendices




N

Appendix C: Performance Verification

O] step 12: Check Store Pulse Width Amplitude

a. Set:
CH 2 VOLTS/DIV 0.5V
CH 2 AC-GND-DC AC
A SEC/DIV 0.05 us
X10 Magnitier On (knob out)
STORE/NON-STORE NON-STORE (button

out)

b. Connect the pulse generator pulse-period output via a 50 Q coaxia!
cable and a 50 Q termination to CH 2 OR Y input connector.

¢. Setthe generator to produce a 0.1 ms period. 10 ns puise duration,
five dwision display.

d. Set X10 Magnifier oft (knob in).
e. Setthe Puise Generator period to 1 ms.

f. SetASEC/DIVto1 ms.

g. Set:
STORE/NON-STORE STORE (button in)
Acquisition MODE PEAKDET

h. Adjust Horizontai POSITION control to center trace horizontally.

i. CHECK — The amplitude of the display is 2.5 divisions or greater.
j-  Setthe A SEC/DIV switch to 0.1 sec.

k. CHECK — The amplitude of the display is 2.5 divisions or greater.

I.  Disconnect the test equipment from the instrument.
Horizontal System Checks

Equipment Required (see Table A-7):

Calibration Generator 50 Q BNC Precision
Cable

Leveled Sine Wave Generator 50 QQ BNC Termination

Time-Mark Generator

Initial Control Settings:

Vertical
CH 1 POSITION Midrange
MODE CH1
XY Oft (button out)
BW LIMIT Oft (button out) CH 1
VOLTS/DIV 05V
CH 1 VOLTS/DIV Variable CAL detent
CH 1 AC-GND-DC DC
Horizontal POSITION Midrange
MODE A
A SEC/DIV 0.05 us
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SEC/DIV Variable CAL detent
X10 Magnifier Oft (knob in)
B DELAY TIME POSITION Fully counterclockw
B Trigger
SLOPE Positive (button out)
LEVEL ' Fully clockwise
A Trigger
VAR HOLDOFF NORM
Mode P-P AUTO
SLOPE Positive (button out)
LEVEL Midrange
A & B SOURCE VERT MODE
A COUPL NORM
A EXT COUPL DC
Storage
STORE/NON-STORE NON-STORE (button
out)
Procedure Steps:

D Step 1: Check Timing Accuracy and Linearity

a. Connect the time-mar*. -;aneraln- output v1a a 50 Q2 cable
50 Q terminationto ** : CH 1 OR X input connector.

b. Select 50 ns tim - 'na-<ers from the t'me-marker generato

and a

r.

c. Usethe CH 1 20SITION control tc center the display vertically.

Adjust the A  jger LEVEL control for a stable, triggered

display.

d. Use the horizontal POSITION controf to align the 279 time marker

with the 279 vertical graticule line.

e. CHECK — Timing accuracy is within 2% (0.16 division at the 10y,

vertical graticule iine), and linearity is within 5% (0.1 divisi
any 2 of the center eight divisions).

on over

f. Repeat parts ¢ through e for the remaining A SEC/DIV and time-
mark generator setting combinations shown in Table A-11 under the

Normal (X1) column.

When checking the timing accuracy of the A SEC/DIV switch set-
tings from 50 ms to 0.5 s. watch the time marker tips only at the 2"9

and 10'" vertical graticule lines while adjusting the Horizo
TION control.
g. Set
A SEC/DIV 0.05 ps
X10 Magnifier On (knob ou

h. Select 10 ns time markers from the time-mark generator.

ntal POSI-

t)
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i.  Use the Horizontal POSITION control to align the 15! time marker
that is 40 ns beyond the stan of the sweep with the 279 vertical
graticule line.

j. CHECK — Timing accuracy Is within 3% (0.24 division at the 10"
vertical graticule line), and linearity is within 7.5% (0.15 division over
any two of the center eight divisions). Exclude any portion of the
sweep past the 100" magnified division.

k. Repeat parts 1 and j for the remaining A SEC/DIV and time-mark
generator setting combinations shown in Table A-11 under the X10
B} - Magnified column.

. Set:
Horizontal MODE B
A SEC/DIV 0.1 us
B SEC/DIV 0.05 us
X10 Magnitier Oft (knob in})

m. Repeat parts b through k for the B Sweep.

Table A-11: Settings for Timing Accuracy Checks

Time-Mark Generator Setting
‘ SEC/DIV Switch
Setting Normal (X1) X10 Magnitied
0.05 us 5 ns 10 ns
0.1 wus 0.1 wus 10 ns
0.2 ps 0.2 wus 20 ns
05 wus 05 us 50 ns
1 us 1 us 0.1 us
2 ps 2 us 0.2 us
5 us 5 us 05 us ‘
10 us 10 ps 1 us E
20 ps 20 us 2 us i
. 50 s 50 us 5 us
L 01 ms 0.1 ms 10 us |
7 02 ms 0.2 ms 20 us :
) 05 ms 0.5 ms 50 us
1 ms 1 ms 0.1 ms
2 ms 2 ms 0.2 ms
| 5 ms 5 ms 0.5 ms H
'
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Table A-11: Settings for Timing Accuracy Checks (Cont.)

SEC/DIV Switch
Setting Normatl (X1) X10 Magnified-
10 ms 10 ms 1 ms
20 ms 20 ms 2 ms
50 ms 50 ms 5 ms
A Sweep Only B
0.1 s 0.1 s 10 ms
02 s 02 s 20 ms
05 s 05 s 50 ms

D Step 2: Check Store Differential and Cursor Time Difference Accuracy:

a. Set: CH 1 AC-GND-DC GND )
Horizontal MODE A
A SEC/DiV 0.1 ms
X310 Magnifier Oft (knob in)
STORE/NON-STORE STORE (button in)

b. Usethe CH 1 POSITION control to center the base line vertically _
and the Horizontal POSITION control to align the start ot the trace
with the 15! vertical graticule line. '

c. Using the CURSORS control and SELECT C1/C2 (push in the
CURSORS contr: ' knob) switch. ==iect one of the two cursors and
set it exactly on :ne 2nd vertical ¢: %cule line. Select the other cursor
and move it towards the right unt the AT readout displays
0.800 ms. '

d. CHECK — Graticule indication of cursor difference at the 10t verti-
cal graticule line is within 0.16 division.

e. Setthe CH 1 AC-GND-DC switch to DC.
t. Select 0.1 ms time markers from the time-mark generator.

g. Align the 2"d time marker with the 270 vertical graticule hine using the
Horizontal POSITION control.

h. Press in the SAVE/CONT button to select SAVE for a stable dispiay.

i.  Usethe CURSORS control and SELECT C1/C2 (push in the CUR-
SORS control knob) switch to set the first cursor on the trailing edge
ot the 2"d time marker.

- Press in the CURSORS control knob again to activate the second
cursor.
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Set the second cursor on the trailing edge of the 10! time marker at
the same voltage level as on the 2nd time marker.

CHECK — The AT readout is between 0.798 ms and 0.802 m-.
Press in the SAVE/CONT button to setect CONT.

Set the A SEC/DIV switch t0 0.5 ps.

Select 0.5 ps time markers from the time-mark generator.

Align the 2"d time marker with the 279 vertical graticule line using the
Horizontal POSITION control.

NOTE

Allow the points to accumulate for a few seconads before saving the
display.

g. Repeat parts h through k.

NOTE

Pulses with fast rise and fall times have only a few sample points
and it may not be possible to place the cursors at exactly the same
voftage levels.

r.

CHECK — The AT readout Is between 3.990 us and 4.010 uis.

D Step 3: Check Variable Range and Sweep Separation

a.

Set:

A and B SEC/DIV 0.2ms

SEC/DIV Variable Fully counterclockwise
STORE/NON-STORE NON-STORE (button

out)
Select 0.5 ms time markers from the time-mark generator.

CHECK — Time markers are one division or less apart.

Set:

CH 1 AC-GND-DC GND

SEC/DIV Variable CAL detent
Horizontal MODE BOTH

B TRIG Fullv clockwise (Runs

After Delay)

Use the CH 1 POSITION control to set the A Sweep at the center
horizontal graticule line.

CHECK — The B Sweep can be positioned more than 3.5 divisions
above and below the A Sweep when the A/B SWP SEP control is
rotated fully clockwise and counterclockwise respectively.
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[0 step 4: Check Delay Time Differential Accuracy

a.

Use the Honzontal POSITION control to align the start of the A
Sweep with the 15! vertical graticule line.

Set the B DELAY TIME POSITION control fully counterclocky -

CHECK — Intensified portion of the trace starts within 0.5 divis’
the start of the sweep.

Rotate the B DELAY TIME POSITION contro! tully clockwise.

CHECK — Intensified portion of the trace i1s past the 11" vertical
graticule line.

Set the A and B SEC/DIV switch to 0.5 ps.

Repeat parts a through e. When pertorming step ¢, check that tr
trace starts with 1.1 division instead of 0.5 division.

Set:

CH 1 AC-GND-DC DC

B SEC/DIV 0.05 us

B DELAY TIME POSITION Fully counterclockwise

Select 0.5 us time markers from the time-mark generator.

Rotate the B DELAY TIME POSITION control so that the top of the
2nd time marker on the B Sweep is aligned with a selected reterence
vertical line. Record the DLY = readout for part use with part .

Rotate the B DELAY TIME POSITION contro! fully clockwise untit
the top of the 10'" time marker on the B Sweep is aligned with the —
same selected reference verticatl line as in part k. Record the DLY=
readout for part use with part |.

CHECK — Delay time readout is within the limits given in Table A-12
(Delay Readout Limits column) by subtracting the delay time reading
in part j from part k.

Repeat parts j through 1 for the remaining B SEC/DIV and time-mark
generator settings given in Table A-12. check the eight division delay
time accuracy for each A SEC/DIV switch setting given in cotlumn 1
of the table.
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Table A-12: Settings for Delay Time Differential Checks

. Time-Mark Genera- B SEC/DIV Eight Division Delay Readout
tor and A SEC/DIV  Setting Detay Limits
4 Settings
}
0.5 us 0.05 s 4.000 ps 3.935us to 4.065us
5 us 0.5 s 40.00 s 39.35us to 40.65us
50 wus 5 us 400.0 pus 393.5us to 406.5 s %
0.5 ms 50 us 4.000 ms 3.935ms to 4.085ms }
5 ms 0.5 ms 40.00 ms 39.35ms to 40.65ms
50 ms 5 ms 400.0 ms 393.5ms to 406.5ms
05 s 50 ms 4.000 s 3.935s to 4.065s
[] step 5: Check Delay Jitter
[

a. Set:
A SEC/DIV 0.5ms
B SEC/DivV 1 us

b. Select 0.5 ms time markers from the time-mark generator.

c. Rotate the B DELAY TIME POSITION control to position the intens:
fied zone on the 10! time marker.

d. Set the Horizontal MODE switch to B.

e.. CHECK — The jitter on the leading edge of the time marker does
not exceed one division. Disregard slow drift.

[[] step 6: Check Position Range

. a. Set:
Horizontal MODE A
A SEC/DIV 10 ps

b. Select 10 us time markers from the time-mark generator.

c. CHECK — Start of the sweep can be positioned to the right of the
center vertical graticule line by rotating the Horizontal POSITION
contro! fully clockwise.

. d. CHECK — The 11 time marker can be positioned to the left of the
center vertical graticule line by rotating the Horizontal POSITION
control fully counterclockwise.

e. Select 50 us time markers from the time-mark generator.

f.  Align the 3rd time marker with the center vertical graticute line using
the Horizontal POSITION control.

Set the X10 Magnifier knob to On (knob out).

CHECK — Magnitied time marker can be positioned to the lek ot "«
center vertical graticule Iine by rotating the Horizontal POSITION
control fully counterciockwise.
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CHECK — Start of the sweep can be positioned to the nght of the
center vertical graticule line by rotating the Horizontal POSITION-
control fully clockwise.

[[] Step 7: Check Store Expansion Range

a.

e.

f.

Set:
A SEC/DIV 0.1 ms
X10 Magnifier Off (knob in)

Select 10 us time markers from the time-mark generator.

Use the Horizontal POSITION control to align the start of the A
Sweep with the 15t vertical graticule line.

Set the STORE/NON-STORE switch to STORE (button in).
Set the X10 Magnifier knob to On (knob out).

CHECK — The time markers are one division apart.

[[] step 8: Check 4K to 1K Display Compress

a.

Set:

A SEC/DIV 50 ps

X10 Magnifier Off (knob in)
1K/aK 4K

Select 0.1 ms time markers from the time-mark generator and check
that the time markers are two divisions apart.

Rotate the SEC/DIV Variabie control out of detent.

CHECK — For two time markers per division over the center eight
divisions.

[[] step 9: Checx Non-Store Sweep Length

a.

d.

Set:
SEC/DIV Variable CAL detent
STORE/NON-STORE NON-STORE (button

out).

Use the Horizontal POSITION control to align the start of the A
Sweep with the 1st vertical graticule line.

CHECK — End of the sweep is to the right of the 11th vertical grati-
cule line.

Disconnect the test equipment from the instrument.

(O] step 10: Check X Gain

a.

Set:

XY On (button )
CH 1 VOLTS/DIV 10 mV
Horizontal POSITION Midrange
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b. Connect the standard-amplitude signal from the Calibranon Genera
tor via a 50 Q cable to the CH 1 OR X input connector

c. Set the generator to produce a 50 mV signal.

d. Usethe CH 2 POSITION and Horizontal POSITION corntrots to

center the display.

e. CHECK -— Display is 4.85 to 5.15 hornizontat divisions.

f. Disconnect the test equipment from the instrument.

[ step 11: Check X Bandwidth

a. Connect the leveled sine wave generator output via a 50 Q cabie
and a 50 Q termination to the CH 1 OR X input connector.

b. Set the generator to produce a five division honzontal dispiay at an

output frequency of 50 kHz.

c. Increase the generator output frequency to 2.5 MHz.

d. CHECK — Display is at least 3.5 horizontal divisions.

e. Disconnect the test equipment from the instrument.

Trigger System Checks

Equipment Required (see Table A-7):

Calibration Generator

Leveled Sine Wave Generator

Low Frequency Generator
50 Q BNC Cable

Initial Control Settings:
Vertical (Both Channels)

POSITION (both)
MODE

XY

BW LIMIT

CH 1 VOLTS/DIV
CH 2 VOLTS/DIV
Variable (both)
INVERT
AC-GND-DC (both)

Horizontal

POSITION

MODE

A and B SEC/DIV
SEC/DIV Variable

X10 Magnifier

B DELAY TIME POSITION
B Trigger SLOPE

LEVEL

Dual-tnput Coupter

50 Q2 BNC Termination
600 Q BNC Termination
10X Attenuator

Midrange

CH1

Oft (button out)
Off (button out)
5mV

50 mV VOLTS/DIV
CAL detent

Oft (button out)
DC

Midrange

A

0.2 s

CAL detent

Off (knob in)

Fully counterclockwise
Positive (button out)
Midrange
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Trigger
A & B SOURCE CH1
Storage
STORE/NON-STORE NON-STORE
(button out)
Procedure Steps:

[] Step 1: Check Internal A and B Triggering

a.

e.

Connect the leveled sine wave generator output via a 50 Q cable
and a 50 Q termination to the CH 1 OR X input connector.

Set the generator to produce a 10 MHz, 3.5 division display.
Set the CH 1 VOLTS/DIV switch to 50 mV.

CHECK — Stable display can be obtained by adjusting the A Trigger
LEVEL control for each switch combination given in Table A-13. B

Set the Horizontal MODE switch to B.

Table A-13: Switch Combinations for A Triggering Checks

A Trigger Mode A Trigger Slope
NORM Positive

NORM Negative

P-P AUTO Negative

P-P AUTO Positive

CHECK — Stable dispiay can be obtained by adjusting the B Trigger
LEVEL control in a position other than the RUNS AFTER DLY posi-
tion for both the positive and negative positions of the B Trigger
SLOPE switch.

Set:

Vertical MODE CH2
Horizontal MODE A

A & B SOURCE CH2

Move the cable from the CH 1 OR X input connector to the CH 2 OR
Y input connector.

Repeat parts d through 1.

Set:

Horizontal MODE A

A SEC/DIV 0.1 us

X10 Magnifier On (knob out)

Set the generator to produce a 60 MHz. 1.0 division display.

Repeat parts d through f.
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m. Set:
Vertical MODE CH1
Horizontal MODE A
A & B SOURCE CH1

u.

V.

Move the cable from the CH 2 OR Y input connector to the CH 1 OR
X input.connector.

Repeat parts d through f.

Set:

Horizontal MODE A

A SEC/DIV 0.05 us

Set the generator to produce a 100 MHz, 1.5 division display.
Repeat parts d through f.

Set:

Vertical MODE CH2

Horizontal MODE A

A & B SOURCE CH2

Move the cable from the CH 1 OR X input connector to the CH 2 OR
Y input connector.

Repeat parts d through 1.

Disconnect the test equipment from the instrument.

Step 2: Check HF Reject A Triggering

a.

Set:

Vertical MODE CH 1
VOLTS/DIV (both) 50 mv
Horizontal MODE A

A SEC/DIV Sus

X10 Magnifier Off (knob in)
A Trigger Mode NORM

A Trigger LEVEL Midrange

A & B SOURCE CH 1

Connect the low frequency generator output via a 50 Q2 cable and a
600 (2 termination to the CH 1 OR X input connector.

Set the low frequency generator output to produce a 250 kHz, one
division display.

Adjust the A Trigger LEVEL control for a stable dispiay.
Set the A COUPL switch to HF REJ position.

CHECK—Stable display cannot be obtained by adjusting the A Trig-
ger LEVEL control for each switch combination given in Table A-13
on page A-46.
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0] step 3: Check LF Reject A Triggering

a.

a.

Set:
A Trigger LEVEL Midrange
A COUPL NORM

Set the generator to produce a 25 kHz. 0.35 division dispiay.
Set the A COUPL switch to LF REJ position.

CHECK — The display cannot be obtained by adjusting the A Trig-
ger LEVEL control. '

Set the generator to produce a 50 kHz, 0.35 division display.

CHECK — Stable display can be obtained by adjusting the A Trigger
LEVEL control.

Disconnect the test equipment from the instrument.

[[] step 4: Check External Triggering

a.

Set:

CH 1 VOLTS/DIV 5mv
A SEC/DIV 0.1 us
A & B SOURCE A EXT
A COUPL NORM

Connect the 1eveled sine wave generator output via a 50 Q cable, a
50 Q termi~ation, and a dual-input couptler to both the CH 1 OR X
and EXT INPUT connec:ors.

Set t leveled sine wave generator ou'..: voitage to 40 mV and the
frequency to 10 MHz.

CHECK — Stable display can be obtained by adjusting the A Trigger
LEVEL controf for each switch combination given in Table A-13 on
page A-46.

Set:
CH 1 VOLTS/DIV 50 mv
X10 Magnitier On (knob out)

Set the generator output voitage to 120 mV and the frequency to
60 MHz.

Repeat part d.

Set the generator output voitage to 150 mV and the frequency 10
100 MHz.

Repeat part d.

[[] step 5: Check External Trigger Ranges

a.

Set:

CH 1 VOLTS/DiV 05V

A SEC/DIV 20 us

X10 Magnifier Off (knob in)
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A Trigger SLOPE Positive
{button out)
A Trigger Mode NORM

b. Set the generator to produce a 50 kHz. 6.4 division display.

c. CHECK — Dispiay is tnggered along the enure positive slope of the
waveform as the A Trigger LEVEL control is rotated.

d. CHECK — Dispiay i1s not tnggered (no trace) at either extreme of
rotation.

e. Setthe A Trigger SLOPE button to Negative (button in).

f.  CHECK — Display I1s tnggered along the entire negative siope of the
wavetorm as the A Trigger LEVEL control I1s rotated.

g. CHECK —- Display is not triggered (no trace) at either extreme of
rotation.

[ step 6: Check Single Sweep Operstion

a. Adijustthe A Trigger LEVEL controt to obtain a stable display.

b. Set:
CH 1 AC-GND-DC GND
A Trigger SLOPE Positive
(button out)
A & B SOURCE CH1
A COUPL NORM
A SEC/DIV 20 ms

c. Press in the SGL SWP button. The READY LED should illuminate
and remain on.

d. Setthe CH 1 AC-GND-DC switch to DC.

NOTE

The A INTENSITY co:itrol may require adjustment to observe the
single-sweep trace.

e. CHECK — READY LED goes out and a single sweep occurs.
f.  Press in the SGL SWP button several times.

g. CHECK — Single-sweep trace occurs, and the READY LED illumi-
nates briefly every time the SGL SWP button is pressed in and
released.

h. Disconnect the test equipment from the instrument.
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(] step 7: Check Acquisition Window Trigger Points

a.

Set:

CH 1 AC-GND-DC GND

A Trigger Mode P-P AUTO

A SEC/DtV 0.1 us

STORE/NON-STORE STORE
(button in)

Acquisition 1K/4K 1k

Use the Honzontal POSITION control to align the start of the display
acgquisition with the 15! vertical graticule tine.

Press in the Acquisition TRIG POS button untit the store trigger
point (T) is located on the left side of the screen.

CHECK — The POST TRIG point (T) is 1.28 divisions from the stan
of the display acquisition.

Press the TRIG POS button a second time to position the tngger  ~
point to the middle of the display acquisition.

CHECK — The MIDTRIG point (T) is 5.12 divisions from the start of
the display acquisition.

Press the TRIG POS button a third time to position the trigger point
to the right of the display acquisition.

CHECK — The PRETRIG point (T) is 8.96 divisions from the start of -
the display acquisition.

[] step 8: Check Trigger Level Readout

a.

Set:

Vertical MODE CH1

CH 1 VOLTS/DI\V 20 mv

CH 1 AC-GND-DC GND
SEC/DIV 0.5ms

A Trigger Mode P-P AUTO

A Trigger LEVEL Midrange

A Trigger SOURCE Vertical MODE
STORE/NON-STORE NON-STORE

(button out)
Center the trace on the screen.

CHECK — The trigger readout is between —6 mV and +6 mV.

Connect the standard-amplitude signal from the calibration genera-
tor via a 50 Q cable to the CH1 or x input connector.

Set:
CH 1 AC-GND-DC DC
A Trigger Mode NORM

Set the generator to produce a five division standard-amplitude
signal.
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g. Adjust the A Trigger LEVEL control for a stable display and center
the waveform on the screen.

h. Setthe CH 1 VOLTS/DIV switch to 10 mV for a 10 division dispiay.

1. Verucally position the top of the wavetorm display on the center
horizontal graticute line.

j. Setthe A Trigger SLOPE switch to Negative (bution in).

k. Rotate the A Trigger LEVEL control clockwise until the triggering of
the waveform display becomes unstable.

[. CHECK — That the trigger readout is between 92 mV and 108 mV.
m. Repeat procedure for CH 2 using the CH 2 controts.

n. Disconnect the test equipment from the instrument.

External Z-Axis, Probe Adjust, External Clock, and X-Y Plotter

Checks

Equipment Required (see Table A-26):
Leveled Sine Wave Generator
BNC T-Connector
Pulse Generator
Digital Voitmeter
10X Probe (provided with instrument)

Initial Contro! Settings:

Two 50 2 BNC Cables
50 (2 BNC Termination
BNC male-to-tip plug

Vertical (Both Channels)
CH 1 POSITION Midrange
MODE CH1
XY Off (button out)
BW LIMIT Oft (button out)
CH 1 VOLTS/DIV 1V
CH 1 VOLTS/DIV Variable CAL detent
CH 1 AC-GND-DC DC
Horizontal
POSITION Midrange
MODE A
A SEC/DIV 20 pus
SEC/DIV Variable CAL detent
X10 Magnifier Off (knob in)
A Trigger
VAR HOLDOFF NORM
Mode P-P AUTO
SLOPE Positive
(button out)
LEVEL Midrange
A & B SOURCE Vertical MODE
A COUPL NORM
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A EXT COUPL AC
Storage
STORE/NON-STORE NON-STORE
(button out)
Procedure Steps:

[J step 1: Check External Z-Axis Operation

a.

d.

Connect the leveled sine wave generator output via a 50 Q-cable
and a T-connector to the CH 1 OR X input connector. Then connect
a 50 Q2 cable and a 50 Q termination from the T-connector to the EXT
Z-AXIS INPUT connector on the rear panel.

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

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

Disconnect the test equipment from the instrument.

[ Step2: Check Probe Adjust Operation

a.

C.

d.

Set:
CH 1 VOLTS/DIV 10 mv
A SEC/DIV 0.2 ms

Connect the 10X Probe to the CH 1 € R X '~put connector and insert.
the probe tip into the PRB ADJ (P ,ve ¢ Jjust) jack on the instru-
ment front panel. If necessary, ac.ust * 1e probe compensation for a
fiat-topped square-wa .2 displav

CHECK — Displz =mpitude ’ .75 to 5.25 dwvisions.

Disconnect the =~cpe from the instrument.

[] Step 3: Check External Clock

a.

Set:
CH 1 VOLTS/DIV 1V
A SEC/DIV ims

Connect the Pulse Generator high amplitude output via a 50 Q) cable
and a 50 £ termination to CH 1 OR X input connector.

Set the generator to produce a 10 us square wave. with a pulse
duration of 5 us. Set the amplitude for a five division display. with &
base (bottom) of 0 volts and a top of 5 volts (TTL levels).

Disconnect the cable from the CH 1 OR X input connector anc
connect it to the BNC male-to-tip plug via BNC female to BNC
femaie connector.

insert the BNC male-to-tip plug signat lead and ground lead into pin
1 (EXT CLOCK) and pin 6 (S1G GND) respectively of the X-Y Plotter
connector.
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f.  Setthe A SEC/DIV switch to 0.1 sec.

g. Connect the Calibration Generator high amplitude output via a 50 Q
cable and a 50 Q termination to CH 1 OR X input connector.

h. Set the generator to produce a 100 Hz, five division disptay.

. Set:
A SEC/DIV EXT CLK
STORE/NON-STORE STORE (button in)

j. Press the Setup ACQ button to display the ACQUISITION menu
and select Fast with the Ext Clock button. Retum the instrument to
display mode by pressing the Setup ACQ button a second time.

k. CHECK — The 100 Hz signal is displayed on the screen and up-
dated.

I, Press in the SAVE/CONT button to seiect SAVE.
m. CHECK — The display is save.
n. Pres: in the SAVE/CONT button to select CONT.

0. Disconnect the test equipment from the instrument.
Step 4: Check X-Y Plotter

a. Setthe A SEC/DIV switch to 10 ms.

b. Connect the digital voltmeter low lead to either chassis ground or
pin 7 (signal ground) of the X-Y Plotter connector. Connect the volts
lead to pin 3 (X Output) of the X-Y Plotter connector.

c. Set the digital voltmeter to the 20 V scale.

d. Press the Setup PLOT button to dispiay the PLOT menu. Set Plotter
Type to XY, Grat to ON, and Auta Plot to OFF. Use the CURSORS
knob to set Plot Speed to 10.

e. Press in the Start button to activate the X-Y Plotter.

NOTE

Voltage reading of the X Output will be negative left of the center
vertical graticule line and positive to the right of the center vertical
graticule line. Voltage reading of the Y output will be negative below
the center honzontal graticule line and positive above the center
horizontal graticule line.

f.  Record the voltage reading as the instrument plots the 15! and the
10™ graticule line (as the intensity spot moves along the graucule
Iine).

g. CHECK — The voitage ditference between the 15! and 10™ graticule
tine 1s between 4.0 Vand 6.0 V.
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Move the voits lead of the voitmeter from pin 3 (X Output) to™
Output) to the X-Y Plotter connector.

Press the Start button in again to activate the X-Y Plotter.

Record the voltage reading as the instrument plots the top anc
bottom of the graticule lines (as the intensity spot moves along
graticule hine).

CHECK — The voltage difference between the top and bottom
graticule line is between 3.2 Vand 4.8 V.

Disconnect the test equipment from the instrument.
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The SEC/DIV and trigger mode settings determine the storage mode and
corresponding set of availabte acquisition modes.

Table A-14: Storage Modes

SEC./DIV Trigger Resuitant Available Auto
Setting Mode Storage Mode Acquisition Modes' Vectors!-2 |
0.05 ps/div to 0.5 ps /div Any Repetitive AVERAGE OFF/ON
(or0.0510 0.2 us/div In SAMPLE
ALT or CHOP Vertical ACCPEAK
Modge)
1 ps/div to 2 ps/div Any Fast Record SAMPLE ON/OFF
(or 0.5 us/div to 2 us/div in ACCPEAK
ALT or CHOP Vertical AVERAGE
Mode)
5 ps/div to 50 ms/div Any Slow Record PEAKDET ON/OFF
(or EXT CLK. Fast Mode: ACCPEAK
DC to 100 kHz)3 SAMPLE
AVERAGE

0.1 s/dw to 5 s/div NORM Triggered Scan? PEAKDET ON/OFF
for EXT CLK. Slow Mode: ACCPEAK
DCto 1 kHz)3 SAMPLE
- : AVERAGE

P-P Untriggered Scan® PEAKDET ON/OFF

AUTO SAMPLE

SGL SWP Scan-roll-Scan?-é

P-P Roll5
AUTO

and

NORM

SGL SWP Triggered Roll5

~ 'The detautt modes for Acquisition and Auto Vectors are in bold face.

2n X-Y mode, Auto Vectors are turned off.

JExternal clock speed range is selected in the ACQUISITION menu.

“Scan is selected in the ACQUISITION menu.

*Roll Is salected in the ACQUISITION menu.

6Storage mode is Triggered Scan it ACCPEAK or AVERAGE Acquisition mode is selected.
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Glossary

Accumulate peak acquisition mode
A mode in which the oscilloscope acquires and displays a waveiorm thai
shows the varnation extremes of several acquisitions. !

Accuracy
The closeness of the indicated value to the true vaiue.

Acquisition }
The process of sampling signals from input channels. digitizinc ‘"€
samples into data points, and assembiling the data points into & wave- l

form record. The wavetorm record is stored in memory. The tngger
marks time zero in that process.

Acquisition interval
The time duration of the waveform record divided by the recora tength.
The oscilloscope displays one data point for every acquisition interval.

AC signal
The time-variant portion of voftage or current.

Active cursor _
The cursor that moves when you turn the cursor knob. It is indicated In ‘
the display by a cursor with a box around it.

Aliasing
A false representation of a signal due to insufficient sampling of high
frequencies or fast transitions. A condition that occurs when an oscillo- }
scope digitizes at an effective sampling rate that is too slow to repro- |
duce the input signal. The wavetorm displayed on the oscitloscope may
have a lower frequency than the actual input signal.

Alternate (vertical) ;
A vertical mode of operation for a dual-trace oscilloscope. The oxcilio- }
scope makes a complete sweep of first one channel and then tho other.

This mode is generally used for SEC/DIV settings of less (or fastor) than
1 ms/div.

Aiternating Current (AC)
An electric current whose instantaneous vaiue and direction change
periodically.

Amplitude
The difference between a high and a low point on a waveform. Signal
amplitude can be measured in terms of “peak-to-peak” or “peak” tor
example.

Attenuation
The degree the amplitude of a signal is reduced when it passes through
an attenuating device such as a probe or attenuator. That ts, thr ratio ot
the input measure to the output measure. For example. a 10X probe will
attenuate. or reduce. the input voftage of a signal by a factor ot 10.
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Automatic trigger mode (P-P AUTO)
A trigger mode that causes the oscilloscope to automatically acquire or
sweep if triggerable events are not detected within a specified time
penod.

Bandwidth
For an osciiloscope, bandwidth is the specified frequency range of the
vertical system wherein the vertical response is greater than or equal to
0.707 (—3 db) of the specified frequency down to DC or 0 Hz.

Bezel
The frame around the CRT that holds the implosion shield in place.

Bezel Buttons
The buttons on the bezel that are used to store waveforms or make
menu selections.

Cathode-ray tube (CRT)
An electron-beam tube in which the beam can be focused to a small
cross section on a luminescent screen and varied in both position and
intensity to produce a visible pattern.

Chop
A vertical mode of operation for dual-trace oscilloscopes in which the
display is switched or sampled between the channels at some fixed rate.
Chop is generally used at sweep speeds slower than 0.5 ms/div.

CRT

An acronym for the display device of the oscilloscope: Cathode-Ray
Tube.

Compensation
In relation to oscilloscope probes, compensation is the act of adjusting
the resistive and capacitive components of the probe to offset undesir-
able characteristics of both the probe and the input channel. Probe
compensation ensures fidelity of the input signat.

Coupling :
The method of connecting the input circuit to the signal source. A cou-
pling circuit, for example, may pass only AC signals above a certain
frequency or it may attenuate the signal by some designated factor.

Cursors
Paired markers that you can use to make measurements between two
wavetorm locations. The oscilloscope dispiays the values (expressed in
volts or time) of the difference between the two cursors.

Detay measurement
The difference in time between two points using a dual ime base nstru-
ment.

Detent \
A mechanical setting or switch position typified by a gradual increase in
force to a position at which there 1s an immediate and marked reduction
in force.

G-2 Glossary
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Digitizing
The process of converting a continuous analog signal such as a wave-
form to a set of discrete numbers representing the amplitude of the
signal at specific points in time. Digitizing is composed of two steps:
sampling and quantizing.

. Direct current (DC)
An electric current that flows in only one direction with essentially
constant value.

\ Dispiay system
’ The part of the oscilloscope that shows waveforms., measurements.
) menu items, status, and other parameters.

Display menu
The setup menu on the 2232 Digital Storage Oscilloscope that allows
the user to select the type of cursor time readout. digital smoothing. or :
data-point vectors. e

Fall time 5
A measurement of the time it takes for trailing edge of a pulse to fall from |
90% to 10% of its amplitude. i

. - L LT e

Frequency .
A timing measurement that is the reciprocal of the period. Measurad in i
Hertz (Hz) where 1 Hz = 1 cycle per second.

Ground
A connection or reterence to the zero voltage potential of earth ground.

An interconnection bus and protocol that allows you to connect multiple
instruments in a network under the control of a controlier. Also known as
IEEE 488 bus. It transfers data with eight parallel data lines, five control

i
)

GPIB (General Purpose interface Bus) ) .
: . '
lines, and three handshake lines. |

Graticule
- A grid on the display screen that creates the horizontal and vertical axes.
You can use it to visually measure waveform parameters.

Hardcopy
An electronic copy of the display in a format useable by a printer or
plotter.

Hertz
= . B The unit of frequency, one cycle per second.

Holdoft, trigger
A specified amount of time after a trigger signal that elapses before the
trigger circuit will accept another trigger signal. Holdoft helps to stabilize
the display of a signal that is otherwise difficuit to trigger.

intensity
Display brightness.

A Knob
A rotary control.

2232 User Manual G-3
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Megahertz (MHz)
A frequency of one million Hz (cycles per second). or 108 Hz.

Megasample per second (Ms/s)
One million (108) samples per second.

Noise
An unwanted voltage or current in an electrical signal.

Oscilloscope
An instrument for making a graph of two factors. These are typically
voltage versus time.

Peak
The difterence in amplitude between the maximum value and the aver-
age or mean vaiue of a waveform.

Peak-to-Peak
Amplitude measurement of the absolute difference between the maxi-
mum and minimum amplitude.

Period
A timing measurement of the time covered by one complete signal
cycle. it is the reciprocal of frequency and is measured in seconds.

Phase
A timing measurement between two waveforms of the amount one leads
or lags the other in time. Phase is expressed in degrees. where 360°
comprises one complete cycle of one of the waveforms. Wavetorms
measured should be of the same frequency or one waveform should be
a harmonic of the other.

Probe
An oscilloscope input device.

Quantizing
The process of converting an analog input that has been sampled. such
as a voltage, to a digital value.

Record length
The specified number of samples in a waveform.

Reference memory
Memory in a oscilloscope used to store waveforms or settings. The
digital storage oscilloscope saves the data even when the oscilloscope
is turned off or unplugged.

Repetitive acquisition
The particular mode on the instrument at the faster sweep speeds
where numerous acquisitions are required to form a picture of the wave-
form because of the mits imposed by the samphing rate.

Repetitive signal
A signal that varies uniformly in terms of voltage over time.

G-4
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Rise time

The time it takes for a leading edge of a pulse to rise from 1Q° 1 A, of
its amplitude.

Roli
A slow-speed storage mode where the acquired data first appears a; the
right side of the display and forms a record that continues 1o scr~: —gn:
to ieft across the display at a rate set by the time base.

RS-232-C interface
A communications device that conforms to the Electronic Inaustrnies
Assoctation (EIA) RS-232-C standard for data terminal or data consyy,
nicauons equipment.

Sampling
The internat process of the oscilloscope that captures an anaioqg inpy
{such as a voltage) at a discrete point in time and holds it constant unt
it is quantized. Two general methods of sampling are: real-time sampnng
and equivalent-time sampling.

Sampling Rate
This is the actual frequency at which the oscilloscope takes a sampie.
This frequency may be expressed in samples/second or hertz.

Scan
A slow-speed storage mode that updates the acquisition display len 1 !
right across the display at a rate determined by the time base settin), !

Selected waveform
The waveform on which cursor measurements are performed. The *. -
symbol underscores the selected memory location indicated by 1, 2, 3.
or 4K. The symbol appears under the letter “A” when the wavetorm
selected is the current acquisition.

Setup (menus)
A group of related controls for major oscilloscope functions that aro
located on the front panel of the oscilloscope above the intensity coniro|

Slope
The rising or fafling edge of a signal (signal transition) that is sefectad 1or
triggering the horizontal sweep of the oscilloscope.

Smooth
A digital process that examines the change in value of data points
between adjacent intervals and reorders them for correct slope (ang »
smoother waveform) if the change in value does not exceed a cenay.
hmtts.

Sweep
Time-dependent information created by the electron beam moving
across a CRT screen.

Time base
The set of parameters that let you define the time and honzontal ).,
attributes of a waveform.

2232 User Manual
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Trace
The visual representation of an individual signal on a CRT.

Trigger
The signal used to initiate a sweep or acquisition on an oscilloscope.

Trigger level
The vertical level the trigger signal must cross to generate a trigger.

Trigger position
The position of the trigger reterence point in the acquisition record.

Vector
A line created by the storage mode display system of the oscilloscope
that conriects two data points.

Waveform
The shape or torm (visibie representation) of a signal.

XY -
A display mode that compares the voltage ievels of two signais. One
signal drives the horizontal or “X" axis and the other signal drives the
vertical or “Y” axis. it is useful tor studying phase relationships between
two waveforms.

Z-Axis
The intensity aspect of an electron-beam (CRT) display. Z-Axis may also
refer to the circuitry that controls the CRT beam intensity.

IS
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Numbers

1K-4K. 3-15

1K/4K button
described, 2-21
located. 2-21

4K Compress, 3-16

B,

A BOTH B switch
. described. 2-15
jocated, 2-14

A COUPL switch
described. 2-19
located, 2-78

A EXT COUPL switch
descnbed. 2-17
located, 2-16

A SEC/DIV switch
described. 2-15
located, 2-14

A&B SOURCE switch
described, 2-19
located, 2-78

A/B SWP SEP knob
described. 2-11
located, 2-10

AC coupling, 3-2
AC signal, defined, G-7

\ Accessories, optional, List of, A-3
Accessories, standard, List of, A-2

) Accumulate Peak acquisition mode
defined, G-1
) whentouse, 313

Accuracy. defined. G-1

)
Acquisition
) oefined. G-71
Interval, oefined. G-1

| ACQUISITION button. menu. 2-26.
2-28

Acquisition menu
Acq Mode. 2-26
Cursor Knob Func. 2-27
Ext Clock. 2-27
Reset Default Acq Modes. 2-27
Roll/Scan. 2-27
shown, 2-26

Acquisition mode
Accumuiate Peak. 3-8. 3-13
Average, 3-8, 3-14
Peak Detect. 3-9. 3-13
Sample, 3-8. 3-14
selecting, 3-9

Active cursor, defined, G-1

ADD ALT CHOP switch
description, 2-17
located, 2-10

ADV FUNCT button, menu. 2-33

Advanced Functions menu
Comm Menu, 2-33
Diag Menu, 2-33
Factory Reset, 2-33
Save Setup Menu, 2-33
Save Setup Menu submenu

Pwr Up State, 2-34

Recall Setup, 2-35

Save Setup, 2-35

Select Setup, 2-34
shown, 2-33

Aliasing
defined, G-71
preventing, 3-718
symptoms of, 3-18

Alternate Current, defined, G-7
Alternate mode, defined, G-17
Amplitude, defined, G-1
Attenuation. defined, G-1

Automatic trigger mode, defined, G-2

Average maode, when 1o use, 3-14

B

8 DELAY TIME POSITION knob
descnbed. 2-75
located, 2-14

Index

B SEC/DIV switch
descrnibed, 2-715
located. 2-14

Banawidth
aefinea. G-2
limiting, 3-25
Bandwidth Limit. 3-25

BEAM FIND button
described, 2-9
location, 2-8

Bezel. defined. G-2
Bezet buttons, defined, G-2

Button
POWER, 7-4, 2-4
STORE/NONSTORE, 2-6

BW LIMIT button
descriped, 2-11
located, 2-70

C .

CAL switch ’ |
described, 2-13 oo
located, 2-12 ,‘

Cautions and Warnings, definitions. |

1-1

CH 1 BOTH CH 2 switch
described, 2-13
located, 2-12

CH 1 COUPLING switch
described, 2-13
located, 2-12

CH 1 OR X input BNC, located, 2-12

CH 1 OR X input connector, de-
scnbed, 2-13
CH 1 POSITION knob
gescribed, 2-117
located, 2-70

CH 1 VOLTS/DIV switch
described. 2-13
located, 2-12

CH 2 CAL knob
described, 2-11
location, 2-10
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CH 2 COUPLING switch
descnbed, 2-13
iocated. 2-12

CH 2 OR X BNC. located. 2-12

CH 2 OR X input connector. de-
scnbed, 2-13

CH 2 POSITION knob
described. 2-11
located, 2-10

CH 2 VOLTS/DIV knob
descnbed. 2-17
located. 2-10

Characteristics, Table of, A-8

Chop mode., defined, G-2

Clocking. external, 3-15

Complex signals, triggering on, 3-28

Connector

CH 1 OR X BNC
described. 2-13
located. 2-12
CH 2 OR XBNC
described, 2-13
located. 2-12
EXT INPUT BNC. described. 2-719

GND jack
described, 2-13
located. 2-12

PRB ADJ (probe adjust)
agescnbed. 2-13
located. 2-12

Control
1K/4K button
descnibed. 2-21
located. 2-2171
A BOTH B switch
aescnbed. 2-15
located. 2-74

A COUPL switch
descnbed. 2-19
located. 2-18

A EXT COUPL switch
gescrnibed. 2-77
located. 2-16

A SEC/DIV switch
agescnbed. 2-15
located. 2-74

A&B SOURCE switch
aescnbed. 2-79
located. 2-18

A/B SWP SEP knob
gescnbed, 2-11
located. 2-10

ACQ button. located. 2-25

ACQUISITION button. menu. 2-26.

2-28
ADD ALT CHOP switch

descnption. 2-71
located. 2-10

ADV FUNCT button
located. 2-25
menu, 2-33

B DELAY TIME POSITION knob
described, 2-15
located. 2-14

B SEC/DIV switch
described, 2-15
located, 2-14

BEAM FIND button
described, 2-9
location, 2-8

BW LIMIT button
descnbed, 2-117
located, 2-10

CAL switch
described, 2-13
located, 2-12

CH 1 BOTH CH 2 switch
descnbed. 2-13
located. 2-12

CH 1 COUPLING switch
described, 2-13
located. 2-12

CH 1 POSITION knob
descnbed, 2-11
located. 2-10

CH 1 VOLTS/DIV switch
descnbed, 2-13
located, 2-12

CH 2 CAL knob
descnbed, 2-11
located. 2-10

CH 2 COUPLING switch
gescribed. 2-13
located. 2-12

CH 2 POSITION knob
described. 2-11
located. 2-10

CH 2 VOLTS/DIV knob
described. 2-117
located. 2-10

CURSORS knob
aescnbed. 2-20
located. 2-20

DISPLAY button. located. 2-25

FOCUS knob
described. 2-9
location. 2-8

GRATICULE knob
described. 2-9
location, 2-8

INTENSITY A knob
described. 2-9
location. 2-8

INTENSITY B knob
aescnibed. 2-9
location, 2-8

INTENSITY STORE/READOUT
knob
described, 2-9
location, 2-8

INVERT button
gescribed. 2-11
located. 2-10

layout of, 2-7

LEVEL knob (A Trigger)
described, 2-17
located. 2-16

LEVEL switch (B Trigger)
described. 2-19
located, 2-18

MODE button (Acquisition)
described, 2-21 -
located. 2-217

NORM button
described, 2-17
located, 2-16

P-P AUTO/TV LINE button
described. 2-17
located. 2-16

PLOT button
located. 2-25
menu, 2-31

POSITION (Horizontal) knob 4
described. 2-15 T
located. 2-14 (

REF button
Format menu, 2-29 {
NVmem menu. 2-30

SAVE REF buttons { -
descnbed. 2-22
located. 2-22

SAVE/CONT button {
described. 2-27
located. 2-21

SELECT WAVEFORM button.
described. 2-20

SGL SWP switch
aescnbedq. 2-19
located. 2-18

SLOPE button (B Trigger)
gescribed. 2-17
tocatea. 2-16 {

SLOPE switch (A Trigger)
described. 2-79
located. 2-18

TRACE ROTATION adjustment
described. 2-9
location. 2-8

1-2
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TRIG POS button
described, 2-21
located. 2-21

VAR HOLDOFF knob
described, 2-17
located, 2-16

X10 (STORE ONLY) switch
described, 2-15
located, 2-74

X10 PULL knob
described. 2-15
located. 2-74

XY button
described. 2-71
located, 2-70

Coupiing
channel input, 3-2
defined, G-2

CRT. deftined, G-2

Cursors
defined, G-2
measuring time with, 3-37-3-38
measuring voltage with, 3-34-3-44
CURSORS knob -

described. 2-20
located, 2-20

D

DC (direct current), defined, G-3

Definition
Accumulate Peak mode, 3-8
Average mode, 3-8
Peak Detect mode, 3-9
Sample mode, 3-8

Definitions, Glossary of, G-1
Delay measurement, defined, G-2
Description, display graticule, 2-5
Description, product, xi. A-5
Detent, defined,. G-2 -
Digital storage system, described, A-6
Digitizing, 3-8

defined. G-3

Display
basic setup, 7-4, 3-3
CRT, A-20
Digital Readout. A-18
Digital Storage. A-17
focus, setting, 3-6

intensity
modulating externaily, 3-25
setting, 3-6
Non-Store readouts, 2-6
readouts, 2-7
selecting mode. 3-3

Display menu
defined. G-3
Delta Time. 2-28
Frequency. 2-28
shown. 2-28
Smooth. 2-28
Vector. 2-28

Display system, defined. G-3
Displaying signals. 3-7-3-32

index

Fuse. 1-4

E

Envelope acquisition mode. See
Accumulate Peak acquisition
modge

EXT INPUT BNC, described. 2-19
External clock, 3-15
External signals, triggering on, 3-29

F

Fall ime
defined, G-3
measuring, 3-40

Focus, setting, 3-6

FOCUS knob .
aescribed, 2-9
location, 2-8

Format Reference menu
Cursor Knob Func. 2-29
Format, 2-29
Horiz Mag, 2-29
shown, 2-29
Target, 2-29

Frequency
defined, G-3
measuring with cursors, 3-39

Front Panel
layout of control sections, 2-1
left-side view, 2-2
right-side view, 2-3

G

Glitch adetection. in peak detect. 3-13
GND connector. described. 2-13
GND jack. located. 2-12

GPIB. defined. G-3

GPIB Interface. option described. A-7
GPIB Option, A-21

Graticule
defined. G-3
described. 2-5
illustrated, 2-5
measuring time with, 3-37-3-38
measuring voltage with, 3-34-3-44

GRATICULE knob
described, 2-9
location, 2-8

Ground. defined, G-3

H

Hardcopy

defined, G-3

plotting or printing, 3-52
Hertz, defined, G-3
Holdoff, trigger. defined, G-3

Horizontal
selecting mode, 3-4
setting scale, 34

Horizontal system
described, A-5
Performance verification of, A-37

Instatlation, 7-3

Intensity
defined, G-3
modulating, 3-25
setting, 3-6

INTENSITY A knob
described, 2-9
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location. 2-8

INTENSITY B knob
described. 2-9
iocation, 2-8

INTENSITY STORE/READOUT knob
described. 2-9
location. 2-8

intertace
awaliary connection, 3-52

GPIB. G-3
descnibed, A-1
GPIB (optional). 3-57
RS-232-C
defined, G-5
described, A-1

RS-232-C (optional), 3-51
Intertace, user. aescribed. A-6

International Power Cords. option
descnbed, A-1

INVERT button
descnbed, 2-17
located. 2-10

K

Knob. defined. G-3

L

LEVEL knob (A Trigger)
described. 2-17
located. 2-16

LEVEL switch (B Trigger)
descnbed. 2-19
located. 2-18

Line-freauency signals. tnggerng on.

3-25

-t
of optional accessories. A-3
ct standara accessores. A-2

Long-term memory, 3-47
protecting. 3-48
saving wavetorms in, 3-47

Low frequency signals, triggering on.

3-27

M

Magnified sweeps. selecting. 3-19

Measurement
Amplitude, G-7
Delay. defined. G-2
Frequency, G-3
Peak to peak, G-4
Period, G-4
Phase, 342, G-4
Rigse time, G-5

Measurement features, described, A-7
Measuring signals, 3-33-3-44

Memory, A-20
SAVE REF, 3-45

Memory,
long term, 3-47
non-volatile, 3-47

Menu
Acquisition

Acq Mode, 2-26
Cursor Knob Func, 2-27
Ext Clock, 2-27
Reset Defauit Acq Moaes, 2-27
Roll/Scan. 2-27
shown, 2-26

Advanced Functior
Comm Menu, 2- .5
Diag Menu, 2-35
Factory Reset. 2-33
Save Setup Menu, 2-33

Advanced Functions menu, shown,'
2-33
Display
Delta Time. 2-28
Frequency, 2-28
shown. 2-28
Smooth, 2-28
Vector, 2-28

Format Reference
Cursor Knob Func. 2-29
Format. 2-29
Horiz Mag. 2-29
shown. 2-29
Target. 2-29

NVmem Reference
Copy Source to Dest. 2-30
Cursor Knob Func, 2-37
Detete Dest. 2-37
NVmem. 2-30
Protect Dest. 2-37
shown, 2-30

PLOT, 3-53

Y

Piot
Auto Plot, 2-32
Plotter Type, 2-31 |
shown, 2-31
Start. 2-32
XY Setup, 2-32
Save Setup (sub). shown, &~

MHz (Megahertz). defined. ¢
Mode. Display (Store/Nonstora'

MODE button (Acquisition)
described, 2-21 - s
located, 2-21

Ms/s (Megasample per secon
defined, G-4

N

Noise, defined, G-4

Non-repetitive signals, triggering of¥,
3-28
Non-votlatile memory, 3-47
protecting, 3-48
saving wavetorms in, 347

NORM button
described, 2-17
located, 2-16

NVm~m Reference menu
Copy Source to Dest. 2-30
Cursor Knob Func. 2-37
Delete Dest, 2-37
NVmem. 2-30
Protect Dest. 2-37°
shown, 2-30

o

Options
GPIB Interface. A-17
international Power Cords. A-1
List of. A-1
Rackmount, description. A-2
RS-232-C Interface. A-7
Travel Line. aescnption. A-2

Oscilloscope. defined, G-4

P

P-P AUTO mode. defined. G-2

e et v -



P-P AUTO TV LINE button
Jescnbeg. 217

ocatead. 2-16
Peak. gefinea. G-4

Peax Detect
view signal ghtches with, 3-13

when to use. 3-13
Peak to peak. defined, G-4
Performance Conditions, A-7

Performance Requirements, Table of.
A-8

Performance Verification, A-25-A-54

Horizontal system checks, A-37

4K 1o 1K display compress, A-44

non:store sweep length, A-44

position range, A-43

store differentiat and cursor time
difterence accuracy, A-40

store expansion range, A-44

liming accuracy and linearity,
A-38

X Bandwidth, A-45

X gain, A-44

Initial setup procedure, A-28
Interval, A-25-A-54
Limns and tolerances, A-25

Miscellaneous, external Z-axis
operation, A-52

Miscellaneous Checks
X-Y plotter, A-53
external clock, A-52
probe adjust operation, A-52

Purpose, A-25-A-54
Test equipment required, A-26

Trigger system checks, A-45

acquisition window trigger
points, A-50

external trigger ranges, A48
external triggering. A-48
HF reject A tnggering, A-47
internal triggering, A-46
LF reject A tnggering, A-48
single sweep operation, A-49
trigger level readout, A-50

Vertical system checks, A-28

acquisition position registration.,
A-32

bangwidth. A-33

banawidth imit operation. A-35

common-mode rejection ratio,
A-35

aeflection accuracy and varable
range. A-29

non-store and store channet
isotaton, A-36

position range, A-32

repettive store moade and bana-
width, A-34

save expansion and compres-
sion, A-317

single sweep sampie acquisition.
A-34

store deftection accuracy. A-30

store pulse width amplitude.
A-37

Period. defined. G-4
Phase

defined. G-4

measunng. 3-42
PLOT button. menu, 2-31
Plot menu

Auto Plot. 2-32

Plotter Type, 2-37

shown, 2-317

Start, 2-32

XY Setup, 2-32
Plotting, automatically, 3-54

Plotting waveforms, 3-52
compatibie plotters, 3-53

POSITION (Horizontal) knob
described. 2-15
located. 2-14

Positioning. trigger point in record,

Pouch, installing, 7-7

Power
cord, 1-2
fuse, 1-2
source. 1-2

Power connector, 1-4

Power Cord, wrapping for transpona-
tion, 1-8

Power on. 1-3
Power Supply. A-20

PRB ADJ connector
described. 2-13
located. 2-12

Precharging. of input channel, 3-2

Printing waveforms, 3-52

Probe
defined. G-4
lc -frequency compensation. 1-6

Probe Adjust. A-19

Probe.
connecting. 3-1
descnption of, 3-1

Procequre
agding two signals. 3-20
adjust trace rotation, 7-5
capturing random events. 3-12
comparing two signais. 3-20
compressing 4K recoras. 3-16
connecting probe. 3-17
connecting signals. 3-7
coupling signals. 3-2
displaying magnified sweeps, 3-19
displaying XY pattems, 3-23
finding “lost” displays, 3-7
formatting saved waveforms, 3-46
installation. 7-3

instatling the accessory pouch. 1-7 .

measuring amphtude. See measur-
ing voltage
measuring fall time, 3-40
measuring frequency, 3-39
measuring phase, 342
measuring rise time, 3-40
measuring time, 3-37-3-44
measuring voltage, 3-34-3-44
power cord wrap, 7-8
power on, 71-3
precharging input channel, 3-2
probe compensation, 7-6
recalling a waveform, 3-46
rejecting common mode signals,
3-20
saving and recalling setups, 3-49
saving and recalling wavetorms,
3-45
saving the current acquisition, 3-45
saving waveforms in SAVE REF
memory, 3-45
selecting acquisition mode, 3-9
selecting display mode, 3-3
selecting horizontal mode, 3-4
setecting record length, 3-15
selecting trigger mode, 3-4
selecting vertical mode. 3-5
setting display focus, 3-6
setting display intensity, 3-6
setting horizontal scale. 3-4
setting trigger position. 3-18
setting up display. 1-4, 3-3
setting verucal scale. 3-5
start up, 7-3
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subtracting two signals. 3-20
time measurement using aelay.
3-38
tnggenng on signais
compiex. 3-28
external, 3-29
low frequency, 3-27
non-repetitive. 3-28. 3-29
repetitive, 3-26
TV, 3-29
using Runs After Delay, 3-22
viewing slow signals, 3-70

Product description, xi, A-5
Protection, optional impact, A-2

RS-232-C intertace. A-21
defined. G-5
option described. A-1

Runs After Delay. setecting. 3-22

Q

Quantizing. defined, G-4

R

Rackmount. option described, A-2
Rackmounting, optional impact, A-2

Random event signails, tniggernng on.

3-12
Readout. symbols in. 2-7

Readouts
Non-Store, 2-6
Store, 2-7

Record length
defined. G4
selecting, 3-15

REF button
Format menu. 2-29
NvVmem menu. 2-30

Reference memory. defined. G-4
Repetitive acguisition. defined. G-4

Repetitive signa!
oefined. G-4
tnggering on. 3-26

Repetitive store mode. selecting, 3-S5

Rise time
aefined. G-5
measuring. 3-40

Roll moge. defined. G-5
Roll store mode. selecting, 3-10

S

Safety, 7-1
Covers or Panels, 1-2
Explosive Atmosphere. 1-2
grounding, 7-2
power fuse, 1-2

Sample mode, 3-74

Sampling
defined, G-5
rate. defined, G-5

SAVE REF buttons
described, 2-22
located, 2-22

SAVE REF memory, 3-45
saving waveforms in, 3-45

Save Setup submenu. shown, 2-34

SAVE/CONT button
described, 2-21
located, 2-27

Saved waveforms
comparing, 3-46
deleting, 3-48
positioning and scaling, 3-46
protecting from overwriting, 3-48
recalling, 3-46

Saving and Recalling
Setups, 3-49
waveforms. 3-45

Saving setups, 3-45-3-50
Saving wavetorms, 3-45-3-50

Scan mode
defined. G-5
selecting. 3-9

SELECT WAVEFORM button. ge-
scnbed. 2-20

Seiected waveform. aefined. G-5

Setup
default at power up. 3-49
power down state at power up. 3-50
recalling at power up. 3-49
recalfling from memory. 3-49
saving, 3-49
Setup1 at power up. 3-50

Setup2 at power up, 3-50
Setup buttons

See aiso indvidual button .

aefined. G-5

Setups
saving, 3-45-3-50
Saving and Recalling, 3-49_

SGL SWP switch
descnbed, 2-19
located, 2-18

Signals
adding. 3-20
capturing random event, 3-12
comparing, 3-20
connecting, 3-7
digitizing, 3-8
displaying, 3-7-3-32
measurnng. 3-33-3-44
rejecting common mode, 3-20 -
subtracting, 3-20
triggering on, 3-26. 3-28
triggering on line-frequency, 3-28
triggering on non-repetitive, 3-28
riggering on external, 3-29 -
triggering on low-frequency, 3-27
triggering on TV, 3-29
viewing slow, 3-10

Slope, defined, G-5

SLOPE button (B Trigger)
described, 2-17
1ocated. 2-16

SLOPE switch (A Trigger)
aescribed. 2-19
located, 2-18

Smooth, defined. G-5

Specitication, A-5

Start up, 7-3

Storage mode
fast record. A-55
repetitive. 3-9, A-55
roll. 3-10. A-55
scan. 3-9. A-55
slow record, A-55

Sweep. defined, G-5

Switch
AC-GND-DC. 3-2
POWER. 24

Symbols. in reagout. 2-7

System
Honzontal Deflection. A-14
Trigger, A-12

=

Test equipment, A-26

Index

e =« e e i e,




Time
) cursor measurements of, 3-37-3-38
graticute measurements of.
] © 3-37-3-38
measurning with B Delay mode. 3-38

} Time base. defined. G-5
Trace. aefined. G-6
Trace rotation. 7-5

' TRACE ROTATION adjustment
agescnbed. 2-9
[ - location, 2-8

Transmitting wavetorms, 3-51-3-54
Travel Line. option described. A-2

TRIG POS button
gescribed, 2-21
located, 2-27

Trigger
defined, G-6
' hotdoff, G-3
‘ Level, defined. G-6
position, defined. G-6
selecting mode. 3-4

Trigger level, measuring, 3-42
Trigger position, 3-17
setting, 3-18

Frigger system, Performance verifica-
tion of, A-45
Triggering
) purpose of, 3-26
removing unwanted components,
) ) 3-31
- setting trigger position, 3-78

) TV signals, triggering on. 3-29

\'}

VAR HOLDOFF knob
described, 2-17
located, 2-16

V;mor. defined, G-6

Vertical
selecting mode, 3-5
setting scale. 3-5

Verntical system

described, A-5

Pertormance verification of, A-28
Voltage

cursor measurements of, 3-34-3-44

graticule measurements of.
3-34-3-44

W

Waveform, defined, G-6

Waveforms
compatible plotters for. 3-53
plotting or printing, 3-52
saving, 3-45-3-50
saving and recalling, 3-45
transmitting, 3-51-3-54

X

X10 (STORE ONLY) switch
descnibed, 2-15
located, 2-14

X10 PULL
described, 2-75
located, 2-14

XY button
described, 2-11
located, 2-70

XY mode, 3-23
defined, G-6
specification, A-18

XY Plotter Output, A-79

Z

Z-Axis, A-19
defined, G-6
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