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Front Panel

TDS 300 Series oscilloscopes are simple to use. To reduce the clutter of
knobs and buttons on the front panel (see Figure 3-1), many instrument
control functions are menu driven. Use menus to access instrument func-
tions that you typically set once before making measurements. Use knobs
or buttons to control instrument functions that you most often adjust during

measurements.

[ Tektronix TDS 320 ms g |

. ) Q_(""‘“ D

S VERTICAL

% POSITON

VERTICAL
MENU

VOLYS/OI

WAVEFORM OFF

-

SAVEREGALL
SETUP

-

AN HORIZONTAL
< rosmon >

CURSON

HORIZONTAL
MENU

SEC/DIV

O

y
iy MRASURE  (Hesocoey ) (( AUWABTON)

[

HEPLAY ACOUIRE

-

S TRIGGER N

LEVIL

TRIGGER
MENL

£ TICe
o READY

Figure 3-1: The TDS 320 Oscilloscope Front Panel

The menus are easy to use. For example, to make a change to the vertical
operating system, press the VERTICAL MENU button to display the menu

choices.

This section illustrates each control and connector and contains brief de-

sCriptions of its use or function.
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Front Pane!

*

Display and Power
Controls
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The QN/STBY button toggles The Main Menu buttons provide
instrument power. access o maln menu selections, See
page 2.3 for more information on the
user inlerface.

The Side Menu bultons provide
aceess to side menu selections. See
page 2-3 for more information on the
user interface.

The CLEAR MENU button clears all
menus from the screen.

Operation
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Front Panel

Vertical Controls

SRR \/ERTICAL

FOCH1T Y & [
- POSITION

The Vertical POSITION knob
controls the vertical position of
the presently selected waveform.

VERTICAL
MENU

CD«—————-) —— The VERTICAL MENU button cails

The Waveform Sefect buttons up the vertical operations menu.

disptay and select waveforms (CH1, Far mare information on vertical
CH2, MATH, REF1, and REF2). A VOLTS/DIV aperations, see page 3-17.

light next to a button jlluminates
when that waveform is selected.

The VOLTS/DIV knofy controfs the
vertical scale of the presently
salected waveform.

L WAVEFORM OFF
@ The WAVEFORM OFF button
— turns off the presently selected

PROBE COMP
Conneator to chassis ground.——d@E waveform.
Fv L

\

Frobe compensation oulpuf.
See page 2-7 for instructions on
how to compensate the probes.

—a—— e
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Front Pangl
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Horizontal Controls

LY

4 HORIZONTAL
{ posITION [>

LY

The Horizontal FOSITION knob
controls the horizontal position of all
wavetorms.,

el

HORIZONTAL
MENU
C:)“‘—_- The HORIZONTAL MENU button calls
—— : up the horizontal operations menu.

For more Information on horlzontal
SEC/DIV cperations see page 3-20.

The SEC/DIV knob conirals the
horizontal scale of the active
waveforms.
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Front Panet

Trigger Controls

AR TRIGGER I

The Trigaer LEVEL knob controls
the trigger.

The TRHZGER MENU button calis
up the triggger menuy. See

page 3-25 for more Information
on triggering.

() TRKGD

The Trigger Status Lighls ———g———tu T
indicate the status of the l ) READY

triggering system. The TRIG'D

light illuminates when the

instrument recognizes a valid
trigger.

SET LEVEL FORCE
TO 50% TRIGGER

/

The SET LEVEL TO 50% button sets The FORCE TRIGGER button forces

the trigger leve! at the half-way point the ascilloseope to start acquiring a

between the peaks of the trigger waveform regardiess of whether a

signal, trigger event occurs. Thiz button has
no effect if the acquisition system is
stopped.

The READY light illuminates
when the instrument can accept
# valid trigger and is walting for
that avent to ogour
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,Front Parvel

Miscellaneous
Controls

The MEASURE button calls up the
automated measurements menu.
See page 3-29 for more information
on autemated measurements.

The UTILITY button calls up the utility
menu. 5ee page 3-45 for mare

infarmation on utilities.

The AUTOSET button automatically
sets up the instrument to produce a
usabie display of the input signals.
For more ¢n the autoset functlon.
see page 2-11.

The RUN/STOP button starts
and stops acguisition,

The HARDCORY button starts
print operations. See page 3-41
for more information on making
hard coples.

7

"
A%TOSET h } % (HAH&ECSE{; ¢ munvglor )

SAVE/RECALL
SETUP

TOGGLE

The Genaral F'urpose Knob controls
many side menu functions, including
the cursars. The TOGGLE button
switches control from cursor {0
Cursor.

The SAVE/RECALL SETUP button
calls up the save/recall setup menu,
See page 3-43 for more information
on saving and recalling setups,

The CURSOR button calls up the
Cursar meny. See page 3-33 for
Information on making
measurements with cursors.

The DISPLAY button calls up the
display menu. See page 3-39 for
information on controlling the
display.

GCLURS0OR DISPLAY ACQUIRE

The ACQUIRE button calls up the
acquisition menu. See page 3-37
for more information on
cantrolling acquisition.

—
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Front Panel

Display Map

The Status Readouts show trigger status
(stopped, waiting for trigger, etc.) and The value entered with ~ When the general purpose

acquisition status (mode and sampling the general purpose _knob is first assigned, the
rate or number of acquisitions). Trigger position (7). knob. knoh icon appears here.

7’ \ - 7\ A ]
Tek Run: 20MS/s  Sample mg/ Trigger Level: —10my o
L /1 The waveform

Indicates record icon,

position of
vertical bar
cursors in the
waveform
record.

Shows what part of the waveform record is displayed.

/

Run: 20MS/s  Sample NG Trigger Levei: —10mv

F it Cursor measurement
readouts. See

page 3-33 for more

information on cursors.

Trigger leve!

indicator -Tomy

Trigger point

indicator Set to TTI,

The side menu offers
a choice of specific
actions.

ChannelGround-—-—-—Qm RS P A A . S I B T S
Indicator ‘ / | ; sel to ECL

Set to 50%

The Channel Readout The Tri
d gger Readout
shows the VOLTS/DIV shows the trigger source

of alf active channels. - T source Coupling Mode Holdoff and level and whether
Q EHSS ‘ Cht oC l I Normal S00ns the instrument is
L triggered on the rising or
/ falling edge of the

\ waveform.

The main menu offers The Time Base Readout When in video trigger
a choice of major : N mode, the readout
g ! shows the time base setting. dispiays source and
actions. M indicates (M)ain time base, tn‘ggey feature (Field 1
D indicales (D)elayed time Field 2, or Lines) ’
base. ! .
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Front Panel
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Inputs
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The channel BNC inputs (CH1 The EXT TRIG input accepts
and CH2) accept electrical external trigger signals, See
signals for display. page 3-26 for more information
on external triggering.

Operation




Rear Panel

m
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The Option 14 Panel (Option 14 The power connector accepts line The fuse drawer holds the line fuse.
instruments only) allows access to voltage to power the instrument. See  See page 8-9 for fuse replacement
three communications interfaces: a  page 1-3 for a list of power cord and  procedures.

Centronics paraliel port, an RS-232 connector options.

interface, and a GPIB interface.

il

You can use the Centronics, RS-232,
and GPIB interfaces to transmit
hardcopy data; see page 3-41 for
hardcopy procedures.

You can use the GPIB and RS-232
interfaces to operate and program the
oscilloscope from a GPIB controller;
see the TDS 310, 320, & 350
Programmer Manual for more
information. information.
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Menu Maps
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Figure 3-2: Primary Functions Menu Map
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Menu Maps

CURS0A
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Figure 3-3: Secondary Functions Menu Map
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Manipulating Waveforms

There are four basic ways to manipulate waveforms with TDS 300 Series
oscilloscopes. -

m  You can change their display parameters with the vertical and horizontal
systems

You can add, subtract, and multiply them with the waveform math fea-
ture

You can save them to and recall them from reference waveform memo-
ries

Vertical 0peraﬁ0n5 To access the vertical system features, press the VERTICAL MENU button,
shown in Figure 3-4.

NOTE

The VERTICAL MENU button calls up the vertical menu only ifa
channel waveform (CH 1 or CH 2) is selected. If @ math or refer-
ence waveform is sefected, the VERTICAL MENU button calls up
the math or reference waveform menu.

_VERT[CAL—
OCH1 W % POSITION

VERTICAL
MENU

Q"—“ Vertical Menu

VOLTS/DIV

WAVEFORM OFF

PROBE COMP
®@,=
=5V L

—

Figure 3-4: The VERTICAL MENU Button

Figure 3-5 shows the vertical menu.

TDS 310, TDS 320, & TDS 350 Instruction Manual




Manipulating Waveforms

Tek Run: 200MS/s  Sample
i

chi
__coupling

M 230ns Chl W A0mV]

Eandwidth| Fine Scale | Position | Offset
Full 20my [ 2omdiv oV

OCDC)CD)

Figure 3-5: The Vertical Menu

Usge the vertical menu to perform these tasks,

Select Input Coupling — Press the main menu button Coupling. Use the
side menu to setect DC, AC, or ground (GND) coupling.

Invert a Waveform — Press the main menu button Invert. Use the side
menu to turn invert off and on. When you turn invert on, the selected wave-
torm “flips” arcund the zero volt axis. Figure 3-6 shows an inveried pulse
signal.

NOTE

Invert "flips” the waveform, but it does not alter the trigger level
accorgingly. To obtain a stable frigger after inverting a waveform,
press SET LEVEL TO 50%.

Operation
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Tek ®Run: 200M5%/5  Sample
{

Narmal Waveform

Inverted Waveform

1V K 250N Ch2 1 S0y

Ch o
Reft 1v 250ns

Source | Coupiing Level i Mode | Holdoll
th2 DC 40my 1 Auto 30018

]
G RS RIS REN ] RO

Figure 3-6: Inverting a Waveform

Select Bandwidth — Press the main menu button Bandwidth. Use the
side menu to switch between 20 MHz and full bandwidth.

Make Fine V/div Adjustments — Press the main menu button Fine
Scaie to activate the General Purpose Knob. Then use the knob to make
precise adjustments to the vertical scale setting.

Adjust Vertical Position — Press the main menu button Position to
activate the General Purpose Knob. Then, use the knob to adjust vertical
position or use the side meriu to set the vertical position to 0 divisions.
Vertical position is limited to a range of +5 divisions.

NOTE

This selection performs the same function as the vertical POSITION
knob.

Adjust Vertical Offset — Press the main menu button Offset to activate
the General Purpose Knob. Then use the knaob to adjust offset ar use the
side menu to set the ofiset to 0 V. Offset performs the same basic function
as the vertical POSITION knob, but it has a wider range. Use offset to view a
waveform that has a large DC bias.

TDS 310, TOS 320, & TDS 350 Instruction Manual




Manipulating Waveforms

Horizontal To access horizonial system features, press the HORIZONTAL MENU
Operati ons button, shawn in Figure 3-7. Figure 3-8 shows the horizontal menu.
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Figure 3-7; The HORIZONTAL MENU Button
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Figure 3-8: The Horizontal Menu

Use the horizontal menu to perform these tasks.
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Manipulating Waveforms

Select the Time Base — Press the main menu button Time Base. Use
the side menu to select from these options.

®m  Press Main Only to show only the main time base.

m  Press intensified to show both the main and delayed time bases. The
oscilloscope intensifies a portion of the waveform; this intensified zone
indicates the location of the delayed time base with respect to the main.
Use the SEC/DIV knob to change the length of the zone and the Gener-
al Purpose Knob to change its position.

Press Delayed Only to show only the delayed time base.

Use the General Purpose Knob to adjust the delay time (the interval
between the main and delayed time bases). You adjust the delay time in
coarse increments when Main Only or Intensified are selected and in
fine increments when Delayed Only is selected. The side menu selection
Delayed Runs After Main shows the delay time.

Press SET to Min to set the delay time to its minimum value.

Adjust Horizontal Trigger Position — Press the main menu button
Trigger Position. Use the General Purpose Knob to adjust horizontal
trigger position, or use side menu selections to set the trigger position to
10%, 50%, or 90% of the waveform record.

Di3p|aying Math TDS 300 Series oscilloscopes can add or multiply the two channel wave-
Waveforms forms or subtract one from the other and display the result as a math wave-

torm. To activate the math waveform, press the MATH button, shown in
Figure 3-9. :

AN VERTICAL
OCH1 Y % POSITION

VERTICAL
MENL—

-,
)

VOLTS/DIV

WAVEFOAM OFF

PROBE COMP
Opi=>
~svdL

L

Figure 3-9: The MATH Button
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Maniputating Waveforms

Then select a formula from the side menu (Ch1 + Ch2, Ch1 — Ch2, Ch2 -
Ch1, or CH1 * Ch2). Figure 3-10 shows a sguare wave on Channel 2 added
to a sine wave on Channel 1.

~

Tek Run: 200M5/s  Sample
{

Math

Cht --Chz

] Ch2 - Chnt
J
Ch1 *cCh2
wi

-

‘!
dl
i

e
ZV M 250ns ChZ J  720A

S ) NG | Qe

Figure 3-10: A Math Waveform

Saving and Reca"jng TDS 300 Series oscilloscopes have two reference waveforms. You can use
Waveforms the reference waveforms to store “live” waveforms (channef and math wave-

forms). You can alsa shift a stored waveform fram one reference waveform
to the other.

Reference waveiorms respond just like tive wavefarms to changes in vertical
position and scale, but they do not respond 1o horizontal scale adjustments.
There is no way to horizontally expand a reference waveform.

To save a live waveform to a reference waveform, press one of the reterence
waveform buttons (REF 1 or REF 2) shown in Figure 3-11.

mmMmMmmM™mMMmMMMMMA MM AW e = =

(/!
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Manipulating Waveforms

_VEHTICAL“
OCHT Y % POSITIGN

-

VERTICAL
ERU—

VOLTS/DI

OREF 1

Ref 1 —={(__)

OREF 2

Ref 2 > Q WAVEFORM OFF
/J
PROBE COMP
@?7 =
= 5wl

-

Figure 3-11: The Reference Waveform Buttons

If the selected reference waveform already holds a waveform, it appears on
the screen. A side menu also appears; select one of these options from the
side menu (see Figure 3-12).

m  Press Save CH1 to Ref(x) to save the channel 1 waveform to the se-
lected reference waveform.

Press Save CH2 to Ref(x) to save the channel 2 waveform to the se-
lected reference waveform.

Press Save MATH to Ref{x) to save the math waveform to the selected
reference waveform.

Press Save Ref(y) to Ref(x) to save the unselected reference waveform
to the selected reference waveform. (For example, Ref2 to Ref1 or Ref1
to Ref2.)

Press Horizontal Position to toggle between the Lock and Independent
modes. In Lock mode, the horizontal position of the selected reference
waveform is locked to the live waveforms. In Independent mode, the
selected reference waveform is independently positionable.

NOTE

if you save a waveform to a “full” reference waveform, its previous
contents will be overwritten.
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Manipulating Waveforms

Tek Run: 1MS/$

Sampie

Horizontai PosHion:

Ref2

Save

CHI
to Relz

Save
H2
to Ref2

Save
MATH
to Ref2

—_———
Save

Reft
ko Rel2

[

-

OO

J

Figure 3-12: A Reference Waveform Menu

The reference waveforms maintain their contents indefinitely, regardiess of
the power state or setup of the instrument. To remove a selected reference
waveform from the display, press WAVEFORM OFF. To recall a reference

waveform simply press its front panel button (REF 1 or REF 2).
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Triggering

TDS 300 Series oscilloscopes have two triggers: a standard edge trigger
and a video trigger. To access trigger settings and features, press the TRIG-
GER MENU button, shown in Figure 3-13.

a .
b~
S
3
=

TRIGGER
EN
—

MENU
E SET LEVEL FORCE
TO 50%

O TRGD
O ReADY
TRIGGER

o OO

M TRIGGER NI
;a eveL
L Trigger Mernu

=

Figure 3-13: The TRIGGER MENU Button

This button calls up one of two menus: the edge trigger menu or the video
trigger menu. Press the leftmost main menu button to switch between the
two trigger menus.

Edge Triggering The edge trigger triggers on the rising or falling edge of the input signal. You
can access edge trigger settings through the edge trigger menu, shown in
Figure 3-14. Be sure the leftmost main menu selection indicates Type Edge.

C
=
=
~
=
=
=
=
=
E
=
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Triggering

— )

Tek Run: 1MS/3 Sample

Edge Sourcq

Ext/10

.
M Seus Chl 5 -16omv|  AC "o

X AT Line

" Coupling | Slope Level Mode Holdoff
Eggg BT + ~160mY | Normal 300Ns5

KCZDC:)(:)(DQ(:)CDJ

Figure 3-14: The Edge Trigger Menu

Use the edge trigger menu to perform these tasks.

Select the Trigger Source — Press the main menu button Source. Use
the side menu to select from these options.

Press Ch1 or Ch2 to set the trigger source to one of the input channels.

Press Ext or Ext/10 to set the trigger source to the EXT TRIG input on
the front panel. Ext/10 attenuates the external input signal by a factor of
ten. Note that while the instrument can trigger on external trigger sig-
nals, it cannot display them.

Press AC to set the trigger source to the oscitioscope line voltage signal.

Select Trigger Coupling — Press the main menu button Coupling. Use
the side menu to select from these options.

Press DC to select DC coupiling.
Press AC to select AC coupling.

Press HF Reject 1o setect high frequency reject mode. High frequency
rejection removes the high frequency portion of the triggering signal.
This allows only the low frequency components to pass on to the trig-
gering system. High frequency reject mode attenuates signals above
30 kHz. ' :

Press LF Reject to select low frequency reject mode. Low frequency
rejection is the opposite of high frequency rejection. Low frequency
reject mode atienuates signals below 80 kHz.

Operation
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Triggering

m  Press Moise Reject to select noise reject mode. Noise rejection provides
DC low sensitivity, but it requires additionat signal amplitude for stable

triggering.

Change Trigger Slope — Press the main menu button Slope. Use the
top two side menu butions to switch between positive-going and negative-
going slope.

Adjust Trigger Level — Press the main menu button Level. Use the side
menu to select from these options.

x Use the General Purpose Knob to adjust trigger level. (Note that this
selection performs the same function as the trigger LEVEL knob on the
front panel.)

Press Set to TTL to automatically set the trigger level to the TTL switch-
ing threshoid.

Press Set to ECL to automatically set the trigger level to the ECL switch-
ing threshold.

Press Set to 50% 1o set the trigger level to the midpoeint of the trigger
source signal. (Note that this selection performs the same function as
the SET LEVEL TO 50% button on the front panel.)

Select Trigger Mode — Press the main menu button Mode. Use the side

menu to select either Auto or Normal mode.

in normal trigger mode, the oscilloscope waits for a valid trigger from the
trigger signal source. In auto trigger mode, the oscilloscope produces an
internal trigger in the absence of other trigger events.

At horizontal scale seftings of 100 ms per division and slower, auto frigger
mode switches to an untriggered roll display. When the display is in “roll”
mode the envelope and average acquisition modes does not work properly,
and the display does not show a trigger “T" on the waveform.

Adjust Holdoff — Press the main menu button Holdoff to activate the
General Purpose Knob. Use the knob to adjust holdoff; the TDS 300 Series
have a holdoff range of 500 ns to 10 s. Press the side menu button Set to
Min to quickly set the holdoff to 500 ns.

TDS 310, TD'S 320, & TDS 350 Instruction Manual




Taking Measurements

TDS 300 Series oscilloscopes have two features that make them easy for

you to obtain quantitative data from a displayed waveform: automated
measurements and cursors.

Automated The oscilloscope can perform 21 different automated measurements on a

waveform (four measurements at any one time). To access these measure-
Measurements ments, press the MEASURE button, shown in Figure 3-16.

Measure

AUTOSET UTILTY MEASURE  ((HARDGORY )  RUN/STOP )

O OO -

SAVERECALL
SETUP CURSCR DISFLAY AGQUIRE

O O O L

Figure 3-16: The MEASURE Button

The MEASURE button activates the measure menu, shown in Figure 3-17.
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Taking Measurements
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Figure 3-17: The Measure Menu and Active Measurements

Use the measure menu to perform the foliowing tasks.

Activate a Measurement — Use this procedure to activate a measure-
ment for the selected waveform.

1. Press the main menu button Select Measrmnt for....

2. If necessary, press the lowermost side menu button (labeled —more— x
out of 6) to page through the available measurements until the mea-
surement you want to take appears in the side menu.

3
-
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=
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=
b
b
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Then press one of the top four side menu buttons 1o activate a particular
measurement.

The measured values appear o the left of the side menu, as shown in
Figure 3-17. For definitions of the available measurements, see Tabie 3-1.

NOTE

Measurements only remain active while the channel is active. If you
aclivate several measurements for a channel and then press the
WAVEFORM OFF button, the measurements disappear just like the
waveform.

Operation




Taking Measurements

Table 3-1: Measurement Definitions

Definition

Period

Timing measurement. Time it takes for the first complete signal cycle to hap-
pen in the waveform or gated region. The reciprocal of frequency. Measured
in seconds.

Frequency

Timing measurement for the first cycle in the waveform or gated region. The
recipracal of the period. Measured in Hertz (Hz) where 1 Hz = 1 cycle per
second,

Positive Width

Timing measurement of the first pulse in the waveform or gated region. The
distance (iime) between MidRef (default 50%) amplitude points of a positive
pulse.

Negative Width

Timing measurement of the first pulse in the waveform or gated region. The
distance {time) between MidRsf (default 50%) amplitude points of a negative
pulse.

Rise time

Timing measurement. Time taken for the leading edge of the first pulse in the
waveform or gated region to rise from a Low Ref value (default = 10%) to a
High Ref value (default = 90%) of its final value.

Fall Time

Timing measurement. Time taken for the falling edge of the first puise in the
waveform or gated region to fall from a High Ref value {default = 90%} to a
Low Ref value (default =10%) of its final value.

Positive Duty
Cycle

Timing measurement of the first cycle in the waveform or gated region. The
ratio of the positive pulse width 1o the signal period expressed as a percent-
age.

PositiveWidth % 100%

PositiveDutyCycle = Period

Negative Duty
Cycle

Timing measurement of the first cycle in the waveform or gated region. The
ratio of the negative pulse width to the signal period expressed as a percerit-
age.

NegativeWidth

Period x 100%

NegativeDutyCycle =

Burst Width

Timing measurement. The duration of a burst. Measured over the entire wave-
form or gated region. - .

Positive
Qvershoot

Voltage measurement over the entire waveform or gated region.

Max — High

Amplitude X 100%

PositiveOvershoof =

Negative
Overshoot

Voltage measurement. Measured over the entire waveform or gated region.

Low ~ Min . 4000,

Negatj =
egativeQOvershoot Amplitude

The value used as 100% whenever High Ref, Mid Ref, and Low Ref values are
needed (as in fall time and rise time measurements). Measured over the entire
wavetorm or gated region. . ’

TDS 310, TDS 320, & TDS 350 Instruction Manua!
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Table 3-1: Measurement Definitions (Cont.)

Definition

The value used as 0% whenever High Ref, Mid Ref, and Low Ref values are
needed as in fall time and rise time measurements. Measured over the entire
waveform or gated region.

Maximum

Voltage measurement. The maximum amplitude. Typically the most positive
peak voltage., Measured over the entire waveform or gated region.

Minimum

Voltage measurement. The minimum amplitude. Typically the most negative
peak voltage. Measured over the entire waveform or gated region.

Peak to Peak

Voltage measurement. The absolute difference between the maximum and
minimum amplitude in the entire waveform or gated region.

Amplitude

Voltage measurement. The high value less the low value measured over the
entire waveform or gated region.

Amplitude = High — Low

Mean

Voltage measurement. The arithmetic mean aver the entire waveform or gated
region.

Cycle Mean

Voltage measurement. The arithmetic mean over the first cycle in the wave-
form, or the first cycle in the gated region.

Cycle RMS

Voltage measurement. The true Root Mean Square voltage over the first cycle
in the waveform, or the first cycle in the gated region.

RMS

Voltage measurement. The true Root Mean Square voltage over the entire
waveform or gated region.

Remove a Measurement — Press the main menu button Remove
Measrmnt. Use the top four side menu buttons to remove specific measure-
ments or use the lowest side menu button to remove all measurements.

Use Gating — By default, TDS 300 Series oscilloscopes take automated
measurements on the entire waveform record. if you want a measurement of
only a portion of the waveform, you can use gating to mark the boundaries
of that portion. Use this procedure to “gate” a signal.

1. Press the main menu button Select Measrmnt for....

2. If necessary, press the lowermost side menu button (labeled —more— x
out of 6) to page through the available measurements untit the mea-
surement you want {0 take appears in the side menu.

Then press one of the top four side menu buttons to activate a particuiar
measurement.

Press the main menu button Gating.

Press the side menu button Gate with V-Bar Cursors.

Use the General Purpose Knob to set one cursor 1o the left edge of
your gate.

Operation
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Taking Measurements

7. Press TOGGLE.

8. Use the General Purpase Knob to set the other cursor 1o the right edge
of the gate. All automated measurements now take data only from the
portion of the waveform that is within the gate.

Press Gate Qff to turn gating off.

NOTE

Gate Off deactivates the gating function, but it does not deactivate
the vertical cursors. Deactivate the cursors from the cursor renu as
described in the next section.

Switch High-Low Setup — Press the main menu bution High—Low
Setup to change the way the measurement system determines the high and
low levels of waveforms. Use the side menu 1o select from these options.

B Press Histogram to set the evels statistically. The oscilloscope attempts
to find the highest density of points above and below the midpoint,
ignoring spikes. This method works well for measuring square waves
and pulse waveforms.

Press Min—Max to s&t the levels to the lowest amplitude (most nagative)
and highest ampiitude (most positive) samplas.

Set Reference Levels —- Press the main menu button Reference Levels
1o set the high, middle, and low reference levels. The oscilloscope uses
these levels for rise time, fall time, width, and overshoot measurements. Use
the side menu to select from these options.

m  Press Set Levels in to toggle the units of the reference levels. Switch
between volts and percent.

Press High Ref, Mid Ref, or Low Ref to select a particular reference
level. Use the General Purpose Knob to alter the selected reference
level. The defaults are 80%, 50%, and 10%, respectively.

Ta king You can also take quantitative measurements of a waveform with the cursor

Measurements with system. To take measurements with cursors, follow this procedure,

Cursors 1. Press the front panel button CURSOR, shown in Figure 3-18, The CUR-
50R button calls up the cursor menu, shown in Figure 3-19.

TDS 210, T2S 320, & TDS 350 Instruction Manual




Taking Measurements

Cursor

-?::m

AUTOSET UTILTY MEasURe  ( HARDCOPY ) { AUNMSTOR
s o OO OO
e

SAVE/RECALL
SETUP CURSCR DISPLAY ACQUIRE

-

Figure 3-18: The CURSOR Button
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Figure 3-19: The Cursor Menu

2. If you want to take a time measurement in Hertz instead of seconds,
press the main menu button Time Units and use the side menu 1o
switch between the two.

3. If the main menu selection Function is not highlighted, press its main
menu button.

4. Use the side menu to select the type of measurement you want to take.
Select H Bars to take a voltage measurement, select V Bars to take a
time measurement, or select Paired to take simuitaneous voltage and
time measurements.

T

Operation
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5. Use the General Purpose Knob to move one cursor to a desired mea-
surement point. For example, if you wanted to measure both the peak-
to-peak voltage and period of a sine wave, you would start by moving
one paired cursor to a “trough” (see Figure 3-20).
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Figure 3-20: Paired Cursor Measurements of a Sine Wave

6. Press TOGGLE.

7. Use the General Purpose Knob to move the second cursor to another
desired measurement point. To continue the exampie, you would move
the second cursor to the previous “peak.”

Read the measured value(s) at the upper right corner of the display next
to the A sign(s). Figure 3-20 shows a sine wave with a 5,48 V, ; and a
13.2 us period (6.6 s X 2).
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Warranted Characteristics

Warranted characteristics are described in terms of quantifiable performance
limits that are warranted. This subsection lists only warranied
characteristics.

NOTE

In these tables, those warranted characteristics that are checked in
the Performance Tests, starting on page 6-11, appear in boldface
type under the column Name.

The electrical characteristics found in these 1ables of warranted characteris-
tics apply when the oscilloscope has been adjusted at an ambient tempera-
ture between +20° C and +30° C, has had a warm-up period of at least

20 minutes, and is operating at an ambient temperature between —10~ C
and +55° C (unless otherwise noted).

Performance
Conditions

Table 4-1: Warranted Characteristics — Signal Acquisition System

Name Description

DC Accuracy

+({2.0% = | (reading -
MNet Offset)| + Offset
Accuracy + 0.1 div)

+{2.0% » |reading| + 0.15 div
+ 0.3 mV)

Measurement Type
Average of 216 waveforms

Accuracy, DC Voltage Measurement,
Average Acquisition Mode

Delta voits between any iwo av-
erages of 216 waveforms ac-
quired under the same setup
and ambient conditions

Accuracy, DC Gain, Sample or *2%
Average Acquisition Modes

Pulse Response, Peak Detect and Mintmum Pulse Width

Envelope Mode

Sec/Div Setting

a .
|
3
3
3
=
E
E
=
E
E
E
q
e
g
E
3
|
A
3
]

5 s/div = 25 us/div

10 ps/div — 10 ns/div (TDS 310)
10 us/div — & ns/div (TDS 320)
10 ps/div = 2.5 ns/div {TDS 350)

10 ns

The greater of 10 ng or
.02 x sec/div setting

TDS 310, TDS 320, & TDS 350 Instruction Manual




Warranted Characteristics

Table 4-1: Warranted Characteristics — Signal Acquisition System (Cant.)

Name Description

Accuracy, Offset Volts/Div Sefting Offset Accuracy

2 mV/div — 89.5 mV/div +(0.4% x | Net Offset? |
.'"_3 mV + 0.1 div x V/div set-
100 mV/div = 995 mV/div ting)
*(0.4% x |Net Offset? |
1 V/dliv — 10 V/div +30mV + 0.3 div x Vidiv set-
ung)
+{0.4% x |Net Offset!|
+ 300 mV + 0.1 div = V/div get-
ting)

Analog Bandwidth, DC Coupled DC — =50 MHz (TDS 310)
DC ~ 2100 MHz (TDS 320)
DC — =200 MHz (TDS 350); DC —~ 2180 MHz for 2 mV/div

Cross Talk (Channel Isolation) =100:1 at 50 MHz witt equal Voits/Div settings on each channel

Input impedance, DC-Coupled 1 MQ 1% in paralle! with 20 pF =2.0 pF

mmmmDpmmm m "'

Input Voltage, Maximum +400V (DC + peak AC): derate at 20 dB/decade ahove 100 kHz to
13 V peak AC at 3 MHz and above

Lower Frequency Limit, AC Coupled? 10 Mz

Titet Offset = Offset - (Posftion = Volts/Div). Net offset is the voltage level at the center of the A-D gonverter dynamic range. Offset
Accuracy is the aceuracy of this valtage level.

2The AC Coupled Lower Frequency Limits are reduced by a factor ot 10 when 10X, passive probes are used.

mmm

Tabie 4-2: Warranted Characteristics — Time Base Sysiem

Name Description

Accuracy, Long Term Sample Rate =100 pprm over any 21 ms tnterval
and Delay Time

Accuracy, Defta Time Measure- For single-shot acquisitions using sample acquisition mode and a
ments!: 2 bandwidth limit setting of FULL:

=(1 Wi + 100 ppm x |Reading| + 0.6 ng)

m_m

LI

For repetitive acquisitions using average acquisition maode with
216 averages and a bandwidth [imit setting of FULL:

+{1 Wl + 100 ppm x |Reading| + 0.4 ns)

4
[ )

1For input signais =5 divisions in amplitude and a slew rate of 2.0 divisions/ns at the delta time measurement points. Signat must
be acquirad at a volts/division setting =5 mV/divisian,

2The W {wavelarm interval} is the time between the samples in the waveferm record, Also, see the tootnotes jor Sample Rate Range
and Equivalent Time or Interpolated Wavelorm Rates in Table 3-11 on page 3-12,

specifications




Warranted Gharacteristics

Table 4-3: Warranted Characteristics — Triggering System

Name Description

Accuracy, Trigger Level, DC Coupled  Trigger Source Sensitivity

CH1 or CH2 +(3% of |Setting — Net Offset’|
+ 0.2 div » vols/div setting +
Offset Accuracy)

External +(6% of |Setting| + 20 mV)
External/10 + (6% of | Setting | 200 mV)

Sensitivity, Edge-Type Trigger, DC Trigger Source Sensitivity

Coupled CH1 or CH2 TDS 310: 0.35 division from DC
to 20 MHz, increasing to 1 div at
50 MHz

TDS 32¢: 0.35 division from DC
to 50 MHz, increasing to 1 div at
100 MHz

TDS 380: 0.35 division from DC
to 50 MHz, increasing to 1 div at
200 MHz

External TDS 310: 50 mV from DC to
20 MHz, increasing to 150 mV at
50 MHz

TDS 320: 50 mV from DC to
50 MHz, increasing to 150 mV at
100 MHz

TDS 350: 50 mV from DC to
50 MHz, increasing to 150 mV at
200 MHz

TOS 310: 500 mV from DC 1o
20 MHz, increasingto 1.5 V at
50 MHz

TDS 320: 500 mV from DC to 50
MHz, increasing to 1.5V at 100
MHz

TDS 350: 500 mV from DC 1o 50
MHz, increasing to 1.5 V at
200 MHz

External/10

Input Impedance, External Trigger 1 MQ 2% in parallel with 20 pF =2 pF

Maximum Input Voltage, =400V (DC + peak AC); derate at 20 dB/decade above 100 kHz to
External Trigger 13V peak AC at 3 MHz and above

'Net Offset = Offset - (Position = Volts/Div). Net Offset is the voltage Jevel at the center of the A-D canverter dynamic range. Offset
Accuracy is the accuracy of this voltage level,

TDS 310, TDS 320, & TDS 350 Instruction Manual




Warranted Characterlstics

Table 4-4: Power Requirements

Name Description

Source Voltage and Frequency 80 to 132 VACRgys, continuous range, for 47 Hz through 440 Hz
132 to 250 VACgums, continuous range, for 47 Hz through 63 Hz

Power Consumption <65 Watts (120 VA)

Tahle 4-5; Warranted Characteristics — Environmental, Safety, and Reliability

Name Description

Atmospherics Temperature:

-10° Cto +55° C, operating;
-51° Cto +71° C, non-opérating

Relative humidity:
to 95%, at or below +40° C; t0 75%, +41° Cto +55° C
Altitude:;
To 15,000 ft (4570 m), operating;
to 40,000 ff (12180 m), non-operating
Dynamics Randorm vibration:

0.31 g gms, from 5 to 500 Hz, 10 minutes each axis, operating;
2.48 g pws, from 5 to 500 Hz, 10 minutes each axis,
non-operating

T M M m mMm W ™

m m m

Emissiong? Meets or exceeds the requirements of the following standards:

EN 50081 —1 European Community Requirements
EN 55022 radiated emissions
EN 55022 Class B conducted emissions
EN £0555—2 pawer harmonics

m m

VFG 0243
FCC Rules and Regulations, 47 CFR, Part 15, Subpart B, Class A

Susceptibility? TDS 310 and TDS 320: £+0.2 division waveform displacement, or
=0.4 division ingrease in p-p noise.

TDS 350: =+0.2 division waveform displacement, or =0.4 division
increase in p-p noise below 200 MHz. £+0.3 division waveform dis-
placement, or £x0.6 divisior: increase in p-p noise from 200 MHz to
500 MHz.

The instruments are subjected to the EMI specified in the following
standards:

EN 50082 -1 European Cormmunity Requiréments
IEC 801 —3 radiated susceptibility
IEC 801—4 fast fransients
IEC 801-5 AC surge

mmmm

'Ta maintain emission requirements when connecting to the I/ interface of this oseilloscope, use anly a high-quality, double-shielded
{braid and feil) cable. The cabie shield must have low impedance connections to both connector housings. Acceptable cables are
listed in Table 1-4 on page 1-6.

*Susceplibility test run with both channe) inputs terminated with grounding caps, both channels set to 2 mV/Dly, BC Coupling, the
trigger source sct ta Line, the Acquisition Mode set to Peak Detect, and the time base set to 25 ps/Div.

Specifications
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Typical Characteristics

Typical characteristics are described in terms of typical or average
performance. Typical characteristics are not warranied.

Table 4-6: Typical Characteristics -—— Signal Acquisition System

Name Description

Accuracy, DC Gain, Envelope +3% for sec/div setlings from 5 Sec/Div 1o 25 psec/div;

Acquisition Mode *=2% for sec/div settings from 10 ps/div to 10 ns/div (TDS 310);
+2% for sec/div settings from 10 us/div to 5 ng/div (TDS 320);
+2% for sec/div settings from 10 ps/div to 2.5 ns/div (TDS 350}

Accuracy, DC Voltage Measurement,  Measurement Type DC Accuracy

Sample Acquisition Mode Any Sample £(2.0% x {|reading — Net
Offset'l) + Offset Accuracy
+ 0.13 div + 0.6 mV)}

Delta Volts between any two sam-  =(2.0% x jreading| + 0.26 div
ples? acquired under the same set- +1.2mV)
up and ambient conditions

Frequency Limit, Upper, 20 MHz 20 MHz
Bandwidth Limited

Step Response Settling Error Volts/Div Setting Step Settling Error (%)
Amplitude

™

)

100 ns 20 ms
2 mv/div — 98.5 m\i/div 2V =1.0 =01

100 my/div — =20V =15 =0.2
995 mV/div

1 V/div — 10 Vidiv =200V 2.5 0.2

i-.'_]‘;.-

Cormmon Mode Rejection Ratio 100:1 at 60 Hz, reducing to 20:1 at 50 MHz, with egqual Volts/Div and
(CMRR) Coupling settings on each channel,

)

TNet Offset = Offset — (Position = Volts/Div), Net Offset is the voltage level at the center of the A-D converter dynamig range. Offset
Accuracy is the accuracy of this voitage level.

2The samples must be acquired under the same setup and ambient conditions.

¥Tha values given are the maximum absolute difterence between the value at the end of a specified time interval after the mid-level
crossing of the step, and the value one second after the mid-level crossing of the step, expressad as a percentage of the step
amplitude.

ik

AReference is a 9-div p-p sine wave input sampled at 200 MS/s for the TDS 310, 500 MS/s lor the TDS 320, and 1 GS/s for the
TDS 350.
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Typical Characteristics

*

Table 4-7: Typical Characteristics — Triggering System

Name Description

Error, Trigger Position, Edge Triggering  Acquire Mode Trigger-Position Errorl.2
Sampie, Average =(1 WI + 2 ng)
Peak Detect, Envelope +{2 W| + 2 ng)

Sensttivity, Video-Type Trigger Source Typical Sensitivity

CH1 or CH2 0.6 division of video sync signal
External 75 mV of video sync signal
External/10 750 mV of video sync signal

Lowest Frequency for Successful Qp- 50 Hz
eration of “Set Level to 50%" Function

Sensitivity, Edge Type Trigger, Not DC Trigger Coupling Typical Signal Level for Stable Trig-
Coupled? gering
AC Same as DC-coupled limits? for frequen-

cies above 60 Hz. Attenuates signals
below 60 Hz.

Noise Reject Three and one half times the DC-
coupled limits.4

High Frequency Reject  One and one half times times the DC-
coupled imits? from DC 1o 30 kkz, At
tenuates signals above 30 kkz.

Low Fregquency Reject  One and one half times the DC-coupled
himits® for frequencies above 80 kHz.
Attenuates signals below 80 kHz.

1The trigger positian errors are typically lass than the values glven here These values are for triggering signals havmg a glew rate
at the trigger point of +0.5 division/ns.

IThe waveform interval (W) is the time betwesn the samples in the waveform record. Als0, see the footrote jor the characteristics
Sample Rate Range and Equivalent Time or Imterpolated Waveform Rates in Table 4-11 on page 4-12,

3The minimum sensitivity for obtaining & stable trigger. A stable trigger resuits in 3 uniform, regular display triggered an the
selccted slope. The trigger point must not switch between opposite siopes on the waveform, and the display must not “roll” across
the screen on suseessive acquisitions. The TRIG'D LED stays constantly lighted when the SEC/DIV setting is 2 ms or faster but
may flash when the SEC/DIV setting Is 10 ms ac slowet.

4See the characteristic Sensitivity, Edge-Type Trigger, DC Coupled in Table 4-3, which begins on page 4-5.

Table 4-8: Typical Characteristics — Probe Compensator Qutput

Name Description

Qutput Voltage and Frequency, Characteristic
Probe Compensator Voltage 5.0V (low-high) into a 1 MQ load
Frequency 1 kHz

Specifications
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Nominal Traits

Norminal traits are described using simple statements of fact such as "Two,
identical” for the trait “Input Channels, Number of,” rather than in terms of
firits that are performance requirements.

Table 4-10: Nominal Traits — Signal Acquisition System

Name

Description

Bandwidth Seiections

20 MHz and FULL

Digitizers, Nurnber of

Two, identical, digitized simultaneausly

Digitized Bits, Number of

8 bits!?

Imput Channels, Number of

Twa, identical, called CH 1 and CH 2

Input Coupling

DC, AG, or GND

Ranges, Cffset, All Channels

Volts/Div Setting

2 mV/div — 92.5 mV/div
100 mV/div — 995 mV/div
1 Vidiv — 10 Vidiv

Offset Range
+1V

=10V
+100V

Range, Position

+5 divisions

Range, Sensitivity?

2 mV/div to 10 V/div

Rise Time

TDS 310: 7 ns
TDS 320: 3.5 ng
TDE 350: 1.75 ns

TekProbe Interface

Level one probe coding

'Displayed vedieally with 25 digitization levels {DLs) per division and 10.24 divisions dynamic range with zoom off. A DL is the small-

est voltage Yevel change that the 8-bit A-D Convarter can resolve, with the input scaled 1o the volts/division setting of the ¢hannet used.
Expressed as a voltage, 3 DL is equal to 1/25 of a division times the volts/division setting.

“The sensttivity ranges fram 2 mV/div to 10 V/div in a 1-2-5 sequence of coarse settings. Between consecutive coarse settings, the
sensttivity ¢an be finely adjusted with 3 resolution of 1% of the more sensitive setting. For exampie, between 50 mV/div and 100 mv/
div, the volts/division can be set with 0.5 mV rasolution.

TDS 310, TDS 320. & TDS 350 Instruction Manual




Naminal Traits

Table 4-11: Nominal Traits — Time Base System

Name

Description

Range, Sampie-Rate1.2

TDS 310: 10 Samples/s to 200 MSamples/s in a 1-2~5 sequence
TDS 320: 10 Samples/s to 500 MSamples/s in a 1-2-5 sequence
TDS 350: 10 Samples/s to 1 GSamples/s in a 1—-2=5 sequence

Range, Seconds/Division

TDS 310: 10 ng/divto 5 s/divin a 1-2.5=5 sequence
TDS 320: 5 ng/divto 5 s/divina 1-2.5—5 sequence
TDS 350: 2.5 ns/divto 5 g/divin a 1-2.5-5 sequence

Range, Time Base Delay Time

16.5 ns to 50 seconds

Record Length

1,000 samples

'The range of real-time rates, expressed in sarnples/second, at which a digitizer samples signals at its inputs and stores the samples
in memory to produce a record of time-seguential samples

2The Waveform Rate (WR) is the equivalent sample rate of a wavetorm record. For a waveform record aceuired by real-time sampling
of a single a¢quisltion, the waveform rate is the same ag the real-time sampie rate; for 3 waveform cregted by interpolation of real-time
samples from a single acquisition or by equivalent-time sampling of multiple acquisitions, the waveform rate Is faster than the rea)
time sample rate. For all three casas, the waveform rate s 1/(Waveform Interval) for the waveform record, where the wavelorm interval
(W1) is the time between the samples in the waveform record.

Table 4-12: Nominai Traits — Triggering $ystem

Name

Description

Range, Hold Off

500 ns fminimum to 10 seconhds maximum

Ranges, Trigger Leve!

Source Range

Any Channel +12 divisions from center of screen
External *1.5 Volts

External /10 +15 Volts

Line +300 Volts

Formats and Field Rates, Video Trigger

Triggers from sync-negative composite video, 525 to 625 lines,
50 Hz to 60 Hz, interlaced systerns — such as NTSC, PAL, or
SECAM

TekProbe Interface, External Trigger

Level one probe coding

Table 4-13: Nominal Traits — Display System

Name

Description

GRT Type

7-inch (1795 cm) diagonal, magnetic deflection; horizontal raster-
scan;, P31 green phosphor

Video Display Resolution

640 pixels horizontally by 480 pixels vertically

Display area is 5.04 inch (12.92 ¢rn) horizontally by 3.78 inch
(9.69 cm) vertically

Specifications




Mominal Traits

Table 4-13; Nominal Traits — Display System {Cont.)

Name Description

Waveform Display Graticule A single graticule 401 x 501 pixels (8 x 10 divisions, with divisions
that are approximately 1 cm by 1 crn)

Intensity Leveis Dim and Bright, with adjustable Overall Intensity and Contrast

Table 4-14: Nominal Traits - Interfaces

Description

Fart of Option 14 1/0 interface or TDS3F14 I/O interface field up-
grade kit; complies with IEEE Std 488~1887

Part of Option 14 1/Q interface or TDS3F14 I/0 interface field up-
grade Kit; a 9-pin male DTE RS-232 interface that complies with
EIA/TIA 57480

Centronics Part of Option 14 1/Q interface or TDS3F14 1/0 interface field up-
grade Kit; a 25-pin, IBM PC-type, parallel printer interface that corn-
plies electrically with Centronics ©332--44, Rev A

Table 4-15: Nominal Traits — Power Distribution System

Name Description

Fuse Rating 5mm=20mm, (UL 198 G): 3 A Slow. 250V, (IEC 127): 315 A (T),
250V

Table 4-16: Nominal Traits — Safety Characteristics

Name Description

Safety Certification Listed UL 1244, Category Certified CAN/CSA—-C22.2 No, 231 Se-
fies-Mes9

Table 4-17: Nominal Traits — Mechanical Characteristics

Name Description

Weight

Standard instrument 6.8 kg (15 Ibs) stand-alone instrurnent; -
8.4 kg (18.5 Ibs) with front cover, accessories, and accessories
pouch installed;
12.7 kg (28 1bs) when packaged for domestic shipment

TDS 310, TDS 320, & TDS 350 Instruction Manual




e Tl MM A T S T R 1 i e it

Performance Verification

These procedures verify the TDS 310, TDS 320, and TDS 350 two channel
vscilloscopes. Depending on what you want to accomplish, you may only
need to perform a few of these procedures.

= To rapidly confirm that this oscilloscope functions, just do the proce-
dures under Se/f Tests, which begin on page 6-5.

Advantages: These procedures are quick to do, require no external
egquipment or signal sources, and perform extensive functional and
accuracy testing to provide high confidence that the osciloscope per-
forms properly. You can use them as a quick check before making a
series of important measurements.

To further check functionality, do the procedures under Functional Tests
that begin on page 6-7.

Advantages: These procedures require minimal additional time to
perform, regquire no additional equipment other than a standard-acces-
sory probe, and more compistely test the internal hardware of this
osciloscope. You can use them to quickly determine if the oscilloscope
is suitable for putting into service, such as when it is first received.

If you need a more extensive confirmation of performance, do the Perfor-
mance Tests, beginning on page 6-11, after doing the Functional and
Self Tests just referenced.

Advantages: These procedures add direct checking of warranted
specifications. They require more time and suitable test equipment. (See
Equipment Required on page 6-3.)

Conventions Throughout these procedures the following conventions apply:
= Each test procedure uses the following general format:
Title of Test
Equipment Required
Time Required
Prerequisites
Procedure

Refer to Figure 6-1: “Main menu” refers to the menu that labels the
seven menu buttons under the display. “Side menu” refers to the meny
that labels the five buttons to the right of the display. “Pop-up menu”
refers to a menu that pops up when a main menu button is pressed.
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Performance Veyification

m  Where instructed to use a front-panel button or knob, select from a main
or side menu, or verify a readout or status rmessage, the name of the
buttan or knob appears in boidface type.

Instructions for menu selection follow this format: FRONT PANEL BUT-
TON — Pop-Up (if necessary) — Main Menu Button — Side Menu
Button. For example, “Push TRIGGER MENU — Type: Video -~ Trig-
ger On -+ Any Line.”

This symbol denotes information you musi read to do the procedure
properly.

Side Menu
Tek Rurr: 200k5/s  sample
{

Signal Path
Coin

A M o e e

N
Signal Path Compensation (3PC) corrects for DC ' O
inadccucacies caused by temperatura variations
andsor fong-term drift. SPC can be run any
time after {he oscilloscope s warmed up, and

should be run whenever the osciiloscope’s
ambien temperarure has changed by more
than 5°C or once z week If vertical settings

of 5 mv/div or less are used. O

m

SPC will be adversely affected by input signals
with AC components, Dlsconnect ar otherwise
remove Lhese signals prior to running SPC.

SPC will take approximately 4 minutes 1o run.

m

Pap-Up Menu / M2sops ch2 r 2domv] } OK
mpensa
Sidval Palts

Tinting ' !

Voltaga
Reference Pass

OO S

Main Menu

Figure 6-1: Menu Locations
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Performance Verification

Test Equipment These procedures use external, traceable signal sources {o directly check
instrument performance, If your test equipment does not meet the minimum
requirements listed in Table 6-1, your test results will be invalid.

Table 6-1: Test Equipment

Item Number and Minimum Reguirements Example FPurpose
Description
1 Termination impedance 50 (; connectors:  Tektronix part number Checking delay

50 O fernale BNC input, male ENC  011-0049-01 between channels
(two required) output

Cable, Precision 50 Q, 91 cm (36 in), male to Tektronix part number Signal
Coaxial (two re-  male BNC connectors 012-0482-00 interconnection
guired)

Connector, Female-BNC to dual-banana  Tektronix part humber Several accuracy
Dual-Banana 103-009-00 tests

Connector, Male-BNC 1o dual-fermnale- Tektronix part number Checking trigger
BNC “T" BNC 103-0030-00 sensitivity

Coupler, Fernale-BNC to dual-male- Tektronix past number Checking delay
Duai-Input BNC 067-0525-02 between channels

Generator, DC Variable amplitude to =110 V;  Data Precision 8200 Checking DC offset,

Calibration aceuracy 10 0.1% gain, and
measurement

acouracy

Generator, 200 kHz to 250 MHz; varighle  TEKTRONIX 8G 503 Levelad Checking trigger
Leveled Sine amplitude from 5 mVto 4 V., Sine Wave Generator sensitivity at low
Wave, Medium-  into a0 O . frequencies
Frequency

Gererator, Time  Variable marker frequency TEKTRONIX TG 501A Time Checking sample
Mark from 10 ms to 10 ns; Mark Ganerator rate and delay-time
accuracy within 2 ppm accuracy

Probe, 10X, A P6109B (TDS 310 and Tektronix number Signal interconnec-
included with TDS 320) or P§1118 P6109B (TDS 310 and tion
thisinstrument  (TDS 350) probe TDS 320) or

PE111B (TDS 350)

Test Record Photocopy the next page and usge it to record the performance test results
for your instrizment,
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Performance Verification

TDS 310, TDS 320, and TDS 350 Test Record

Instrument Serial Number: ' Certificate Number:
Temperature: RH 9%:
Date of Calibration: Technician:

Performance Test Minimurn Incoming Qutgoing Maximurm

DC Voltage Measurement ACclUracy

CH1 VOLTS/DIV 1V +897.1V +989V
200 mv +8.28V +8.52Y
50 mv? —581 mV -619mv
50 mvZ -881 mv 919 mv
Agts0myv +286 mV +314 mV
10 mv +54.6 mV +65.4 my
5my —a82 my -~998 mv

CH2 VOLTS/DIV 1V +97.1V +989V
200 mV +8.28V +8.52V
50 my! —581 my -619 mv
50 mv= —881 mv 919 mV
A at 50 mv +286 mv w314 my-
10 mV +54.6 mv +65.4 mvV
5my —982 mV —998 mV

m M| M m M m ™ N

Analog Bandwidth

425 mv

425 mV

Long Term Sample Rate and Delay Time Accuracy

—2.0 Div « +2.0 Div

m m M| m m

Edge Trigger Sensitivity, DC Coupled

Main Trigger stable trigger
Main Trigger — Falling stable trigger

1 Generator set at —0.6 V.

2 Generator setat ~09 V,

rw i

%

Performance yverification
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Self Test

This procedure uses internal routines to verify that the oscilloscope functions
and passes its internal self tests and signal path compensations. It also
confirms that the oscilloscope was adjusted properly at the time it was fast
adjusted. No test equipment or hookups are required.

Equipment Required: Nore.
Time Required: Approximately 5 minutes.

Prerequisites: Power up the oscilloscope and allow a 20 rinute warm-up
before doing this procedure.

Procedure:

1. Press UTILITY — System: Diag — Execute — OK Confirm Run Test.
The internal diagnostics verify proper oscilloscope function. This verifica-
tion takes about 30 seconds. While it progresses, a variety of test pat-
terns flash on screen. When finished, status messages appear on the
screen,

Check that the screen reports no failures. If it reports a failure, the instru-
ment has failed the self test, Proceed immediately to the troubleshooting
procedurs on page 8-30.

Press CLLEAR MENL,
Press UTILITY — System: Cal.

Check that the word Pass appears in the main menu under the Voltage
Reference, Timing, and Ext Trig menu labels. (See Figure 6-2.) If any of
the labels read Fail, the instrument has falled the self test, Proceed
immediately to the system calibration procedure on page 7-2.
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Self Test

sigral Path
Compensalior

signal Path Compensation (SPC) corrects for UG‘[
inaccuracies caused |J_%’ temperaiure variations
?gmmlf'llont —term_ﬁ‘.n L. SPC can be &(}m any J
i i ime after the oscilloscope is warmed up, an
First, display the ' showld be run whenever the oscilloscope’s
ambient temperature has changed by more
than 5°C or ohwe a week if vertical settings

Second, verify Pass of Smv/div or less are used.

status for the SPtch\:ﬂ be adversely affectad bytinput‘slgna!s

; : i omponents. Disconnect ofF othetwise
adjustmentsections. remove tRese sighals prior to running SPC.

SPC will tage approximately 4 minutes to yun.

Third, run a signal path - T
. config oK
compensation and 1/Q M250us Chz /- 240mv) .
’ - gmpensale
Signal  gRpiens T Rieina
w SYSlem path Reference T'Fzgs"s"g Trigger
- ol pass Pass pass

L@QDDOO@

Figure 6-2: Verifying Adjustments and Signal Path Compensation

B. Press Signal Path — OK Compensate Stgnal Paths. When compensa-
tion completes, the status message updates to Pass or Fail in the main
menu

Check that the word Pass appears under Signat Paih in the main menu.
{See Figure 8-2.} 1f Pass does not appear, the instrument has faiied the
periormance verification; return it to Tekironix for servicing.

l
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Functional Test

The purpose of this procedure is to confirm that the oscilloscope functions
properly.

This procedure verifies functions; that is, it verifies that oscitloscope
features aoperate. It does not verify that they operate within limits.

Therefore, when the instructions that follow calt for you to verify that
a signal appears on-screen “that is about five divisions in amplitude”
or "nas a period of about six horizontal divisions,” ete., do NOT
interpret the quantities given as limits. Operation within limits is
checked in Performance Tests, which begin on page 6-11.

DO NOT make changes to the froni-panel settings that are not

@ called out in the procedure. If you make changes to these settings
other than those called out in the procedure, you may obtain invalid
results. In this case, just redo the procedure from step 1.

NOTE

If the oscilloscope fails any of these checks it has failed the perfor-
mance vetification. To diagnose the causes of & failure, proceed to
the troubleshooting procedures on page 8-27.

Egquipment Required: One PE109B (TDS 310 and TDS 320) or PE111B
{TDS 350) probe (lterm 9).

Time Required: Approximately 5 minutes,
Prerequisites: None.
Procedure:

1. Install the probe on CH 1. Connect the probe tip to PROBE COMP on
the front pane!l; leave the probe graund unconnected. (See Figure 6-3.)
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* Functional Test

Figure 6-3: Hookup for Functional Test

Press SAVE/RECALL SETUP — Recall Factory Setup — OK Confirm
Factory Init.

Press AUTOSET

Set the VOLTS/DIV to 1 V. Use the vertical POSITION knob to center the
waveform vertically on screen,

Set the SEC/DIV to 250 ps.

Check that a square-wave probe-compensation signal of about five
divisions in amplitude is on screen. (See Figure 6-1 on page 6-2 to
locate the readout.)

Check that one period of the square wave probe-compensation signal is
about four horizantal divisions on screen.

Check that the horizortal POSITION kneb positions the signal left and
right on screen when rotated.

Press TRIGGER MENU — Mode — Normal.

. Check that the trigger level readout for the main trigger system changes
with the trigger LEVEL knob.

. Check that the trigger-leve! knob can trigger and untrigger the square-
wave signal as you rotate it. (Leave the signal untriggered.)

. Check that pressing SET LEVEL TO 50% triggers the signal that you
just left untriggered.

. Press ACQUIRE — Mode — Sample,

. Check that the instrument displays an actively acguiring wavetorm
or-screen, {Note that there is noise present on the peaks of the square
wave.) ‘

. Press the side menu button Peak Detect. Check that the ingtrurent
displays an actively acquiring waveform on screen with the nose peak
detected.”

Performance Verification




Functional Test

. Press the sigde menu button Envelope. Check that the instrument dis-
plays an actively acquiring waveform on screen with the noise dis-

piayed.

. Press the side menu button Average. Cheack that the instrument dis-
plays an actively acquiring waveform on screen with the noise reduced.

. Press WAVEFORM OFF to remove Channel 1 from the display.
. Press CH 2 gnd move the probe to the CH 2 input,
. Repeat steps 3 through 17 for Channel 2.

. Disconnect the prabe fram the channegl input and the PROBE COMP
terminal.
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Performance Tesis

The procedures are in three groupings: Signal Acquisition System Checks,
Time Base System Checks, and Triggering Systerm Checks. They check all
the characteristics that appear in boldtace type under Warranted
Characteristics on page 4-3,

Prerequisites

The tests in this subsection comprise an extensive, valid confirmation of
performance and functionality when the following requirements are met;

m  The cabinet must be installed.

n  You must have performed and passed the procedures under Self Tests,
on page 6-5 and those under Furictional Tasts, on page 6-7.

The digitizing oscilloscape must have been operating for 8 warm-up
period of at least 20 minutes, and must be aperating at an ambignt
temperature between —10° C and +55° C.

Signal Acquisition
System Checks

These procedures check signal acquisition system characteristics that are
listect as chacked under Warranted Characterfstics in the Specifications
section.

Check DC Voltage Measurement Accuracy

WARNING

Ferformance of this procedure requires input voltages up to
98 VDC. Contact with live circuits coidd cavse injury or death, Be
sure to set the DC calibration generator to 0 voits before connect
ing, disconnecting, andfor moving the test hookup during the
performance of this procedure.

Equipment Required: One dual-banana connactor (Item 33, one DC calibra-
tion genarator {(tern 6}, and one precision coaxial cable (ltern 2).

Time Required: Approximatety 35 minutes.

Prerequisites: The oscilloscope must mee! the prerequisites listed on
page 6-11, ‘

Procedure:

1, Setthe output of a DC calibration generator 1o 0 volts,
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Pertormance Tesis
W

Connect the ouiput of a DC calibration generator through a dual-banana
connector followed by a 50 Q precision coaxial cable to CH 1, as shown
In Figure 6-4,

Quipyt Sense

LT ——

Lo

o
DC Calibrator 8
0
0

Lgoooocooo

[

Dwal Banana to .
BNC Adapter

Coaxial Cable

Figure 6-4: Hookup for DC Voltage Measurement Accuracy Check

Press SAVE/RECALL SETUP -+ Recall Factory Setup -+ OK Confirm
Factory Init,

Press ACQUIRE — Mode — Average 16.
Press MEASURE — Select Measurement.

Press the side menu button more until the menu label Mean appears in
the side menu. Press the side menu button Mean.

Set the VOLTS/DIV to one of the settings listed in Table 6-2 that you
have not yet checked. (Start with the first setting listed.)

Press VERTICAL MENU -+ Position.

Tabie 6-2: DC Accuracy

Scale Position Offset Generator  Accuracy
Sefting |Setting Setling Setting Limits
{Divs) ’

1V +5 +100V  +98V +97.1Vio 4989V

200 mv +10V +84V +8.28Vio +8.52V

50 mv -1V -08V —581 mVio —619 mV

50 mv -1V ~0.9V —881 mVto —919 mV

A at o +986 mV to +314 mV
50 mv

10 mv +54.6 mV to +65.4 mv

5mV . —982mV to —998 mV

Performance Verification
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Performance Tests

Turn the General Purpose Knob to set the vertical position to the set-
ting listed in Table 6-2. The baseling level moves off screen,

. Press the main menu button Offset.

. Use the General Purpose Knob to get vertical offset to the setting listed
in Table 6-2 for the present vertical scale sefting, The baseline level
rermains off scresn,

. Set the generator to the level and polarity indicated in Table §-2 for the
verical scale, position, and offset settings you have made. The DC test
lavel should appear on screen. (if it does not return, the DC accuracy
check has failed for the present vertica! scale setting of the current
channel.)

. Check that the readout for the measurement Mean readout on screen is
within the lirnits listed for the present vertical scale and position/offset/
generator settings.

. Repeat steps 7 through 13 until you have checked all the vertical scale
settings listed in Table 6-2. Record the measurements for éach of the
50 mV settings.

15, Subtract the second 50 mV measurement from the first and compare the
result to the “A at 50 mV" limits in Table 6-2,

16. Presg WAVEFORM OFF; then, press CH 2.
17, Setthe generator outputto A V.

18. Move the test hookup to the CH 2 input.
19. Repeat steps 5 through 15 for channet 2.
20. Set the generator output to 0 V.

21. Disconnect the cable at the CH 2 input connector,

DC Gain Accuracy

DC gain accuracy is verified by successful completion of the self tests and
the DC voltage measurement accuracy (in the previous procedure).

Offset Accuracy

Offset accuracy is verified by successful completion of the Self Tests and the
DC voltage measurement accuracy (in the previous procedure).

Check Analog Bandwidth

Equipment Required: One medium-freguency leveled sine wave generator
(tem 7). one 50 Q precision cable (ltem 2), and one 50 O termination
{ltem 1).

Time Required: Approximately 20 minutes.

Prerequisites: See page 6-77.
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Procedure:

1.

Connect, through a 50 £ precision cable and a 50 Q termination, the
sine wave output of a medium-frequency leveled sine wave generator to
CH 1 (see Figure 6-5). Set the output of the generator to a reference
frequency of 50 kHz.

Medium
Frequency
Sine Wave
Generator

xO0200 0

Qutput

Q@

C:) { = EFE_m'ENE_é_J @ i @,
\ BJ\ 50 12 Termination

Figure 6-5: Hookup for Analog Bandwidth Check

Press SAVE/RECALL SETUP — Recall Factory Setup — OK Confirm
Factory Init.

Set the SEC/DIV 10 10 ps.

Press TRIGGER MENU — Coupling -~ Noise Rej.
Press ACQGUIRE — Maode — Average 16.

Press MEASURE — High—Low Setup — Min—Max.

Press the main menu button Select Measurement. Now press the side
menu button more until the menu label Pk-PK appears in the side menu.
Press the side menu button Pk-Pk.

Set the VOLTS/DIV t0 10 mV.
Set the generator output so the CHx Pk-Pk readout equals 60 mV.
Press SET LEVEL TO 50% as necessary 1o trigger the display.

. Increage the frequency of the generator output to 50 MHz (TDS 310),

100 MHz (TDS 320), or 200 MHz (TOS 350).

. Set the SEC/DIV to 10 ns (TDS 310}, 5 ng (TDS 320), or 25 ns

(TDS 350).

. Press SET LEVEL TO 50% as necessary to trigger the display.

. Check that the Pk-Pk readout on screen (as shown in

Figure 6-6) is z42.5 mV

Parformance Verification
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Performance Tests

1

\

Tek Rum; 500MS/s  Average
I

seloel i
Measuremenlj
First, increase the reference 1 kK T

frequency to the test - 35.57mV -
frequency; then decrease the I f Ofgf-rg;t’%% .
horizontal scale. fh i : | . —_—

Negafive
avershoot
1
Pk-Pk
1]

1 Amplitude

ICH 1R . ne Chl £ ~nove-
3of6

Remove | Gating H'g?ﬂh‘fw Reference
Second, read the results Mibn | Levels

from the readout of
measurement Pk-Pk.

O )

Figure 6-6: Measuring Analog Bandwidth

. When finished checking, set the SEC/DIV back to the 10 s setting. anc
set the generator output frequency back to 50 kHz.

. Press WAVEFORM OFF to remove Channel 1 from the display.
. Press CH 2 and move the hookup to the CH 2 input.

. Press TRIGGER MENU — Source — CH 2.

. Repeat steps 6 through 13 for CH 2.

. Disconnect the test hook up from the CH 2 input cannector.

Time Base System This procedure checks those characteristics that relate to the Main anc
Delayed time base system and are listed as checked under Warranted
Checks . oo
Characteristics in the Specifications section.

Check Long-Term Sample Rate and Delay Time Accuracy

Equipment Required: One time-marker generator {ltem 8), one precis.n
coaxial cable, (Item 2) and one 50 () termination (item 1).

Time Required: Approximately 5 minutes.

Prerequisites: See page 6-11.
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Performance Tests

Procedure:

1. Connect, through a 50 Q pracigsion coaxial cable and a 50 £ termination,
the time-mark output of a time-marker generator to CH 1, as shown in
Figure 6-7. Set the output of the generatar for 10 ms markers,

=

|

o

g LE(}QCH::’Q:TE'L‘J@
\ j 5@ 2 Tarmination

Figure 6-7: Hookup for Sampie Rate Check

Time-Mark
Generator

Cutput

Press SAVE/RECALL SETUP — Recall Factory Setup — OK Confirm
Factory init,

Set the VOLTS/DIV to 500 mV.

Press SET LEVEL TO 50%; use the vertical POSITION Knob to center
the test signal on screen.

Setthe SEC/DIVic 1 ms.
Press HORIZONTAL MENU — Trigger Position — Set to 10%.

Adjust the horizontal POSITION to move the trigger T ta the right and on
to the screen. Continue to position the trigger T 1o align it to the center
vertical graticule line.

Press the main menu bution Time Base; then press the side meny
button Delayed Only. -
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Performance Tests

9. Setthe SEC/DIV of the D (delayed) time base t0 1 ms. Then use the
General Purpose knob to set delay time to 10 ms.

10. Set the SEC/DIV of the D (delayed) time base to 500 ns.

NOTE

When you change the SEC/DIV in step 10, the delay time readout
changes to 70.00007 or 8.99999. This is normal and has no effect
on the verification

11. Check that the rising edge of the marker crosses the center horizontal
graticule ling at a point within £ 2.0 divisions of center graticule,

12. Disconnect the test hookup.

Delta Time Measurement Accuracy

Delta tirne measurement accuracy is verffied by successful completion of the
pravious procedure.

Trigger System
Checks

These proceduras check those characteristics that relate to the trigger
system and are listed as checked under Warranted Characteristics in the
Specifications section.

Check Edge Trigger Sensitivity, DC Coupled

Equipment Required: One medium-frequency iaveled sine wave génerator
(ltem 7), two precision 50 Q coaxial cables (ltem 2), one 50 Q termination
(itern 1), and one BNC T connector (tem 4).

Time Required: Approximately 10 minutes.
Prerequisites: 5ee page 6-171,
Procedure:

1. Press SAVE/RECALL SETUP ~ Recall Factory Setup — OK Confirm
Factory Init.

Set the VOLTS/DIV to 500 mV.

Set the SEC/DIV to 10 ns.

Press TRIGGER MENU — Mode — Normal,
Press ACQUIRE — Mode — Average 16.

Connect one 50 €} cable to the output of the sine wave generator. Attach
a BNC T connector to the other end of the cable. Connect a second
50 Q cable to the other side of the BNC T connector, ‘
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7. Connect the BNC T connector to CH 1; connect the cable to the
EXT TRIG input through a 50 £ termination as shown in Figure 6-8.

Maeadjum
Frequency
Sine Wave
{denerator

Cuip

3

o Ext Trigger

50 {7 Terminatian

Figure 6-8: Hookup for Trigger Sensitivity Check

8. Setthe generator frequency to 50 MHz (TDS 310). 100 MHz (TDS 320),
or 200 MHz (TDS 350},

9. Press MEASURE — High-Low Setup — Min-Max.
10. Press the main menu bution Select Measurement.

11. Press the side menu button —more— until Amplitude appears in the
side menu. Press the side menu buiton Amplitude.

12. Presg SET LEVEL TO 50%.

13. Set the test signal amplitude for about one division on screen. Fine
adjust the generator output until the CH 1 Amplitude readout indicates
the amplitude is 500 mV. (Readout may fluctuate argund 500 mV)

14. Press TRIGGER MENU — Slope.

15. Press SET LEVEL TO 50%. Check that a stable trigger is obtained for
the test wavetortm on both the positive and negative slopes (see Fig-
ure 8-8). (Use the side menu 10 switch between rigger slopes; use the
trigger LEVEL knob 1o stabilize the trigger if required.)

Parfarmance Verification
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-

Tek Run: 5000MS/s  Average
: £

£dge Slope l

) . . F Ampl '
First, set a signal with an Shtame

amplitude at the minimum

trigger sensitivily.

Second, check for a stable
trigger at both the positive
and negative slope settings.

500mv M dons Ch1 . 1omVv

source | Ceupling Level nMode Holdoff
[},’gg ch1 0c Tomv | Normal | 500ns

CDCDQ(DJ

Figure 6-9: Measuring Trigger Sensitivity

16. Press WAVEFORM OFF.

17. Press CH 2.

18. Press TRIGGER MENU — Source — Ch2.

19. Disconnect the hookup from CH 1 and connectitto CH 2.~
20. Set the VOLTS/DIV to 500 mV.

21. Repeat steps 14 and 15 for Channei 2.
22. Press TRIGGER MENU -+ Source — EXT/10.

23. Press MEASURE — Select Measrmnt — Amplitude.

24. Increase the generator amplitude until the amplitude measurement
reads 1.5 V.

25. Repeat steps 14 and 15 for the external trigger.

26. Disconnect the test hookup.

Trigger Level Accuracy, DC Coupled

Trigger level accuracy is verified by the successfu! completion of the Self
Tests and the DC voltage measurement accuracy procedure on page 6-11.
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