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1 Key Fealures

The LeCroy 9304, 9310 and 9314 series digital oscilioscopes pro-
vide a set of powerful featurss for a wide range of applications. Not
only do they allow two- or four—channel simultangeus, high speed
single—shot capiurs, but their extensive capabiiities and 10 giga-
samples/s repetitive sampling make them invaluable as fast,
general-purpose cscilloscopes as well.

The oscilloscopes’ key features include:

» 300 MHz bandwidth (175 MHz for the 9304}

» 100 megasamples/s digitizing rate for transient signals
» 10 gigasamples/s digitizing rate for repetitive signals

« 10K, 50K (M models) or 1M (L medeis) of acquisition memory per
channel

+ Advanced triggering capabiiities including TV and Glitch trigger
» Autornatic waveform measurements

« Automatic Pass/Faill testing

o Ultra fast Memory Card or Floppy Disk storage {option)

« Vertical resolution up o 11 bits

+ High—resolution display {810 x 6886)

« Modular design allows customization to user's needs

+Built~in printer {option)







2 General Information

INITIAL INSPECTION

WARRANTY

PRODUCT ASSISTANCE'

It is recommended that the shipment be thorcughly inspected im-
mediately upon delivery to the purchaser. All material in the
container should be checked against the enclosed Packing List.
LeCroy cannot accept responsibility for shortages in comparison
with the Packing List unless notified promptly. i the shipment is
damaged in any way, please contact the Customer Service Depart-
mant or local fleld office immaediately.

LeCroy warrants its oscilloscope products to operate within specifi-
caticns under normal use for a period of two years from the date of
shipment. Spares, replacement paris and repairs are warranted for
a0 days. The instrument's firmware is thoroughly tested and
thought to be functional, but is supplied “as is” with o warranty of
any kind covering detalled performance. Products not manufac-
tured by LeCroy arg covered sclely by the warranty of the original
equipment manuiacturar.

In exarcising this warranty, LeCroy wilt repair or, at its option, re-
place any preduct returned to the Customer Service Depariment or
an authorized service facility within the warranty pericd, provided
that the warrantor's examinaticndiscloses thatihe product is defec-
tive due to workmanship or materials and that the defect has net
been caused by misuse, neglect, accident or abnormal conditions
or eperation.

The purchaser is responsible for transporatien and insurance
charges for the returnof products to the servicing facility, LeCroy witl
return all in—warranty products with iransportation prepaid.

This warranty is in lieu of all cther warranties, exprassed orimgplied,
including but net imited to any implied warranty ¢f merchantability,
fitness, or adequacy for any particular purpose oruse. L.eCroy shall
not be liable for any special, incidental, or consequential damages,
whether in contract or otherwise.

Answers to questions concerning installation, calibration, and use
of LeCroy equipment are avaliable from the Customer Service
Departmeant, 700 Chestnut Ridge Road, Chestnut Ridgs, New York
10577-6499, U.S.A,, tel. (814)578-6061, and 2, rue du Pre-de-~
la~Fontaine, 1217 Meyrin 1, Geneva, Switzerland, tel
(41322/719 21 11, or your local field engineering office.




MAINTENANCE
AGREEMENTS

DOCUMENTATION
DISCREPANCIES

SERVICE PROCEDURE

RETURN PROCEDURE

LeCroy offers a selection of customer support services. Mainte-
nance agresments provide extended warranty and allow the
custormer to budget maintenance costs afterthe initial two year war-
ranty has expired. Other services such as installation, training,
enhancements and on-gite repair are available through specific
Suppiemental Support Agreements.

LeCroy is committed o providing state—of-the—art instrumentation
and is continually refining and improving the performance of its
products. While physical modifications can be implemented quite
rapidly, the corrected documentation frequently requires more time
to produce. Consequently, this manual may not agree in ave ry detail
withthe accompanying preduct. There may be small discrepancies
inthe values of componenis forthe purposesof putse shape, timing,
offset, etc., and, occasionally, miner logicchanges. Where any such
inconsistencies exist, please be assurad that the unit is corract and
incerporates the most up~to—date circuitry. ina similarway the firm-
ware may undergo revision whenthe instrumentis serviced. Should
this be the case, manual updates will be made availabie as
necessary.

Products requiring maintenance should be refurned to the Cus-
tomer Service Depaniment or authorized service faciiity. LeCroywill
repair or replace any product under warranty at no charge. The cus-
tomer is responsible for ransporiation charges to the factory. All
in-warranty products willbe returned to the customer with transpor-
{ation prepaid.

Forall LeCroy productsin need of repair after the warranty period,
the customer must provide a Purchase Order Number before re-
pairs can be initiated. The customer will be billed for parts and laber
for the repair, as well as for shipping.

To determine your nearest authorized service facility, contact the
Customer Service Department or your field office. All products re-
turned {or repair should be identified by the mode! and serial
numbers andinclude adescription of the defect orfailure, name and
phone number of the user, and, in the case of products returned to
the factory, a Return Authorization Number (RAN). The RAN may
be obtained by coniacting the Customer Service Department in
New York, tel. (814)578-6061, in Geneva, tel. (41)22/719 21 11, 0r
your nearest salas office.
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Rsturn shipmenis should be made prepaid. LeCroy will not accept
C.0.D. or Collect Return Shipments. Air-freightis generally recom-
mended. Whereverpossible, the original shipping carion should be
used. if a substitute carfon is usad, it should be rigid and be packed
suchihat the preduct is surrcunded with 2 minimumof {our inches of
excelsior or similar shock—absorbing material. in addressing the
shipment, it is imporiant that the Return Authorization Number be
displayed onthe ouiside of the container io ensure its prompt rout-
ing to the proper department within LeCroy.
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3 Instrument Architacture

ARCHITECTURE The instrument features 100 Megasample/s 8~bit Fiash ADCs for
each channel. Waveform acquisition memories consist of 10K data
points per channel — on Modeis M and L respectively 5CK and 1M.
Four memories are available for temporary storage and four addi-
tional memories are available for waveform zooming ard
processing. The central precessor is a Motorola 68020 micropro-
cessor which performs  computations and  controls  the
oscilloscope’s operation.
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ADCs AND MEMORIES

TRIGGER

Alifront—panel knobs and buttens ars constantly monitored by tha
front-panel processor, and front~panal setups are rapidly reconfig-
ured via the unit’s internai 16-b#t bus. Data are quickly processed
according to the selected front—pane! setups, and are transferredto

the display memory for direct waveform display or stored in the
reference memories.

The 68020 controls the unit's GPIB (| EEE—488) remcte control port,
as well as the RS-232~C port which is used to diractly interface the

oscilloscope to a digital plotter, printer, rernote terminal or other
low—speed devics.

Eachof the oscilloscope’s identical input channels is aquipped with
a 100 megasample/second, 8~bit ADC. This multiple ADC architec-
ture ensures absolute amplitude and phase correlation, maximum
ADC performance for both single- and multi-channe! acquisition
medes, large record lengths and excellent time resolution.

Acquisition memories of up to 1M simplify transient capture by pro-
viding long waveform records that capiure waveforms even when
trigger timing or signal speed is uncertain. in acdition, a special ex-
pansion facility magnifies waveforms by up o 20000 times the
selecled time-base speed.

Repetitive signals can be acquired and stored at a Random Inier-
leaved Sampling (RIS) rate of 10 gigasamples/second. RIS is a
high-precision digitizing technique that enables measurement of
repetitive signalsto the instrument’s ful bandwidth, with an effective
sampling intervat of 100 ps and measurement resolution of 10 ps.
{See Chapter 8, Timebase + Trigger Capabilities)

The digitaliy—controlled trigger system offers an extensive range of
trigger capabifiies. Front~pane! and menu controls allow selaction
of the appropriate trigger function for the signal. '

Inthe standardtrigger modethe front-pariet controls are usedio se-

lect and set parameters such as pre— and post-trigger recording,
sequence androli modes, inaddhionto the Auto, Normal and Single
modes. The trigger source can be any of the input channels, line or
external. The coupling is selected from AC, LF REJect, HF REJect,
HF, and DC, and the slope from positive, negative, and window.
{See Chapter 8, Timebase + Trigger Capabiiities)



AUTOMATIC
CALIBRATION

‘DISPLAY

MANUAL/REMCTE
CONTROL

The oscilioscope has an automatic calibration facility that ensures
overallverical accuracy of 2% of full scale and atime~base inter-

polator accuracy of 15 ps RMS forthe unit's crystal-controliedtime
base.

Veriical gain and offset calibration 1akes place each time the Volts/
div Is modified. In addition, pericdic calibration is performed to
ensure long term stability at the current setting.

The large 12.5 x 17.5cm (8 inches diagonal) screen displays wave-
forms with enhanced resolution and serves as an intsractive,
user-iriendly interface vie a setof pushbuttonslocated immediately
to the rgit of the CHT.

The oscilloscope displays up to four waveforms, while simultane-
ously reporting the parameters conirolling signal acguisition. The
screen alse presents internal status and measurement results, as
well as operationa!, measurement, and waveiorm analysis menus.

A hard copy of the screen is available via the unit's front-panel
screen dump button,

The layout of the front-pane! and operation wili be vary familiario
users of analog oscilloscopes. The “analog” feel is emphasizedby
rapid instrument resgonse and the fact that waveforms are pre-
senied instanily on the high-rssolution screen.

The oscilloscope has also been designed for remole contrel opera-
tion in automated testing and computer—zided measurement
applications. The entire measurement process, inciuding cursor
and pulse parameter sattings, dynamic modification of front—panel
settings, and display organization, can be controlled via the rear—
panel GPIB (IEEE~488) and RS~232-C ports.

Fourfront-pane! setups canbe stored and recalied either manually
or by remote control, thus ensuring rapid frent-panel configuration.
When the power is switched off, the current frent-panel setting is
automatically stored for subsequent recall at the next power on.
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4 Instaliation

OPERATING
ENVIRONMENT

POWER
REQUIREMENTS

SAFETY INFORMATION

The oscilloscope will operate to its specifications if the environment
is maintained within the following parameters:

Temperaturse  5°t0 40° C (41°t0 104° F)
Humidity <80%

The cscilioscope operatesfroma 115 V{8010 132 V) or 220 V{180
10 250 V) normal power scurce at 45 Hz o 86 Hz. No voltage selec-
tion is required since the instrument automaticaily adaptsto theline
voitage which is present.

The instrument operates atline frequencies up 1o 440 Hz. However,
the leakage current from phase to ground slightly exceeds the
safety recommendations for industrial instruments in some coun-
tries. This current reaches 4 mA max. at 250 V/400 Hz.

The power supply of the oscilloscope is protected againsi shoricir-
cuits and overicad by means of twe SA/250 Viuses, Thefuses are
located above the mains plug.

Remove the power cable before changing or inspecting a fuse.
Openthe fuse box byinserting a small screwdriver under the plastic
cover and prying it open.

The oscilloscope has been designed to cperate from a single—
phase power source with cne of the current—carrying conduciors
{neutral conducior! at ground {earth) potential. However, operation
from power sourcas in which both current—carrying conductors are
ive with respectto ground{such asphase-to—phasa onatri-phase
system) is also possibie, asthe oscilloscope is equipped with over—
current protection for both mains conductors. Nong of the
current-carrying conductors may exceed 250 V RMS with respect
to ground potential. The oscilloscope is provided with a three—wire
elecirical cord containing a three—terminal polarized plug for mains
voltage and safety ground connection. The plug's groundterminal is
connected directly to the frame of the unit. For adequate protection
against electrical hazard, this plug must be inserted inlc & mating
outlet containing a safety ground contact.

The oscilloscope has not been designed to make direct meas-
urements on the human body. Users whe connect a LeCroy
oscilloscope directly to a person do so at their own risk.
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POWER CN

Connect the oscilioscope o the power outlet and switch it on by
pressing the power switchlocated onihe rearpanel. Afterthe instru-
ment is switched on, auto-calibrationis performed and atest of the
oscilloscope's ADCs and memories is carried out. The full testing
procedure takes approximately 10 seconds, after which lime a dis-
play wilt appear on the screen.



5 Frent-panel Cverview

See fron-pane! foldout at the beginning ¢f the manual.

TIMEBASE & TRIGGER CONTROLS aliow direct adjustment of
Time/Div, Trigger Leve! and Trigger Delay. The AUTOSETUR but-
ton automatically adjusts the cscilloscope to acquire and display
signals cn the input channels.

CHANNEL CONTROLS ailow direct adjustment of vertical sensitiv-
ity and ofiset. The FIND button automatically adjusts the sensitivity
and offset to maich the input signal.

The MEMORY CARD READER aliowsfast and conveniant siorags
¢i waveferms and instrument setups.

ZOOM & MATH CONTROLS aliow you io move, defing and expand
atrace. (The SELECT ABCD butten is used 10 select a trace).

MENU BUTTON & KNCSS allow easy cenirol of the most sophis-
ticated tasks.

CHANMEL INPUTS have selectable input impedance of 530G or
18O over the entire sensitivity range.

BISPLAY. High-resolution 8-inch screen.







6 Control of the Oscilloscope

ACTIVE BUTTONS

SWITCHING
BETWEEN MENLUS

PERFORMING ACTIONS

Many of the most commoenly used controls can be directly accessed
usingthe labelled pushbutions and retary knobs onthe front panel.
Activating these controls usually causes an immediaie visible ac-
tion. The dark grey buttons of the front panel turn on menus on the
right-trand side of the display. These menus allow further controf of
the acquisition, processing, and display modes of the instrurnent.
The SHOW STATUS bution gives access to a series of displays
summarizing the status of the acquisition, the instrument, and the
wavelsrms.

The eleven dark grey buttons, together with the SHOW STATUS
buttons, all give access to menus which have similar behavior,
These are the MENU ENTRY Keys.

Ment buttons which are active have boxes drawn around their ac-
companying texts onthe screen. Othertexis are forinformation oniy
andthe corresponding buttons are notused. There are seven menu
buttons. The fast two buitons also have associated knebs.

Any time a MENU ENTRY key is pressed, the instrument immedi-
ately displays the desired configuration. This menu becemes the
hew primary menu.

Some of thesa primary menus have secondary menus under them.
The heavy outline of the box associated with the tutlon shows that
there is a hidden menu behind #. Pushing the button will cause the
appropriate secondary menu to be shown.

Whenevear the RETURN button is pressed, the previous primary
menu is shown. If the current menu is a primary menu then the
menu wil be switched off.

When the oscilloscope is put under remote contrel, the REMOTE
ENABLE menu will be shown. It will contain a bution "GO TO LO-
CAL"H this transition is allowed. This is the only manual way to turn
the REMOTE ENABLE menu off, ‘

While mosimenu buttons modify a sefected variable, scme periorm
speciiic actions. inthis case, the textwhich accompanies the button
is written in all capital letters,

in most cases, the effect of changing a value in a menu causas the
appearance of the screen to change because the new valus is
immediately used tochangethe acquisition settings orihe process-
ing, or for the display to be shown.
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SETTING MENU OPTIONS

-G
1889
(swesps)

RT3 L ZOF F
133 eviz

Many options are controllable via the manu buttons and knobs.
When setting up a new configuration the buttons should be ad-
justed, starting at the top to allow for the fact that the menu control

for one primary option may be different from that of another primary
option.

Some “single” buttons have one highlighted fieid among several in
their associatedtexts. Pressingthe button advances the highlighted
field. If there is a knob associated with the butten, it can also be used

to navigate among the choices. i only one choice is shown, the
button will not do anything.

There are also "double” buttons with one highlighted field. In this
case, pressing the lower button causes the highlight to go forward
among the choices whereas pressing the upper bution causes the
highlight to go backward. The arrow at the side of the button's text
shows how the highlight will move. The arrow is missing if the high-
light is at the beginning or end of the list of aliowed values.

Some button and knob combinations control the value of a continu-
ously adjustable variable. The knob is used to set the value of the
variable, while the button may be usad to either choose a high-
lighted field or make a simpie change of the value of the variable.

Cther button and knob combinations control the value of several
continuously adjustable varizhles. The knobis usedio set the value
of the variable which is highlighted, while the button is used to
choose which variable is to be highlighted.
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GENERAL INSTRUMENT To resel the instrument, simultaneously press the AUTO SETUP
RESET button, the top menu—button, and the RETURN button. The instru-
ment will revert to s default power—up settings.

&-3







7 Display Ovarview
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REAL-TIME CLOCK
FIELD (1)

DISPLAYED TRACE
FIELD {2; _

TRIGGER LEVEL FIELD {3)

ACQUISITION SUMMARY
FIELD (4)

Displays the current date and time provided by a hattery-backed
real-time clock.

Contains the identity ¢f the displayed irace, its timebase and Volts/
div settings, and cursor readings when appliceble. Uptofourtraces
can be shown simultanaously. '

Contains the trigger level indicator on both sides of the grid, and the
ground indicator for each channel on the right side of the grid.

Contains thie commontime-base setling and, for each channel, the
vertical gain, probe atienuation and coupling. For 4~channelinstru-
ments, the currently selected channel is highlighted.




TRIGGER DELAY FIELD (5)

TRIGGER CONFIGURATION
FIELD (6)

TIME AND FREQUENCY
FIELD (7)

TRIGGER STATUS FIELD (8)

Note: The dispiayed trace fisld shows the acguisition parameters
that were set when the trace was captured or processed, whereas
the acquisition summary indicates the present sefting.

Indicates the trigger delay (arrow symbol) with respect to the lefi-
hand edge of the grid. The defay can be adjusted from 0 1o 10
divisions {pre~trigger) or from 0 to —10000 screen divisions {post—
trigger). Pre—trigger deldy appears as an upward arrow at the
appropriate position in the field. Post-trigger i given as a delay in
seconds.

When the relative~time cursers {two arrow cursors) are active
{selected in MEASURE menu), this field displays the time interval
between the two cursors. H also displays the frequency correspond-
ing te 1/{time interval).

Displays the irigger source, siope, level and coupling. When appli-
cable, additionalinformationis given (hold—off bytime orby number
of evenis, logic states, efc..). A simple icon gives anoverview ofthe
trigger conditions.

‘When the absolute~time cursor {cross-hair cursor) is active {se-

lectedin MEASURE menu), this field displaysthe time hetween the
cursor and the trigger point.

Indicates the trigger re-arming status (AUTO, NORMAL, SINGLE,
STOPPED).

During an acquisition the titlle box at the left of the re-arming status
wiltindicale when an intermediate acquisition occurs. This feature

helps to monitor the trigger rate before the waveform is recon-
structed.

For NORMAL status, a message SLOW TRIGGER may appear in
the field whan needad.

For slow acquisition, a message SLOW UPDATE appears o re-
mind the user that it will take a while before a new waveform will
tinish.

The region just tothe left of the trigger status field can contain mes-
sages showing that lengthy processes, such as FFT calculations on
screendumps, are under way.
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GRID (8}

MENU FIELD (10)

- MESSAGE FIELD (11)

Digplaystracesfremthe acquisitionor reference memories. Adual-
or quad-grid presantation can aiso be selected inthe display menu
{see Chapler 18}

This field is divided into seven sub-fields with menubuttons andtwo
rotary knobs. Each field can display the name of a menu or perform
an operation when the associated menu butten is pressed. The
RETURN bution is used fo resiore the next higher menu level

This field is usedio display a variety of messages (wamings, indica-
tions, titles, etc...} that help the understanding of the instrument's
current status.







8 Timebase + Trigger Capabilities

TIMEBASE CAPABILITIES

Singte Shot

Depending on the timetase setting, the following three sampiing
modes are possible: '

» Single Shot
» Random Interleaved Sampling
» Roll Mode

Foralitime bases forwhichihe single shet mede orrollmode canbe
used, the acquisition memery can be subdivided into user—dsfined
segments to give:

+ Sequence Mcde

Single Shot acquisition is the basic acquisitiontechnique of a digital
csciloscope. Other timebase modes of the oscilloscope maka use
of this single shot acguisition technique. :

Anacquired wavelformconsistsof a serfes of measuradvolitage val-
ues sampled at a uniformrate onthe input signal. The acquisition is
typically stopped at a fixedtime afterthe arrival of a triggereventas
determined by the trigger delay. The acquisition consists of a single
geries of measured data values associated with one trigger event.
The time of the trigger event is measured using the timebase clock.
The horizontal positionof a waveform is determined using the trig-
ger event as the definition of time 0. Wavelormdisplay is also done
with this definition. Since each channel has its own Flash ADC the
voltage on each of the input channetsis sampled and measured at
the same instant. This allows very reliable time measurements
betwaen different channeis.

Trigger delay can be selected anywhere in a range that allows the
waveformto be sampled from well before the trigger eventup tothe
moment it occurs {100 % pretrigger), or at a time starting at the
equivalent of 10000 divisions (at the current Time/div) after the
trigger. '

Fortast ime base seltings the maximum single shot sampling rate
of the Flash ADC's is used. Thisis 100 million samples per second
(160 Ms/s). As the time base setting is increased, more and more
dafa samples are used to fill the waveform until the maximum
memory size of the waveform has been reached. Fortime bases
slower than this, the sampling rate Is decreased while maintaining
the number of data samples in the waveform, The lowest sampling
rate allowed is 1 sample/second. Single shotacguisition is allowed
for all time base ranges slower than 50 ns/div.




The 8310L and 8314L modsls allow single shot acquisitions con-
tainingupto 1 million samples. Bacayss of the excepticnalfengthof
these waveforms there are some restrictions ontheiruse. Process-
ing functions are fimited in length to 50000 points. Thus, the
oscilloscepe will not pederm functions on waveforms with more
than 50000 points. Also, ZOOM traces defined on large wavelorms
are fimited to showing intervals containing up to 50000 points. The
ZQOOM traces can be positioned 2s usual whan the acquisition is
stopped. However, whenan acquisitionis underway, the data ofthe
previously acquired waveform is no longer accessible. Waveform
parameters will not be calculated for waveforms with more than
50080 points. The internal Wavetorm Memoriss (M1, M2, M3, Ma4)
are alse fimited to 50000 points. Therefore, large waveforms cannot

be storedinternally. Some of these rasirictions may be removed in
- the future.

Random Interleaved Sampling

Segment 1 - ‘_/W
Segment 2 J

Segment 3

Final acquisition

RIS ACQUISITION

Random Interleaved Sampling (RIS is an acquisition technique
that allows effective sampling rates higherthanthe maximum single
shot sampling rate ( 100Ms/s), and can be used on repetitive wave-
forms with a stable trigger.

The maximum effective sampling rate of 10 Gs/s canbe achieved
by acquiring 100 single shot acquisitions at 100 MHz, with each
single shot segment starting approximately 0.1 ns later than the




Roll Mode

Sequence Mode

previous one. The process of acquiring 100 segments that satisfy
this time constraint is random. The relative time between Flash ADC
sampling instants and the event trigger provides ihe necessary
variation. lt is measured by the timebase to 15 ps (RMS) accuracy.

Typically, 520 trigger events may be needed to complete an acquisi-
tion, although sometimes many more are needsd. These segments
are interleaved to provids a waveform that covers a time interval
thatis a multiple of the maximum single shot sampling rate. Howev-
er, the real time interval over which the data for the waveform has
been collected is orders of magnitude longer and depends on the
trigger rate and the levelof interleaving desired. The oscilioscope is
capable of acquiring approximately 10000 RIS segments per sec-
ond. ;

RIS acquisitions are allewed for timebase settings from 1 ns/div up
to the point at which a 200 Ms/s { 5 ns/point} acquisition fills the
available memory. At siower timebase seftings there is no nesd to
use the RIS fechnigue,

RIS acquisitions do not have tobe"complete”inordertobe useful. A
RIS acquisition can be stopped manually (STOP) or automatically
(AUTO). The oscilioscope can treat RIS wavelorms with missing
segments.

Single shat acquisitions at timebase settings siowerthan 0.5 s/div
(10 s/div for 1 M records) have a sufficiently low data rate to allow
the display of the incoming waveformin real time. The oscitioscope
shows the incoming data continuously until a trigger event is de-
tected and the acquisition is completed. The latest data is used to
update alrace dispiay that moves fromright to left, similar to the out-
put of a sirip chart recorder. |

Wavelomm MATH and Parameter calculations are done onthe com-
nleted waveforms. The behavior of the STOP, SNGL, NORM, and
AUTO buttons is modifiad when a roll mode acquisition is being
used (see Chapter G}

Sequence mode is an alternative to single shot acquisliion, and
providas many uniquefeatures. The complete wavelormconsists of
a selectable number of fixed-size segments acquired in a single
shot made {see Appendix A for the limits). The dead time between
the trigger events for consecutive segments can be Kept to 150 us
as oppoesed fo the hundreds of milliseconds usually required be-
tween consecutive single shotwaveforms. Complicated sequences
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of events covering alarge time interval canbe capturedwith fine ds-
tails if there are uninteresting periods bstween the events. Time
measurements can be done between events on different segments
of a sequence waveform using the {ull preéision of the acquisitien
time base. Trigger time stamps are given for each of the segments
in the the TEXT & TIMES Stalus menu. Each individuat segment
can be displayed using the ZOOM capability or be used as inputto
the MATH package. For remote operation, segquence mode can be
used 1o take full advantage of the high data transmission capability
of the oscilloscope by overiapping the transmission of one wave-
form with the acquisition of its successor.

# 8 0 % & & 0 e @

Segment

« & % 0 & F O oe 9 5 & 83 & & & = g
Segment

Timg —=

SEQUENCE ACQUISITION

In sequence mode, the time base setting is used to determine the
acquisition duration of each segment, which will be 10 x TIME/DIV.
The time base setting, the desired number of segments, the maxi-
mum segment length and the total memory available for the
oscilloscope model are used to determine the actual number of
samples/segment and time/point to be used. The display of the

complete waveform with all of its segments may not entirely fill the
screen.

The Sequence mode is normally used to acquire the desired num-
berof segments andterminate the waveform acquisition. it can also
be used o acquire the segments continuously, overwriting the old-
est ones as necessary. Then a manual STOP order or a timeout
condition can be used to terminaie the wavelorm acquisition. The
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TRIGGER CAPABILITIES

EDGE TRIGGER

behavior of the STOP SNGL, NCRM, and AUTO buttons is modi-
fied when a sequence mede acquisition is being used [see
Chapter 9). I order to ensure the low dead time between sag-
rments, butten pushing and kneb turning must be avoided during
acquisition of sequences.

The oscilloscope tniggeris usedio determine whento stop sampling
data. The trigger passibilities have been divided into two classes:

» Edgs - inciuding:
~ simple thresiold triggers on an input signal
— window triggers on an input signal
- LINE signal triggers
— triggers with holdoff by time
—~ triggers with koldoff by number of trigger events

« SMART - including triggers reguiring one trigger signal:

GLITCH triggers on the pulse width of a irigger signal

Interval triggers on the interval between trigger transitions

TV triggers for composite video signals

DROPOUT trigger for transitions that cease after a while
and

- Qualiled tiggers which trigger on ong signal after a transi-

tion on angiher signal with possible additional requirements
To capture rare phenomena such as glitches or spikes, missing
bits, oriniermittent faults, an oscilloscope must be abie to trigger
on elusive events. The 9304, 9310 and 8374 series of oscille-
scopes offer a variety of sophisticated trigger modes. They are
basedonacounterwhichcanbe setbyonesignalandpre—set,io
count a specitied number of evants of another signal (110 10™8),
or alternatively o measure time intervals up to 20 sec.

A discussion ¢f each of the SMART triggers can be found in
chapter 11, togather with instructions on how o sat tham up.

ER S

Single Edge triggers are described by a source, coupling, slope,
and level condition. These same parameters are ussd to build up
the SMART triggers.

The Edge triggers have a single source selectad fram:

-~ CH1, CHz (CH3, CH4): the acauisition channe! signal condi-
tioned for the overall voltage gain, coupling, and bandwidih as
descriced in Chapters 12 and 13.
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LINE: the fine voltage which powers the oscifioscope. it can be
used to provide a stable display of signals synchronous with the
powerline. Coupling and leve! are not relevant for this selection.
EXT: the signal applied to the TRIG BNC connector. It can be
used to trigger the oscilioscope within a range of + 2 V.

EXT/10:the signal applied to the TRIG BNC connecior. it can be
used to trigger the oscilloscope within a range of + 20 V.

Coupling refers to the type of signal coupling at the input of the
trigger circuit. Note that the trigger coupling can be selected inde-
pendently for each of the sources. The DROPOUT and Qualified
triggers use these selections. Therefore, a change of trigger source
may alsc result in a change of the trigger coupling shown. The
coupling choices are:

HF: Used for triggering on high~frequency repetitive signals in
excess of 300 MHz {175 MHz for the 9304). Maximum trigger
rates greaterthan 500 MHz are possible (300 MHz forthe 8304},
HF triggering shouid be used only when needed. it will be auto-
matically overridden and setto AC when itis incompatible with
other characleristics of the trigger mode. This is the case for
Window Triggers and the SMART triggers. Cnly one slope is
available. It will be shown by the trigger symbol.

AC: Signals are capacitively coupled: DC leveis are rgjected and
frequencies below 50 Hz are atlenuated.

LF REJ: Signals are coupled via a capacitive high-pass fiter
network. DG is rejected and signal frequencies below 50 kHz
are attenuated. The LF REJ trigger mode is used when stable
triggering on medium to high frequency signals is desired.

HF REJ: Signals are DC coupled to the trigger circuit and a low—
pass filter network attenuates frequencies above 50 kHz. The
HF REJ trigger mode is used to irigger on low frequencies.

DC: Allof the signal's frequency components are coupledtothe
trigger circuit. This coupling mede is used in the case of high-
frequencybursts, orwhearethe use of AC coupling would shiftthe
effective trigger level.

Slope selects the direction of the trigger voltage transition to be
used to generate a trigger event. The two traditional choices (Pos
and Neg) have been extendad ic include the Window mode. In
Window mode twe trigger levels are defined and a trigger event
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occurs when the signal leaves the middle window region in either
direction.

Upper region
Uppar level

Trigger ievel Middle window region

Lower level

Lower region

¥ } I ’ Triggers

WINDOW TRIGGER

The selected slope is associated with a trigger scurce inthe same
way as the coupling.

Level defines the scurce voltage at which the trigger ciroult will
generate an event. The sslectec leveal is associated with a trigger
source inthe same way as the coupling. Notethatthetriggarievelis
specified invoits and is normally unchangad when the verical gain
or offset are modified.

The range of trigger levels is as fohows,

- + 5 screendivisions — with a channel as trigger source
None with LINE as trigger source {zero crossing is used)
+ 2 V with EXT as trigger source

+ 20V with EXT/10 as trigger source

!

f

EDGE Trigger with Holdoff Haoldoff is an additicnal characteristic of the trigger circuitry. When
the Holdoff is Off, the time between successive irigger evenis is

limited only by the input signal, the coupling and the oscilioscope’s
bandwidth.

Sometimesa stabie display of complex repetitive waveforms canbe
achieved by pulting a condition on this time. This holdoff is ex-
pressed either as a time or an event count. The time is measured
starting at one trigger event, and the next event arriving after this




time is allowed to trigger the oscilloscope. The event count is the
-number of trigger events to be ignored after one trigger event until
the nextene to be allowed. The choice of which holdoff mode is to

be used depends on the application. Often, either one can be used
to obtain the same result,

it should be noted thatihe holdoft is started by potential iriggers and
not atthe end of an acquisition. Polential riggers will be accepted if
the oscilloscope is ready, but will be ignored if the instrument is stilt
busy handling the previoustriggerevent. infact, the holdo¥ ensures
synchronization between successive real triggers.
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@ Timebase + Trigger Direct Contrels

STCOP

AUTO

TIMEBASE
SETUP.

TRIGGER
SETUP

Thisbultonisusedio haltthe acquisitionand canbe usadinalithree
ra--arming modes {(AUTO, NCRM, SNGL). Pressing the STOP but-
ton prevents the oscitloscepe from acquiring a new signal.

1# the STOP butionis pressed while a single—shot acquisitionis un-

der way, the last acquired signal will be kept.

i a RIS acquisiticn has been started, it will be stopped arcﬁ a parial

waveform reconstriction will be performed.

If the acquisition is in the ROLL mode, it will be stopped and the in
complete acquisition data will be shown as it atrigger hadoccurred.

For Sequence acquisitions, the timebase willbe stopped and allthe
new segments will be shown,

In AUTO mode, the oscilloscope automatically displays the signalif
NO trigger occurs for more than 500 msec. i a trigger occurs within
this time, the oscilioscope behaves as in NORMal mode.
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NORM

SNGL

AUTO SETUP

For the RIS mode, the acquisition will be terminated and shown
gach second, although some needed segments may be missing.

For the ROLL mode, the oscilioscope samples the input signals
continuously and indefinitely. The acquisition has no trigger condi-
tion but can be stopped as desired by the user.

For Sequence mode, the acquisition will be terminated if the time
between two consecutive triggers exceeds a selectabie timeout
(see the UTILITIES menu under SPECIAL MODES). The next ac-
quisition is then started from segment 1.

Inthis mode the screen is continuously updated as long as avalid
trigger is present. If no valid trigger is present, the last signalis pre-
served and the warning "SLOW TRIGGER" is dispiayed in the
Trigger Status Field.

For the RIS mode, the acquisition will normaily be terminated once
all the needed segments have been taken,

For the ROLL mode, the acquisition is terminated when the last
needed data after 2 trigger have beentaken. The dispiay is paused,

showing the eniire waveform. After a moment it wili go back inic the
roll modle while it waits for the naxt trigger.

Forthe Sequence mode, the acquisition is terminated after the last
segrment is acquired. The nextacquisition is started immediaiely. A
Sequence WRAP mode in NORMal is the same as in SINGLE.

In Single Shot mode the instrurnent waits for one single trigger to
occur, then displays the signal and stops acquiring. If no signal
occurs, the button can be pressed again to show the signal being
observed without a triggar.

When in RIS mode, (selected in TIMEBASE SETUP), the instru-
ment wil wait for all the trigger evenis required to build up ONE

signal on screen before it stops {this may require as many as 4000
trigger evenis).

The ROLL mode is the same as single shot exceptihatthere is no
need tc push the button a second time o show the sighal.

This button automatically scales the timebase, trigger level, ofisat,
and Voits/div to provide a stable display of REPETITIVE signals.
Auto—-setup rules

- Aulc Setup operates only onchannels which are ON. 1§ no chan-

nels are ON, then Auto Setup will operate on ALL the channeis
and willturn them ail ON.



DELAY

ZERO

TIME/DIY

LEVEL

TIMEBASE SETUP

TRIGGER SETUP

- Signais detected must have an amplitude between 2 mV and
40V, a frequency greater than 50 Hz, and a duty cycle greater
than 0.1%.

- i signals are detected on several channels, the channel withthe
lowest number will determine the selection of the timebase and
trigger source.

This kneb is used to adjust the pre— or post-trigger de'iay.

Fre-trigger adiusiment is available from 8 {6 100% of the full time—
scale, in steps of 1%. The pre—trigger delay is illustrated by the
vertical arrow symbol on the bottom of the grid.

Post-trigger adjusiment is available from0to 10000 divisions in Q.1
divisionincrements. The post-trigger—delay valueis latelizdinsec-
onds and is located in the Trigger Delay Field on the screen.

Pressing this bution causes the trigger delay o be setto zero, Le.
the trigger instant is the jeft~hand edge of the grid.

This knob selecis the time per division in a 1-2-5 sequence. The
time/div setting is displayed in the Acquisition Summary field,
This knob adjusis the irigger threshald.

Trigger level range:

-+ 5 screen divisions with a channe! as trigger scurce

- =2V with EXT as lriggsr source

~ +20 V with EXT/10 as trigger source

- Inactive with Line as trigger source

The trigger sensitivity is bettér than 1/3rd of a screen division.

This ménu—entry key calls up the “TIMEBASE SETUP" menu de-
scribed in chapler 10.

This menu-entry key calls up the “TRIGGER SETUP” menu de-
scribed in chapler 11,







10 Timebase Setup

The Timebase Setup menu is used io select:

- Single-shot or Interleaved {RIS) acquisition

- External clock {Cpticn CKIO)

- Saquence mode

- The number of segments in sequence mode

—  The maximum record length (L and M madels oniy)
The menu also shows the status of:

~  The number of points acquired

~ The sampiing rate

- The total time span

TIMERASE Sampling
/div 59 ns Two assential modes of operation may be selected with this menu
g button:
sampies at - Single Shot - the oscilloscope displays data collected during
188 Ms/s successive single-shot acquisitions from the input channels.
(18 ns/pt) : This mode allows caplures of non—recurring or very low repe-
For .5 ps . titlon-rate events simultansously on all the input channets.
~Sanp ! ing—m - RIS - the oscilloscope uses a Random Interieaved Sampiing
Single: Shatl technique to achieve a higher effective sampling rate than in
RIS single—shot made, provided the input signalis repetitive andihe
trigger is stable.
Sequence
On - In sequence mode, the acquisition memory is segmented,
aliowing sequential racording of single events. This is very usefut
when the time between the events is very short.
S eUence Wrap — Same as “Sequence On", except that segments are ac-
Guired continucusly. A Wrap mode acquisition can be ferminated
[E§ On 4rap manually by pushing the STOP button, or automatically using the
~Recard up to time—out {eaiure of the AUTO mode.
1o% G o Note: See ‘More on Seguence” on next page.
semples

Reacord up {0

Selecis the maximum recard lengths of the acquisition channals.
(L and Mmodelsonly). The 1Mmede s allowedfor Single Shotonly.
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MORE ON SEQUENCE

When Sequence is set
{o ON

When Sequence is set
to WRAP

1. if the trigger mode is SINGLE, the oscilloscope fills the seg-
ments and stops, or it there are net enough trigger events to i
the segments, it waits forever uniess the STOP trigger mode
butten is pressad.

2. Hihe trigger mode is NORM, the oscilioscope fills the segments
andthen, if mere trigger events occur, the acquisitionis restarted
from segment 1.

3. ifthetrigger mode is AUTO, and if the time between two consec-
utive triggers exceeds a selectable time—out, the acquisition is
restaried from segment 1.

The time—out can be selecied in the UTILITIES menu under
SPECIAL MODES (chapter 18).

The segmenis are filled continuously unti the STOP trigger mode
buttonis pressed. The last n segments willbe displayed. Analterna-
tive way to stop the WRAP sequenca is through AUTO mode: it the
time between two consecutive triggers excesds a seleciable time—
out, the acquisition wili stop.
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TIMERASE
T/dtw 58 ns

58 % 58

samples 3

160 Hs/s
{18 nsfptd
For .5 ps
—Sanp l ing=——n
Single! Shok

~—Sequence
58 segmentis
are [l wrap
—Hax. segment

258 l

szmples

Sequence
The menubutionis used o selectbetween Off, On and Wrap, and
the meanu knob is used io select the desired number of segments.
Max. segment

Selects via the menu knob/button the maximum recerd length for
each segment.

Note: A summary of the acquisition conditions /s displayed at the top
of the menu: number of segments, available recard length par seg-
ment, sampiing rate, and timebase setting.

10-3




EXTERNAL CLOCK Cscilloscopes fitted with the option CKIO allow the user to supply -
clock signals at the External TRIG BNC input which wili be usad to
drive the ADCs of the instrument. Additional menu fisids allow the

choice of the type of external clock signal and the size of the record
{6 be acquired.

TIMEBARSE Sampling
EXTERNAL Thisbutton is inactive when the external sample clockis being used.
18600 Oniy single-shot acquisition mode is available.
samples st
1660 2/c1y Sample Clock

Pressthis button to select the appropriate description of the signal
‘ appliediothe TRIG BNC connector foruse as the sample clock. The
~Samp ] ing rising edge of the signat is used to clock the ADCs of the oscillo-
BSingle Sha scope. The effective thresholds for sampling the input are:

» ECL - ~-13V
« OV - 0.0V
« TTL ~ #1585V
The risetime and {falkime of the signal should both be less than
10 ms.
Sequence

This buttonis used to select Sequence Modes if degired. The knob
is used 1o adjust the number of segments. Trigger time stamps are
notavallable when the externaiclockis in use. The AUTO sequence
timeout feature is not available, The intersegment dead time is no
longer guaranteed.

Record
Use the knob to select the desired number of samples for the
single-shot acquisitian,
Thetime/divis now expressedin s/div which shouid be thought of as
samples/div.

Thetrigger delay is also expressed in samples and can be adjusted
as usual.

No attemptis made to measure the time difference betweenthe trig-
ger and the externai clock. Therefore, successive acquisitions of
the same signal can appearto jitter on the screen.
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The oscilloscope will require a number of pulses (typically 50} be-
fore i recognizes the externaiclock signal. The acquisitionis halted
only whenthe trigger conditions have been satisfied and the appro-
priate number of data points have besn accumulaled.

Any adjustment to the time/division kneb automatically returns the
osciifoscope to normal {Internal) clock operation,
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11 Trigger Setup

The Trigger Setup menu is used to select:

~ The trigger mode
—~ The EDGE trigger setlings
— SMART irigger settings that enable triggering on:
+ Glitches
» Intervals
+ TV signals
o State—qualified events
» Dropouts
HOW THE TRIGGER Once specified, Trigger Lavel (i.e. threshoid) and ‘s’éigger Coupling
MODBES OVERLAP are the only parameters that are passed unchanged from mode to
mode — and this is done for gach trigger scurce.
CHOQCSING THE The Trigger Setup menu can be dispiayed at any time by pushing
TRIGGER MODE the dark grey menu—entry key marked TRIGGER SETUR.
TRIGGER SETUP The top menu bution allows the choice between EDGE and SMART
. . driggers.... . , s .
I MSHART] After aciivating the SMART trigger with the top menu button, ali of
[ (BLITCH) the parameters forthe current SMART trigger are shown for modifi-

cation in the menu.
SETUP SHERT
TRIGGER J

SMART TRIGGER When SMART is selected, the SETUP SMART TRIGGER menu
tups buttongives accessto a lowerlevelmenu where a different SMABT
trigger can be chogen. The top button inthis menu gives the choice
of SMART trigger types available.

Interval
I
Gualified
i Dropeut f




EDGE TRIGGER

TRIGGER SETUP

i N SMART 1

trigger onm
D23 4€ext
IXtlg Line
~couwling 1
0c [ LF-REJ
HF.REJ HF
—zlope
Pas Neg

—

—iuindow size—
+- SEmy
around lsuel
bt
holdofF—

T3 Time futs

The EDGE mode is used to:

Select a trigger source

Select the coupling for sach source

Select the slope {positive, negative or window)
Define the holdoff intime or events

i

Edge/SMART
Activates either Edge trigger or SMART trigger mode.

frigger on
Selects the trigger source in Edge mode.

coupling
Selects the trigger coupling for the current source.

slope

Defines the trigger point to be on either the positive or negative
slope ofihe selected soyrce. Athird option, Window, allows trigger- -
ing whenever the input signal leaves a specified voltage window
{defined in the WINDOW SIZE fiekd)

window size

When the Window option is selected in the field above, thig figld
allows adjustment ofthe voltage window around a leve! defined with
the trigger LEVEL knob.

holdoff

Simply stated, holdoft means that the oscilloscope's trigger circuit
can be disabled for a definable period of time or number of events
after a {rigger event oceurs.

By pressing the holdo#f menu butlon, hoidoff can be defined as:
- aperiod of time

- anumber of events (an event being a change inthe input signal
that satisfies the trigger conditions)



EDGE Trigger Symbels

The menu knob is used {o vary the “holdoff” value.
Time holdoff values in the range 10 ns -~ 20 s may be entered.
Event counts in the range 1 - 10° are allowed.

Trigger Symbols are used to allow immediate recognition of the cur-
rentirigger conditions. Examples of Edge trigger symbols are given

inthe folicwing figure. The heavier transitions show where a trigger
will be generated.

Positive Edge

122

=

Wﬂ_]f 2 RFRIJ 28 &

Window

};”;ﬂj if 1 LFRES «g.1 v

s = HoldoFF 424 us

Negativa Edge with holdof

L A
U7 7 oan s o 1%y

= e dpldoff T oevent
Window with holdoff

F—' Lir

fine

EDGE TRIGGER SYMEBOLS
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SMART TRIGGER The following describes the SMART trigger setup menu (calied up

by pressing the SETUP SMART TRIGGER menu button).

TRIGGER SETUP After activating the SMART trigger with the top menu button, all of
ihe parameters forthe current SMART trigger are shown for modifi-

Fdge cation in the menu.
(GLITCH) The SETUP SMART TRIGGER menu bution gives access 1o a
D —— lower level menu where a different SMART trigger can be chosen.

o, The top butten inthis menu gives the choice of SMART triggartypes
S?;{;EGE?RT availabie (see foliowing pages).

—trigger on—
f234
Ext Extif
~coupling 1—
d  AC
LFREJ HFREJ
—at end of-—
;| Pos
puise
Aidth < =y
O PR
asidth > ——
18.8 ns

ofe
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GLITCH Trigger

The GLITCH trigger tests the pulse width - at the trigger level - of
the input signal. It is mainly used te irigger on glitches {fast transi-
tions) that may occur in a signal under test.

T i e 3 idth -
> Trigger on Positive Pulse width < T

Trigger
ﬁ Threshold
b
{

wigger here

ETE Trigger on Positive Pulss widfih >T

trigger here

PULSE WIDTH TRIGGERS

This trigger generates an event at the end of a pulse that saiisfies
the desired limits 6nits widih. Both negative and positive puises can
be used. The width imitscan be chosen ag smalleror grealerthana
given value, within a time window, or outside a time window.

This feature offers a wide range of capabilities for appiication fields
as diverse as digiial and analog electronic development, ATE, EMI,
telecommunications, and magnelic media studies. Catching elu-
sive rare glitches becomes very easy. In digital electronics, where
the circuit under test normally uses aninternalclock, aglitchcanbe
theoretically defined as any pulse with awidth smallerthanthe clock
period {or half periodj.

In a broader sanse, a glitch can be defined as a pulse mugh faster
than the waveiorm under obsemvation.

Widths with 2.5 ns resolution starting at & minimumvalue of 2.5 ns
can be selectad. For recurrent glitches, the oscilloscope’s random
interleaved sampling mode allows glitch visualizationwith an equiv-
alentsamplingrate of upte 10 gigasamples/s, L.e. one sample point
every 100 ps.
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SMART TRIGGER

[ tupe
GELICH
Intarval
T
Qualified
Oropout

—irigger on—

0234

Ext Extig

—coupling f-—
WA
LFREJ HFREJ

F

~—3t engd oF-—

I Pos
pulse

A fdth < —mem
38.8 ns
aFf @}ﬂ

aidth > —
18.9 ns

L OFf @

type

Select GLITCH trigger.

triggeron

Selects the source of the GLITCH trigger.

coupling

Seiects the coupling of the GLITCH trigger.

at end of

Defines the test on either positive or negative pulses.

width <

Triggeritthe pulse is smaller than the value defined in that figld. The
value can be adjusted with the menu knob associated with the fisld.
The test can be turned on or off by prassing the menu bution, and
can be used in combination with the width » test.

- Width values in the range 2.5 ns 1o 20 s may be entered,

widih »

Trigger if the pulse is greater than the value défined in that field. The
value can be adjusted with the menu knob associated with the field.
The test can be turned on or off by pressing the menu button, and
€an be used in combination with the width < test.

Fhetwo width fimits are combined to selectglitches within a window
it the width < value is greater than the width > value. Otherwise, they
are combined to select glitches outside of the window. :
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Interval Trigger

Similar to GLITCH irigger except that the test is perdermed overan
interval wicth raiher than over a pulse width, See Figure below.

T . - :
c 3 Trigger on Positive Interval width < T
}’{rigger
U hreshold

ot

rigger here
I Trigger on Positive Interval wicth » T

Trigger here

INTERVAL WIDTH TRIGGERS

This trigger generates an svent if the interval between two similar -
transitions of the trigger signal satisfy the desired iimits. it is simiiar
to the GLITCH trigger except that the lower time limit is 10 ns.

Missing bits inlong data streams arg easily triggered on using the
interval width triggering facility. For ranging appiications, Interval
trigger may be used to ignore unwanted signal refiections.




SMART TRIGGER
type
GLITCH
Interval

Bualified
Bropout

~—trigger on=—
g234
Ext Ext1@

~coupling J—
OCREES
LFRET HFREJ
betlueen—-
EE  neg
2dges
cinterval < -
142.5 ns
OrfF EE
rinterval > -—
78.6 ns

|

ore (I

type
Select Interval trigger.

trigger on
Selects the source of the interval irigger.

coupling
Selects the coupling of the Interva! trigger.

between

Lefines the interval between two adjacent positive or negative
edges.

interval <

Trigger i the intervai is smaller than the value defined in that field.
The value can be adjusted with the menu knob associated with the
field. The test can be turned on or o# by pressing the menu button,
and can be used in combination with the Interval » test.

interval values in the range 10 ns 1o 20 s may be entered.

inierval »

Trigger if the interval is greater than the value defined in that field.
The value can be adjusted with the menv knob associated with the
field. The test can be turned on or of by pressing the menu butlon,
anc can be used in combination with the interval < test.

The twointerval limits are combined o selact intervals within g win-
dow if the interval < value is greater than the interval > value.
Otherwise, they are combined 10 select intervals outside of the win-
dow. : '
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TV Trigger

The TV trigoer allows stable triggering on standard oruser~defined
composite video signals. The oscilloscope can trigger ona specific
line of a given field.

This trigger is a specia! form of the Edge Qualified trigger. A com-
posite video signal on the trigger input is analyzed to provide a
signalforthe beginning of the chosen field (any, odd, oreven) and a
signal at the beginning of each line (see figure below), The f;a d sig-
nal provides the starting transition and the beginning of line pulses
are counted to allow tha final trigger on the chosan line. The TV
trigger inciudes an enhanced field counting capability which can
maintain the trigger on a known field relative to some initial tngoer
(FIELDLOCK), The figid, number of fields and the field rate_ inter-
lace factor, and number of lines/picture must be specified for this
feature. Standard settings exist for the most popular forms of TV
signals. The TV trigger can also function in a simple any line mode.
Applications can be found wherever TV signals are present.

TV Signal

Field
transition

Ling
synchronizing
pulses

Trigger

T’_“‘
(I,
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SMART TRIGGER

GLITCH
Interval

Qualified
Oropout
—IV signal om

0234
Ext Ext18

~H oF Fields—

4 g

Custom

25

MSZS/S@KZ: i
—trigger on=—
Line Field

type—

!

:315) 2

s i OV —

L.

type
Select TV trigger.

TV signal on -
Selects the source of the TV trigger.

# of fields
Lefines the number of fields {up to 8).

TV type

Selecis either standard or custom TV decading.

as

Whenthe TViype onthe above field is set to standard, selects be-
tweens25/50/2:1 or 525/60/2:1 standard, Whenthe TV iypeis setto
custom, defines the numberot fines, number of ¢cycles, andinterlac-
ing factor fer non—-standard TV signals.

trigger on

Selectsthe iine and field number the oscilloscope should triggeron.
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NOTES
A. Most TV systems have more than two fields and the enhanced

field-counting capability (FIELDLOCK) allows the oscilloscope
to trigger consistently on a chosen ling within a chosen field of
the signal. It should be noted that the field numbering system is
relative in that the cscilloscope cannot distinguish betweenlines
1,3, 5 and 7 (or 2, 4, 6, and 8) in an absolute way.

. For each of the characteristics the following remarks apply:

1) 625/50/2:1 (European style PAL and SECAM systems)

This seting should be used fer most of the standard 50 field/
sec signals. The lines may be selected in the range 1 to 626
whare iine 626 is identical to line 1.

Number of fislds = 8 should be very useful for calor PAL sig-
nals. Number of fields = 4 is appropriate for SECAM signals.

2) 525/60:2:1 (American style NTSC systems)
This setting should be used for standard 60 field/sec NTSC

signals. The lines are selectable in the range 1 1o 1051,
where line 1051 is identical te line 1. :

Numberoffiglds = 4 should be very useiful for American—style
NTSC sysiems.

3) Y5007, 760/7

in order to allow maximum flexibility, no fine—counting con-
vention is used. The line count should be thought of as a
line—synchronizing pulse count, and it includes the transi-
tions of the equalizing puises. For certain extreme cases of
TV signals, the field transition recognition willno longer work.
In this case, only the “any line” mode will be available.

. The enhanced fizld—counting capebility cannot be used for RIS
acquisitions.

. Composite video signais must have negative—going synch fc be
decoded correctly.
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Qualified Trigger

Qualitied By State Trigger

Inthis mode atransition of one signat above or below a given level,
the validation, serves as an enabling condition to a second signal
whichisthe source of the trigger. The trigger can occureither imme-
diately after the validation, within a time limit aftar the validation, or
aftera predeterminedtime delay or count of potential trigger events,
[tis impeortant to note that the time delay or trigger countis restarted
at every vaiidation. For the Qualified by state mode of this trigger,
the ampiitude of the first signal must remain in the desired state until
the trigger occurs. In the Qualified by Edge mode, the validation is
sufficient and there is no additional requirement placed on the first
signal.

Typical applications ¢an be found wherevar time violations may
ceeur, for example in micre-processer debugging or telecommu-
nications., :

Trigger on 1 after 2 goes and stays below

l ’ ,{,m Trigger

: Trigger
U Uy U UL e T,

Threshcld

Slope
\T negative
>

10nsec{2ev) §Wa

£ 205 (10%ev)

QUALIFIED BY STATE MODE

In State mode, the qualifier signal is valid when it goes and siays
above {or below) a defined threshold. A trigger is accepted — while
the qualitier signal is valid - after a given time or after a given num-
ber of trigger events. When the qualifier signal ceases 1o be valid,
the time— and event-counters are reset.
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SHMART TRIGHER |
type
GLITCH 1
Intarval

(gualifier;
—irigger on—

B234

Fxt Extid

type

Sslect Qualified trigger.

by
Select State.

trigger on

Selects the trigger source. Tne other conditions for this source can

be set up using an Edge trigger.

only after

Selectshe qualifier source. The other conditions fortnis scurce can

be set upg using an Edge lrigger.

goes & stays

The rotary knob adjusts the gualifier threshold anc the pushbution
determines whether the qualifier signai is valid above or below that

threshold.

wait

Specitizs the time limit (T<} for accepting the trigger event. Aiterna-
tively, it specifies how much time (T>) or how many trigger events
(Evs) should be zliowed before the acquisition is taken on the next
trigger svent. The quelifier signal must remain valid until the final

trigger hasteen received.

The iime valie can be chosen inthe range 10 ns -~ 20 8.

The trigger event count can be chosen in the range 1 — 10,
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Qualified By Edge Trigger

Trigger on 1 2%er 2 has gone below

2
Trigger
——‘_L—_.J € Threshoid
] :
. | Trigger
U-U l._!_u U M Threshold
Stope
. P . ? negative
Triggers < »

10ns (D ev) < Walt$ 205 (10% ev)

QUALIFIED BY EDGE MODE

In Edge mode, the qualifier signal is valid as soon as it has gone
above (or below) a defined threshold (valid transition). Atriggeris
accepted within a time or after a given time or number of trigger
events. However, as soonasanewvalidiransitionoccurs, the time—
and event—couniars are reset.
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SHMART TRIGGER

——iype—

!
GLITCH 3

Interval

Bragau !

-———trzgger on—
fz34

Ext Extif
——3F Lgp——

134
EE

m
N

tl
la '18—
Bel
‘J

3

E

o)

w3it

MT< i E‘JEI

type
Select Gualified trigger

by
Seiect Edge.
triggeron
Salects the gger scurca. The other conditicns for this scurce can
besstupusingan &¢ g mgger
after
Selectsthe qualitierscurce. The other conditions ferthis source can
ba sel up using an Edoe trigger.
has gone
Adjustsihe thmw‘tr zshoid and determines whether the qua ifler
gi gnal is valid once 1 has gone above or below that threshold.
“wait

-Speﬂ'f;estheti Iiz: fordccepiirg“‘l frigger avent. Alterna-

(‘i;
‘_!'
(48]
[ ==
{U - «

tively, it spacifi jLF‘ time {T=) or number of trigger events
(Evs) aiter ava ion has occurred. Atriggercanonly be ac-
cepted aflerthis & e

F -
Note: Any subsscusnt qualifier avent restarnts this coun

e

The time valse canbe choseninthe range 10ns - 20 5.
The trigger event ccunt can be chosenin the range 1 - 107,

Seup
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Dropout Trigger

C1 (source)
C1 (trigger condition)
Timeout counter restarted

Oscilloscope triggered

ML e n
Poa P+ 4

“— < — — ——

T

DROPOUT TRIGGER MODE

In this mede, a trigger is generated if edge~like signal fransitions
Ceaseonthe trigger source for the timeout value selected. The trig-
gereventis generated at the end of the timeout period foliowing the
“ast” trigger scurce transition,

Atypical application is to look at the fast “normal” interval of a signal
that has disappeared completely. This is an assentially single shot

~application, usuaily with a pre~trigger delay. ARIS acquisition does

nol make any sense since the timing ofthe triggertimeout is not suf-
ficiently well corretated with the input channal signals.
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SMART TRIGGER

type—
BLITCH \
Interval

TV

Qualified

Trigger after
timeout, if
NO edqge

Negative
——g | thin—
1.30 ps
(timeaut)
OF previpus
edoe

type

Select Dropout trigger.

trigger aiter timeout, if NO edge occurs on
Selects the Dropout trigger sourcs.

with siope

Defines whether the measurement has to be made starling on a
Positive or Negative slope of the trigger signal.

within... of previous edge
Detines the time—out value in the range 25 ns - 20 s.
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SMART Trigger Symbols Trigger Symbols are used to allowimmediale recognitionof the cur-

rent trigger conditions. Exampies of SMART trigger symbols are

given inthe following figure. The heavier transitions show where a
trigger will be generaied.

Bt A T oA I S S I R T A ST I T
L L pulse < £.5 ns e e 7.3 08 2 pw ¢ 37.5 rs
GLITCH< trigger GLITCH trigger with time window
nrnr ExtiB AL 8.5 Y Wi, U™ oerla ac g.5 v
i e 17.5 ns < intervs! e e 1% ns < jw < 1,37 pe
[Mierval« trigger ‘ Interval trigger with time window
T b Lime 2330 28 Tqeid 1t
1 219/28/2:
TV trigger for NTSC
M 2 A0 a:spy 2 8L H4m
m 1 00811V RE NI N S BN GO S O
—i i, NEIT T avents

State Qualified triggar State Qualitied trigger with svent wait

7 2 PC géav T T 7oA samw
1 1 00 -g.11 v T 1 ac o1 v
i T RRIT 48 ns

Edge Qualified trigger Edge Qualified trigger with time wait

VLT 1 5 gy

2,010
FrE-e——i WALT 3T ng

Dropow trigger

SMART TRIGGER SYMBOLS
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12 Channels Direct Controls

TRACE ON/QFF

QFFSET
FIND

VOLTS/DIV

VAR

1 COUPLING I COUPLING

2—-channel oscilloscopes

TRACE ON/OFF

OFFSET

ke

Pressing a TRACE ON/OFF button causes the correspending
channel trace 1o be dispiayed 0rio he switched off.

This knob veriically positions the channel.

This bution automatically adjusts the offset and the volts/div to
match the input signal in the channel. -

Salects the veriical sensitivity factorina 1-2-8 sequence, orcontin-
uously {ses VAR]. The effect of gain changes on the acquisition
offset can be chosan as described inthe SPECIAL MODES menu
{chapter 18).

This hutton allaws the user to select whether the VOLTS/DIV knob

modifiesthe veriical sensitivity ina continuous manngrorindiscrete
1-2-5 steps.
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Theformat of the vertical sensitivity in the acquisition summary field
{botiom left of the screen) shows whether the VOLTS/DIV knob is
operating in the “continuous” or "stepping” mode.

COUPLING Thisbution calls up the COUPLING menu descrined in chapier13.
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TRACE ON/QFF

SELECT CHANNEL

QFFSET

FiND

4-channel oscilloscopes

1 G G

OFFSET

SELECT
CHANNELS

COUPLING

Pressing a TRACE ON/OFF bufion causes the corresponding
channeltrace (1, 2, 3or 4) to be displayed or to be switched off. The
OFFSET and VOLTS/DIV contreis will then be atiributed to this
channel, which will be referred to as the active channel.

The SELECT CHANNEL butions cause the corresponding channel
to become active {i.e. allthe vertical controls will be atiributed to it).
This control is independent of whether the channel is displayed or
not.

This knob veriically positions the active channel.

This button automatically adiusts the offset and the volts/div o
match the input signal in the aclive channel.
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VOLTS/BIV

VAR

COUPLING

Selects the vertical sensitivity facior ina 1-2-5 sequence, or contin-
uously {seée VAR). The effect of gain changes on the acquisition
offset can be chosen as described in the SPECIAL MODES menu
(Chapter 19). :

This button allows the user to select whether the VOLTS/DIV knob
modifiesthe vertical sensitivity in a continuous mannarorindiscrete
1-2-5 steps.

The format of the vertical sensitivity in the acquisition summary field
{botiom left of the screen) shows whether the VOLTS/DIV knob is
operating in the “continuous” or “stepping” mode.

This button calls up the COUPLING menu described in chapter 13.
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13 Coupling

Channel 1
—Coupling—
Groundad
peiMa
Grounded

ACIMD I

ECL TTL
~Giobal BHL—

I o

(38 MHz)

Frobe Btisn—
el %18 x198
ik 18K

=gt OFF ety

The Coupling menu is used to select:
— The coupling and grounding of each input channel

— ECL or TTL gain, offset and coupling preset for the channel
shown

— The probe attenuation of each inpul channel
— The bandwidth limiter for all of the channels

Note: Ond-channs! models the SELECT CHANNEL butionsonthe
front panel allow the selection of the channe! number in the
COURLING menu. On 2~channel models, a dedicated COUPLING
meny button is available for each channal.

Coupling

Salacts the coupling of the input channel. lf an OVERLOAD condi-
tion is detected on a channel, the instrument will eutomatically set
this channsl to the grounded state. The bution will then show
OVERLCAD.

Vidiv Offsst

IFNORMAL is highlighted, pushing the button once sats the offsat,
Volis/div, and input coupling to properly display £CL signals. Push-
ing the button & second time gives the setlings for TTL signals.
Fushing the button once more returns the settings (o those used at
the last manual setup of the channel.

Global BWL
~Sets the bandwidth limit OFF or ON
The bandwidth can be reduced from 300 MHz to 30 MHz (from 175
MHz lo 20 MiHz forthe 9304)(-3dB). Bandwidthiimiting may be use-
ful in reducing signat and system noise or preventing high-fre-
quency aliasing. For example, bandwidth limiling reduces any
high~frequency signals that may cause aliasing in single-shot
applications. '

Note: This command is global and affects all the input channels.

Probe Aiten
Sets the probe aftenuation factor related to the input channel.




MORE ON COUPLING

PROBES

Inthe AC position, signals are coupled capacitively, thus blocking
the input signaf's DC component ang tlimiting the signal frequencies
befow 10 Hz.

inthe DC position, all signal frequency components are allowed to
passthreugh, and'1 MQor 50 O maybe chosen as the input imped-
ance. it should be noted that with t MQ input impedance the bang-
width is limited to approximately 250 MHz. .

The maximum dissipation into 50 Q is 0.5 W, and inputs will auto-
matically be disconnected whenever this occurs. An indication of
the overload can be found in the Acquisition Summary Field and in
this menu. The overicad condition is reset by removing the signal
from the Input and selecting the 50 Q input impedance again.

Model P8020 passive probes are supphied with the oscilloscope.
These probas have 10 MQ input impedance and 16 pF capaci-
tance. The system bandwicith with these probes is DC to 250 MHz
{typical} in 1 MQ DC coupling, and >10 Mz to 250 MHz in AC
coupling.

Tocalibrate the PS020 probe, connect itto one of the input channeis
BNC connectors.Connect the-probe’s grounding alligatorcliptothe
CALBNC ground and touch thetipto the inner conductor of the CAL
BNC. The CAL signal is a 1 kHz square wava, 1 V p—p.

Set the channel coupling to DC 1 MQ, turn the trace ON and push
AUTO SETUP to set up the oscilloscope. If over— or undersheot of
the displayed signal occurs, it is possible 1o adjust the probe by in-
serting the small screwdriver, supplied with the probe package, info
the trimmer on the probe’s barre! and turning it clockwise or coun-
ter—clockwise 1o achieve the optimal square—wava contour.



14 Zoom + Math Capabilities

Z00M

Precise Timing Measure-
ments with Zooming

Mulii-Zoom

A wide range of processing functions can be perormed on acquired
wavelorms. These capabilities are accessed through the ZOCM +
MATH controls on the front panel.

Four {processed) traces, A, B, C, and D are available for either
zooring alone or for waveform mathematics.

Any trace, A, B, C or D, can be set up to zoom onto any of the
acquirad traces C1, C2 (C3, C4), any of the reference memories
M1 M4 (see chapter 20 on steringwaveforms), or any of the other
traces A, B, C or [ (but not Hself). The Displayed Trace fleld will
show the source of the ZOOM. The four rotary knobs of this front-
nanel section are used to manipulate the herizontal and vertical
positiens and the horizontal and vertical expansion faciors of the
zoomed trace. When saveral traces are displayed, the conirols
must be assigned to the desired trace with the SELECT ABC D
butten, since only one trace can be modified at a time.

Evenonthe models with 10K points per channel, the horizontai ex-
pansion factor can be as large as 200, greatly improving the time
resolution on the viewed trace. It is possibie to have severaltraces
zoom onio the same wavelorm for precise timing measurements.

As an example, consider a waveform where the {ime intervai be-
tweeniwo signal transitions which are about 580 us apart must be
measurad accurately, This waveform should be acquired with a
1 msidiv timebase so that the transitions appear on the screan
about 5 horizontal divisions apart, Trace A can now be set up to
zoomonto the first transition of the signal, while frace Bis setup io
zoom onto the second transition.

in arinstrument with 50 K peints per channel, the traces canbe gx-
pandedio as much as .1 us/div, Le. afactor 1000, By applying the
“relative” “horizontal” cursors {see chapter 22}, ihe 500 us time in-
terval can be measured with aresolution of better than & ns. Thus,
the combination of long memory with zooming allows time interval’
measurements with an accuracy of 110 100000.

it is sometimes convenignt to be able to move the zoomed (intensi-
fied) region along twe or more different traces, or two or more
regions of the same trace, simuitaneousty. When the Multi-Zoom
featureisturned oninthe MATH SETUP menu, the horizontal zoom
and position controls apply simultanscusiy to all displayedtraces A,
B, C and D, aflowing a convenient simuitaneous viewing of similar
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Viewing Reference
Memories

WAVEFQORM MATHEMATICS

sections of different traces. The veriical controls still act individually
on the traces, and can be swilched from one trace o another with
the SELECT AB C D button. The boxes areundthe trace titles inthe
Dispiayed Trace Field show whether {he Multi-Zoom is on or off.

The reference memories M1 - M4 cannot be displayed directly.
They mustbeviewedthroughong of ihe traces A, 8,Cor D, andthe
menu MATH SETUP is used lo define the tracs as a zoom on the
desired reference memory. A shorcut is available in the menu
RECALL WAVEFORM (chapter21),in which itis possible to *recall”
areference waveforminto oneoftheiraczs A, B, CorD. Whenever
such a "recall’ s executed, the destination trace is redefined as a
zoom of the reference memory and the trace display is turned on.
The previous definition of the dastination trace is lost,

Any trace A, B, C or D can be set up as a mathematical function.

Wavelom negation, identity, addition, subtraciion, multiplication

and division, as well as surnmed averaging of up to 1000 wave-

forms, are standard. The waveform processing options WP0O1 and

WP02 offer a wide range of additional possibilities:

-~ continuaus averaging

- summed averaging of up to 1000000 waveforms

~ enhanced resolution by up to 3 Rits with filtering

- extrema, i.e. envelope of many waveforms

~ mathematicat functions. such as integral, dervative, logarithm,
exponential, square, sguare root and sink/x interpotation

- FastFourier Transform (option WP02), including FFT averaging

Wavelomm mathematics can be applied to any channel C1, C2{C3,

C4)or any reference memory M1 —-M4, Also, they canbe applied to

the traces A, B, C or U so that several computations can be ex-

ecuted in sequence. For example, trace A can be set up as the

difference between C1 and C2;1hen, trace B canbe defined as the
average of A;finally, trace C can be the iniegral of B. Thus, trace C

displaysthe integral of ihe averageddifferance betweenchannels 1
and 2.

Inorderic avoid slowing the instrument down for unwanted compu-
tations, a mathematical function is only computed when its dispiay
isturnedon. However, inthe example abeove, itwould be sufficient to
disptay trace C only: the instrument knows that i must compute A
and B as intermediate stepste C.
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‘Zsom of Math Functions

Speed-up of
Waveform Mathematics

The Displayed Trace field will show a processing tille for each trace
on display. Tihe titie is missing, itis anindicationthat the processing
desired cannot be done and the contents of the trace have beenleft
unchanged.

When atrace A, B, C or D is defined as a mathematical function
{rather than a Zoom only), the zsom contrels are still operating.
Thus, it is not necessary to define ancther trace as a zoom of this
function. In order tc view the entire mathematical function, cancel
any expansion or position change by pressing the bulton RESET.

Wavelorm processing cantake anappreciable executiontime when
operating enmany data points. Thetime , howe ar, can be reduced
by limiting the number of datapoinis which are used inthe computa-
tion. The instrument then executes the waveform processing
function onthe entire waveform by taking every Nth point, where N
depends on the timebase and ithe desired maximum number of
points. The frst point of such a reduced record is always the data
value at the efi—nand adge of the scrzen.







15 Zoom + Math Direct Controls

TRACE ON/OFF
SELECT TRACE
s POSITION

I POSITION
- ZO00M

TRACE ON/CFF

] &1 [ [

POSITION gpigct POSITION

Fo Mmll o

D Z00M

Pressing a TRACE ON/OFF buttoncausestne f‘orrcspondmg trace
(A, B, Cor D) to be displayed. The POSITION and ZOOM knobs to-
gether with the RESET button will then be attribuled to this trace,
which will be referred to as the active irace.

If mora than one trace is displayed, the SELECT ABCD bution
causes the nex! irace (in the ABCD sequence) to become actlive.

Horizontatly repositions an expanded trace. lf the source of the ex-
panded waveform is displayed, it will show an intensified region
correspongding to the area of expansion.

Vertically repositions the active trace.

Horizontally expands/contracts the active trace. If the source cithe
expanded trace is also displayed, it will show an intensified region
corresgonding to the area of expansicn.

1+ 'Math Dirs¢




T zoom Vertically expands/contracts the active trace. The I position is ad-

justed according to the selection made in the SPECIAL MCDES
menu (chapter 18).

RESET This button ressts any previously adjusted «» POSITION, T POSI-
TION, e+ ZOOMor T ZOOMtothe initialvalues of the source tracs.
MATH SETUP This button calls up the MATH SETUP menu described in chap-

ter 16.In additiontothe definttion ofthe traces A, B, C. D this menu
also controls the multi~zoom mode and the chaice of saquence seg-
ment displayad by an expand.
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16 Math Setup

HOW TO USE MATH

STANDARD AND QPTIGNAL
PROCESSING PACKAGES

The Math Setup menu is used to select:

- Zoomifeaturas: vericsl horizontal, multi~zoom, ete...

- Math features: Arithmetic, Average, Enhanced Resolution,
Envelope, Fast Fourier Transform (FFT), and various functicns
such as integral, exponential, square roct...

- A sequence segment 1o be displayed {see chapter § for a de-
scripticn of Saguence model.

Fouriraces (A,B,C.D} are provided for *Math” usage. They cantbe
configured o execute any Zoomor Math function, AND theycanbe
chainred. For instance: '

- Trace A can be configured lo be an averaging of Channel

- Trace B can be a Fourier Transform (FFT) of A

- Trace C can be a Zoom of B

Allthese traces canbe seen SIMULTANECUSLY on the screenby

pressing the required TRACE QN/OFF buttens. Alsc, any function
can be zoomed direcly.

The standard Wavelorm Processing features of the instrument
include Summed Averaging up to 1000 sweeps and Arilhmelic
cperations (Acd, Subtract, Muttiply, Divide, Negale, [dentity).

The WPGO1 optional Waveform Processing firmware adds the fol-

iowing functicnalities:

Summed Averaging up 1o 1 million sweeps, Continuous Averag-
ing uptc 1024 sweaps, Reciprocate, Hescale, Absolute Value,
Derivative, Integral, Loganthm {e}, Logarithm {10), Exponen-
tial {8}, Exponential [10], Square, Square Root, (sin x)/x
inlerpolation.

Enhanced Besolution: digital filtering ailows 0.5-10 3-bitvertical
" resolution improvement. '

The WP02 optional Waveform Processing firmware addsfrequency
domain analysis (FFT and FFT Power Averaging), as well as Re-
scale In both time and freguency domains.




ZO0K + MATH

REDEFINE 4
I

REDE INE B

use 3t most
25609 points

L S —

—

REDEFINE .

Selects the trace 1o be redefined in the Setup menu. The various
Setup menus are described in the rest of this chapter.

Multi-Zoom

When Multi-~Zoom is ON, ail the *Zoom” traces are simulianeously
controlied by the POSITION and ZO0M knchs.

When Multi~Zoom is switched CFF, only the aclive trace (sslected
by pressing the SELECT ABCD butten) is controlied by the POSI-
TION and ZOCM butions.

Seleciad

Whenatrace A..D which contains a Sequence mode wavaform is
selected, this box appears inthe menu. #t is used 1o select either a
specitic segment to be displayed inthe trace or all the segments at
once. Pressingthe menu bution toggles betweena single Segment
and All Segments. When a single segment is selected, the asso-
ciated rotary knob can be used to step through the segments.

for Math use at most...

Selects the maximum number of points for aff Math operations. Se-
lecting z low number increases computation speed.



SETUP MENU FOR ZOOM
Setup of A use Math?

—se Math? 7 Toggles between No (Zoom only) and Yes {Math + Zoom) s&tup.
o Yes
Trace .. 18 Z00M of

Selects the source trace on which the zoom will be applied.

Trace f is
200M af

f234BCD
M1 M2 H3 M4 |

i
i
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SETUP MENUFCR

ARITHMETIC

Setup of §
—usz Hath?-—

No (BB

—Math Tupe—
Arithaetic
Averzage
Emh. Reg
Extrema

-

P

i

Difference
Product
Ratig

.y

Select Yes.

This menu allows addition, subtraction, muttiplication and division.
The two operands and the operator may be chosen in the three
lower fieids.

The menu illustrated on this page shows a setup of trace A as the
sum of Channel 1 and Channe! 2.

Select Arithmaetic.
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SETUP MENU FCR
AVERAGE

This menu allows summed (lingar} averaging or continuous {expo-
nential} averaging.

Sumimed averaging consists of the repeated addition, with equal
weight, of successive scurce waveformrecords. If astable triggeris
available, the resulling average has areduced random noise com-
ponent, compared with a single-shot record. Whenever the
maximum number of sweeps is reached, the averaging process
stcps. The process may be interrupied by switching the trigger
mode fram NORM to STOP or by turning the function trace OFF.
Averaging will continue when these actions are reversed.

The accumulated average may be resst by either pushing the
CLEAR SWEEPS bution or by changing an acquisition parameter,
such as input gain, offset or coupling, trigger conaition, time base or
bandwidth imit. The number of currently averaged waveforms (of
the function or of iis expansion} is displayed in the Displayed Trace
field. .

Whenever the maximum number of sweeps is reached, a larger
rumber of sweaps may be accumulated by simply changing the
maximum number of sweaps inthe setup menu. Inthis case care
must be 1akan tolsave the other parameiers unchanged, otherwise

g new dveraging calcdlation 18 slarted.

Whan summed averaging is turned on, the display is updated at a

-reduced rate (about once every 1.5 sec), to increase the averaging

speed (points per second and events per second).

ummed averaging can be appliedto seguence waveforms io give
the average of the segments. it can also be appliedto an expansion
showing a segment of a sequence, lo give the average waveformior
that segment over many sequence acquisitions.

Continucus averaging {also called exponential averaging; con-
sists of the repeated addition, with unequal weight, of successive
source wavelorms. The technique is particularly uselulfor reducing
noise on signals which drift very slowly intime or amplitude. Howev-
er, the stalistics of a continuous average tend to be worse than
those from a summed average on the same number of sweeps,
since the most recently acquired waveformhas moreweightthan all
oreviously acquired ongs. Therefors, the continuous average is
dominated by the statistical fluctuations of the most recently ac-
quired waveiorms.

The weight of “old” waveforms in the continuous average gracdually
ses.

tends to zero, at a rate which decreases as the weight increa
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Aritnmetic
HyErane

Enh. Res
Extr-zma ]

FET f

m—Hus Tyde——

Coarntinuous

The menu below shows a setup of trace A as a Summed Average -
over 1000 sweeps - of Channel 1.

use Math?
Seiect Yes.

Math Type
Select Average.

Avg Type

Selects between Summed and Continuous Average,

for... / weight

in Summed Averaging mede, this field is used o define the number
of sweeps desired for the operation. In Continucus Averaging
mode, this field is used to define the weight (similar to the number of
sweeps) desired for the operation.

Irotherwords, insummed averaging, Yorn sweeps” means the tirst
1 sweeps will be taken into account. In continuous averaging,
“weight 110" means that the tast sweep will be given a weight of 1
andthe previous result aweight of nin calculating the new average.

of
Selects the source trace i be averaged.



SETUP MENU FOR

This meru allows the selection of low-pass digital fiiters which in-

ENHANCED RESOLUTION crease ihe resclution of the displayed signal to the detriment of its

SETUP OF B
—use Math?-——

o I

~Math Tgpe—m“i
Arithmetic &
Aueraqe
Extremz

FF1 f

—enhance by
1 bit !

M
12343C0
i K2 H3 W4

bandwidth. Aprandix B gives a detailed explanation.

Note: These digital filters work very much like analog bancwicth—
limit filters. In single—shot mode, these filters, as weil as the
sampling speed, affect bandwidth. If high bandwidth is neeced at
slow timebasss, consider using averaging and repetitive sampling.

use Math?
Select Yes.

Math Type
Select Enhanced Resolution.

enhance by

Salects the different filters which will snhance the resolution of the
displayed signalfrom 1to 3 bits in 0.5-bit steps. The lastbox onthe
menu allows selection of the source irace 1o be filtered.




SETUP MENU FOR
EXTREMA

This menu is usedto acquire the envelope of atrace over many ac-
guisitions.

Extrema waveforms are computed by a repeated comparison of
successive source waveformrecords with the already accumuiated
extrema waveform, which consists of a maxima record (roof}and a
minima record (floor). Whenever a given data point of the new
waveform exceeds the corresponding maximum value in the roof
record, it replaces it If the new data point is smaller than the corre-
sponding floor value, it replaces it. Thus the maximum and the
minimum envelope of all waveform records is accumuliated.

Roof and Floor records can be displayed individually or both to-
gether,

Whenever the selected maximum number of sweeps is reached,
the accumulationprocess stops. The process may be interrupted by
switching the trigger mode from NORM to STOP or by turning the
function trace OFF. Accumulation will continue when these actions
are reversed. The currently accumulated extrema wavelom may
be reset by eitherpushingthe CLEARSWEEPS button or by chang-
ing an acquisition parameter, such as input gain, offset or coupling,
trigger condition orthe time base or bandwidth limi. Thenumber of
currently accumulated waveforms is disptayed in the Displayed
Trace field of the function or of its gxpansion.

targer number of sweeps may be accumulated by simply chang-
ing the maximum number of sweepsinthe setup menu. Inthis case,
care must be taken to leave the other parameters unchanged,
otherwise the extrema calculation is started again. '
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SETUP GF R
—use Math?

Lo Ves

~Hath ?gpem-]
Aversge !
£ fes

e 1L TS ke
1152

Flagr Reoof

SRSE————E

-

Far
1550
{supeps?
af
234800

3
H1 M2 H3 H4

use Bath?
Bglect Yes.

Matk Type
Zelect Extrema.

limits
SelecisbetweenEnvelope, Floer and Rool. Floor is usedto show
erily the lower part of the envelope and Roof to show only the upper

pari of the envelope. Changing the limits does notforce the analysis
to-start again.

for
Selecis the number of sweeps desired for the operation.

of
Selects the source trace.




SETUP MENU FOR FFT

Setup ofF
58 Math?—

No (3%

~Math Type

Extrems
FE]
FFTAVS

~FFT resylt

with
Hamming
{window

OF

BLD

Enh.Res i

Functions I
SO

Fhase i

Real+lmag !

2
M1 H2 M3 M4

FFT INTERRUPTION
(ABORT)

This menu is used to display the Fast Fourier Transform (FFT)ofa
signalinorderio visualize itinthe frequency domain. More details of
Fast Fourler Transferm are given in Appendix C.

use Math?
Select Yes,

Math Type
Selact FFT.

FET result
Selects the output format of the FFT. Imaginary, Magnitude,
Phase, Power Density, Power Spectrum, Real, Real + imag-
inary.

with
Selects the FFT window type: Rectangular, Hanning, Hamming,
Blackman—Harris; Flal—top. S -

of
Seiects the sourge tracas.

During FFT computation the symbol FFT is displayed in the lower
right-hand corner of the screen). Since the computation of FFT on
leng time—domain records may take a long time, it is passible to in-
terrupt an FFT computation with any froni~panel bution or knob.
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SETUP MENU FCR

FFT AVERAGE

~-1ge Hath?—
i es
~Hath Type
nh,Res i
txirena
FFT
Functions I

—FFT resuli—
Magnitude b
Pouer

Y

Setup of §

This menu is used to display the FFT power averaging of an FFT
scurce trace.

Power averaging is useful for the characterization of broadband
noise or of pericdic signals for which a stable trigger signal is not
availabie. Notathatthis type of averaging measures the total power
{signal and noise} at each frequency.

Note: The source frace must be an FFT function.

use Math?
Select Yes.

Math Type
Szlect FFT AVG.

FFT result

Selacts the cutput format of the FFT Average: Magnitude, Power
Density, Power Spectrum.

for

Sclects the number of sweeps desired for the cperation.

of
Sziecis the FFT source.

The FFT AVERAGE canbe reset by pushing the CLEAR SWEEPS
buiton. The number ¢f currently accumulated waveiorms is dis-
played in the Displayed Trace fieid of the function or its expansion.
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SETUP MENU FOR This menu is usad to display any of the {ollowing functions:

FUNCTIONS

Absolute value Log (base &)
Derivative Log 10 (base 10}
Expibases) Negation
Exp 10 (base 10) Reciprocal
Identity Sinx/x
{ntegral Square

Square root

Notes:

Square Aoot is aclually computed on the absoiute value of the
source waveform.

For legarithmic and exponential functions the rumerical value
(without units) of the input waveform is used.

For the integral function the source waveform may be ofisst by an
Aaditive Constantinthe range-—~107% tc + 1078 times the vertical unit
of the source wavelorm,
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SETUR OF &
—use Hath?—
No iR
S
—Hath Type—
Extiress A
FFT
FETRVG
! ¥y

Reccals i
——Functinn——~7

Kegation !

Reciprocal

=
- SgusME

Sgugre Root T

2]
J

o )
vy

usa Math?
Select Yes,

Math Type
Select Functions.

Function
Selects the function type.

of
Selects the scurce trace




SETUP MENU FOR
RESCALE

SETUP GF A
—i5e Kath?-—

No (5

~Hath Tgpe—j
Extrama i
FFT
FETAVE
Funiﬂs

Rescale

f234BC0D
HI H2 M3 M4

This menuisusedto selectawaveformand adjust the multiplication
factor a and the additive constant b in:

(a =waveform) + b

Both constants can have values hetween —105 and +1015.

use Math?
Select Yes.

Math Type
Selact Rescals,

Use the bution next io {3 = 1) + b to highlight either a or b.
a=ior bz

Use this button o highlight the mantissa. the expenent, orthe num-
ber of digis.

Use the knob to change the highlightad value.

The lastboxon the menu allows selection of the source waveformto
be rescaled.
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17 Menu Buitons & Knobs

0000

DISPLAY UTILITIES

.

WAYEFORM
STCRE  RECALL

CURSORS: PANEL
RETURN MEASURE SETUPS

SCREEN SHOW CLEAR
BUMP STATUS SWEZPS

1 ] ]

MENU BUTTONS When a menu is activated by pressing one of the dark-grey menu—
entry Keys on the front panel, up to seven fields appear on the
right-hand side of the display. These fields can be conirelled by
using one of the seven menu buttons.

The eighth (boltom) bution marked RETURN isusedto gobackio a
higher-level menu, or — when at the highest possible level - to
switch the menu off.

MENU KNOBS The two menu knobs are asseciated with the last two menu fields.
Both the button and tha adjacent knob provide control of the field.
Fer example. the button may be usad e step through a list of pa-
rameters and the knob used to set the selected parameter's value.
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DISPLAY

UTILITIES

WAVEFORM STORE

WAVEFORM RECALL

CURSORS/MEASURE

PANEL SETUPS

SCREEN DUMP

CLEAR SWEEPS

This button calls up the DISPLAY men, described in Chapter 18,
which conirols grids, intensities, persistence modes, sic.

This button calls up the UTILITIES menu, described in Chapler 18,
which controls printer setups, GPIB addresses, atc.

This button calls up the WAVEFORM STORE menu, described in
Chapter 20, whichis used o store waveforms to internal memory or
gxternal memory.

This button calls up the WAVEFORM RECALL menu, described in
Chapter 21, which is used to retrisve wavelorms stored on cards or
floppy disks.

This button calls up the CURSORS/MEASURE meny, described in

Chapter 22, for precise curser and parameler measuraments on
traces.

This button calls up the PANEL SETUPS menu, descrined in
Chapter 23, which is used to save or recall a configuration of the
instrurnent. N

Causes a print or piot of the current screen display 1o an on~fine
hardcopy device, via the oscillescope’'s GPIB or RS-232—-C intar-
face ports. Alithe screen illustrations included in this manual were
produced using the Screen Dump function.

Once the SCREEN DUMP button has been pressed, a/l the dis-
played information will be copied. # is possible 1o copy the
waveforms withoul also copying the grid, by turning the grid intensi-
ty down to O in the Display Setup menu.

While a screen dump is taking place, as indicated byithe PRINTING
or PLOTTING message on the lower right part of the scraen, & can
be aborted by pressing the SCREEN DUMP button a second time.
Allow some time for the buffer to empty before copying stops.

Note: See Chapter 19 UTILITIES for HARDCOPY SETUR

Many operations require several acquisitions (referred to as
Sweeps), among which are averaging (see Chapter 16 for descrip-
tion of AVERAGE menu), persistence, and passiail testing. The
CLEAR SWEEPS button “restarts” these operations by resetting
the sweep counter{s} o zero.
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GENERAL INSTRUMENT To reset the instrument, simultaneously press the AUTO SETUP
RESET , button, the top menu-outton, and the RETURN button. The instru-
ment will revert to its default power-up sattings.
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18 Display

Standard Display vs
XY Display

The Display menu is used to sefect:

~ Standard or XY mode

- Persistence OFF or ON

~ The number of grids on screen

—~  The intensity adjustmenis for the waveforms and text
- The intensity adjustments for the grids

The standard display ailows the presentation of source waveforms
versus time (or versus frequency for FFTs).

The XY display allows the preseniation of one source waveiorm
versus ancther.

The XY dispiay can be generated if the traces selected have the
same fime or frequency span {same T/div} and have the same hori-
zontalunit {second or Heriz). As soon as twa compatible traces are
selected, the XY display is automatically generated. Hincompatibie
traces are selected, awarning message isdisplayed atthetopofthe

screen. If the two compatible traces are not matched in time, their
XY diagram wili still be displayed with an indication of the shifting -

intime orinfrequency —betweenthe twotraces. The AT or Afindi-
cator is displayed in the displayed trace field on the left of the
screen.
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Persistence

in Persistence Display ~ available in both Standard and XY mode —
the oscilloscope can display points so that they accumulate on
sCreen over many acquisitions. “Eye diagrams” and “Censteliation
displays” canbe achievedusing this display mode. The most recent
Sweep is displayed as a “vector” trace over the persistence disptay.

This feature, however, is not available in XY or

in Sequence mede.

DISPLRY SETUP

\-EE i ‘E";'

XY

ny
ny

ny
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80
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Screen Preseniation

Grid sizes and presentations depend cnwhetherthe instrumentis in
Standard or in XY display.

The “Parameter” display can only be chosen in Standard display
with persistence OFF, by accessing the CURSORS/MEASURE
menu and selecting parameters or PASS/FALL. In “Parameter” dis-
piay, only single grid presentation is available.

R R A At aad

~ Single Grid

Quad Grid

Dual Grid

: ~E . . ]
RERTAN RN AN
RS NN
R R N
R N A LA Y
TN R
VIRV 3/ Vil
neant b /
=l 1

Parameters Grid

STANDARD DISPLAY MODE




“XY only” Grid

S

At

“XY + Single” Grid

XY DISPLAY MODE

“XY + Dual” Grid
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STANDARD DISPLAY

fDISPLAY SETUP

Persisience
LR

(3 § d g
SingFeiicy
Quad
~W’ Farme Text—
intensity
8e %
—Grid
intensity
ge x

Persistance

Salects the persisience mede. When setto ON, canbe cleared and
reset by pressing the CLEAR SWEEPS button or by changing any
zequisition condition, any waveform processing condition, or the
namber of grids.

Grids

Salects the desired number of grids. if the “Parameters” or the
LASS/FAIL  mode is selacted inthe CURSORS/MEASURE meny,
fhen only the single grid is available.

Wiorm + Text intensity
Adjuststhe screen intensity forwaveforms andtext, using the altrib-
ifed menu knob.

Grid intensity

~Adiusts the screen intensity for grids, uging the attributed menu

kb if the grid intensity is turned down to 0, the grids will not show
on a sereen dump.
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XY DISPLAY

DISPLAY SETUP Persistence
—_— Selects the persistence mode. Whensetto ON, can be cleared and
Standsrd reset by pressing the CLEAR SWEEPS bution or by changing any
kY, acquisition condition, any wavetorm processing condition, or the
— number of grids. The number of sweeps accumulated (up tc
Persistence 1000000} is displayed below the grid. Persistence is not avaiiable
OFF ‘] for traces with more than 50000 points (L models only).

Grids

Selects the desired number of grids. In “XY only” mode, the XY grid
occupies the maximum possible space on screen. In Single Grid, a
smaller square grid is used for the XY display whiie the rectangular
grid underneath simultaneously shows the original source wave-
forms. The rectangular grid can also be used in a dual grid mode by

nic selecting Dual Grid.
‘ES e D Wform + Text intensity _ . _
_M)""-ﬁ AT Ay e . J i : . ) -
iﬁ‘fﬁgc : ,X Adjuststhe screenintensity forwavelorms and text, usingthe attrib-
éaw uted menu Knob, '
mf:;i -ty Crid intensity
B % Adjusts the screen intensity for grids, using the attributed menu
B Knob. If the grid intensity is turned down 10 ¢, the grids will not show

on a screen dump.
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1% Utilities

UTILITIES MAIN MENU

Memory Card §
Utilities

Flappy Disk
Htilities

CAL. BNC
Setup }

This section describes the Utilities menu which is used to select:
~ The hardcopy seflings

— The time and date seitings for the reai-time clock

-~ The GPIB and RS232 settings

- Thememory card or floppy disk utilities (copy and format, delete
files...)

- The Special Modes of operation (offset behavior, sequence
time—out)

—~ The function of the signal at the CAL BNC connecicr (magni-
tude, fraquency, shape, trigger out, pass/fail use).

Hardcopy Satup

Preas this bulton to visw/change the current printer or plotter set-
tings.

Time/Date Saiup

Prassthisbuttonto adiustthe real-time clock dispiayedinthe upper.
tefi corner of the screen.

GPIB/RS232 Setup :
Press this button to view/change the current interface gettings.

Memory Card Utliitles
Press this button to access the Memoery Card Utilities menu,

Floppy Disk Utilities
Press this bution to access the Floppy Disk Utilities menu. -

Special Modes
Press this bution to access the Special Modes menu.

CAL BNC Setup

Pressthis butionio access the CALBNC menu. Thisbutiononly ap-
pears in instruments with the CLBZ hardware option.
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HARDCOPY SETUP MENU

HARDCOPY

output fome—

Card

Flappy

6PIB

RG232

Centranics
—page feed

OFF

~plotter————

ThinkJet
TIFF

P-1478

~plot sire
AS(§.5"/5.5"
—Pen numher——
2

LagserJst 1

HP 7556 F

A

output to

Selects the device to which the instrument should output. Ifusing a
port, check the GPIB & RS232 menu to make sure that the settings
are correct,

Thedevice canbe eitherapert (RS232, GPIB, Centronics) to which
a plotter or printar is connected, a storage unif {card, floppy}, orthe
internal printer. The list of devices shows the options installed inthe
instrumeni.

When copying 1o a siorage unit, a file name wil be assigned auto-
matically, following the rules set out in the file—naming section.

page feed

Select On to start on a new page each time the SCREEN DUMP
button is pressed.

plotier/printer protocel
Use the menu butions to select the appropriate driver.

Note: Press the SCREEN DUMP button on the front panel to make a
copy of the curreni screen display.

piot size (for plotters only)
Selects the desired size: A4 (117 = B.5”), A5 { 8.5" x 5.57).

pen number (for plotiers only)

Selects the number of pens installed on the plotter. The oscillo-
scope assumes the pgns are loaded consecutively in the lower

slots.

2 2
LeGroy 3 3 Printer/
5300 Piotter
Models 5 .7

8 20

R$-232 Cabling for Printers and Plotters
{can be used in almost every case)
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INTERNAL PRINTER SETUP MENU

HARGCCPY
—outputl to
nto Pevi

~cm/division

L2
g 1
28 5B
198 280

cutput to
Select Intermnal Printer.

cmy/division
Select the appropriate expansion tactor.

Note: When the expansion factor is greater than 1, neither persis-
fence nor cursors can be obtained on the hardcopy.




TIME/DATE MENU

TIME/DRTE SET CLOCK...(SPRING)
Press this button to swilch 1o summer time.

SET CLOCK...{FALL)

r=SET CLOCK— Press this butten to switch io winter time.
FORWARD ONE
w—u——MRI (SPRING) LOAD CHANGES NOW
g&gim%ogi; Activates the changes made with the “HourMin/Sec” and
HOUR CFALL) Day/Month/Year” buitons and knobs.
HOMW Press the menu button to toggle between "hour”, “minutes”, and

“seconds”. Use the menu knob 1o adjust the corresponding value.

Day/Mnth/Year
(————-'—ﬁ ' Press the menu button to ioggle between "day”, “month”, and
T Min Sec i “year”. Use the menu knob to adjust the corresponding value.
15:04:04
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GPIB & RS232 MENU

GPIB B RSz232
~~—Ramgts

Central Frod
BgiE Ro232
~R52372 Mode—
T-Bit

gdd  sven
—Stop bits—
g 2
~-Baud Rate—
386 1260
2408 4888
EEEE 19299
—5PIB Device—
(Rddress)

Remote Control from
Selects the port for remote contral,

Note: When RS-232 is selected, the GPIB intarface is in “Talk Cnly”
mods.

RS232 Mode
Selects 7—bit or 8-bit mode for RS-232 communication.

Parity
Selects the parity for RS-232 communication.

Stop bils
Selects the number of stop bits for RS-232 communication.

Baud Hate
Selects the appropriate baud rate; using the attributed menu knot.

GPIB Device (Address)
Selects the appropriate GFIB address.

Note: Any change becomes immediately effective.
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R3-232-C The RS-232-C pori on the rear panel can be used for remote
CONNECTOR oscilioscope operation, as well as for direct interfacing of the oscil-

loscope 10 a hardcopy device 1o produce copies of dispiayed
waveforms and other sgreen data.

While a printer or plotter unit is connacied to the oscilloscope, its
RS-232~C port can be computer controlled from a host computer
viathe GPIB porl. The oscilloscope's buili—in drivers aliow hard cop-
ies to be made without an external computer.

RS-232-C connector pin assignments:

pBa

Pin # Description

3 TxD Transmitted data (from the osciflescope).

2 RxD Received data (1o the oscilloscope).

7 RTS Request 1o send {from the oscilicscape).
I the software Xen/Xoff handshake is selected it is always TRUE.
Otherwise {hardware handshake} i is TRUE when the oscilloscope is able
to recaive characters and FALSE when the oscilloscope is unabis to receive
characers. e . - o e

8 CTS Clear 1o send (1o the ascllloscope}.
When true, the oscillescope can ransmit; when false, ransmission stops. K
is used for the oscilloscope output hardware handshake.

4 DTR Data terminal ready (from oscilloscope).
Always TRUE.

— GND Protective Ground.

5 3IG GND Signal Ground.

This correspends to a DTE {Data Terminal Equipment) configura-
tion.
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MEMORY CARD UTILITIES  This menu displays information about the memory card loaded into

MENU (optional}

CAROD UTIL

)

COPYING aND
FORMATTING
Formatied

- 2B-HOY-82

11:36:18

Size 20648K

Free 1183K

0o DELETE
Jagg . EFY

W02 PIT
ey PIT
0885 EPN

beas LY

26-NOV-92
11:36:18
Size 38815

the oscilloscops:

— Last ormat” date and time

-~ Memory size and available {ree space

- Date, time and.size information of the selected file on the card
{highlighted in the bottom menu-tield)

In addition, this menu provides access to the following opsrations:

COPYING AND FORMATTING

Select this menuio format the card or to copy the maching template
1o the card. The template s an ASCll texi-file which contains ali the
intormation required to decods the descriptor part of a binary wave-
form.

DO DELETE
Daletes the e selected at the bottom of the menu.

File
Selectsthe fileto be deletad, using the attributed menu knob orbut-
tons. '

Note: When the instrument is equipped with both the memory card
(MC01) and the floppy disk ((FP01)} options, a "File Transfers” sub—
menu appears, allowing file transfers between the storage media
{see page 18-13L




MEMORY CARD AND FLOPPY DISK STRUCTURE

MC Format

Floppy Disk Format

LeCroy Subdirectory

File-naming Structure

The Memory Card's structure, based on the PCMIA 1.0/JEIDA 4.0
standard, consists of a DOS partition containing files as in any DOS
floppy or hard disk.

When the card is formaited by the oscilloscope 1t is segmented in
contiguous sectors of 512 bytes each. The oscilloscope does not
support error detection algorithms suchas CRC's or checksum that
are inserted betweenthe sectors. Inthiscase, the oscilloscope may
stilf be able to read the card but be unabie to write to the card,

The floppy disk supports DOS 1.44 Mb and 720 Kb formats.

All the files are written to the media in a subdirectory called

LECROY_1.DIR. This directory is automatically created when the

media is formatted. If the mediz has beeniormatied elsewhere — for

instance in a PC - the directory will be created the first time a file is
tored to the memory card or io the floppy disk.

As in MS-DOS, the file name can take up to 8 characters followed

by an extension of 3characters. . .

Afile is treated as:

~- & Panelsetup it its extension is PNL,

- aWaveform if &ts extension is a 3—gigit number.

- a Waveform Template if its extension is TBL.

~ a Hardcopy if its extension is TiF, PRT or PLT.

it the tile you are storing carries the same name as a file already on
the media, the old file will be deleted.

Whenthe instrument stores afile, it automatically generates prede-
fined filanames as follows:

-~ Panels: Pnnn.PNL. nnn denotes a 3—digit decimal sequence

number. The first panel saved on the media will be POOT.PNL,
the second will be POO2.PNL, eic.

—- Waveform: Axx.nnn or Sxx.nnn. xx defines the trace name:

- C1,C2,C3, C4for Channe! 1, Channel 2, Channel 3, Channel
4 {races. ’

- TA, TB, TC, TD for functions

Thefile's firstietter A stands for an autostoredfile, white S stands
foran individually stored ile. Files from a computer should not be
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More on Autostored Files

Write Protact Switch

Battery

givennames beginning with an “A” character as this could cause
them fo be overwritten by an Autostore routine.

nnn dencies a 3-dight decimal sequence number. The first
“Channel 1" waveform stored o the media will be SC1.001, the
second will be SC1.002, &ic.

~ Descriptor Template: LECROYxx. TFL. xx standsiorthe version
of thetemplate. lfthe version is 2.1 for example, the templatefile
will be saved as LECROY21.TPL.

~  Hardeopy: Dxxx.TIF if the hardcopy is setto TiF, Duxx.PRT i
the hardcopy is set to any selection of printers, Dxxx.PLT ifthe
hardcopy is set to any selection of plotters.

If the "Fill" option is selected, the first wavetorm stored will be
Axx 001, thesecond Axx.002, andsc onuntitthe mediaisiull oruniil
the file number reaches 3549,

{fthe “Wrap™option is selected, the oldest autosioredwaveformfiies
will be deleied whenever the media becomes full. Remaining auto-
stored wavelform files are renamed, the oldest group of files being
named “Axx.001", the second oldest *Axx.002", etc.

tthe back of the memory card orihe floppy disk you wilifind a write
protection switch ihat may te activatedio praventwriting to the card
or disk. A “Device is Write Protecied” message will then be dis-
playedonthe upperpari ofthe gridwhensverthe mediais accessed
for writing.

Every SRAM memory card contains a smali battery to preservethe
data. ltis a button-size type BC2325 or CR2325 battery and tcan
be changad when necessary. The oscilioscope wiltwarn you with a
“BAD BATTERY” message that the battery has to be changed. To
access he battery, remove the small lid on the upper edge of the
card. The baitery can be changad even whenthe memory card is
stillinstalledinthe oscilloscope. Infact, it should be changed while it
is inserted in the oscilloscope in order o prevent loss of information
on the card while it is termporarily without a battery.




FLOPPY DISK UTILITIES This menu displays information about the floppy disk installed inthe
MENU (optional) oscilloscope:

-~ Last format’ date and time

— Media size and available free space

- Date, time and size information of the selected file on the floppy
disk (highlighted in the bottom menu—field)

In addition, this menu provides access 1o the following operations:

DISK 4TI COPYING AND FORMATTING

Selectthis menu to format the disk or to copy the machine template
COPYING BND to the disk. The template is an ASCII fexi—file which contains all the
FORMATTING information required to decode the descriptor part of a binary wave-
Formatted form.

2B-NOV~32
11:18:28 DO DELETE

Size 1446K Deletes the file selected in the box below.
Free 730K

File

R Selects the file to be deleted, using the attributed menuknob orbut-
BC DELETE tons.
Dese. EPN

~—File
0eal Eo
Doe? PIT
0683 8T
0004 LT
26-NOV-92
11:13:56
Size 29823
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P ———————_

QISK UTIL

o e

DIsPLAY

NEW FLOPPY ’
Please
insert Floppy

+ push meny
button above

This menu appears every time a disk operation is required:
— i a new disk is inserted in the drive.
- if no disk is present in the drive.

DISPLAY NEW FLOPPY
Reads the disk and displays the contents of ihe directory.
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FORMAT DISK

YEORMATTING
ERASES aLL
INFO ON DISK

PERFORH
DISK FORMAT

COPY TEMPLATE
T0 DI3K

e VU CUN——

REORDER ALL
FILES BY DATE

Fiie

Transfers

PERFORM DISK FORMAT

Formats the floppy disk with adensity of 1.44 Mbor 720 Kb, select-
able in the box below. The disk will have a DOS format, with an

interieave factor of 2 to optimize throughput to and from the oscillo-
scope.

Density
Select density desired — 1.44 Mb (HD) or 720 Kb (DD,

COPY TEMPLATE TO DISK

Copies the machine template to the disk. The template is an ASCI|
texi~file which contains all the information required to decode the
descriptor part of a binary waveform.

REORDER ALL FILES BY DATE

Reorders the disk so that the directory listing shows the files sorted
by date.

File Transfers

This menufield appears whenthe instrument is equipped with hoth
the memory card (MCO1) and the floppy disk (FPO1) options, and
allows file transters between the two storage media.
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Disk -> Card

Panels
Prints
Puto WFms
Norm HWFms

ALL Eile

DG CopY

FILES WITH
SAHE NAML

£oPY FILES

~Which Fiies—]

TOVERWRITES

Directlon

Select the copy source — destination.

Which ijles

Cheoosa the file types to be copied.

DO CoPY

Copies the selected files.
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SPECIAL MODES MENU

SPECIAL NODES in
On GAIN Specifies the offset behavior on a gain {VOLTS/GiV) change. The
changes, all offset can be fixed either in Volts or in vertical Divisions.

GFFSETS Fixed

in AUTO sequence '
I Valts Specifies the time-out in Sequence mode (see Chapter 8). Use the
Divisians

associated menu knob to change the valus.

RUTO seguence
times aut
102, 0868 <
aFter last

segment
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CAL BNC OUT MENU

{aL ane DUt

Pass/Fail l
Trigger Out 1
Y

SET T0 1 Kz
1Y SGURRE

Shape
Pulse(25 ns)
—Amplitude—

1.8o v
into 1 "
—Frequency—
1 KHz

. .

The type of signal put out at the CAL BNC connector can be con-
troiled from this menu. it is usec to select: _

- The frequency of the calibration signal (CLBZ hardware option)
- The amghitude of the calibration signal (CLBZ hardwars option)

— The pulse shape for the calibration signal (CLBZ hardware op-
tion)

Furthermore, with the CRIO software option, the CALBNC connec-
tor can be used to provide a pulse:

— at the cceurrence of gach trigger
— as an action for PASS/FAIL testing

Note that whenthe instrument is turned on, the calibration signalis
attomaticaly set to its default state (1kHz 1V square wave),

The menu is shown here as it appears for an instrument with the
CKIO software option.

moda
Prass this button to change the kind of signal made available,

SETTO

Press this button to quickly resetthe CAL BNC cutput to its default
state.

Shape
Press this butien 1o change the form of the calibration signal.

Amplitude

Use the knob to set the desired high level for all uses of the CAL
BNC.

Frequency

Use the knob to set the desired frequency of a CAL signal in the
range 500 Hz e 2 MHz.
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20 Waveform Siore

The Waveform Store menu is usad to select:

-~ Thewaveform{s)to bestoredto internal memory, tothe memory
card (optional), or to the floppy disk {opticnal).

- Aufomatic storage to the memory card (Auto-store) (optional),
or o the floppy disk (oplional).

— Auto-store mode: siop when mediais full or "wraparound” as in
a cirgular buffer {optional}.

STORE WFORRS Auto-Slore

Appears only when storage to memory card or floppy disk is se-
lected in bottom menu box. Select Auto~Store to autematically
slore wavaforms after each acquisition.

Size 440K Two kinds of Autosiore mede can be selected: Fill steres acquired
Fres TTGR waveforms until the media becomes full, and Wrap steres continu-
ously 1o the media, discarding the oldest auiostored files in &
~Auta-Stope— first-in—{irst-cut manner.
OFF |
Wrap Fi1ll 1 DO STORE
Uss this menu butionte periormthe STORE operation basedonthe
B STORE instructions given in the two following menuboxes.  ~
(4->bisks
store store
1 12 \ Selects the wavelormto be stored. “Alldisplayed” will automatically
3 0 select storage to the memory card (see below).
A B
I to
ALl displaged| _ )
:——E—D—W_ Selects eithier one of the internal memaories (M110 M4}, the memory
card {optional), or the floppy disk (optional).
Card
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21 Waveform Recall

The Recall Waveform meny is usedto recall awaveform fromone
of the internal memeries, fromthe memory card {eptional), or from
the floppy disk {optional).

RECALLING FROM AN INTERNAL MEMCRY

RECALL W EORM . from
£ ram Select Memories.

Cerd Dish | DO RECALL
This menu bution is usad o performthe RECALL operation based
on the instructions given in the two following manu boxes, Al the
same time, the horizontal and vertical positions and zooms are re-
sat to show the full contsnts of the memory atl its original
rmagnitication.

from Memory
Salects SOUICE MEmory.

O RECALL

~Fron Memm«g—ﬂi 1o
il i Selects the destination trace.
H3 Note: Performing a recall operation from an infemal memory 1o a
H4 trace A...D overrides any previcus definition of the destination trace.
! (See chapter 14, Zoom + Math Capabilities).
0
fOCD
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RECALLING FROM A MEMORY CARD OR FLOPPY DISK

RECALL W’ FORM from

~F rrgm Select Card or Disk,
Memaries
Card [T DO RECALL

This menu bulton is used to periormihe RECALL operation, based
on the instructions given in the two following menu boxes.

2T-NOY-82 File
é?qig ;ig Selects the waveform file, using the attributed menu knob.
{s]

Selects the destination memory.

M1 M2 [ M4
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22 Cursors/Measure

CURSORS iN STANDARD DISPLAY

MEASURE

gy Cursors
Parameters

CURSORSIN
PERSISTENCE DISPLAY

CURSORS IN XY DISPLAY

Cursors provide basic tools for measuring signal values. Vertical
cursors canbe moved in steps as small as 1/64 of a divisicnito mea-
sure signal amplitudes with 0.2% resolution. Horizontal cursers can
be placed at a desired time to read the amplitude of a signal atthat
time, and can be displaced in time with a rasolution of 2000 sieps
across the grid width (0.05% of the entire displayed time span).

In Absolute mode, one cursercan be manipulated and amplitude, or
time and amplitude, readings are provided. Ampiitudes refate to
ground, and times ralate {o irigger times.

in Relative mode, two cursers can be manipulated, providing read-
ings of the difference in amplitude, or time and amplitude, between
the twe cursers.

Amplitudes are always shown inthe trace label field for eachtrace.
For horizomal cursors, the time is shown below the grid. In Relative
mode, the frequency corresponding to the time intervalbetwesnine
two cursors is also displayed here. When the horizontal scale
implies that less than 500 dighized points fillthe screen, the cscillo-
scope interpolates, using straight fine segments between aclual
data points. ¥ 200 points or less are used, the digitized points are
clearly visible as intensified points onthe screen. When acursor is
placed on anactualdata point, horizontalbars appearonthe cursor,

When there are mors than 500 digitized points, the trace is dis-
played on the screen with a resciution of 500 display points. A
compacting aigerithm showing all minimum and maximum values
ensures that no information is lost when 2 trace is displayed. Time
cursors can be positioned onany one of the 500 display points of a
compacied trace.

Note that setting the cross—hair marker to 0 time provides a visual
indication of the trigger point.

Voliage cursors are similar o those in standard display mode. Time
cursors consist of vertical bars which are placed onthe desired part
of tha displayed wavatorm.

As in the standard display, fime and voitage cursors canbe used in
ihe XY display.

Absclute voltage cursors show as a vertical and a horizontal dar.

Relative voltage cursors show as a pair of vertical and a pair of hori-
zontal bars.
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Absolute and relative time cursors are similar 1o those in standard
display modse.

Combinations of the vertical values {voltages) are shown onthe lsft
side of the square grid):

{1) The ratio AY value / AX value

{2} The ratio in d8 units 20"log10(ratio)

{3) The product AY value " aXvalue

{4) The distance to the origin =g (AX " AX + AY " AY)
{5} The angle (polar g = arctan (AY / AX)

range [-180° to +180°).

The definition of AX and AY is dependent on the type of cursors
used. The following table shows how AX and AY are defined for
each type of measurement.

Cursors
Tabs
Vass VRei Qrg={00) | Org = Vxosser Tizel
YOHzet
AX | Vxmer— 0 | Vxpit ~ Vper Vxref =0 | VxRet - Vxofset Vxoif - VRet
AY [ Vyret—=0 | Vypir- Vypat Vyaei =0 | Vymet = Vyousat Vyoit - VyRe
Whers
Voans = Absolute ¥olmge cursors
Viai = Relative Voluage cursors
T abs = Absolute Fime cursors
TRel = Relative Time cursors
Org = Origin
Vxrer = Vohage of the reference cursor on the X race
VyRrer = Velage of the reference cursor on the Y trace
Vxpir = Volage of the difference cursor on the X trace
Vypie = Volige of the differcnce cursor on the Y wrace
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AUTOMATIC
MEASUREMENTS

PASS/FAIL

Certain signal preperties can be determined automatically, using a
parameter measurement mode. The following table lists ali the pa-
ramsters that can be determined by the instrument. Appendix D
describes the metheds empleyed to determine these parameters.

Statistical variations of these signal parametars over several
successively captured signals ¢an be observed as averags, stan-
dard, and extreme deviations.

Pass/Failiests can be performed using ihese parameter measure-
ments. These tesis require a combination of parameter
measurements to be within chosen limits, and provoke an action if
the test either passes or fails. Alternatively, the pass/faii test canbe

b md

a test of a signal against @ tolerance mask.
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PARAMETER AEBREV. EXPLANATION

amplitude ampl Absoiute value of the top minus the base.

area area Sum of sampled values between the cursors times tha duration of a
sample.

base base First of two most probable stales. This is characteristic of rectangular

wavelorms and represents the first most probable state determined

from the siatistical distribution of data point values in the waveform,

cycles cycies Number of pairs of transitions in the same direction.

delay delay Time trom trigger to the midpoint of the first transition.

duty cycle duty Width as & perceniage of pericd.

fail tima fall Duration of the pulse waveform's falling transition from 90% to 10%,
averaged for all {alling transitions between the cursors.

first first Time from trigger to first (leftmest) cursor,

frequency freq "Reciproca! of periad.

fast fast Time from trigger to last {rightmost) cursor.

maximum maximum  Maximum value of the trace betweaen the cursors.

mean mean Average or DC level of the wavelorm. If the wavelorm is pericdic, # is
computed sver an integral number of pericds.

madian median The averags of base and oo values,

minimum minimum  Minimum value of the trace between the cursors,

overshoot negative  oversh—  Lower most prabable value minus the minimum sample value, ex-

pressed as 2 percentage of the ampiitude.
overshoot positive  oversh+  Maximum sample value minus the higher most probabie value, ex-
pressed zs a percentage of the ampliiude.

peak~to—peak pkpX Ditterence between the maximum and the minimum values.

period period Time of 2 iull eycle averaged for all fult cycles between the cursors.

ooints poinis Number of points between the vertical cursors,

rise time rise Duraticn of the pulse waveform's rising transition from 10% tc 90%,

) averaged for ail rising transitions between the cursors,

root mean square  fms Squarae root of sum of squares, divided by number of ferms. If wave-
form is periedic, itis computed over an integral number of periods.

standard deviation  sdev Square reot of sum of squares of difference from mean, divided by

number of terms. f the waveform is periodic, it is computed over an
integral number of periods,
top top Second of we most probable states, Characteristic of rectangutar
waveforms and represents the second most probable state determined
from the statistical distribution of data point vaiues in the waveform.
width width Width of the first pulse (either positive or negative), averaged for all
similar puleas between the cursors,




PARAMETER INFORMATION The algorithms which determine the pulse waveform parameters
arg capable of detecting certain situations where the mathematical
formulas may be applied but the results obtained must be inter-
preted with caution. Inthese cases, the name of the parameter and
its value are separaiedonthe screenby agraphic symiol. Thesym-

AND WARNING SYMBOLS

bals and their meanings are indicated in the figure beiow |

JUL
N

= = A

&

INFORMATION
Parameter has been determined ‘crsevers! pericds

a
{up to 100), and the average of those vaiuss has besn
taken

Parameter Nas been determinad over an integral
number cf periods

WARNINGS
i.e., amplitude histogram is {lat within statistical
fluctuations, Minimum and maximum are yssd o
assign pase and top.
Only an upoer limit could be estimated (acwal value
of parameter may be smalier than disolayed value)

Signal is partially in overilow.
Signal is partially in undarfiow.

Signal is partially in overfiow and partizlly
in underfiow,
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CURSORS MENU

MEASURE ki Oft/Cursors/Parametars
] Select Cursors.
tRCursorsil
Farameters mode
mods '
I?ime Selects Time ({time or frequency) or Amplitude (voltage or ampti-
m tude) cursors. _
~——type
Relative lype
Rosolute Toggles between Relative and Absolute. Relative displays two

cursors—reference anddifference —andindicates eitharthe voltage
orthe timeandvoliage betweenthe wo cursors. Absolute displays
one cursor that indicates either a voliage compared to the ground
level, or a time compared to the trigger point and a voltage com-
pared 1o the ground level.

cursop ;;
|

Track W33 on

Inorder to make the polar readout of the absolute time cursor more
useful, there is the possibility of choosing betwsen two reference
points. The reference is eitherlocatedat point (0, 0), .e. at X =0 Volt
and Y = 0 Volt, or atthe center of the square grid. This menubutton,
, active only in ebsolute time cursor mode, toggles the positicn of the
; reference origin between the center of the grid and (0,03

i
|
~—ReFerence—| Origin.at (XY.mode only)
z
1
!
i

The values of the origin are displayed on the lefi-hand side of the
square grid. By changing the offsats of the source traces the user
can center a figure on the screen andthen measure angles and dis-
tances with respect to the center of the figure.

Heference cursor

Available with the Relative type cursors. The corrasponding menu
knob controls the Reference cursor.

When Trackis ON, both Reference and Difference cursors are con-
trolled by this knob and move together, keeping a constari time or
voitage interval between them. Thistracking interval is represented
by a bar {horizontal{or time, verticalior voltage) that appears either
on the top (time) or on the left {voltage) edge of the grid..
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Difference cursor

Avaitable with the Relative type cursors. The corregpending menu
knob controls the Uiiference cursor.

Cursor position

Availablewithihe Absolutetype cursers. The corresponding menu
knob conirols the curser.
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PARAMETERS MENU

Parameters can be measured in two standard classes, making
commenly needed measurements on a single signal in either the
amplitude domain or the time domain.

Parameter measurements can be customized to determine up to
five quantities from the fist in the table at the beginning of this
chapter on different signals. These customized parameter mea-
surements can also be used for pass/fail testing against chosen

“limits.

For all of these modes, statistics onthe parameter values are accu-
mulated and can be displayed. In addition to the overall number of
sweeps used, each parameter has its average, lowest and highest
value. The standard devigtion of the parameter is also calculated.
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STANDARD VOLTAGE

PARAMETERS

Std Tine
Custom
Pass
Fail f

AU |
—shatistics—y

0n

~an displayed
{trace)

fram
8.69 div
Track Wdj On
t0
12.86 div
1680 points

This class of parameters measures for one trace:

~ Peak-to-Pegk {amplitude between maximum and minimum
sampie values)

~ Mean of aif sample vaiues (corrected for pericdic signals)
- Standard Deviation (equivalent to RMS— DC component)
~ RMS of al sample values (corracted for pericdic signals)
— Ampiitude of the signal

QffiCursors/Parsmeters
Select Parameters,

mode
Select Standard Voltage parametars,

statistics

This shows the average, ihe lowast, the highast, and the standard
deviation of a parameter, as well as the numper of sweeps included
in the statistics. The number of sweeps is cieared gach time the ac-
guisition conditions change, or by pressing the CLEAR SWEEPS
button.

The accumulation of statistics continues, even if the siatistics are
not shown, as long as Parameters are selected,

on displayed {trace)
Selecis the irace for which the voltage parameters are measured.

from
Determines the starting point (in screen divisions) for parameter
measurements.

{o

Determines the end point (in screen divisions) for paraﬂeter mea-
surements, Iif also indicates the total number of data peintsusedfor
the measurements.
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STANDARD TIME This class of parameters measures for one trace:
PARAMETERS —  Period

- Width (at 50% amgplitude)

~ Risetime {10-90% of ampliluda)

~ Falltime (50-10% of amplitude)

— Delay {from trigger to first 50% amplitude point)

MEASURE Off/Cursors/Parameters
Select Parameters,
CFr Cuvsmrg
S mode
Select Standard Time paramelers.
statistics
CJSsGﬁ‘
Pucs This shows the average, the lowest, the highest, and the standard
Fail r deviationofa parameter as wellas the number of sweeps included
— in the statistics. The number of sweeps is cleared sach time the ac-
”Stf”& YeETAE o quisition conditions change, or by pressing the CLEAR SWEEPS
gE on button.
Zon dieplauad: The accumulation of stafistics continues, even if the statistics are
'z{_?;fg; aye not shown, as long as Parameters are selected.
L ("
oo on trace
! 8
G005 diy Selects the trace for which the time parametars are measured.
Track AE3 on
tao from
16.68 div Determines the stariing point {in screen divisions) for parameter
1868 points Mmeasurements.

to

Determines the end point (in screen divisions) for parameter mea-

surements. It also indicates the tolal number of data points used for
the measurements.
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CUSTOM PARAMETERS

MEASURE

UEF_CUﬂsqfa
~m g ———y

Std Time
Caaton stan
5

3
i
I
L

o
]

“

§

3 aiiszics—j
an

Std Yoitage

CHANGE

s aTxIL)
6.08 div
Track 0EE On
1o
18,66 div

PARGMETERS '

in this parameter measurement mode, up {o five parameters
selected fromthe listinihe table at the beginning o this chapter can
be displayed for different fraces.

Oif/Cursors/Parameters
Select Parameters.

mode
Select Custom paramelers.

siatistics

This shows the average, the lowest, the highest, andthe standard
deviation of a parametar, aswaell as the numberof sweeps included
in the statistics. The number of sweeps is cleared eschtime the ac-
quisition conditions change, or by pressing the CLEAR SWEEPS
button.

The accurmulation of statistics continugs, even if the siatistics are
not shown, as iogng as Parameters are selecied.

CHANGE PARAMETERS
The Change Parameters menu is used to select the quantities and
the tracas for which these quantities are to be measured {sse de-
scripticn given subsequenily in this chaptsn).

from
Determings the starting point {in screen divisions) for paramester
measuJrements.

1o

Determines the end point (in screen divisions) for parameter mea-
surements.
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ADDING OR DELETING This menu is used to choose the customparameters that needto be
CUSTOM PARAMETERS displayed.

CHANGE PRRGHM on line
n Ting— Up to five different parameters are displayad, each on a separate
I 123453 ling. This button selects the line to be modified.

DELETE ALL PARAMETERS
Deletes all parameters previcusly selected.

measure

Selects the new parameter to be measured on this line.

of
Selects the trace on which the parameter will be measured,
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PASS/FAIL TESTING

PASS/FAIL testing can be performed in two different ways:

1.

PASS/FAIL tesis on parameters

Up to five parameters can be tested simultanecusly against
limits. :

PASS/FAILL tests on & telerance mask

Atrace is compared 1o a tolgrance mask.

Whether the test PASSes or FAILS, any or ali of the fellowing ac-
ticns can be proveked:

Stop capturing further signals
Dump the screen image to a hardcopy unit

Store selected traces to internal memory, tc a memory card {op-
ticrnal), or to a floppy disk {optional)

Scund the buzzar

Emit a pulse onthe CAL BNC

The Pass/Fail display shows the results onthe current waveforms,
the number of evenis passing and the tolal number of sweeps
tregted, as well as the aclions to be taken.
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MEASURE

Orf Cuhgars
—made
Std Voltage \
Std Tire
1 Custom
Fail n
—tasting—

ore

CHRANGE TEsT
CONDITIONS
——Fram
0.68 div
Track (F3 On
L Qe

L. ag div

et s e

CHfiCursors/Parameters
Select Parameters.

mode
Select Pass or Fail.

testing
Testing can be disabled in order o obsarve only the parameter
variations.

CHANGE TEST CONDITIONS

The Change Test Conditions menu is used to choose the class of
tests, the quantities and traces 1o be measured and their fimits, or
the tolerance mask, as well as the actions 10 be pedormed accord-
ing to the resuli of the test {see description given subsequently in
this chapter).

from _
Determines the siarting point {in screen divisions) for parameter
measuremenis.

to

Determines the end point {in screen divisicns) for parameter mea-
surements.
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CHANGE PASS/FAIL TEST

ON PARAMETERS

CHANGE TEST
—On ling—
2345

Aclion

ParanfliEst

---(No Test)
——chpoge—
R Linit

DELETE ALL

—hedsure

o as I8
gar 7
¥ U D g
— {D

[
L

T

ml
o
2]
[ R 744
=3 ain

l

e-Test o

on line
Up to five different parameters are displayed, each on a separate

line. This menu button sslects the line {o be modified. To change

Acticn see page 22-20.

test on

Setto test on Param [for tests on Masks see page 22-17). Setio
—{NO Test} if nc iest Is required on the selected iine.

choose

Set 1o Param. To charge Limit see page 2218,

DELETE ALL TESTS
Deletes all tests previcusly selected.

measure

Selects the new parameter to be measurad on this line.

of

Selects the trace on which the parameter wiil be measursd.
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CHANGE LIMITS FOR
PASS/FAIL TESTS
ON PARAMETERS

CHANGE TEST On line
~——0n ing— Uptofive differentiests are displayed, each on a separatefine. This
H22345 button selects the line of the test to be modifled,
fction
Test on—y test on
delgely Mask n Param (for tests on Mas -1
NG Toot) Setfotesto am {ior tesis on Masks sae page 22-17).
——chopse choose
Paran BETH o
Setto Limit {to change Param see page 22-15).
OELETE ALL DELETE ALL TESTS
TESTS Deletes all tesis previously selected.
—True if—-
< B True if

Selects the adequate relation — smallerthan < |, or greaterthan ».

limit

- Three fields can be manipulated separately to modify a limit, its
SET T mantissa, its exponent, and i‘he number of digits to represent the

CETEST vaLuC mantissa. The menu button is used to choose the field, and the
e L menu knob is used to modily the number in that field.

SET TO LATEST VALUE

This menu butlonis used to setthe limit to the latest measured val-
ue, to serve as a starting vaiue for the final adiustment.
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CHANGE PASS/FAIL TEST

ON A MASK

——n line
2345
Action

——Test on—m

Paran GEGQ

—w~{N3 Test’

CHRNGE TEST

A L ST TSI

MODIFY MASK

oniine
Up to five different parameters are displayed, each on a separate-

line. This menu bution selects the line {c be modified. To change
Action see page 22-20.

test on

Set to Mask {for tests on Parameters ses page 22-15). Set to
—{Mo Tast! f no test is required on the salected line.

MCDIFY MASK

Use this meny button to modify the mask settings.

True i

Selecis test condition on the mask.

 of

Selects trace o be tested.

inside/outside
Selecis mask trace.

Note: When performing pass/fail testing against a mask, please
nole that the test is afiacted by horizental and vertical zooming of
the mask trace. Also, the test will be made inside the area berdered
by the paramster cursors.
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GENERATING A MASK
FROM A WAVEFORM

MCGOIFY MASK

A S—.

—Use W rarn—

from

Fram Select Wiform.
Card Disk
. into
—into Select D=M4 if the mask has to be automatically displayed on the
0=H4 screen, otherwise select M1 to M4, Using the Waveiorm Recal
w menu, memories M1 {oc M4 canbe recalled o traces A to D for dis-
[ play (see page 21-1).
INVERT MASK
H4 INVERT MASK

123488¢ Use this menu button {o genergie an inverted mask.
D H1 H2 M3 I Use Wiorm

MAKE MASK Select the waveform to be used as a reference. The mask will be

H4 - .generaled around this wavelom.

——delta -

68 di MAKE MASK

Use this menu bution to generate the mask.

r—delta T—

0.20 div delta V

Selecttolerance inamplitude, using the menu knob attributed to this
field.

defia T

Selecttolerance intime, using the menu knob atiributed to this field.
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RECALLING A MASK
FROM A CARD OR DISK

From————

Card TE

W form
e L ey

B=M4
H1 H2 M3 [

INVERT MASK
H4

00 RECALL
5C1.6808
i L

L.

sc2 eol
502 gg2|l

MODIFY MASK

SC3 883
sC4 884
27-N0¥-92
13:98: 32
Sire 409

fronmt
Select Card or Disk.

into

Select D=M4 if the mask had 1o be automatically displaysd onthe
screen, otherwise select M1 to M4,

INVERT MASK
Use this menu button 1o generate an inveried mask.

DO RECALL
Usa this menu button to recall the mask.,
File

Selsctthe appropriate mask, using the menu kneb atiribuied to this
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SETTING PASS/FAIL

ACTIONS

DELETE aly
ACTIONS

IF

PascE

Thern;

DBump No
Besp No

Pulse Mo
—2E e
Lo g —————

:ﬂ!:l Yy

Si:p Noo

Depending on the result of the test — PASSad or FAll.ed - céntain
actions can be taken, as described helow.

on line
Select Action.

DELETE ALL ACTIONS
Deletes all previously selected actions.

The action can be taken i the test PASSes or FAILs.

Then:
Selects the action to be taken.

The bottom field enables or disables the action to be taken.
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23 Panel Setups

The Panel Setups menu is used to:

- Save the instrument's configuration {Panel Setup} to a non—
volatile memory, to the memory card, or o the floppy disk.

~ Recali one of the Panel Setups from a non—velatile memory,
from the memory card, or from the floppy disk.

PANEL SETUPS Save
o Select Save inihe top menu-field (o recall asstup see nextmenu).
Recall
& TO SETUP
10 SETUR Usethe appropriate buttonto selectone of the foursetups available.
e TO CARD
i T SETHR? Use this butten to save a sstup file to the memery card.
TO DISK

T SETURS {Jse this button to save a sstup file 1o the floppy disk.

10 CARY

10 DISX
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PRNEL SETUPS

—FROM SETURI—
21-BEC-13992
16:56: 44

ROM SETUPZ—
21-BEC-1832
£6:58:51
—~FROM SETUP3—
21-0EC-1952
16:56:55
~FROM SETUP4—
Empty

From Card
ar Oisk J

Recall
Select Recall in the top menu-~field.

FROM SETUP... ‘
Usethe appropriaie buttonto selectone of the foursetups available.

FROM DEFAULT SETUP
Use this button to select a factory—defined default setup.

from Card or Disk

Use this command to go to the Recall Setups menuto recall a setup
file on the card or on the disk (see next menu}.
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RECALLING A SETUP FRCM
A CARD OR DISK {CPTIONAL)

RECALL SETUPS from
Salect Card or Disk.

ol P} Y
Card Ml
DO RECALL

Pertorms the recall from the sslected filename,

27-N0Y-32 File

18:81:22 " : b et i vl

Sire 3083 Selects the setup file, using ths atiributad menu kneb.
2128 3Ecs

00 RECALL
PGES1.PHL
~—File

Fa0g PHL

POB3 PHL
Fa04 PHL
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24 Show Status

The Show Siatus menu shows the foilowing summaries of the in-
strument’s siatus;

» Acquisition

s Sysiem
¢ Wavelorm text and trigger times
« Wavelorm
25-Far-g. ' STATUS
18:24:34
ACIUISITION STATUS ;
| i
’ System
Vertica’ l : | rext & Times
L2 15 nv P HaceForm
Hl %160 L_,_“mmmmwmmnf
v 148 ay §.15 ¥
Coup Dooo AL NG

i Bzrdurzih Limit OFF

ne Cage
Tine. Bdops .. L Timedpnt 10 ne (103 MeSs )
RIs |
Seguitce  OFF Pia/div 5000 ;
Trigger Eage Hude STOPPED
i } OC -3.332V
Fre-i~igger Belay 17T & ¢ 85 us )
The c.orrently presslected Smart Trigoer tyse is

Orppout

ACQUISITION SUMMARY Shows for each channel the vertical sensiivity, probe atienuation,
offsetand coupling. followed by the timebase, trigger and delay sta-
tus summaries.
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25~Fab-92 STRTYS
18:32:4
Acnuisitian
BSuston
Text & Times
WavaForm
Serial Runber 931381128
ScFt Version 4316GH g91.%
i
3eft Ontions i
WEL P2
HIEL :
=grd Ontions
SYSTEM SUMMARY Shows the instrument’s serial number, the firmware version, and

the software or hardware options instalied.
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Sezrent Tine

1} 25-Feh1552

2y ZS-Feb-1982

7 Z5-Feh-1897

41 2%-Feb-1992

Sy Z%-Feb-1962

g: Zt-Fen-18892

: Ty 25-Feb-18%2
I gy £%-Feb-1992
: §1  ZH-Fep-1960
18 Z5-Feb-1882

1 -Felh-1997

tzr I%-Feb-1382
133 Ngtosczuired
140 Seeoacquirsd
151 Netoacguired
18%  Ngt acquired
1T oNCT o3cquired
18y NecT oacguired
193 Aot gogquired
3@ ACT acquired

Time singe Segment o
18:21:23 :
18:81:3 193,962 ps
18:21:33 3B%.485 ps
1§:21:3 482,543 s
18:21:33 516.664 ps
18:21: 33 TTG.859 ps .
18:21:33 G24.60% us mor v
18:21:33 1.B7887% ms i yi 3
18:21: 33 1.233043 ng A B LT
g:21:33 1.387295 ¢ | Hi K2 H3 b L
185:21053 1. i
1H:21:33 1.t l I

TEXT & TIMES SUMMARY Shows the user text in the waveform descriptor (see Remote Con-
trof Manual), together with the trigger timing information.
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25-Feh-92

18:18:44
WAYEFLRM
irigger dat
bin
For
Vertical
Sczle/diu JENC 12 108y 8.1 v
OFrget -3.88 gl 8.4 ¥
Coupling - nesen RCI4E oes:
BW-Linit GFf OFF 0F
cHorizontad ;
P Scie/ai HOBE s ta s { i
L DFfset 17 % Prs 17 % Prg 1586 us POawes ki
Scaie/pnt Wong g 107 ns i th
Prte/div I 180% 1t
a . i . . R B . e
Recard Tynz SINGLE TINGLD INGLZ SIMBLE
Segmerts HORE HONZ RGNZ AL -
Sueeps

WAVEFORM SUMMARY Shows detailed status information on channels, zoom + math

iraces, memories, or the displayed traces. Use the hottom menu
box to select the desired summary.
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Specifications

Vertical Analog Secticn

Vertical Digital Section

Bandwidth (- 3dB):
{8310/14): 50 Q BC coupling: 300 MHz
@ 50 0Q: DCto 300 MHz. @ 2mV/div: DC 1o 270 MKz
@ 1 M BC DC 1o 250 MMz typical at the probe tip
(8304): DC 1o 175 MHz ‘
Input impadance: 1 MQ/15pF and 50 Q& 1%

Sensitivity range: 2 mvidiv to § V/div, continucusly variable.
Fixed settings range from 2 mVidivie 5 V/divina 1, 2, 5 sequence
Vertical expansion: upio 5 times (withaveraging, upto 50times or
40 pVidiv sensitivity)
Scale factors: Probe atienuation facters of x1, 10, x100, %1000
or x10000 may be selected,
Offset: 2 -3.8mVidiv T120 mv

10183 mvidiv. £1.2V

0.2 V-5 Vidiv 24V
DC accuracy: ££2%.
Bandwidth limiter: 30 MHz {~ 3 dB) typical.

-Max input voltage: 250 V- (DC + peak AC €10 kHz) at 1 ML,

=5V DC (500 mW)or 5V REMS at 50 Q.

ADCs: One per channel, 8-bit flash.

Sampling rate: Up 10100 megasamples/sec for transiants, up to
10 gigasampies/sec for repetitive signals, simuitanecusly on all
channels.

Aperture uncertainty: 10 psec.

Acquisition memories: {8-bit}

size/channel
9310/14L 9310/14M 8304/10/14
™ 50K 10K

Acquisition memory sagmentation:

number of segments
9310/14L g310/14M 9304/10M14
22000 2-200 2-50




Horizontal Section
Time Base

Acquisition Modes

Trigger

Reference memories(16-bity: Fourreference memories (M1, M2,
M3, M4},

Waveform processing memories (16-bit): Four waveform pro-
cessing traces (A, B, C, D)

size of eachreference or
waveform processing memoery

931014L §318/14M 930410/14
50K SOK 10K

Range: 1 nsecdiv to 1000 sec/div.
Clock accuracy: <+ 0.002%
interpotator resolution: 10 psec.
Interpolator accuracy: 15 ps RMS

Random interleaved Sampling (RIS) for repetitive signals from
1 nsec/div to 5 usec/div.

--Single -shot for-transient signals - and repetitive signals from

50 nsec/div to 200 msecidiv.

Roll mode iimebase range: 500 ms — 1000 s/div (9310/14L with
T Mwavelorm: 10 s - 1000 sidiv)

Sequence: Stores multiple evenis in segmented acquisition
memoeries (see acquisition mamory segmentation above).

Pre-trigger recording: Adjustabie in 1% ingrements to 100% of
full scale (grid widih).

Post-trigger delay: Adjustable in 0.1 division increments up to
10,000 divisions.

External triggerinput: 1 MQ, < 15pF, 250 V.max. (DC + peak AC
€10 kHz).

External triggerrange: £ 2V in Ext, = 20V in £x¢/10.

Rate: Up to 500 MMz using HF trigger coupling (up to 300 MHz for
the 9304).

Timing: Triggeriiming (date andtime) is listed inthe memory status
menu. The timing of subsequent triggers in sequence mode is
measuredwith 1 sec absoluteresolution, or nancsecond resolution
relative 1o the time of the first trigger.
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Display

Standard Trigger

Sources: Chant, Chanz, (Chan3 and Chand for 4-channel
models), Ling, Ext, Ext/10. Slope, coupiing and ievel can be set
individually for each source.

Slope: Positive, negative, window.

Coupling: HF, AC, LF REJ, HF REJ, DC.

Hold-off by time: 25 nsecto 20 sec.

Hold~off by events: 0 tc 1,000,000,000 svents.

SMART Trigger

Pulse Width: Trigger on puise widths within or outside of time
firnits seleciable between 2.5 ns and 20 s.

Interval Width: Trigger on pulse distances within or outsice of
two time limits selectable between2.5ns and 20 s

Dropout: Trigger whenever the input signal dreps out for longer
than a ssiectable timeout,
State/Edge qualified: Triggeronany sourcg only if agiven siate
{ortransition) has occurred cnone of the other possible sources.
Fromthe time of occurrence of the latier, a delay can be defined
“intermis oftime arnumbercl eveni§onthe triggar channel, Alter-
natively, a trigger is accepted within a time window which starts
at the transition of one of the oiher irigger sources.

TV: Allows stable triggering on TV signals that comply with PAL,
SECAMor NTSC siandards. Selectionon bothiine (up to 1500)
and field number (up to 8) is possible.

CRT:12.5x17.5¢cm (5 x 7inches); magneticdeflection; rastertype.
Resoclution: 810 % 636 points.
Real-time clock: Date, hours, minutes, seconds.

Grid: Internally generated; separate intensity contro! for grid and
wavetorms. Single, dual and quad grid modes.

Hard copy: HP QuigtJet, ThinkJet, Lasertet, PaintJet, Deskletand
EPSON printars, as well as HP7470 and HP7550 plotiers or com-
patible instruments, can be used to make hard copigs ofthe display.
The TIFF graphics format is also supported in order to incorporate
the oscilloscope screens inword processing or deskiop pubilishing
software packages. Screen dumps are activated by a front-panel
bution or via remote control.
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Cursors

Auto-setup

Vertical find

Waveform Processing

- piay of sources in a common grid or separately

XY mode: Displays pairs of data paints of any twe sources {Chan-
nels or Traces A, B, C, D). Can be combined with persistenca.

Grids can be chosen for XY only or XY pius normal waveform dis-

Time and XY voltage cursors are avaitabie.

Persistence mode: Displays consecutively acquired traces ontop
of each other, allowing waveform trends to be examined. Simulta-
neous display ef normal trace is superimposed.

Time and XY voltage cursers are availabie.

Relative time; Two cursors provide time measurements with a res-
olution of = 0.05% of full scale for unexpandead traces: upto+10%of

“the data poini sampling interval for gxpanded traces. The corre-

sponding frequency infermation is also provided.

Relative voltage: Two horizontalbars measura voitage differences
up to £ §.2%0f full scale for each trace in single grid mode.

Absolute time: A cross—halr marker measures time relative to the
trigger as well as absolute voltage versus signal ground.

Absolute voltage: Areference barmeasures absoluie voltage with
respect to ground.

Pulse paramaters: Two cross-haircursors are usedto define are-
gion of interest for which pulse parameters will be calculated
automaticaily.

Pressing the auto-setup button automaticaily scales the time—
base, trigger and sensitivity settings to cisplay a wide range of
repetitive input signals.

Type of signals detected: Repetitive signals with ampiitudes
between 2mV and 40V, frequency above 50 Hz and a duty cycle
greater than 0.1%.

Auto-setup time: Approximaigly 2 sec.
Automatically scales sensitivity and offset. -

Wavetorm processing routines are called and set up via menus.
These include arithmetic functions {add, subtract, multiply, divide,
negate, identity}, and summation averaging (up to 1000 signals)
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Optional Processing

Hardware Ostions

Pulse parameters: Based on ANSIAEEE Sid181-1877 “Standard
on Pulse Measurement and Apalysis by Cbiective Technigues™.
The terminology is derived from {EEE Std 1841977 “Standard
Puise Terms and Definitions™.

Automatic measurements determine:

Amplitude Frequency Period

Area Maximum Pulse width

Base Mean Risetime

Cycles Minimum RMS

Delay QOvershoct Negative  Standard deviation
Duty Cycle Overshoot Positive  Top

Falitime Peak-Psak

Statistics can be performed on each of the automatic measure-
ments, showing the tellowing statistical informaticn:

Average

High

Low

Standard Deviation

. Automatic PASS/FAIL allows upic five wavelorm parametersiobe

tested against sslectabie thresholds. A waveform may also be
tested against a tolerance template which can be generated inside
the instrument.

Extra processing power can be added by installing LeCroy’s wave-
form processing options. Option WPO1 provides waveform
characterization in high resolution mode up to 11 bits, and extended
mathematical analysis (integration, differentiation, etc.), as well as
averaging and extrema mode for the accumulation of maximum and
minimum values. Option WP02 performs spectral analysis (FFT
processing).

GPO1: internal printer + Centronics interface. Roster printer, ther-
mal. resolution 180 DP1. Printout size: 126 x 80 mm.

£D01: 3.5” Hloppy drive + Centronics interface. DOS format. sup-
ports 1.44 Mb and 720 Kb densities.

MC01/04: PCMIA 1.0 memory card reader + 512k memory card.




Remote Control

Probes

General

Front—panel controls, including varizhle gain, ofiset, position
controls and cursors, as well as alt internal functions, are pro-
grammable.

RS-232-C port: For computeriterminal conirol or plotter connes-
tion. Asynchronous up to 19200 baud.

GPIB pont: (IEEE~488). Configured as talker/listener for computer
control and fast data transfer.

Local/remote: Remote control can be interrupted for local (man-
ual) contret at any time {except when in remote control with the
lock~out state selected) by pushing a button on the front panel.

One P9020 (x10, 10 MQ /7 15 pF) probe supplied per channel.
Probe calibration: 1 kHz square wave, 1V p-p.

Temperature: 510 40° C {41 o 104° F) rated: 0 10 50° C (3210
122° Fj operating.

Humidity: < 80%.
Power required: 80— 250 V AC, 45 to 656 Hz, 150 W.

Shock and vibration: Meets requirements of MIL-STD-8100
modified to LeCroy design specifications, and MIL-T-28800C.

Battery backup: Accumulators maintain front-panel settings for
two years.

Dimensions: {HWD) 21x37x41cm (81/2x141/2x16 1/4
inches}.

Weight: 10kg (22its) net, 15.5kg {34ibs) shipping.
Warranty: two years,



Enhanced Resolution

ENHANCED RESOLUTION

Advantages of
Enhanced Resolution

Impiementation

Quile oftenthe highsampling ratg availatlein LeCroyoscilloscopes
is higherthanis aciually required for the bandwidih of the signal be-
ing analyzed. This oversampling, facilitated by the oscillescope’s
long memaries, can be used to advaniage by filering the digitized
signal in order 1o increasa the effective resolution of the displayed
trace. This is similar to smeothing the signal with a simple moving
average filter, excepi that it s more efficient interms of bandwidth,
and has belter passband characteristics, It can be used instead of
averaging succassive traces for waveforms with single—shot char-
acteristics.

Two subtly differant characieristics of the instrument are improved
by the enhanced rasolution filtering:

1. In all cases the resolution {i.e. the abilily to distinguish ciossly—
spacad voltage levels) is impraved by a fixed amount for each
filter. This is a true increase in resolution which occurs whether
or not the signalis noisy, and whether ornot itis a single—shot or
2 repetitive signal.

2. The signal-to—noise ratio (SNR) is improved in & manner which

. Cepends cnihe form of the noise inthe original signal. This oc-
curs bacause the enhanced resolution filtering decreases the
bandwidth of the signal, and will therafore filter out soms of the
ngise.

The oscilioscope implements a set of linear phase finite impulse
response (FiR) filters, optimized to provide ast computalion, excel-
lent step response and minimum bandwidth reduction for resoiution
improvements of betwesn0.5 and 3bitsin 6.5 bit steps. BEach 0.5 bit
step corresponds to a bandwidth reduction by a factor of two, allow-
ing easy control of the bandwidih/resolution trade-off. The
parameters of the six fiiters are given in the following tatle:




Resoiution Increase: -3 dB Bandwidth  Filier Length

{Enhancement) { x Nyquist} {samples)
0.5 - 05 2
1 ' 0.241 5
1.5 0.121 10
2 0.058 24
2.5 ' © 0029 51
3 0.016 117

Parameters of the FIR
Enbanced Resolution Filters

The filters used are low—pass fillers, so the actual increase in SNR
oblained in any particular situation will depend on the power spec-
tral density of the noise present on the signal. The improvement in
SNR correspondstothe improvementinresolutionif the noise inthe
signal is white, i.e. evenly distributed across the frequency spec-
“trum.if thenoise power is biased towards high frequencies then the
SNR improvement will be better than the resolution improvement.
Wheraas if the noise is mostly at lower frequencies, the improve-
meni may not be as good as the resclution improvement. The
improvement in the SNR due to the removal of coherent noise sig-
nals (for example, feed-through of clock signals) depends on
whether the dominant frequency components of the signal fallinthe
passbandoftheiilteror not. This can easily be deduced by usingthe
spectrum angalysis option (WP02) of the osciloscope.
Thefilters usad for the enhanced resolution function have an exact-
ly linear phase response. This has two dasirable properties. Firstly,
the filters do not distort the relative position of different eventsinthe
waveform even if the frequency content of the events is different.

Secondly, by also using the fact that the waveforms are stored, the

delay normally associated with filtering (between the input and out-
put waveforms) can be exactly compensated for during the
computation of the fitered wavaform.



When should Enhanced
Resolution be usead?

Allfilters have been implementad 1o have exactly unity gain {at low
frequency). Therefore, enhanced resolution should nct cause over-
fiow if the source data were not overilowed. if parl of the source
trace hadoverflowed, filtering will be allowsd, but it must be remem-
bered that the results in the vicinky {within the tength of the filter
impulse response) of the overflowed data will be incorrect. This is
permitted because in some circumstances an overflow may be a
spike of only one or fwo samples. The energy in this spike might not
be sufficient to significantly affectthe results, so twould be undesir-
abie to disallow the whole trace Inthis cass.

There are two main siiuations for which enhanced resolution is es-
pecially useful. Firstly, if the signal is noticeably ncisy {(and
measurementis of the noise are not required), the signal can b
“cleanead up” by using the enhanced rescluticn function. Secendly,
gven if the signal is not particuiarly noisy, but high precisicn mea-
suremenis of the waveform are required {perhaps when using
Expand with high venlical gain) then enhanced resolution will in-
creass the resclution of the measurements.

In general, enhanced resclution replaces the averaging functien in

 situations where the data record has a single~-shot or slowly repeti-

tive nature and averaging cannot be usad.

The following examples illustraiz uses of the enhanced resciution
function in these situations.
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Low-pass filtering

The figure below shows the spectrumof 2 square signal before {top
gﬁd}andaﬂer(bcnonﬁgﬁd}eﬂhancedresobﬁon;wocesﬁmg.The
result clearly shows how ths filter rejects high-frequency compo-
nentsfromthe signal. The higher the bitenhancement, the lowerthe
resulting bandwidth.
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Increasing Vertical
Resolution

In the following example the bottom trace has been significantly en-

hanced by a 3-bit enhanced resclution function.

Note: The original signal being highly cver-sampled, the resulling
banadwith is still high enough for the signal not to be distorted.
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Reducing Noise The following figure shows the effect of enhancad resolution on a
noisy signal.

The original trace (jop grid} has been processed by a 2-bit en-
hanced resolution filler,

The result (bottom grid) shows a "smooii” trace where most of the
noise has been eliminated.
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Cauticnary notes

The enhanced resolution function only improves the resolutionof a

trace, & canmet improve the accuracy or lingarily of the original
quantizationy by the 8-bit ADC.

,,,,,,,,,

:
i

1.9 O STOPFED

1

rm
i

The constraint of good temporal response for the enhanced resclu-
tion fillers excludes the use of maximally~flat filters. Thereforeg, the
passband will cause slight signal attenuation for signals near the
cut—off frequency. One must be aware when using these filters that
the highestirequencies passed may be slightly attenuated. The fre- -
guercy response of a typical enhanced resolution filter {the 2-bit
enhancement filter) is shown in the above figure. The ~3 dB cut-off
irequency al 5.8% of the Nyquist frequency is marked.

The fitering must be performed on finite record lengths, thersfore
the discontinuities at the ends of the record cause data to be cor-
rupted at these points. These data points are not displayed by the
cscilloscope and so the trace becomes slightly shorter after filtering.
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The number of samples lost is exactly equalto the length of the im-
puiseresponse of the fiterused, andthus varies between 2 and 147
samples. Because the oscilloscepe has very longwaveiorm memo-
ries this loss is not nomatly noticed (it is only 0.2% of a 56,000 point
trace). However, It is possible to ask forfiltering on a record so short
that there would be ne data oulput. The oscilloscope will not allow
fiitering in this cass.
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Fast Fourier Transiorm (FFT)

Type

The FFT option{WF02) adds the specirum analysis capability o the
oscilloscope. This appendix gives additional information onits use.

Spectra of singie time-domain waveforms can be computed and

displayed and Power Averages can be obtained over as many as
50000 specira. Y

Spectra aredisplayed with alinear frequency axisrunning fromzero
to the Nyquist frequency. The frequency scale factors (Mz/div) are In
a 1-2-& sequence. The Nyquistfraquency is atthe right-hanc edge
of the traca. :

The processing equation is displayed at the bettom of the Fourier
Transiormmenuy, together with three key parameters which charac-
terize an FFT spaciium:

4) Transform Size N (number of input points}
2) Nyquistirequency

3) Af (the frequency increment) between two successive points of
the spectrum. These parameters are refated as follows:

Nyquist frequency = af - N/2
Alsonotethat af = 1/T, wharse T isthe duration of the input waveform

“record (10 - timerdivy).

The number of output points is equalto N/Z.
The menu allows the user to set the loliowing parameters:

Power Spectrum (dBm) is the signal power (or magnitude) repre-
sented on a logarithmic vertical scale. 0 dBm corresponds to the
voltage (0.316 V peak) which is equivalentto 1 mW into 50 2. The
power spectrum is suitable for characterizing spectra whichcontain
isolated peaks.

Power Density (dBm) is the signal power normalized to the band-
width of the equivalent filter associated with the FFT calculation.
The power density is suitable for characterizing broad-band noise.

Magnitude (same units as the input signal) is the peak signal ampii-
tude represented on a linear scale.

Phase (degrees) is measured with respectto acosine whose maxi-
mum oocurs atthe lefi~hand edge of the screen, at which point thas
0°: similarly, a positive-going sine starting at the left—hand edge of
the screen has —80° phase, '




Maximum Number of Points

Window Type

FFT POWER AVERAGE

PROCESSING FACILITIES

Real, imaginary and Real + Imaginary {(same units as the input
signal) represent the complex result of the FFT processing.

FFT spectra are computed over all of the source time—domain
waveform. This parameter limits the number of points used for FFT
precessing. if the input waveform contains more points than the se-
lected maximum, these are decimated prior to FFT processing. If
the input waveform has fewer peints, all points are used.

The windowtype defines the bandwicth and shape of the equivalent
filter associated with the FFT processing.

The Rectangular window is normaily used when:

a) the signalis a transient which is completely contained In the ti-
me—domain window.

D) thesignalisknownic have a fundamentalfrequency component
which is an integer multiple of the fundamental frequency of the
window.

Signals notin this class show varying amounts of spectral leakage
and scallop loss, which can be corracted by using one of the other
windows.

The popular Von Hann (Hanning) and Hamming windows reduce
teakage and improve amplitude accuracy. However, the frequency
resolution is also recduced.

The Flat Top window provides excellent amplitude accuracy, with
moederate reduction of leakage, at the cost of frequency resolution.

The Blackman-Harrls window reduces the leakage to a minimum,
with a trade—cff In frequency resoiution.

The table inthe FFT glossary in this saction shows the parameters
of aquivalent filters.

A tunction can be defined as the Power Average of FFT spectra
computed by another function.

Otherwaveform processing functions such as Averaging and Arith-
metic can be applied to waveforms before the FFT processing.
Time—cdomain averaging priorto FFT canbe used i a stable trigger
is avaifable. t will reduce the random noise in the signal.
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CURSORS

FFT ALGORITHMS

The FFT frequency range {i.e. Nyquist frequency) and the frequen-
¢y resolution can be controlled as follows:

+ To increase the frequency resolution, increase the length of the
time~domain waveform record {i.e. use a slower time base).

« Toincreass thefrequency range, increase the sifective sampling
frequency {1.2.increase the maximum number of poinis cruse
a faster fime base).

The Memory Status menu displays parameters of the waveform
descriptor (number of points, horizontal and vertical scale tactors
and units, eic.).

To read the amplitude and frequency of 2 data point, the Absolute
Time Cursor ¢an be moved overinto the frequency domain by go-
ing beyond the right-hand edge of a time~domain waveform.

. The Relative Time Curscrscan be moved over into the frequency

domainto simuttanecusly indicate the frequency difference andthe
amplitude difference betwesn two points on each frequency—do-
main trace.

 The Absolute Voltage Cursor reads the absolute value of a point

in a spectrum in the appropriate units, and the Relative Voltage
Cursors indicate the differance hetwsen two levels on eachirace.

A summary of aigorithms used in the oscilioscope’s FFT computa-
tion is given for reference.

1} {fthe maximumnumberof points is smaller thanthe source num-
ber of points, the source waveform data are decimated prior to
the FFT. The decimated data cover the full length of the source
waveform,

The resulting sampling interval and the actuattranstormsize se-
- facted provide the frequency scale factor inai-2-5 sequence.

2) The data are multipfied by the sefscted window function.

3) FFT is compuied, using a fast implementation of the DFT (Dis-
‘crete Fourier Transform):

k=]

i .
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where x  is acomplex array whese real part is the modified
source lime-dornain waveiorm, and whose imagi-
nary part is @

X, is the resulting compiex frequency—domain wavs-
form

W’ = e{—szxx/.\’y
N is the number of poinis in x and X,

The generalized FFT algorithm, as implemented here, works on
N which need not be a power of 2,

The resulting complex veclor X, is divided by the coherent gain
of the window function, {0 compensate for the loss of the signal
energy due to windowing. This compensation provides accurate
amplitude values for isolated spectrum peaks.

The real part of X, is symmelric around the Nyquist frequency,
thatis

Ry = Ryr o
while the imaginary part is asymmetric, that is:
T =~ Inon

The energy of the signal at a frequency n is distributed equally
between the first and the second halves of the spectrum: the en-
ergy at frequency 0 is complately contained inthe 0 term.

The first haif of the spectrum (Re, Im), fram 0 to the Nyquist fre-
quency is kept tor further processing and doubled in amplitude:

R!n“—“EXRn GS!I<.:\"/2

Fa=2x1, D<n< N2

The resuliant wavelorm is computed for the specirum type se-
iected.

It Real, imaginary or both are selected, no further computation
is needed. The appropriaie part of thecomplex resull isgiven as
the result {R', or I, or R, + I, as defined above).

C-4



if Magnitude is selected, the magnitude of the complex vecteris
computed as.

M, = R? + I'
Steps {1} 1o (6} above lead to the following result:

An AC sine wave of amplitude 1.0 V with an integral number of
periods Npin the time window, transformed with the rectanguiar
window, results in a fundamental peak 01 1.0 V magnitude inthe
spectrum at frequency Np x AL

However, a DC compenent of 1.0 V, transformed with the rect-
angular window, results in a peak of 2.0 V magnituce at 0 Hz.

The waveforms for the other avellable spectrumitypes are com-
puted as follows:

Phase: angle = arctan {I,/Rp My Mo
aﬂgi@ =0 My £ Monin

where M., is the minimum magnitude, fixed at about 0.001 of
theiull scale atany gain setting. below which the angle is notwell
defined.

dEm Power Spectrum:

[

o¥ ] .M
dBEm PS5 = 10 % log e = 20 x log, 2
N S YR =t M,

where M= 0.316 V {thatis. o ¢Bmis defined as a sine wave of
0.316 V peak or 0.224 V RMS, giving 1.0 mW into 50 Q).

The "dBm Power Spectrum”is the same as 'dEmMagnitude”, as
suggested by the above formula.

dB8m Power Density:
dBm PO = dBm PS~ 10 x10g-g (ENBW x Af)

where ENBW s the equivalent noise bandwidth of the filter
corresponding to the selectsd window

Af is the current frecuancy resolution (bin width)




8) The FFT Power Average takes the complex frequency—domain

data R’ and Iy for each spectrum generated in step (5) above,
and computes the square of the magnitude

i n2 = R’nz + I’n?_'

sums M2 and counts the accumulated spectra. The total is nor-
malized by the numbsr of specira and converted o the selecied

result type using the same formuiae as are used for the Fourier
Transform. ' :




EXAMPLES OF FFT PRCCESSING
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The Effect of Windowing

The figure above illustrates an example with spectral leakage and
the use of an appropriate window to recuce the leakage.

Chanrel 1 (ioptrace) shows airianguiar wave, approximately 1 kHz
frequency.

The bottom trace is an expansion of an FFT with a Rectangular
window. Each peak, and especially the fundamental compoenent at
1 kHz, influences the spectrum over a wide rangs of frequencies
due to the leakage of the signal power through the side lobes of the
equivalernt fiiter.

The middle irace is an expansion of another FFT of the same Chan-
nel 1 waveform, defined with the Blackman-Harris window. The
leakage is clearly reduced, but the peaks around the harmonics are




wider. This refiects the increased bandwidth of the fiter associaied
with the Blackman~Harris window.
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The Effect of FFT Averaging Theabove figure shows an FFT of a noisy signai {top trace). By ap-
plying a power average to this FFT, all the incoherent noige is

efiminated. The signa! (Amplitude Medulatien) is now clearly vis-
ible. .
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FFT GLOSSARY

Aliasing

Coherent Gain

ENEW {Equivalent
Noise Bandwidth)

This glossary defines terms frequently usedin FFT spectrum analy-
sis and relates them to the oscilloscope.

i the input signalto a sampling acquisition system contains compe-
nenis whose frequency is greater than the Nyquist frequency (half
the samplingfrequency), there will be lessthantwo samples persig-
nal period. The result is that the contribution of these compenentste
the sampled wavelorm will be indistinguishable from that of compo-
nents below the Nyquist frequency. This is cafled aliasing.

The user should select the time base andtransiorm size resulting in
a Nyguist frequency higher than the highest significant component
in the time-domain record.

The normafized coherant gain of a filter corresponding to eachwin-
dow functionis 1.0 (0 dB) for arectangularwindow andlessthan 1.0
forother windows. [t defines the loss of signal energy due to the mui-
tiplication by the window function. In the oscilloscope this loss is
compensated. The table below lisis the values for the windows im-
plameniad.

--For a fiter associated with each frequency bin, ENBEW is the band-

widthi of an equivalent rectangultar filter (having the same gain atthe
center frequency) which would collect the same power from a white
noise signal. In the table below, ENBW ig listed for each window
function implemented and is given in bins.

Window type Highest  Scailep ENBW Coherent

side jobe loss gain

(dB) {dB) {bins) (dB)
Rectangular -13 3.92 1.0 0.¢
von Hann - 32 1.42 1.5 ~8.02
Hamming . —43 1.78 1.37 -~ 535
Fizt-Top T~ 44 0.01 2.¢8 -11.08
Blackman-Harris -~ &7 1.13 1.71 —-7.53

WINDOW FREQUENCY-DOMAIN PARAMETERS
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Filters

Frequency bins

Frequency Ranga

Frequency Resolution

Computing an N-point FFT is equivalent io passing the time—
domain input signal through N/2 filters and plotting their outputs
against the frequency. The spacing of filiers is Af = 1/T while the
bandwidth depands on the window function used (see Frequency
bing). '

The FFT algorithm takes a discrete source waveform, defined over

N points, and computes N complex Fourier coefficients, which are

interpreted as harmonic components of the input signal.

Forarealsource waveform (imaginary part equals 0), thereare only
N2 independent harmonic componants.

An FFT corresponds to analyzing the input signal witha bank of N/2
filters, ailhaving the same shape and width, and centered at N/2 dis-
cretefrequencies, Eachfilter collects the signal energy thatiallsinto
the immediate neighborheod of its center frequency, and thus it can
be said that there ars N/2 “frequency bins”.

The distance, in Hz, between the center frequencies of two neigh-
boring bins is always:

e A= AT

whers T is the duration of the time~domain record in seconds.

The width of the main lobe of thefilter centered at each bindepends
on the window function used. The rectanguiar window has a nomi-

nal width at 1.0 bin. Other windows have wider main lobes (see
table on page C-8 ).

The range of frequencies computed and displayed is 0 Hz (dis-
playedatthe left-hand edge of the screen) to the Nyguist frequency
(at the rightmost edge of the trace).

It a simple sense, the frequency resclution is equal to the binwidth,
Af. That s, if the input signai changes #s frequency by Af, the corre-
sponding spectrum peak will be displaced by Af. For smaller
changss of frequency, only the shape of the peak will change.

However, the efiective frequency resolution {i.e. the abiiity to re-
solve iwo signals whose frequencies are almaest the same)is further
limited by the use of window functions. The ENBW value of alt win-
dows other than the rectangularis greater than Af, i.e. greater than

the bin width. The {able on pags C~Slists the ENBW value for the
windows implemented.



Leakage

Numbers of Points

-Nyguist Frequency .

Picket Fence Eifect

Obsarve the power spectrumof a sine wave having anintegralnum-
ber of periods in the fime window (i.e. the source frequency equals
one of the bin frequencies) using a rectangular window. The spec-
trum contains a sham component whose value reflects accurately
the source waveform's amplitude. For intermediate input frequen-
cies this spectral component has a lower and broader peak.

The broadening of the base of the peak, siretching out into many
neighboring bins istermedthe leakage. ltisdueto the relatively high
side lobes of the fiter associated with each frequency bin.

The filter side lobes and the resulling leakage are reduced when
one of the availabie window functions is applied. The best reduction
is provided by the Blackman-Harris and the Fiat Top windows.

However, this reductionis offset by a breadening ¢f the mainlote of
the filier.

FFT is computed over the number of points (Transform Size;
whose upper bounds are the source number of points and the max-

“imum number of points selected in the menu.

FFT generates spectra having N/2 output points.

.. The Nyquist frequency is equaito cne half of the effective sampling

fraquency (after the decimation), i.e. A x N/2.

i 2 sine wave has awhole number of periods inthe time domainre-
cord, the power spactrum obtained with a rectangular window wil
have a sharp peak, corresponding exactly to the frequency andam-
plitude of the sinewave. On the other hand, if a sine wave does not
have a whole number of periods in the record, the spectrum peak
eblained with a rectangular window will be lower and broader.

The highest point in the power spectrum can be 3.92 dB lower
{(1.57 times) whenthe source frequency is haliway betweentwo dis-
crate bin frequencies. This variation of the spectrum magnitude is
caled the picket fence effect (the loss is cailed the scaliop loss).

Allwindow functions compensate this loss 1o some extent, but the
best compensation is obtained with the Flat Top window (see table
on page C-8). '




Power Spectrum

Power Density Specirum

Sampling Frequency

Scallop Loss

Window Functions

The power spectrum (V& is thesquare of the magnitude spectrum.

The powerspectrumis displayedonthe dBmscals, with 0 dBmcor-
responding to Vref? = (0.316 Vpeak)?, where Vref is the peak value
of the sinusoidal voltage which is equivalent to 1 mW into 50 02,

The power density spectrum (V3/Hz) is the power spectrum divided
by the squivalent noise bandwidth of the filtter, in Hz.

The power density spectrum is displayed on the dBm scale, with
0 dBmcorresponding to {(VeeféHz).

The time—domain records are acquired at sampling frequencies
which depend on the selecied fime base.

Beferethe FFT computation, the time—domain record may be deci-
maled. if the selected maximum number of points is lower than the
source number of points, the effective sampling frequency is
reduced.

The effective sampling frequency equals twice the Nyguist ire-
quency.

Loss associated with the picket fence effect (listed inthe table on
page C~8 for windows implemented).

All available window functions belong to the sum of cosines family
with ong o three non-zero cosine terms:

e At

. 2 K
W, = Eamcos =
me:Q

0 =kaN

where M =3 isthe maxmum number of ferms

dm are the coefficienis of the terms

N is the number of points of the decimated source
waveform

k is the time index

i3]

The table below lists the cosficiants a.,,.

The window functions, seen in the time demain are symmetric
around the point k = N/2.



R e

ERRCR MESSAQGES

Incompatible input record
type

Horizontal units
don’t match

FFT source data zero filled

FFT source data
over/underfiow

Circutar computation

Window type as al a2z

Rectangular 1.0 ¢.0 0.0
von Hann 0.5 -0.5 g.0
Hamming 0.54 -0.48 0.0
Flat-Tep 0.281 ~3.521 0.198
Blackman-Harris 0423 ~0.497 0.07¢

COEFFICIENTS OF WINDOW FUNCTIONS

For some combinations of source waveform properties and pro-
cessing functions, one of the following error messages may be
displayed at ihe top of the sCreen: ‘

FET power average Is defined only on a function defined as FFL

FFT of a frequency-domain waveform is not available.

lfthers ars invalid data points inthe source waveform (at the begin-
ning orat end of the record), these are replaced by zeros belore FFT
procassing.

The source wavelorm data has been clipped in amplitude, eitherin
the acquisition {gain too high or inappropriate offset) or in previous
processing. The resulting FFT containg harmonic components
which wculd not be present in the unclipped waveferm.

The setiings defining the acquisition or processing should be
changed to efiminate the over/underflow condition.

Afunction definition is circular (i.e. the function is its own source, in-
directly via another function or expansion). One of the definitions
should be changed.
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Parameter Measurement Methods

VOLTAGE MEASUREMENTS

Parameter measurements are based on the recommendations of
IEEE Std 1811377 “Standard on Pulse Measurement and Analy-
sis by Objsctive Technigues”®, and terminology is derived from
ANSVIEEE Sid 1841877 “Standard Puise Terms and Definiticns”.

In order i find magnitude reference crossings, the base and top
magnitudes are assignad. The method employediollows IEEE Std
181-1877. The magnitude histogram of the waveform within the
cursor window is created and searched for dominant magniuds
poputations. If no two dominant populattons can ke found, the mini-
mum and the maximum of the distribution are used. Of the two
magnitudes, the {irst in the cursor window is assigned to the Base
fine and the other to the Top line.

Amplitude is measured by the absclute-difference betwes
Base and Top.

Maximum detsrmines the maximum voltagse withinthe arga de-
fined by the cursors.

Minimum detsrmines the minimum vol age within the arez de-
{ined by the cursors.

The following can then be compute

Peak o Peak value = Maximum - Minimum
Cvershoot positive {Maximum - higher vaiue of Basg
and Top — Minimum} / Ampliude

{(Maximum — lower value of Base
and Top — Minimum) / Amplitude

Median = 0.5 (Base + Top)

Note: Inthe fellowing, v denctes the measured sample values. The
number of data values used for computing Mean, Standard Devi-
ation, RMS, and Area values depends on the identification cf a
periodic wavaform. ifone or more periods arg identified, a sub-win-
dow is usad which starts at the first mesial point {50% magnilude
transition) and erds at the last mesial pointon a leading edge in the
original wincow (i.e. in the formulae below, N = the number of data
points within the periods found up fo a maximum of 100 periods). In
allothercases, Msan, Standard Deviation, RMS, and Area are gva-
luated using ail data points inside the cursor window.

Ovarshoot negative




Case 2

hase

Pulse Farameters

Mean determines the average value of all the data peints selected
as described above,

g X
N
X

D2




Standard Deviation {Sdev) is the standard deviation of the mea-

sured peints from the mean. I is calculated from the following
formula:

RMSisderived from the square root of the average of the squares of
the magnitudes, for all the data as described above.

1 N
IR

The Area covered by the gignalis computed from the sum cver ali
the data points selectaed, as described above, limes the sample
interval.

Time Measuremenis

Note: For the time measurements it is necessary lo distinguish
between magnitude crossings occurring on leading edges and
those occurring on trailing edges. In the equations below the follow-
ing notation has been used:

MT = number of leading edges found
M = number of irailing edges found
# = time when leading edge i crosses the x% lavel
1 = time when trailing edge i crosses the x% level

All times are linearly interpolated between two measured paints.

Period is calculatled fromthe average length ot the full pericds ofthe
waveform withinihe selected interval. Alull period is the time mea-
surad between the first and third 50% crossing points, the third and
fifth, the fifth and seventh, etc.

;o M-
Mt —1 Z ( “iﬁ_ﬁfs)

=
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Freguency is then calculaled as 1/Period.
Cyeles gives the number of periods found.

Pulse Width (Widih} determines the duration hetween the Puise
Start (mesial point, i.¢. the 50% magnitude transition point, onthe
leading edge) andthe Puise Stop (mesial point onthe tralling edgs)
of a pulse waveform. Like the pulse stan, the pulse stop is a 50%
magnitude referencs point.

Mi

;ﬂ > { aP-nd)

s

Duty Cyclemeasuresthe Pulse Width as a percentage of the Pulse
Period.

Risetime (Rise) measurastheiimeof 2 puise waveform’siransition
with & positive slops,

Falltime (Fall) mezsures the time of & pulse waveform's iransition
with a negative slope. ' '

For both risetime and falitime measurements the instrumant deter-
mines the duration between the proximal point (10% magnitude
fransition) and the distal point {80% magnitude transiticn) on lead-
ing edges andthe durationbetweenthe distal pointandihe proximal
point on frailing edges:

ieading edge duration =
M1

—= > (#P-u?)
i=1

trailing edge duration =

M

£ 8 Ly
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Depending on the sign of the slope cf the leading edge transition,
the instrument then assigns either:

for positive slope:  Rissatime
Falltime

leading edge duration
trailing edge duration

H

for negative slope:  Hisetime
Falltime

trailing edge duration
leading edge duration

Delay is the time from the trigger point to the first 50% transition
¢rossing, i.e. the Pulse Start.

g
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A

AC trigger coupling, 8-8
Accuracy DG, A-1
Acquisition

Modes, 81

Status menu, 241

Summary field, 71
Aliasing, 13-1

See also WP02 - Fast fourier Transform
Assistance, 2-1
AUTO button, 31
AUTO setup button, 8-2
Auto store, 201
Automatic

Calibration, 3-3

Mode, 91

Setup, 82

B
Bandwidth limiter, 13—1
Batteries, 12-6, A6

C

Cabling for Printer/Plottar, 18-2
CAL BNC, 13-2, 131, A-B
QOutput, 18-15
Amplitude, 1815
Freguency, 18-15
Pulse, 1915
Square, 18-15
Trigger out, 19-15
Calipration, 13-2, A-6
Cailibration, Automatic, 3-3
CKIQ option, 104

Ciear Sweeps button, 16-5, 16-8, 17-2,
22-9,22-10
Coupling, 13-2
Coupling menu, 12-2, 12-4, 13~1
Cursors, 22-1, A4
Menu, 22-6
Persistence display, 22-1
Standard display, 22-1
XY dispiay, 221
Cursors/Measure Menu, 221
Custom parameters, 224, 22-11, 22-12
Customer Service, 2-1

D
DC trigger coupling, 8-86
Delay knab, -3
Digk. See Floppy disk
Display
Layout, 71
henu, 18-1
Persistence, 182
Size and resolution, A-3
Standard menu, 18-5
Standard mode, 18-3
Standard vs XY, 18-1
Trace field, 7-1
XY mode, 184
Dual grid, 18-5, 18-6

E

ENBW - Equivalent Noise Bandwidth. Sge
WP02 - Fast Feurier Transtorm
Enhanced Resolution, B-1
Setup Menu, 16-7
External clock, 10~4



F

FFT — Fast Fourler Transform. See WP02 ~
Fast Fourier Transiorm

FIELDLOCK, 11-11
File transfers, 19-12, 19-13
Find button, 12-1, 12-3
FiR - finite impulse response filters, B~1
Floppy disk

Copying and formatting, 19-10

File transters, 19-12, 19-13

Menu, 18-10

Panel recall, 23~2, 23-3

Panel save, 23-1

Structure, 19-8

Utifities, 19~1, 19-1¢

Waveform recall, 21-2

Waveform store, 201

Functions, Setup Menu, 1612
Fuses, 4—1

G
GPIB
Menu, 19-5
Port selection, 19-5

GPIB/RS232 Setup menu, 19-1, 16-5
Grid, 7-3

intensity, 18-5, 18-6

Selection, 18-5, 18-6

H
Hard copies, 17-2, 191, 19-2, 18-3, A-3
Hard options, 24-2
HF REJ trigger coupling, 8~6
HF trigger coupling, 8-6

Hold—off by tirne or number of events, 8-7,
11-2

Horizontal controls, 81

1
. Intensity, 18-5, 18-6
interleaved Sampling. See Timebase Setup
Menu

Internal printer setup menu, 19-3

L
Level knob, -3
LF Red trigger coupling, 8-6

M
“Maintenancs, 2-2
Mask, 22-17, 22~18, 2218
Math Setup, 15-2
Menu, 16-1
Memory Card
Copying and formatting, 19-7
File transters, 18—12, 16-13
Menu, 18-7
Panel recall, 23-2, 23-3
Panal save, 23-1
Structurs, 19-8
Utilities, 19~1, 18-7
Waveform recall, 21-2
Waveform store, 201
Menu -
Field, 7-3
Use of, -1, 171
Message field, 7-3

Multi-zoom #xpansion, 14-1, 16-2

ii



N
NORM bution, 9-2

Nyquist frequency. Seg WP02 — Fast Fourier
Transform

0
Ciiset, behaviour, 18-14
Offset knob, 12-1, 12-3

P
Fanel Recall menu, 23-2, 23-3
Panel Setups, 17-2
Panel Setups menu, 23-1

Paramsters

See also Pulse parameters
Menu, 22-8

Pass/Fail, 223, 22-13, 2215, 22-18,
22-17, 22-20
Persistence Display, 18-2, 18-5, {886
Cursors, 22-1

Picket fence effect. Ses WP0O2 - Fast Fourier
Transtorm

Plotter. Sge Printer/plotter

Position
Horizontal, 158-1, 16-2
Vertical, 15-1, 15-2

Power averags, C-2
Power density, 1610, C-1
Power requirements, 4-1

Power spectrum, 16-10, C~1
See also WPQ2Z - Fast Fourier Transform
Printer/Plotter, Cabling, 18-2

Printer/plotter, Setup menu, 18-1

il

Probes, 13-2, A-6
Attenuaiton, 13-1
Calibrator, 13-2, A~-8

Pulse parameters, 22-3, 22—4
Custom parameslers, 22-11, 22-12
Information and warning symbols, 22-3
Time measuraments, 22—-10, D-3
Voltage measurements, 22-9, D1

Q
Quad grid, 18--5, 18-6

R
RANM — Return Authorization Number, 2-2
Random interleaved Sampling, 8-2
Real-time clock tield, 71
Recalling frord—panel setups, 23-2, 23-3

Recalling wavsforms, 14-2, 211, 21-2.....

Remote Control, 33
Specifications, A-8
Remote control and interruption, 61
Rescale. See WPCH
Heset
Generat instrument, -3, 17-3
Posilion/Zocom, 14~3, 152
Return buiton, -1
Return Procedure, 2-2 _
RIS ~ Random Interleaved Sampling, 8-2
Timebase setup menu, 10-1
Roli Mode, 8-3
RS232
Cabling, 19-2
Connector, 188
Meanu, 18-5
F ot gelection, 18-5




Safety information, 4-1
Sampling frequency, 16-1
Saving front—panel setups, 231

Screen Dump
Button, 17-2
Hardcopy setup, 18-2

Screen dump, Printer/piotier setup, 16~1

Select
ABCD, 151
Channet, 12-3

Sensitivity (Volts/div), 12-1, 12-4, A-1
Sequence Mode, 8-3, 16-2, 19-14, 24-3
Serial number, 24-2
Service Procedure, 2-2
Show Status button, 241
Single-shot acquisitions, 8-1
SMART trigger. See Trigger
SNGL button, -2
Soft options, 242
Soft versicn, 24-2
Special Modes, 18-1
AUTO sequence time-out, 51

Menu, 18-14
Offset behavior on gain change, 12-1,
12—-4
Specifications, A-1
Bandwidth, A-1
General, A-8
Horizantal, A2
Measurements, A-4
Processing, A-4
Remote control, A-8

Trigger, A-2, A3
Veriical, A1
Standard display mode, 18~3
STOP button, -1
Store
Panel Seiup, 23-1
Waveform. Seg Waveform Store
Sweeps
Averaging, 16-5, 16-8
Extrema, 16-8, 16-9
FFT Power Average, 16—11
Pass/Fail, 22-13
Statistics, 22-8

System summary, 24-2

T

© Text & times summary, 24-3

iv

Time and Frequency field, 7-2

Time/Date Setup meny, 181, 184
Tirme/div knob, 9-3

Timebase Setup
External clock, 104
Menu, §-3, 10-1
Record fength, 10-1, 103
RIS, 191
Sampling, 10~1
Sequence, 10-1, 10-2
Time/Div, 9-3
Trace
Channals, 12-1, 12-3
Or/Of, 15-1
On/Off buttons, 12-1, 12-3
Select, 12-3, 151
Trigger, 3~2
Configuration field, 7-2
Delay field, 7-2



Edge, 8-5, 11-2
Coupling, 88, 11-2
Holdoff, 8-7, 112
Level, 87
Line, 8-5, 11-2
Slope, 88, 11-2
Source, 85, 11-2
Window, 8-6, 11-2

Level field, 71

Level Indicater fields, 7-2

SMART, 8-5
Drepout, 1118, 1117

Edge—qualified, 1114, 11-15

GLITCH, 11-5, 11-5
Interval, 11-7, 11-8
Menu, {1-1

Siate-qualilied, 1112, 11-13

TV, 11-9, 1110, 11-1

Width—based triggering, 11-5, 11-§,

11-7,11-8

Status field, 72

Symbols, 113, 1118
Trigger Setup, Menu, 8-3, 11-1
Trigger time stamps, 84, 24-3
TV trigger, 11-8, 1110, 11-11

Characteristics, 11-11

FIELDLOCK, 1111

U
Utitities
. Floppy disk menu, 1510
GPIB menu, 18-5
Hardcopy sefup menu, 18-2

internal printer setup menu, 19-3

Main meny, 19-1

Memory Card menu, 127
RS232 menu, 185

Specia!l Modes menu, 16-14
Time/Date meny, 184

A
VAR butten, 12-1, 12-4
Verical Contrals, 12-1, 12-3
Vaoltage, operating, 4--1
Volts/div knob, 12-1, 124

W
Warranty, 2-1

Waveform Processing, 14-2, 14-3, 161, A4
Arithmetic {(+-," /), 164
Averaging, summed, 16-5, 16-6
Functions (Negation, Identily), 16-12,
16-13
Maximum number of points, 14-3, 16-2
Waveform Recall Menu, 21-1, 21-2
Waveform Stora menu, 20—1
Waveform summary, 24-4
Window trigger, 8-¢, 11-2

Windows. See WP(2 - Fast Fourler Trans-
form

WPQ1
Arithmetic {+-" /), 16-4
Continuous averaging, 16-5, 16-8
Enhanced resolution, 16-7, B-1
Extrems, 16-8, 16-8
Functions, 16-12, 16-13
Rescale, 16-14
Summed averaging, 18~5, 16-8
WPRQ2 - Fast Fourier Transform
Algorithms, C-3
Aliasing, C-8
Cursors, C-3
ENBW - Equivaient Noise Bandwidth, C-8
Examples, C-7
Glossary, C-8
Power average, C-2, C-B
Setup menu, 16-10



Setup menu for power average, 16~11 ya
Windows, 16~10, C-2, C~7, C~0, C~12 7t button, 9—3

Zoom, 14-1, 14-3, 15-1

X Horizonial, 15-1, 16-2
XY Display, 18-1, 18~4 Menuy, 16-2
Cursors, 22-1 Multi, 14-1, 16-2
Meru, 18-6 ' Setup Menu, 16-3

Reterence point, 22-6 Veriical, 15-1, 15-2

vi



US SALES OFFICES

1 800-5~LeCroy {automatically connecis you
to your local sales office)

WORLDWIDE

Argentina: Search SA, (01) 46 8158

Australla: Scientific Devices Ply.Lid,
{063y 579-3622

Austria: Dewetron GmbH, {0318) 321804
Benelux: LeCroy B.V.,, 4502 8 §285

Brazil: ATP-Mi-Tek, (011} 725.5822
Canada: LeCroy Canada Ing, (514) 9284707

Chile: Sistemas de Instrumentacion
{562) 695.1137

Denmark: Lulronic, (42} 458754

Eastarn Eurepe: Elsinco GmbH, Vignna
222 812 1751

Finland: Orbis QY, (80) 588.4083

France: LeCroy Sarl (16)507 3887

Germany: LeCroy GmbH, (06221} 831001
{(North) (0405) 42713

Greece: Hellenic $/R Ltd., (01) 721 1140

Hong Kong: Euro Tech (Far East) Lid.
8.52.814.0311
India: TATA-Honeywell, (212) 870.445
Indonesia: P.T. DWI, (6221} 570.4553
israel: Ammo, {03} 453157
ltaly: LeCroy S.r.l.,Roma (£8) 336.787.00
Miano {02) 204 7082
(02} 29405834
Japan: LeCroy Japan,
Tokyo (0081333
6

9400
Osaka (0081) 081

3789
330

Kotea: Weojoo Hi-Tech Corp.
(02) 82.2.448.5472

Mexico: Nuclecelectronica SA:
1905) 523 8043

New Zesland: £.C. Gough Lid,,
{03) 379.8740

Norway: Avantec A3, (02} 830520

Pakigtan: Electro Tech Corp.Lid.,
{021) 483 8087

Portugal: M.T. Brandao, Lda,, {02) 815880
Singapore: Singapore Elec. & Eng. Lid,,
{025) 283.6288
S. Africa'WeCip (011787 0473
Spain: Essa, (01;328 0
Sweden: M SSA (G764) 68100
LeCroy S.A

OE_TJ

Switzeriand: L L {022) 718 2111
Taiwan: Topward EL Inst., Lid.,

(¢e; 801 8801
Thailand: Measuretronix Ltd,,

(02) 3752733~4
United Kingdom: LeCroy Ltd., (2

LeCROY
CORPORATE HEADGQUARTERS

760 Chestnut Ridge Read
Chestnut Ridge, NY 10877-8489
Telephone: (814) 425-2000
TWX.(710) 577-2832

Fax: (914) 425-8967

LeCROY
EUROPEAN HEADQUARTERS

2 rue du Pré—de-la-Fontaing

P.O. Box 341

1217 Meyrin 1:Geneva, Switzerland
Tel.: (022) 719 21 11 Telex: 419 058
Fax: (022) 782 3¢ 15

3} 553 3114






