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Herstcl|crtcsc.hetnigung
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HP545104

in Ubereinstimmung mit den gsstimmungen von Postverfiigung lWU
funkentsttirt ist.

Der Deutschen Bundespost wurde das Inverkehrbringen dieses
GeriteVsystems angezeigt und die Berechtigung zur Uberpriifung der
Serie auf Einhalnng der Bestimmungen eingeriiumt.

Zusatzinformation fiir Mep- und Testgerite

Werden MeB- und Testgerite mit ungeschirmten Kabeln und/oder in
offenen Mepaufbauten verwendet, so ist vom Betreiber sicherzustellen,
daB die Funk-Entstil6sslimmupgen unter Betriebsbedingungen an seiner
Grundstiicks gren:ze eiagehalten werden.

Manufacturer's declaration

This is to certify that this product meets the radio frequency interference
requirements of directive L046,I8y'.. The German Bundespost has been
notified that this equipment was put into circulation and was granted the
right to check the product tlpe for compliance with these requirements.

Additional Information for Test- and Measurement Equipment

Note: If test and measurement equipment is operated with unshielded
cables and/or used for measurements on open set-ups, the user must
insure that under these operating conditions, the radio frequency
interference limits are met at the border of his oremises.



Product
Warranty

Umitration of Wananty

This Hewlen-Packard product has a warranty against defects in material
and workmanship for a period of three years from date of shipment.
During warranty perio4 Hewle$-Packard Company wi[ at is option,
either repair or replace products that prove to be defective.

For warranty service or repair, this product must be returned to a service
facility designated by Hewlen-Packard. However, warranty service for
products installed by Hewlett-Packard and certain other products
desipated by Hewlett-Packard will be performed at the Buyer's facility at
no charge within the Hewlett-Packard service travel area. Outside
Hewlett-Packard service travel areas, warranty service will be performed
at the Buyer's facility only upon Hewlett-Packard's prior agreenent and
the Buyer shall payHewlett-Packard's round trip travel e4penses.

For products returned to Hewlett-Packard for warranty service, the Buyer
shall prepay shippi"g charges to Hewlett-Packard and Hewlett-Packard
shall pay shipprag charges to return the product to the Buyer. tlowever,
the Buyer shall pay all shipping charges, duties, and taxes for products
returned to Hewlett-Packard from another country.

Hewlett-Packard warrants that its software and firmware desipated by
Hewlett-Packard for use with an instrument will execute its program'ning
instructions when properly installed on that instrnrnent. Hewlett-Packard
does not warrant that the operation of the instrument software, or
firmware will be uninterrupted or error free.

The foregoing warranty shall not apply to defects resulting from improper
or inadequate maintenance by the Buyer, Buyer-supplied softu/are or
interfacing, unauthorized modification or ''risuse, operation outside of the
environmental specifications for the product, or improper site preparation
or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED.
HEWLETT-PACKARD SPECIFICALLY DISCI-AIMS THE
IMPLIED WARRANTIES OR MERCHANTABILITY AND FITNESS
FOR A PARTICUT-AR PURPOSE.



Exc:usive nemedies THE REMEDIES PROVIDED HEREIN ARETHE BUYER'SSOE

AND EXCLUSM REMEDIFQ.HEWLET‐ PACKARD SHALL

NOT BE LIABLE FOR ANY DIRECr,IND】 REσ ,SPECIAL
INCIDENTAI.OR CONSEQUEN口 いL DAMAGES,Ч 層圧打HER

BASED ON CONrRACr,TORT,OR ANY OTHER LEGAL

THEORY.

Asgistance Product naintenance agreements and other customer assistance
agreements are available for Hewlett-Packard products.

For any assistance, contact your nearest Hewlett-Packard Sales and
Service Office.

Certification Hewlett-Packard Company certifies 1f,31this product met is published
specifications at the time of shipment from the faclory. Hewlett-Packard
further certi.fies that its calibration measurements are traceable to the
United States National Bureau of Standards, to the extent allowed by the
Bureau's calibration facility, and to the calibration facilities of other
International Standards Organization nembers.

Safety This product has been designed and tested according to International
Safety Requirements. To ensure safe operation and to keep the product
safe, the information, cautions, and warnings in this manual must be
heeded.
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Introduction
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The HP 545104 Digitizing Oscilloscope is a general-purpose repetitive
and real-time oscilloscope, fuIIy progro"""able and transportable. The
HP 54510A has two input channels and an etrernal trigger input. Full
HP-IB progrrmmabiliit], is incorporated for use in a broad range of HP-IB
applications, fro4 high-speed ATE to device characterization in research
and development environnrents. The HP 54510A also feanres powerful
triggerin& easy waveform storage, automatic measurements, and instant
hardcopy output.

The HP 54510A features an easy-to-use human interface, let has many
sophisticated capabilities and nultiple triggering functions. Waveforns
are easily stored for futwe reference, waveform measurements are
automatic, and instant hardcopyis available when the HP 545104 is used
with an HP-IB compatible printer or plotter.

Some of the key features of the HP 54510A are listed here. See
Appendix B for a complete listi"g of specifications and characteristics.

o Bandwidth - dc to 250 MHz (real time and repetitive)
o Maximum Sanple Rate - l GSa/s
o Memory Depth per Channel - 8 k

o 8 bits Vertical Resolution
1 ftrys-gfuannel Input and Display
o ExternalTriggerlnput

o Advanced Logic Triggering
o TV Trigger (including user-defined)
o Pre and Post-Trigger Viewing

o Autoscale for Automatic Setup
o Automatic Measurements (User-defined and Statistical)
o Hardcopy Output

lntroduction
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o Mca$rementl'-itTest
o Warrcform Math (+ r -, \ls, iwcrt, only)
o Waveform Calculus (integrate and differentiate)

o PostacquisitionPanandZoom
o Four Nonvolatile Setup Memories
o Four Nonvolatile Waveform Memories

o TwoVolatilePixelMemories
o Full HP-IB Progrernrnability
o Segmentable Menoryover HP-IB
o HP-IB Multiple $ingle-shot Capability

(300 k RAM, up to 5fi) Waveforms per Second)

Introduction
1-2
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lnstrument Setup

lntroduction This chapter gsa[ains information for unpacking applying power, and
connecting optional accessories to the HP 54510A. Inspectiotr, power
requirements, and instructions for running the HP 54510A self-test for
performance verification are'also included in thie' chapter.

For safe and trouble-free operation, follow the instructions and advisories
in this chapter. Read the Safety S"rnrary included in this nanual.

initia:

Inspection

Contents of Shipment

HP 54510A
Front-Panel Reference

Inspect the shipping container for damage. If the shipping container or
sushisning material is damaged" keep it until the contents of the shipment
have been checked. Check the shipment for completeness and check the
instrument electrically and mechanically.

If the contents are incomplete, there is mechanical damage or defect" or if
the instrument does not pass the selftest performance verification, noti$
the nearest Hewlen-Packard Ofrice. Keep the shipping materials for
carrier's inspection. The Hewlett-Packard Offrce will arrnge for repair
or replacement at HP's option without waiting for claim settlement.

The following items are shipped with the HP 54510A Digitizi"g
Oscilloscope:

o Two HP 104414 Probes
o Probe to BNC Adapter, L250-L454
o HP 54500 Digitizing Oscilloscopes Getting Statted Guide
o HP 54510A FrontPonel Reference
o HP 5451(M Programming Reference
o HP 54510A ServiceManual
o Feeling Con{onable with Digitizing Oscilloscopes

Instrument Setup
2-1



Anllable Accessorles The following optional accesories are available for use with the
HP545104:

o Carrying Case, HP Part Number 1tm-1066
o Rack Mount Kit, t{P Part Number 5061-6175
o HP llS0ATestmobile
o HP l1!}3ATVMdeoSyncPod
o HP 1141A Differential Probe
r HPlBTAHigh-VoltageProbe
o HP 10024,4' Integrated Circuit 16pin Test Clip
o HP l0zllAlntegrated Circuit 2$pnTest Clip
o PC Board Horizontd Mini-Probe SockeL HP Part Number 12fi-t737
r PC Board Vertical Mini-Probe Socket. HP Part Number 1250-'1918

Operating
Environment

Storage and Shipping

:nstrument Setup

2‐2

The HP 54510A oscilloscope is operated in a normal lab or bench
environment without any additional considerations. Note the
non-condensing hunridity limitation in the list of characteristics supplied
in this manual. Condensation in ttre instlumsat cabinet can cause poor
operation or nalfunction. Protection should be provided against
temperature eKremes which cause condensation.

The HP 545104 may be stored or shipped in environnents with the
following limitations:

o Temperature: -40" C to +75" C(-40'Fto + 15S F)
o Humidity: Up to %)Vo at 65'C (149 " F)
o Altitude: Up to 15,300 meters (50,000 feet)

If the HP 54510A is to be shipped to a Hewlett-Packard Service Center
for service or repair, attach a tag to the instrument identifying owner,
address of owner, complete instrument model number and serial number
and a description of required service.

HP 54510A
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If the original packaging material is no longer arailable, identical packing
naterial is available through local Hewlett-Packard offices. Mark the
container FRAGILE to ensure careful handling. In any correspondence,
refer to the instrument bythe model and serial number.

Rgaf Pangl The rear panel of the rrp 5+510A contains the power input, voltage
selector module, power switc\ esernal @nnectors, and calibrator
protection switches as shown in figure 2-1.

Power Requirements The HP 54510A requires a po\iler soruoe of either 115 or 230 Volts ag
- EVoto * 15Vo; single phase, € to 66 Hz;200 Watts maximum power.

Power lnput on/off switch x$:ffijjJ"""tor 
and

DC Calibrator Output

Probe Compensation
AC Calibrator Output

Figure 2-1. HP 5451M Rear Panel
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Selec'ting Une Voltage The firse module is set at Hewlett-Packard to the linc voltage used in the
eountry of destination. Check the setting of the fuse module to veri$ it is
in the correct position for the voltage to be used. If the setti'g needs to be
changed use the follovring procedure.

CAUTION

BEFOREAPPLYING POWERTO 77IE INSTRUMENT, BE
SURE 7:HE FUSE MODULE IS SET TO T'HE CORRECT
LINE VOLTAGE POSWON. Sa,ere tutnage will occur if the
Iine voltage k not popedy set.

Change the fuse module position by prrlling the fuse module out and
reinserting it with the appropriate arrows aligDed.

o Careilly pry at the top center of the module as shown in figure 2-2,
until it can be grasped and pulled out.

Figurc 2-2. Selecting Line Voltage

Instrument Setup
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Verlfying the Fuse If it is neccssaryto check or change fuses, remove the fuse module and
look at each fuse for its anperage and voltage ratings.

―

劉

―

軒

Power Cord

Line Switch

HP 54510A
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Figure 2-3. Checkingforthe Comct Fuse

The HP 54510A is a Safety Class I instrument with an ergosed chassis
that is directly connected to earth via the power supply cord to meet IEC
Standard 348. This instrument is provided with a three-wire power cable.
When co'-ected to an appropriate ac power outlet, this cable grouads the
instruqrent cabinet. The rlpe of power cable plug shipped depends on the
country of destination. See the ncxt page for available power cords.

The line switch is located on the rear panel. Turn on the oscilloscope by
pressing 1 on the rocker switch. The rocker switch is labeled 1 and 0,
corresponding to on and off, respectively.

Figure 24. Line Switch
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Figure 2-5. Available Power Cords
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:nten3町 COntrO: Once the oscilloecope has been turned on, the displayintensity can be
adjusted, if necassary. The intensity is adjusted with the Display Intensity
control on the rear panel.

Figurc 2-6. Intensity Connol

Air Flow The HP 54510A must have unrestricted air flow for the fan and ventilation
Requirements openings in the rear panel. The HP 54510A maybe stacked under, over,

or between other instruments provided the the other instruments are
adequately cooled.

HP 54510A
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Connecting
External
Equipment

lnstrument Setup
2-8

The HP 54510A is equipped with an HP-IB comector on tle rear panel.
This allons a direct connection to an HP-IB compatible printer, plotter,
or external controller.

Connect an HP-IB cable to the oscilloscope and anyHP-IB compatiblc
device. Tightcn the HP-IB cable with the captive screws of the cable to
avoid disconnecting the cable.

Figurc 2-7. Connecting Extanal Equipment

The HP 54510A must be properly addressed to communicate with the
connected device. The HP 54510A HP-IB address is set in the HP-IB
submenu. See "HP-[B Menu" in Chapter 12 for detailed information
about the HP-IB submenu.

HP 54510A
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Front-Panel Overuiew

IntfOdUCtiOn tO This chapter describes the functional sections of the HP 545104 front
the FfOnt pangl panel. Theexplanationofeachareaalsocontainstheirinteractionwith

each other and provide a basis for applications and usages.

The front panel is separated into six functional areas.

Entry Devices

Figure ?1. HP 5451M Front Panel

3
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System Control

Front-Panel Overview
+2

The SYSTEM CONTROL keys are located along the top of the
oscilloscope to the right of the display. This section controls the following
functions:

o Dynanicdsplayfeatures
o Selectinglocalcontrol
o Activating hardcopy

Selection of any key in the SYSTEM CONTROL section causes the
oscilloscope to execute that comrnand immediately.

Figure 3-2. System Contol Section

RUN/STOP Key The RUN/STOP key toggles the acquisition status of the HP 54510A. If
the oscilloscope is currently lunning (the current status is displayed in the
the top left corner of the display in the message field), the instru'nent is
placed in r&le stopped mode. In this 6sds, normal acquisition is stopped
and the last acquired data is displayed. If the oscilloscope is stopped, it is
immediately changed to another mode (for exanple, running, awaiting or
uiger, auto-tngger).

HP 54510A
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S:NGLE Key

CLEAR D:SPLAY Key

LOCAL Key

HARDCOPY Key

HP 54510A

Front‐Pane:Reference

The SINGLE keyactivates the acquistion gnstcn for one trigger ercnt.
One acquisiton is made and displayed; then the data acquisition and
display cycle is stopped. In repetitive mode, this single acquistion is
superimposed on the current displayed &ta If the display has been
cleared before the SINGLE key is prxsed" only one acquisition is
displayed.

The CLEAR DISPLAY key clears the display and resets all associated
measurements. If the oscilloscope is in the stopped mode, all data that is
currently displayed is erased. If the oscilloscope is running, all data is
erased; howcver, new data is displayed on the next acquisition. The
RUN/STOP and SINGLE keys are not affected.

The RUN/STOP, SINGLE, and CLEAR DISPI-AY keys have a
relationship that make it possible 1q 'nanipulate data acquisitions and view
one, two, or several acquisitions. It is possible to stop acquiring datq to
clear the displaS and to capture one acquisition for evaluation. The
display can be cleared wbile acquiring to capture new data. The
acquisitions can be manipulated with these three keys and other keys and
settings are not affected.

The LOCAL key sends a return to local control message to the IIP-IB
interface and returns control to the front panel. This key can be locked
out if a local lockout comrnand is executed over the HP-IB.

This is the only active front-panel key while the oscilloscope is in remote
operation, ifit has not been locked out.

The HARDCOPY key executes an inmediate hardcopy of the currently
displayed data on a compatible plotter or graphics printer and stops all
other oscilloscope functions while printing.

The oscilloscope must be in the talk only mode, and the hardcopy device
must be in the listen always mode. Setup of the hardcopy options is
accessed in the HP-IB submenu (see Chapter 12, "Utilities Menun).

Selection of any key aborts the hardcopy action.

Front-Panel OveMew
3-3



Setup

Front-Panel Overview
&4

The SETUP section of the front panel controls subsystems for displalng
input data- The setup section controls the following display infornation:

o AUTOSCALE for automatic scaling of the waveform display area
o SAVEandRECAllsetups
o Quick aeoess ts sfuannel function, and trigger information on the

SHOW screen

Figure ?3. Seup Section

HP 545104
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AUTOSGALE Key This key causes the oscilloscopc to evaluate all input signrlq and set the
correct conditions to display the signals. When AUTOSCALE is pressed
the following conditions are set:

Vertical sensitivity on all channels (if applicablQ
Vertical offset on all channels (if applicable)
Trigger edge mode, positive slope, and proper trigger level for the
trigger souroe
Sets to minimum perisitence when in normal display and repetitive
acquisition modes (single persistence in real time acquisition node)
Time per division

Autoscale also includes a soft reset which performs the following:

o Turns offAVAV markers
o Turns offall measurements
o Turns offmeasurenent limit test
o Turnsoffwaveformmathfunctions
o Turns offwaveform/pixelmemorydisplay
o Turns off statistics
o Turns offconnect-the-dots
o Sets holdoffto zl0 ns (minimum vralue)

The previous oscilloscope setting are stored in volatile memory
RECALL 0. To recall setting, press RECALL 0.

RECALL Key The RECALL key has three primary functions:

Pressing the RECALL key and then selecting L,2,3, or 4, causes
recall of a previously saved setup configuration.

The current configuration is automatically saved before execution of
an autoscale, recalt or setting up ECIJTTL presets. RECALL 0 is
an undo of these actions. Waveforms cannot be saved to RECALL 0.

Pressing RECALL CLEAR resets the instrument and returns the HP
545104 to defaulVpower-up settings. The oscilloscope does not
perform power-up self-tests (see Instnment Reset).

●
　
●
　
●

HP 54510A
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SAVE Key The SAVE key immediately stores the oscilloacope setup configuration in
nonvolatile memory. Press SAVE, and then seled a save register: 1, 2, 3,
or 4. An advisory is displayed above the waveform display area indicating
tle setup configuration has been saved.

SIIOW Key The SHOW key accesses the following information:

o Channel scaling
o Channeloffset
o Channel coupling
o 50Q
o Probeattenuation
o Trigger sour@
o Trigger level
o Math functioo operation
o Math function scaling
o Math function offset
o Memories

Pressi'g the SHOW key toggles between the currently selected menu and
the SHOW screen.

This screen presents the most complete and detailed instrument setup
information. Sslssl this screen before making a hardcopy to include all
SHOW screen information on the hardcopy.

Fronl-Panel Overview
3-6
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Menus

HP 54510A
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The MENUS scction consists of nine kep:

T I M E B A S E

CHAN―

TRIG

DISPLAY

At/AV

WFORM MATH

WFORM SAVE

DE― MEAS

■「HL

Each of these menus is discussed in the following chapters.

Figure 34. Menus Section

Front-Panel Overview
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Entry The ENTRY device section spafeins a multifunction nu-eric kelpad, a
selection knob, and a FINE key.

Figure 3-5. Entry Section

Numeric Keypad The keypad is for direct numeric input. To input known values directly,
press the associated softkey to activate the desired field on screen, and
then select the units with the numeric keys. For example, do the following
steps to set the vertical sensitivity to 500 mV:

Select V/div in the Channel menu to ensure it is the active field
(displayed in tu[brigb$

Press 5,0,0, mV in sequence.

Front-Panel Overview
3-8
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The blue key on the numeric kelpad selects the alternate firnction cfien
pressed before a nuneric key on the front-panel keypad. The alternate
function of the kep on the rigbt column are measurement units. The
CLEAR key clears any selections made for the active field.

Knob The knob changes values within each function. It increments, de6ements,
or toggles the selection in the active field or function. The current
selection is displayed in fullbright in the displayed menu area and can be
changed with the knob.

FINE Key The FINE key changes the increment and decrement sequence. Instead
of sequencing in the normal sequence, the values incremenVdecrement in
more precise values. Use this feature when the normal sequence is too
coarse for precision measurements or settings.

When the HP 54510A is operating in the fine mode, the word.Jine is
displayed in the lower right corner of the CRT.

InpUt The input section consists of connectors for sipal input. Channel inputs 1
and 2 select 1 MQ or 50 Q input inpedances and each is shunted by
approximately 7 pF at the input BNC with a maxim'm input voltage of
250 V ( > 50 mV/div range). See Appendix B, "General Information" for
specifications on the input channels.

HP 54510A
Front-Panel Reference
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Timebase Menu

introduction to

the Ti『nebase

TIMEBASE

This chapter spa[eins a description of the TIMEBASE menu and how the
entire horizontal display and parameters are controlled with this menu.

TIMEDASE

TIME
D:V

o a r o y

t  a  f a a  a n c a

c t t l  c c n t . . l  . i 0 h t

|

!  r G b o s c

r c a c t i t i v r

r c o l t i r c p o a  i  t  i o n

Figure 41. Timebase Menu

54502W22

r e f e r e n c e

睦負
国

市¨ t

■off■  on

Time/Div Key

HP 54510A
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The time/division function controls the time scale on the horizontal axis
from 1 ns/div to 5 sec/div. The main timebase is incremented and
decremented n a L-2-5 sequence. The FINE key does not affect the
timebase settings while the acquisition is lrrnning.

This key affects the sample rate at which the scope aquires data. The
sample rate for the selected time/div setting is displayed below the
time/div freld. In the realtime mode and with the acquisition stopped, this
key also controls the zoom feature (see repetitive/realtime key in this
chapter).

Timebase
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Acquisitions are not displayed until all data is arailable (sinilar to normal
acquisitons) to display. As data is being sanpld the advisory n s to
initistized is displayed while pre-trigger data is.collected and n s to
complete is displayed while post-trigger data is collected. This message
indicates the time needed to complete acquisition where n is the
lsneining time (in seconds, s) and continues to countdoum until the time
has elapsed. The advisory mnning is displayed as the write cycle to the
screen ii executed and displayed data is updated.

The total tir"e acquired and the sample rate are dependent on the
timebase s,stting. Listed below are the total acquisition times and the
sample rate for each timebass sslting in real ti-e mode.

TIIMEBASE Tσ r′此 TIME SAMPLE RA‐
A∞ UIRED time

ns■ … 1

lCXl ns/d市

200 ns/d市

500 ns/d市

l us/d市

2熱 も市

5 us/d市

10 us/d市

2Cl us/d市

50“ /d市

100 us/d市

2Ю uS/d市

500 us/div

lm/d市

2 ms/d市 ,

5 ms/div

103/d市

20 ms/d市

50 ms/d市

1∞ ms/d市

200111s/div

SCЮ ms/d市

ls/d市

2s/d市

5s/d市

16 uscc
32 uscc
80 uscc
160 uscc
3Z) uscc
8{X) uscc
1.6 mscc
3]@
8 rtracc
16 nscc
32 mscc
80 mscc
160 mscc
320 msec
800 mscc
1.6 scc
3.2 scc
8 scc
16 scc
32 scc
80 scc
160 scc
320 scc
800 sec

5 0 0  M S a l s

2 5 0  M S a / s

l C X I  M S a l s

5 0  M b / s

2 5  M S a / s

10 MSa/s

5 MSa/s

2 5  M S a / s

l  M S a / s

500 kSa/s

250 kSa/s

100懸h/s

50 kSa/s

25 kSa/s

10 kSa/s

S kSa/s

25 kSa/s

l k Sa/s

500 Sa/s

250 Sa/s

l∞ Sa/s

50 Sa/s

2 5  S aお

1 0  S a / S

Timebase
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delay Key Selecting ielay assigns delay as tle active function. When delay is set to 0
the trigger event occurs at the delay reference point. Positive delay
indicates time after trigger and negative delay indicates time before
trigger. Tberefore, a delay setting of -50 ns indicates that the trigger event
occurs 50 ns after the delay reference point. In the real-time mode and
with the acquisiiton stopped, delay controls the pan feature (see the pan
and zoom exercise in this chapter.)

refer.encc = trigger event * delay

reference Key

HP 54510A
Front-Panel Relerence

The rcference key changes the delay reference point to one ofthree
reference points:

o left
o cntr (center)
o right

If delay is set to 0, the reference point consists of pre-trigger data to the
left and post-trigger data to the right.

NOTE

The time from triger changes with the delay sening and is
displqed at the bottom of the waveform areo at the left, center,
and ight of the display.

Timebase
+3



repetitive/
realtime Key

Timebase
+4

The bottom function key selects one of the trno acquisition modes used by
the HP 54510A:

o repetitiveacquisition
o realtine acquisition

See Chapter 7, "Display Menu" for more on acquisition modes.

repetitive mode The repetitive mode sets the HP 54510A to acquire data in the repetitive
acquisition mode (see Feeling Comfonable lilith Dtgttizmg Oscilloscopes).
la this 66d6, the oscilloscope samples data continuously and builds up a
repetitive waveform after many data points have been attained; this mode
is useful when viewing a continuous waveform.

In the repetitive mode:

o The HP 54510A displays data collected from multiple acquisitions
from either or both channel inputs.

' 
il:"#ilr*:'3fi :,?"fiHT tr"'; ;;;:::t::A;:*" 

a disprav

o Data from each acquisition can be displayed for a definable period of
time (persistence).

. Waveform records are established at 501 data points on all
time/division ssrings.

realtime mode When in realtime mode the HP 54510A displays data collected during
successive 5ingls-5[e1 acquisitions from either or both input channels.
The HP 54510A can make a single-shot capture simultaneously on both
channels.

Two simultaneous, non-recurring, or very low repetition rate events can be
captured at the same time.

HP 54510A
Front-Panel Reference



Some or all of the 8k waveform buffer memories (each channel has its om
8k buffer) can be displayed. The displayed sigal is completelyupdated
as each acqnisition is made.

The following graphics are shown at the top of the display area and in
figure 4-2:

memory bar - represents the displayed portion of the waveform record

memory bar display line - represents the entire 8k waveform record

'I - indicates the trigger point's location within the 8k waveform
record.

MEMORY BAR DISPLAY LINE SHOWS

WAVEFORM RECORD
T SHOWS

TRICC[R

MEMORY BAR SHOWS
PORT10N OF WAVEFORM
RECORD THAT IS BEING
DISPLAYED

Memory Bar
Exercise

HP 54510A

Front‐Pane:Reference

This exercise demonstrates the real time acquisition mode memory bar
and the ability to display signals that occur before and after the trigger
event of the displayed signal. The memory bar shows the portion of the
waveform record that is being displayed.

o Connect the HP 545104 rear-panel AC CALIBRATOR signal to
channel 1 with a coaxial cable.

Tirnebase

■5



Disconnect anyother signals that maybe connected to otler inputs.

Press AUTOSCALE and then stop the acquisition with the
RUN/STOP lcey.

Select delay in the TIMEBASE menu.

Use the entry devices to vary the delay. The memory bar at the top of
the display moves with the delay reference sfuanges. The memory bar
is shoⅧ ln flgures 4‐3,4-4,and 4‐5.

■  3 t O p p e C

…

鵠
l e f t  E  r l g h t

-5 00000 ● 3             0 00000  S 5 00000 ● s

43. Memory Bar at Center of Acquisition

Three different portions of the waveforrn can be viewed while the
acquisition is running as shown in figures +2, +3, and 44. Either left,
ceoter, or right can be selected with the delay reference key in the
TIMEBASEmenu.

When the acquisition is stopped, the the display can be placed at any
portion of the waveform record by changrng the delay value in the
TIMEBASE menu.

The delay value moves the 8k acquisition display relative to the trigger
point.

Timebase

4‐6
HP 54510A
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r a t t r a n c a
・l o 「t c n t r  m

―:00∞ 0● 3      -5000∞ ●3

45. Memory Bar at Right of Acquisition

As the delay value is changed, the'P moves to the right or to the left
along the memory bar depending on a positive or negative delay value.
Negative delay values show pre-trigger events and positive delay values
show post-trigger events in the acquisition display.

!0 0000 ● s

44. Mernory Barat Left of Acquisition

HP 54510A

Front‐Panel Reference
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Single-shot
Exercise

This exercise shows the single-shot capabilities of the HP 54510A.
$ingile-shot, in repetitive display mode, is used to build a waveform while
displaying the l gigasample/second r4e. gingle-shot, in real-time mode, is
used to compare interpolated with non-interpolated data.

The 1 gigasample/second digitizing rate of the HP 54510A allows capture
ofvery fast non-recurring events, such as a microprocessor start-up
sequence. Error causing glitches that disrupt system performance can be
captured for analysis.

Single-shot is used to build a waveform while displaying the L
gigasample/second sample and digitize rate.

r Connect the HP 54510A rear-panel AC CALIBRATOR sipal to
sfiannsl l with a coaxial cable.

Disconnect any other signals that nay be connected to other inputs.

PTessAUTOSCALE.

In the TIMBASE menu, change timebase to l0 ns.

Set the acquisition mode to repetitive.

Press the STOP/RUN key to stop acquisition.

Press CLEAR to clear the display.

Press the SINGLE and CLEAR keys alternately to display and erase
single-shot data.

Press the SINGLE key repeatedly. The waveform fills in with each
single-shot addition to the waveform, as in frgure 4-6.

HP 545104
Front-Panel Belerence

Single-shot in
Repetitive Mode

Timebase
+8
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46. Single-shotWaveform Built-up in Repetitive Mode

When averaging is off:

r data points on the displayare not gfuengedbynewdatawhen the
SINGLE key is pressed.

o data stays on screen until the instrurrent setup is modified or CLEAR
is pressed.

When averaging is on:

o data on screen is averaged with new data each time SINGLE is
pressed.

o it is assumed enough data points have been acquired to satisfy the
nu-ber of averages set in the DISPLAY menu.

To view the L gigasample/second digitizing rate:

o Press CLEAR.

o Press SINGLE.

The display shows a series of points 1 ns apart as in frgure zt-7. This 1 ns
separation is defined by the l gigasample/second digitizing rate.

Timebase
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To observe the limitations of single―shot h the repetttacquisition mOdc

o Sclcctthe TIMEBASE menu and set timebaseto l ns.

● Press CLEAR and then SINGLE.Ten data points from the input

48. Ten-point ll/avefonn in Repetitive Mode

HP 54510A

Front-Panel Reference

slgnd arc displayed as m flFe 4-8.
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Sing:e‐shotln Rea:

Time Mode

HP 54510A
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In the real time acquisition nodg the data is interpolated at faster
timebase settings for a more usefirl disptay. To observe the difference
between non-interpolated and interpolated data:

o Select realtime in the DISPI"AY menu.

Press the CLEAR key.

Press the SINGLE key. The waveform is displayed as in figure,$-9.
b ,lopp.d ?:iE!ASE

鵠
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+9. Ten-point Waveform in Real Time Mode

In the real time acquisition mode, the HP 5451.0A uses a digitd

,overga:uplbg;-filter to provide a more continuous waveform display. It
/automatically operates when there are less than 501 points on the display.
I

4tw 74r rC

Timebase
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Pan and Zoom Pan and zoom features are available in the real time acquisition mode and
operable only when the acquisition is stopped. Applications that require
precise evaluation of low repetition rate signals, such as radar and
transponder pulse treins, are simplified by zooming and pan"ing on
single-shot data.

Zooming either expands or compresses the acquired waveform on the
horizontal axis of the display. It is controlled by the timebase time/div
control for expansiog magnification, or sompression of a singls-5he1
waveform in the real time acquisition mode. Decreasing tims/div
expands the waveform and is referred to as nzoomingin". lncreasing
time/div compresses the waveform and is referred to as n2s6ming out".

Panning is moving the acquired waveform horizontally on the display. It
is controlled by the timebase delay control. Increasing the delay moves
the waveform to the left and increasi'g the delay moves the waveform to
the right.

Pan and Zoom
Exercise

Timebase
+12

Thiq exercise shows how the timebase is used to zoom in on and zoom out
ef 3 singls-5fuot waveform. The delay timebase is then used to pan the
waveform horizontally on the display.

Using a coaxial cable, connect the rear-panel AC CALIBRATOR
signal of the HP 545104 to channel 1.

Press AUTOSCALE. The rear-panel signal is displayed on screen as
in frgure 4-10.

HP 545104
Froril-Panel Relerence



Zooming In

HP 54510A

Front‐Panel Reference
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4 10. Rear-Panel Signal Autoscaled

TIMEBASE menu, select rcaltime acquisition mode.

Press RUN/STOP key to stop the acquisition.

Press CLEAR key to clear the screen.

Press the SINGLE key to acquire one data acquisition.

Select time/division in the TIMEBASE menu.

Rotate the front-panel knob. Increasing time/div displays more of the
acquired waveform on the screen. Decreasing time/div zooms in on
the acquired waveform.

Set timebase to 20 ms/div. The entire acquired waveform is displayed
as in figure 477. The memory bar also shows that the entire memory
is on the screen.

Timebase
+13
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411. Zoorning Out of the Acquisition

Set timebase to 20 us/div to zoom in on the acquisition as in figure
4-12.

ケ

饉
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:∞ 000 ● 3

Timebase
+14

412. Zoomingln on theAcquisition

The HP 545104 uses a digital oversampling filter to hll in the waveform
for a more usable display at this sampling rate. The memory bar indicates
the portion of the acquisition that is displayed.

HP 54510A
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HP 54510A
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Panning moves the acquisition left and nght for analyzation of waveforms.

o Select delayin theTIMEBASEmenu

o Use the front-panel knob to increase and decrease delay.

As delay is increased the acquisiiton pans to the left because the window
is past the trigger point, as in frgure 41i1.

50.O u● ′|:v
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Timebase
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When the delay is deseased the waveform pens to the right as in figure
zl-14. The data before the trigger point is being displayed.

4p nardcoPg In pro9rE36

4 f 4 2α “″′tgめ働`R妙 ′

Th c  m c m o r y  b a r  m O v e s t o  t h c  l e■o r  r i g h t  a s  t h e  a c q u i s i t i o n  i s  p a n n e d .

Panning and z00mmg can bc uscd concurrcntlyto cxammc the

acqlllCition.

Zoom out of the acquisition by increasing the timebase.

Select delay and use the knob to center the acquisition area of
interest.

o Znom back in on the waveform of interest.

Timebase
It-l6
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Channel Menu 5

Introduction to
Channels

HP 54510A
Front-Panel Relerence

The channel menu is a two-level menu and controls the vertical operation
of the HP 54510A. This chapter decribes the use of the nvo input
channels, losluding vertical sensitivity, offset, coupling, attenuation and
preset levels.

Figure 5.1. HP 5451M Channel Menu

ChannelMenu
5-1

C H A N I € L  I , z , E X I



CHANNEL Key The top key in the channel menu is for channel selection. This key
toggles between channels L, \ and etrernal. When a channel is selected
(highlightgd in inverse video) it can then be turned on. When a channel is
turned on the small circle imnediatelv below the channel number is
highlighrcd.

Note

h is possible to have a channel tumed on and view while beingin
the vertical control menu of another channel. lVhen making
changes, enEure you have the proper channel andfunction
selected and you are changing the channel you intend to change.

Vertlca: The vertical sensitivity key is the third key from the top in the channel
menu. The field itself is not labeled, holever, the current volts/division is
displayed with the units of the current selection. When this function is
selected, either ofthe entry devices can be used for data entry.

The range of the vertical sensitivityfor the HP 54510Ais from
1 mV/division to 5 V/division. Vertical sensitivity changes in a L-2-5
sequence with the knob. When the front-panel FINE key is selected, fully
calibrated vernier adjustments can also be made using direct keypad entry
or the knob.

Sensitivity Key

offset Key

Channel Menu
*2

When offset is selected, the trace can be moved up or down with the knob
or the keypad. Offset moves the voltage level at mid-screen.

Offset moves the displayed signal up or down, similar to the vertical
position adjustment on an analog oscilloscope. However, because this
oscilloscope has a true dc offset at the front end, it provides a much wider
offset range. The offset voltage (referenced to the vertical midpoint of the

HP 545tOA
Front-Panel Reference



waveform display) is shovm at the right of the waveform displaywhen the
SHOW keyis pressed.

Coupling Key The coupling key has several selection variables:

o d c
o dcBWlim
o a C

. acBWlim
r acLFreject

When dc is selected, 1 MQ and 50Q dc input inpedances are available as
choices for input impedance.

Bandwidth limit is switchable with the different combinations of the
coupling function. Bandwidth limit reduces the effective dc bandwidth to
about 30 MHz. Ac coupling provides x high-pass filter that rejects
frequencies below about X) H;z. The LF reject provides s high-pass filter
rejecting frequencies below about 4frH2. Bandwidth lirnils xad LF reject
filters reduce the noise in the vertical path and the trigger path.

Input
lmpedance

HP 54510A
Front-Panel Reference

Input impedance is 1 MSI for ac coupling and selectable 1 MQ or 50 Q dc
when dc coupling is selected in the coupling function.

Channel Menu
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The more keytoggles beh*'een the two levels of the channel menu.

probe key

Channei Menu

5‐4

The probe key selects probe attenuation with a range of 1000:1 to .9000:L.
Attenuation is adjusted by either knob or entry keypad. When the knob is
in coarse mode, adjustments are incremented or decremented in the 1-2-5
sequence. When in fine mode adjustments are in 0.1 increments.

Probe attenuation affects scaling factors for the display, not sensitivity at
the input.

Probe attenuation is calibrated in the Utility menu. See Chapter L2,
"Utility Menu", for information on probe calibraation.

Attenuation factors are saved with the front panel setup.

HP 54510A

Front‐Pane:Reference



EGL Key The ECL key sets the oscilloscopc to levels optimized for ECL circuia:

o V/Diu 200mV/div(400mV/divif # of screensis2)
o offsec -1.3 V
o coupling: dc
o Trigger levet -13 V

. . Triggerslopcnochange

RECALL 0 returns the.menu to the previous settings.

TTL Key

HP 545r0A
Front-Panel Relerence

The TTL key sets the oscilloscope to levels optimized for TTL circuits:

o V/Diu 1 V/div (2Y ldiv tf # of screens is 2)
o offseh25V
o coupling: dc
o Tt'tgger levet 1.4 V
o Triggerslope:nochange

To return to the previous setti4gs press RECALL 0.

Channel Menu
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Trigger Menu

the THggers 踏雛路路軋此詣寵岬価“range■om simple
」tiple鋤山 .

This chapter cOntalns descriptions ofthe tFigeFing mOdesp and

" l a n a d O n s  o n  h o v 7 t o  u s e  t h e m P  a n d  e x e r c i s e s  d e t a i l i n g  s O m e  r e a l鵬

叩pE c a t i o n s . T h e  H P  5 4 5 1 0 A  h 8  F l v e t r i g g e t t  m o d e s :

● Edge

●  Patten

●  State

e Delay

O  TV

Tfiggef MOde The trigger level (threshold) for each channel is set in the edge trigger

lntgfaCtiOn menu and is independent for each cftennsl. It is carried over to all other
modes, except the TV trigger mode. These levels are important settings
because fts high and low levels in the pattern, state, and delay modes are
defined as being greater than or less than the trigger level.

The level for TV trigger mode is a special case and is set in the TV trigger
menu.

6
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Edge Trigger
Mode

Trigger Menu
a2

The edge trigger mode has the following selections:

r Trigid/auto
o Trigger sour@
r Triggerleveladjust
o Slope
o Noise reject
o Holdoff

Figure 61. Edge Tiger Menu

HP 54510A
Front-Panel Reference
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trlgU/auto Key The trig'd/auto selection toggl€s betcrcen the two triggcr modcs. The
cturent selection is displayed in inverse vidco. This field is arnilable in all
trigger menus.

In the trig'd mode, the oscilloscope does not display data until all of the
trigger requirements are satisfied. While waiting for the trigger
requirements, the message an'aitingnigr is displayed. In the auto mode,
if a trigger is not found" a trigger is generated and acquired data is
displayed. A status message is displayed in the upper left corner of the
scroen.

source Key The sourte key selects the trigger souroe. The options are channels 1 or 2,
or external uiger. The current selection is highlightsd in inverse video.

level Key The level key sets the trigger level. The range on this function is + 12
divisions from center. It provides flexibility for sening exact triggering
points and specifies levels used in the more sophisticated triggering
modes. The center can also be selected with centered.

slope Key This field is not labeled, however, the available selections are graphic
representations of the rising edge and falling edge The current selection
i5 highlighrcd in inverse video.

noise reiect Key Turn noise reject on for triggering on noisy.signals without the problem of
false triggering.

holdoff Key Pressing the holdoff key assigns the entry devices to control holdoff.
Holdoffdisables the trigger circuit for a selectable time period or number
of events after the trigger event. Holdoffis selected in 20 ns time
increments, from 40 ns to 320 ms or in number of events from 2 to
15 000 000. Time and event are toggled with the knob. Events are
number of patterns (patrn), state (state), or edge and w (edge).

HP 545104
Front-Panel Reference
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Edge Trigger
tWith HOldOffl
Exercise

lnstrument Setup

Trigger Menu

●4

This exercise sets up the oscilloscope and a signal generator to view some
of the features of the edge triger. Holdoff is used to gain a stable trigger.
This technique is not necessary for most applications and waveformg
however, for many non-recurring and irregular waveforms it is useful.

Follow the instructions for seuiqg up the sig[al generator. The signal for
this exercise is a burst pattern with two positive cycles that repeats every
5ps. Use an HP 8116A Pulse/Function Generator with the burst option
or a signal generator capable of the same siglal.

Make the following setting:

o MODE: I.BUR
o RPT: 5.00ps
o  B U R : 2
o FRQ: lMHz
o D"f\[: fiVo
o AMP: 1V
o OFS: -200 mV
o Set the sigpal for a square wave.

HP 54510A
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Oscllloscope Setup Connect the the signd generator to the chrnncl l input and disconnect all
other inputs.

o Press ATITOSCALE (see Figure 62).

t p  r u n n  I n 9

0

1 00 us/div rco  I  i .  imc

1f -ss.o -vs45o4ro3 

Figure G2, Two-Bunt wareform ofterAutoscale

o Select the TIMEBASE MENU.

o Set the sweep speed to 5fi) ns/div.

o Set acquisition mode to rtpetitive.

The HP 545104 sets up the display par'.meters. It is now attempring to
trigger on the first rising edge of the rwo cycle burst.

o Enter the TRIGGER MENU and press the slope key.

The oscilloscope is now attempting to trigger on the first falling edge of
the two-cycle burst. Press the slope key egain to trigger on the positive
edge.

1  500 mV/div
offset:-375 0 mV
1 000: l   dc

HP 54510A

Front‐Panel Reference
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Nde

Tte signat generunr is set for two 500 ns pulses. The disploy on
the oscillosape qpe&t to harre three prulses. This is on
unstoble uiger condition. The folla+ing stqs qlain this
condition ondhow to overcone iL

f ip stoppld

` 3  7 w a‐b“が 動 膨

Determining holdofitime. Change the time/div setting to2 psldiv.
Press RUN/STOP (STOP), CLEAR DISPLAY, and SINGLE. This
shows the period of the waveform. Since the oscilloscope is
recogpizing nvo valid trigger events (edges, in this case) of the burst,
1[s fusld6ff time needs to be set such that it ignores the second pulse
in the burst. Using A t markers, the second edge can be found to be
about 1ps from the fust edge. (See Chapter 8, "Delta t/Delta V
Menu.")

Press the holdoff key.

Set holdoff to 1.04fi)0ps, with keypad or knob.

HP 54510A
Front-Panel Reference
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Figure 64. Two-Bunt Pulse wlStable Tiger

The input signal to the oscilloscope has two 500 ns pulses. On the lirst
risrng edge a trigger occurs and activates the holdofftimer. When the
holdofftine (1.0a000ps) has elapsed, the oscilloscope lools for another
trigger. The oscilloscope triggers on the frst rising edge of the second
burst. Each tiger event occurs on a different pulse, and is consequently
al unstable condition.

By adjusting holdoffto wait until the rising edge of the second pulse
passes, the oscilloscope triggers only on the fust rising edge and the signal
is stable. In this case the trigger is stable with approximately
t.Mps holdoff.

Trigger Menu
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Pattern Trigger

Mode

Trigger Menu

e8

The pattern mode defines a lbit pattern for the oscilloscope to recqgnize
and generate a trigger event. When the inputs satisfythe trigger pattcrn
and conditions, the HP 54510A triggers and displays the desired portion
of tle waveform.

The pattern mode is rary useful for glitch detection because the
HP 545104 triggers on a glitch and displays the resultingwaveform.

Fignre 65. Panem Tiger Menu

pattern Key This is an unlabelled field. The display depicts the 3-bit pattern. The
active field is displayed in full-bright and is changed with the knob. The
function key cha'ges the bit selection of three levels:

HP 54510A

F『ont‐Panel Reference
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panern Key This is an rmlabelled field" The displaydepicts the Sbit pattern The
active field is displayed in fu[-bright -6 is changed with the knob. Tbe
function key changes the bit selection of three lcvels:

1 ll _ high
o L- low
o X-don'tcare

The criteria fsl high is highgl than 1f,9 current trigger level and low is
lower then the current trigger level.

The 3-bit pattern represents the two channel inputs and the e$ernal
trigger. The left-most bit corresponds to channel? andthe right-most bit
corresponds to the erernal trigger chqnnsl.

For exanple, if the pattern is LXH, the voltage on channel l must be
lower than the trigger level set for channel 1, channel 2 is don,t care so
1[s input level is disregarded and the external trigger input must be
highsl than the triger level set for external trigger. If these conditions
are satisfied by the inputs, then the oscilloscope generates a trigger event.

Note

llhen any channel is not being used in the qualifier panem" it
should be set as don't care. The triger level is still compared to
the no input channel and a higlt or low is determined. The only
true don't care is X.

If the pattern XXX is selected, a trigger event does not occur because a
trigger event is not defined.

when Key This key controls five sets of conditions that must be satisfied to generate
2 6igger event. These conditions are as follows:

o when entered: a trigger is generated on the hrst transition that makes
a pattern true. The pattsrn must be false and go true to generate the
trigger.

HP 54510A
Front-Panel Reference
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when exite& a trigger is generated on the first transition that makes
the pattera false. The pattern must be true and go false to generate a
trigger.

r&en prcsent > : a trigger is generated when a trigger pattern is true
longer than a specifigd minirnurn tine period. This time period is
specified in the next selection key that is activated when present > is
selected. The present > time ranges from 20 ns to 160 ms

rvhen prcsent ( : a trigger is generated when a trigger pattern is true
less than a specified maximu'n time period. This time period is
specified in the ne:d selection key that is activated when prrsent < is
selected. The prcsent ( tims ranges from 20 ns to 160 ms.

. range: this trigger condition is a combination of prcsent < and
present >. A trigger is generated when a trigger pattern is true for
longer than a specifisd rninirnum and shorter than a specified
maximum tirne period. These time periods are specified in the next
two selection keys that are activated when range is selected. The frst
range time setting must be less than the second 1""ge time setting.

holdoff Key The holdoffkey assigns the entry devices to control holdoff. Holdoff
disables the trigger circuit for a selectable time period or number of
events after the trigger event. Holdoff is selected in time urits, from 40 ns
to 320 ms and is incremented in 20 ns intervals or by number of patrn
(patterns) from 2 to 16 000 000.

Pattern Trigger
Exercise

This exercise demonstrates how to define the 3-bit pattern and how it
affects the trigger and the resulting display.

Note

Set the triger level for each triger source while in the edge mode.
These tiger levels must be set before you go to the pattem mode,
or proper tigeing may nol occur.

Trigger Menu
sl0
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lffitrumenl Setup To perform the following crercise use the HP 8116A Pulse/Frmction
Generator, or another frmction generator capable of produciag the sane
1 MHz, 1volt" square q,aYs sigrral.

Set up the HP 8116A Pulse/Function Generator:

o Mode: NORM
o FRQ:l . f i )MHz
o DTY = frVo
o AMP: 1.f f iV
o OFS = -200 mV
o Set the generator for a square rravs signal

Connect the sipal to a BNC tee on channel 1 using a l-meter coaxial
cable. Connect another l-meter cable from the other side of the BNC tee
and terminate in 50 Q to channel 2.

Oscilloscope Setup The extra cable length between sfuennels 1 and 2 provides a ime delay
between the signals displayed on the oscilloscope. The propagation of
a l-meter coaxial cable is approximately6 to 7 ns. This time delay is used
to demonstrate the HP 545104 triggering capability.

o PTessAUTOSCALE.

Set up the HP 54510A as follows:

o Timebase = 1.0.00 ns/div
delaY : 9.69 t
reference : cntr
acquisition mode = repetitive

o Channel 1
Vertical sensitivity : 400 mV/div
offset = -200.00 mV
dc coupling
inputimpedence = 1MC)

HP s4510A
Front-Panel Reference
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o Chanael2
Vertical sensitivity - 400 mV/div
offset = -200.00mV
dc coupling
input impedence = 50 f,l

o Display
minimsn persistence
2 screens
axes

o Trigger
Channel 1 level = - 2(X)mV
Channel 2level = -2(X)mV
Set the trigger mode to pattern.

Set the pattera to HLX as follorrys:

o Press the function key until the first character is highlights{.
o Turn the knob until the highlighted area is H.
o Select the next character in the pattern.
o Continue until all characters are selected in the HLX pattern.
o Press the rvten kev until entered is selected.

Figure 66. HII when entered Pattem

Trigger Menu
6.12
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Channel 1 is displayed in the top screen. To satis$ the conditions of the
bit paftern, channel 1 must be high (highq than the channel l trigger
level) or greater rhan -2(X) mV. When the sifal on channel l goes highgl
than -200 mV and c.hannel2is still low (less than -200 mD the pattern
conditions have been satisfied as the signal is entering the trigger
conditions and the I{P 54510A triggers.

o Press the nten key and change the condition to nten exited.

The oscilloscope triggers on the first transition that makes the bit pattern
false, in t\is case when channel 2 goes high.

r c p e t r t i v e

Figure 67. HI){ when sited Paaem

o Change the bit pattern to HHX and select the entercd condition.

Trigger Menu
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, r p  r u n n i n g

To satisfy this bit condition both channels must be high The oscilloscope
does not trigger until channel2 goes high vf,ils channel I is high.

Figure 69. HIIX when entered Pattem

o Change the trigger condition to when exited.

\l,ftils s[annel2 is still hieh" when channel 1 goes low the bit pattern is no
longer true and the HP 54510A triggers.

HP 54510A
Front-Panel Reference
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State Trigger
Mode

STATE TRICC[R

t r i g ' d  @

e d 9 e  p o t t e r n

stoteldeloy tV

clock Key

when Key

HP 54510A
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The state trigger mode is similar to the pattern trigger mode except that
one channel is selected as a clock edge and the other two triggcr sourocs
define a pattern. When the pattern becomes true the IIP 54510A trigers
on the nei clock edge if the pattern meets setup and hold criteria.

Figwe 610. State Triger Menu

The trig'd/auto and trigger mode function keys remain displayed in all
trigger modes.

Select any channel to be used as the state clock. Select the channel by
pressing the function key until the desired channel is highlighted. The
clock selection is reflected in the next field with an arrow, pointing either
up for a positive slope or down for a negative slope.

The when key depicts the desired pattern. The displayed pattern shows
the arrow at the selected clock channel. The other two trigger sources
deline the logic pattern that must be satisfied to generate a trigger event
using the H, L, X convention described in the pattern trigger mode
section of this chapter.

Trigger Menu
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clock l.2.EXT
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To c,hange the pattern:

Press the function key until the bit to be changed is highlighted.

Rotate the knob until the desired setting is highlighlsd.

Select the arrow to chaage the trigger slope, if necessary, and turn the
knob until the desired settings appear.

present Key A Figger event is generated on the selected edge when the pattern is true
and is prcsent is selected or a trigger occurs when the pattern is false and
not prcsent is selected.

holdoff Key The holdolf key assigns the entry devices to control holdoff. Holdoff
disables the trigger circuit for a selectable time period after the trigger
event. Holdoffis selected in 20 ns time increments, from 40 ns to 320 ms,
or for events (count of states) 2 to 16 m0 m0. Time and event are toggled
with the knob.

State Trigger
Exercise

Instrument Setup

Trigger Menu
G16

This exercise demonstrates how an input pattern is used to quali$ a clock
edge as a trigger.

State triggering extends the logic triggering capability of the HP 54510A
by selecting one of the inputs as a clock and using the other inputs as
qualifiers.

This is useful when it is necessary to slmchronize the displaywith a system
clock to detect a system state. For example, consider a synchronous
memory bus. The state trigger mode enables only those events that occur
when reading from a block of memory to be captured and displayed.

To perform the following exercise use an HP 8116A Pulse/Signal
generator or another signal generator capable of the same L MHz" 1 volt
square wave.

HP 54510A
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Set up the HP 81164 as follows:

o Mode = NORM
o FRQ = l.fi)MHz
o DTY = 50Vo
o AMP = 1.00 V
o OFS = -2(X) mV
r Set the generator for a square uays signal

Connect the signal to a BNC tee on channel l using a l-meter coaxial
cable. Connect another l-meter cable from the other side of the BNC tee
to channel 2.

Oscilfoscope Setup The extra cable length between gfuanngl5 L and2provides a rirne dsl6y
between the signals displayed on the oscilloscope. The propagation of a
l-meter coadal cable is approxinately 6 to7 ns. This tine delay
demonstrates the HP 54510A triggering capability.

o PTessAUTOSCALE.

Set up the HP 54510A as follows:

Timebase : 10.fi) ns/drv
delaY : 6.69 t
reference = gntr
acquisition mode = repetitive

Chnnnel L turned on
Vertical sensitivity : 400 mV/div
offset = -200V
dc coupling
inputimpedence = LMQ

Channel 2 turned on
Vertical sensitivity = 400 mV/div
offset = -200 mV
dc couPling
input impedence = 50Q

HP 54510A
Front-Panel Reference
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● Display

nininum persistence
2 screens

Trigger
Channel llevel = -2(X) mV
Channel2level = -2(X) mV
Set the trigger mode to state

Set the pattern to tL X as follows:

1. Press the function key uatil the first bit is highlighted.
2. Turn the knob until the highlightsd area is t
3. Select the next bit in the pattern and select L.
4. Continue until all bits are selected in the lLX pattern.

Press the rvten key until is present is selected (see Figure G11).

Figure 611. Channel I Clock I-X Snte

Trigger Menu
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Channel 1 is displayed in the top screcn To satisfy the conditions of the
bit pattern, channel2 nust bc lon, (lorcr than the cbannel2 triggcr level)
or less than -200 mV. When thc signal on channel l gocs higlcr tha.
-200 mV and channel2 is still lon' (less than -2m nV) the pattern
conditions have becn satisfie4 the HP 54510A triggen.

o Change the bit pattern to t IJ( and select the is not present
condition.

To satisfy this bit condition the clock chqnnel nust go lowwhile channel2
is high. The oscilloscope triggers on the faling edge of channel 1 when
the L on channel 2 is not pressnt, le. channel 2 is high.

Figure 612. Chamel I Clockl)( State
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De:ay Trigger

Mode
The delaytrigger mode qualifies on a signal edge, pattern, or state, delay
for a period of time (or occurrence of edges), and then triggers on a
selected edge fron any source.

This trigger mode is versatile and acco--odates most complex aiggering
. siruations. It has the flexibility to select different trigger sources, delay
fimes, delay counts and then display various points of the waveform.

HP 54510A

F『ont P̈anei Reference

t r i e ' O  @

DELAY TR

edge   pottern

s t o t e l d e l o y l t v

Trigger Menu

020

日 2 EXT

‐ ‐

54502W13

qua::fy on Key The qualitton kCyselccts which mode to qualitthc trnggerbefore a delay
i s  d e r l n c d .

The quali$ options are:

o edge
. pattern

state

qualify on edge Select the edge qualifier and the next two function keys defines the
parameters. The next key is an unlabelled field that selects the channel to
be the source. The second key below the edge selection is the slope
selection.

p o t t e r n
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quallfy on plttem When the pattern triggpr option is selectd the neft function kcy defnes
the qualifier pattern. Defining a pa$ern is the same as in the pa$ern
trigger modc.

Highlight the bit to be changed bypressing the function key.

Change the bit by rotating the knob.

After selecting through all four bits, the active field is changed to the
condition field. This field to sets conditions as in the PatternTrigger
mode:

o whenentered
r when exited

:H:t"ffii$t*ine1l
ffisss s,sttings activate the next field as appropriate, so the specific time
par:afreters can be set.

quality on state If the state trigger option is selected the ner two firnction kep define the
state conditions.

As in the state trigger mode, select the channel to define the state clock.
This selection is reflected in the pattern with an arrow and the slope is
depicted with the arrowhead pointing up or down. Use the function key
to move the highlighted bit to change the pattern. When the pattern is set,
the is/not prcsent setting can be changed by moving ths highlighl 1s 1[e
is/not prcsent field label and pressing the function key again. When the
label is highlighted, toggle the setting between is/not prcsent with the
knob.

HP 54510A
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d●by Key This ficld selects between two delay options. To change bcnreen thc dme
and count options rotate the knob until the desired option is displayed in
tle inverse video field.

delay time disables the trigger circuit for a seleeted period of tine, from
30 ns to 160 ms after the triger has been qualified

Note

Time dclay is not available in the time qtalified pattem settingt
of when present >, when present <, or range.

o Press the function key until the highligbt is on the first numeric field.
This field selects the arnount of delay after qualification, ranging from
30 ns to 160 ms.

delay count (delay by edges) disables the trigger circuit for a selected
count from 1 to 16 000 000 after the trjlger has been qualified. After the
selected count has been attained the HP 54510A look for the user
specified trigger edge.

Press the function key until the hiehlight is on the first numeric field.
This field to selects the number of edges to delay after the Fisger has
been qualified (from 1 to 16 000 000).

Press the funtion key once more to activate the rising edge/falling
edge option and select the desired edge with the knob.

Press the function key once more to highlight the third option field
and select the channel to delay on.

Press the function key a fourth time to return to the first numeric field.

HP 54510A
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tigger on Key this tey selects a specific edge to triger on after the qualiEcation and
delay conditions harc been satisfied All other kep in this menu have
dealt with defining quali$ing conditions, howerrer, this field sets the
trigger point. This is another three position option switch.

o Press the function key to higt'tlgtt the numeric field and select which
o@urrence to trigger, using the knob to set the number (l to
16 000 000).

o Press the functionkey again and nove fts highlighted field to select
the slope. The knob toggles the selection berween rising and fatling
edge.

o Press the function key again 6d highlighl the channel seleclion. The
knob is used to change the channel selection.

Delay Trigger
Exerclse

This exercise demonstrates how to use the delay trigger to trigger on the
exact point of a waveform. The exercise les6ls 1fu'srrgh sElting up a
complex signal, setting up the HP 545104 xnd sfianging settings and
counts for viewing various points on the waveform.

Instrument Setup Set up an HP 8116A (or comparable signaVgenerator) for a burst pulsc
with ten bursts that repeats every5Opseconds.

Set up the HP 8116A Pulsc/Function Generator:

o Modc=I.BUR

O RPT=50 μ s

● BUR=10

0 FRQ=5.O MHz

e  D W = 5 0 %

● AMP=1.00V

0 0FS=-200 mV

● Sct generator for a pulsc signal

Comectthe stgnalto chanEICl 1 0fthc HP 54510A.

HP 54510A

Front‐Pane:Reference
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Oecllloscope Setup The HP54510.A autoscales and displays this signaL howerrer, for this
example make the listed triggcring changes aftcr autoscaling.

P r e s s  A U r O S C A L E。

ru n n i n g

■   500 mV/div
offset:-437 5 mV

1  0 0 0 :      d c

2 . @  u s / d i v  r e o e t i t i v e

U- -e7 '5o mv

Figure 613. Ten Bum Pulse aftuAWOSQ4LE

Set up the HP 545104 as follows:

o Press TIMEBASE and select rcpetitive.
o Press TRIG and select trig'd display.
o Select delay trigger mode.
o Quali$ on edge and the rising edge ofchannel I as the source.
o Select adelaytime of.25 psto gain a stabletrigger.
o Set trigger on 1s lrigger on rising edge 1 ofchannel 1.

This trigger setup qualifies on the first rising edge of the burst, delays
through the remaining portion of the burst, then triggers on the first edge
of the next burst.

HP 54510A
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-2 0 ∞ 000  s
500  ns/div

2 5∞ 00 us
repetitive
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Rct― to the tFigger menu and scttrigger on countto 5.This tens

thc oscinoscope to trngger on thc 5th rising cdge ofthe next burst(sec

F i g u r e  6‐1 5 )。

n p  r u n n  I  n 9

O00000 s
500  ns/div

Figure 615. Ten Burct Pulse Trigered on Pulse 5
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o Change the trigger on count key to 9 (see Figure 616).

h p  r u n n i n g

ｕｎｅＭｅ

Ｔｒｉｇｇ
略

Figure 616. Ten Burct Pulse Tigered on Pulse 9

By setting the oscilloscope to the delay trigger mode, a specific time or
couot to delay between qualification and trigger can be added.

In this exercise, the trigger was delayed to get a stable display. When the
tine delay had elapsed the HP 54510A began counting rising edges until il
found the ninth edge.

. HP 54510A
Front-Panel Relerence



TV Trigger
Mode

Standard Seiect Key

Source Select Key

HP 54510A

Front‐Pane:Reference

The TV TRIGGER menu cnablesthe HP 54510A to扇聰 げ On dampcd

市Ⅲ alS・Thetwo most common"盤 andards;60Hノ525 1ines or N∬C
is thc standard used in the United States,5CI H7625 1incs is the standard

used in most Ewopean countrics.蹴 triger menu also anows for uscr

deined tv signals that may be used in other parts ofthe world.

To movethe hirintedinverse宙 deo v7indownlirhin a ndd yOu must

p r c s s  t h c  s e l e c t i o n  k e y  a n d  t o  c h a n g e  t h e  v a l u c  d i s p l a y e d  i n  t h c  v t t d o w

yOu must rotate the kndb.

Note

Pay close attention to the movement of the higltligbtedwindow;
it moves to various options within the field.

The source key chooses between the NTSC standard w signal used in the
United States with a60Hz and 525 lines per fra-e, the standard of 50 Hz
and 625lines per frane used in most countries in Europe. The third
option is for user defrned ranges of the w slpal. User-defined ranges can
be used to trigger on any of the proposed HDTV standards.

To make the desired selection:

o Press the selection key and select the standard by rotating the knob.
The active field is hiehlighted in inverse video.

To select the trigger channel to be used as a source,

o Press the selection key and move the highlighted field, rotate the knob
until the desired channel is displayed.

Trigger Menu
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level/pohrity Key The level option sets the trigger level that is applicable only to the w
trigger souroe.

o Press the function key agin and the highlighted window moves to the
polarity option and sclects the rising edge or falling sync pulses to
trigger on.

lield Key The field key selects field" 1 or 2.

line Key The line key selects which line the trigger wi[ be generated on. This
selection is dependent upon which field has been selected previously.

If the previous selection is the 60 H\525lines standard" the options
available depend upon which fiel4 1 or 2 is selected:

o If field 1is selected select from line 1 to 263 in field 1.

o If freld 2is selected. choose from line Lto?62isfield2.

This tv trigger mode is compatible with broadcast standard M.

If the 50 HZ6?S lines standard is selected, the options are also dependent
uPon field ssllings:

o Iffield I is selected the range oflines is from 1 to 31i!,

o If freld 2 is selected the range of liaes is from 3I4to6?5.

This w trigger mode is compatible with broadcast standards: B, C, D, G,
H, I, K K1, L, and N.

holdofl Key The holdoff key enables the oscilloscope to hold off the trigger event from
40 ns to 32) ms and is incremented in 20 ns time frames.

Trigger Menu
6-28
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TV Tfiggef Video signals are unique, and as such have unique requirements for
Exercise Sffi.ffiffiff""ffi?:ffi: ""*howtodispravandwork

Instrument Setup Use a standard NTSC signal generator with clamped video output for this
exercise. Turn color bars on.

Oscilloscope Setup Connect the NTSC video signal to channel 1of the I{P 545104.

o PTessAUTOSCALE"

o Select the tv trigger mode.

r Set 60Hzli2ilines and channel l as the souroe.

Determine the polarity of the sync pulse.

o Select the trigger level and rotate the knob until a stable display is
attained. When a slmc pulse is visible, determine the polarity, select
polarity (press the function key) and set the spc pulse in acdordance
with the actual pulse.

r Set the trigger level at approximately the midpoint of the sync pulse.

This sets the trigger level just below the middle of the slmc pulse and tells
the oscilloscope to trigger on the lsading edge.

o Set trig'd/auto to trig'd.

This eliminates the possibility of a premature trigger event occurring.

o Select field I and line 1.

o Press TIMEBASE and set time/division to 100rrs/div.

HP 54510A
Front-Panel Reference
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PressDISPLAYand set persistence to =
vidco signals.

h p  r u n n  i  n g

600.0 ms toaccommodate

e d g e  P o !
s t o t e  d e l o y l t v

Hz/525 1in

source       l

evell-337

p o l o r i t y  L r
甲甲甲"中 鴨 :::::…

… 蜘

-500 000 us          o oo000  s         500 耐 「
艤
口 |

Figure 617. Tiger at Field 1, Line I

The HP 54510A is triggering on the first equalizing pulse of field 1, the
first pulse in the vertical interval. The pretrigger data that is being viewed
(left half of the screen) is field 2, lines 256-262.

r Set timeldivision to 10ps/div and set the trigger to tield l,line 10.

HP 54510A
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Figure GI& Trigeron Fietd I, Line l0 

rin'

The trigger is now on the first horizontal spc pulse in the vertical interval
with color burst information.

o Change the trigger point to field 1, line 2L

h p . u n n i n g

笏 伽諜
ゲ

場彎

Figure 619. Tiger on Field l, Line 21
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The triger point is non, on the last slmc pulse of the vertical interval The
nefr line contains color information, in this case color bars are present.

o Change the rigger to field 2,line 1.

h p  r u n n  i  n g

憫
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t anrnm trunrrntl tnr
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us          0 00000  s         50 0000 us
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Figure G20. Tiger on Field 1 Line I

The trigger point is on the second slmc pulse of the vertical interval. 'fhis

is the correct trigger point because fields I and2 are interlaced.

HP 545104
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Display Menu 7

Introductlon to
the Display

HP 54510A

F『ont‐Panel Reference

The DISPI"AY menu controls most of the features that dictate how the
acquired data is displayed. These featues include ways to manipulate
data for clarity, 1s eliminats noise, viewing best case/worst case situations,
or the displayed background. There are two display menus, dependi"g on
which acquisition mode the oscilloscope is set to in the TIMEBASE menu.

This chapter describes the DISPLAY menu, the submenus, how to control
all the features, and how to display the 6sgt 6seningfirl waveform for
measurements.

DISPLAY

M e n u

n o r m  o v g  e n v

perslstence

minimum― infinite ト
# of ov9

1-2048

c o n n e c t  d o t s

o f  f  / o ^

*  o f  s c r e e n s #  o f  s c r e e n s

o f  s c r e e n s

o f  |  /  f  r  o m e /

o x e s . / g r  i d
o f f / l r o m e /

o x e s / g r  i  do l f / f r o m e /

o \ e s /  9 r  I  d

connect dots

off/on

c o n n e c t  d o t s

o l  |  / o n

Figure 7-1. Repetitive Acquisitiott Mode Display Menu
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D I  SPLAY
M e n u

r e o  l t  i m e

p e r s  i s t e n c e
s i n g l e / i n f i n i t e

c o n n e c  t  d o  t s
o l  t  / o n

#  o f  s c r e e n s

o f f / f r o m e /
o x e s / g r  i  d

7-2. RealtimeAcquisition Mode Display Menu

Display Menu
7-2
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Display Mode
Key

HP 54510A
Front-Panel Reference

The DISPI"AY mode key seleds one of three display modas:

o normal
o averaged
o envelope

The norm mode sEts the time par:nmeters for displaying data or
persistence. The range in the variable persistence mode is fJs6 minimrrm,
very fast overwriting and updating the display, 1s infinits with variable
settings in benreen, from 500 ms to 10 seconds. This means that data
display records can be preset to any of the persistence setrings. Settiags
less than infinite display data for the specified period of time and then
overwrite old data.

In realtime acquisition mode:

o gingls or infinite persistence are the two choices during realtime
acquisition. $ingle pslsislence is very fast overwrite. As each new
acquisition is displayed it overwrites the previous data. The current
display is always the most recent acquisition.

In repetitive acquisition mode:

r Fast persistence settings are useful when the input signal is changing
and immediate feedback is needed.

o More persistence is useful when observing long-term changes in the
signal or low signal repetition rates.

Display Menu
7-3
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#  o t  o v g

O f f   ■ f r O m e ■

o x e s      9 r i d

Disp:ay Menu

7 4̈

In both acquisitiotr modes:

Infinite persistence can be used for worst-case characterizations of sigDal
noise, jitter, drift, etc. In this mode the IIP 54510A is used as a storage
oscilloscope.

In repetitive acquisition mode:

{1 minimg6 persistence, a point is erased when a new point is acquired in
the same tirns ss the display. Therefore, the waveform fills quickly and
each point lg6ains fs1 s minimum .mount of time.

Note

When the kqpad is used to change penitence sefrinp, any enfry
longer than 10 seconds causes the message value out of range, set
to limit to be displayed- Penistence *eits outomatical$r set to
infinite Any enny less than 5(n ms causes the some message to
be displayed and paistence is set to minimum.

When norn is selected, the function keybeneath the norm field is
activated. This held displap the current persistence setting that can be
set using either of the entry devices. Connect-the-dots is available for
waveform memories, but not for channels with persistence.

aW The averaged mode selects the number of waveform acquistions that are
averaged to generate the displayed waveform. The range for the
averaging function is 1 to 204t1in powers of 2.

When averaged mode is selected, the next function key is activated and
the number of averages is set using either entry kep or knob.

Displayed signal noise is significantly reduced by usrng the averaging
mode. As the number of averages is increased from 1 to 2048, the display
becomes less responsive to changes in the input signal(s), however, using
more averages reduces the effects of displayed sipal noise and improves
resolution.

HP 54510A
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env The envelopc mode nceds no other parameters set. The displayreflects
1f,s minimum and maximum voltages in each horizontal position This is
useful in viewing voltage or time jiner.

DISPLAY

# of screens The ner function key selects the number of screens to be displayed:

Key

2

1: the entire display area is one screen and any displayed waveforms
are superimposed on top of each other.

2: the display area is divided into two screens. Channel l is displayed
in the top screen and channel2 is displayed in the bottom screen (See
frgure7-2).

Channel l ViewingArea

Channel2 ViewingArea

5450i/WF52

■ν″7‐3D“α′S“c■2ψ′り

Display Menu
7_5
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ottltramel This unlabeled field selects one offour displaybackgrounds:

axes/grid Key

Display Menu

7‐6

oft: turns the background graticule off. The displayed waveform and
waveform information is not turned off.

frame displap the outside border with a measurement scale. The
measurement scale is iacremented/decremented with major divisions
and minor divisions based on the vertical and horizontal measurement
senings.

axes: displays a background with the measurement scale crossing at
mid-screen.

grid: background is a complete graticule with ten horizontal major
divisions and eight vertical major divisions. OnIy the axes portion of
the graticule has a minor division scale.

HP 54510A
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connect dots
Key

HP 54510A

FrontⅢPanel Reference

Connect-the-dots is a technique used to displayuraveforms with all data
points connected. 'llhis nakes viewing the waveforms easier because the
sigoal is complete and has no breals. The waveform in figure 7-4 is the
same as in figure 615 after the connect-the-dots keyis on.

Note

Connect-the-dots bes not generute dstapoints. The HP
54510A connects data poinn linearly.
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Figure 74. Connect the Dots
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Delta t/Delta V Menu

Introduction to
the Markers

Vmorke r  2
1

Vmorkc r  1

1日-1 00000  VI

HP 54510A

Front‐Panel Reference

This chapter describes how to use the markers and make mmual
measurements on displayed waveforms.

In this mcnち two sc“ofmarkcrs the△ V markers(horiZOntal voltage

markers)andthC Atmarttrs cverticaltimemarkersp are∞ntroned.
When the desred set ofmarkers have bcen tmed on the two marker

i e l d s  a r e  t u r n e d  o n o  E a c h  m a r k e r  L  i n d i v i d u a n y  c o n t r O n e d .

Figure & 1. Delta tlDelta V Menu
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aV markers Key

ドfTはヨ
ビ出造ヨ
[世饉司

Vmarker 2 Key This function key is a npo function control field. The first selection is the
desired gfiannsl, memory or function to place Vmarker 2 for
measurement. By pressing the key agarn, the highlighted field moves to
the nt'neric display to select the voltage level. Tlpically, place Vmarker
2 at thedesLed level on the waveform display and read the level in the
highlighlsd field, and in the factors area of the waveform display.

Vmarker 2 is the voltage marker with shorter dashes.

Vmarker 1 Key Vmarker 1 operation is identical to Vmarker 2, excnpt it is represented by
longer dashes.

Note

The marken can be moved on a selected source even though that
source is not displayed. Make sure that the ma*erc are assigted
to the proper source to be measureQ or the numeic field mry be
inconect.

D e l t a  t / D e l t a  V  M e n u

8‐2

This function key toggles the markers on and off. With the AV function
turned on the nort two fields are activated alowing individual control of
the two markers.

When the AV markers are turned o4Vma*er2,Vmarker7, anddeluV
appear in the factors display area. The delta V entry is cdculated as the
following:

Ymarker2 - VmarkerI = deltaV

If delta V is negative, Vmarker 1 is located at a more positive voltage level
than Vmarker 2.

HP 54510A
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at markers Key

start marker Key

stop marker Key

this ftrnction kcytoggles the time narkers on and off. Sirith the At
function turned on the ned two fields are activated atlowing individual
control of the two markers.

The markers are placed on the displayrespective of the trigger point.
Positive time values are to the right of the trigger point and negative tine
values are to the left. Delta t values are determined by the following:

stop marker - start mar*er = delta t

There is no such thing as negative delta t, this only mer"s that the start
marker is placed later in time than the stop marker.

The inverse of delta t is l/delta t. Since the inverse of time is frequency,
this ratio produces an answer in frequency. However, if the markers are
placed across parts of a waveform of differing time frames, the answer
may not be vdid. This feature is useful when looking for the frequency in
a burst that is different from the rest of the waveform. Place the time
markers across the burst (at similar points on the waveform) to determine
the frequency of the burst.

To set the start marker, press the function key to h;gttlght the field. This
makes the start marker field active. Set the marker with the knob.

The start marker is represented with long dashes.

The stop marker is identical to the start marker, except that it is
represented by short dashes.

HP 54510A
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Waveform Math Menu

Introduction to
the Functlons

HP 5rt510A
Front-Panel Relerence

The WAVEFORM MAIII nenu defines one of two math functions. The
firnctions are used on data that is displayed on screen from either channel
or from any of the four waveform memories. If data from a channel is
used for a firnction, the channel must be turned on. However, if data from
a waveform menory is used for a function, that memory does not have to
be displayed.

A function is generated by mathematically me'ipulating one or two
operands with known the following operations:

o plus (+ )
r minus (-)
o times (x)
o versus
o only
o invert
o integrate
o differentiate

Figure 9-1. Waveform Math Menu

Wavelorm Math Menu
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The vertical display and offset can be adjusted to place the function for
best viewing.

When the firnction has been calculate4 it can be used in the following
mrnngrs:

o displayed
o evaluated with the measurement features
o stored in memory
o transferred over the HP-IB

Defining a
Function

WAVEFORM MATH

EI

chonL l l  2
T e m 1 2mem  1  2  3 4

t l -  !  v s  o n l y
invs  int  diff

Wavetorm Math Menu
9-2

'ffi,on 
*"y This key selects either function 1 or function 2.

display Key The display key turns the selected function on or off. The vertical
sensitivity and offset are displayed in the function menu fields.

The Waveform Math menu selects and presets any of various operations,
sources, and displayed results.

HP 54510A
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The displayof the fimctions depends onthe displaymodeinthe
DISPLAY MENU. In single display the firnctions are displayed in one
screen. In dual mode displ"y, finction 1is displapd in the top scrcen and
function 2 is displayed in the botton screen.

operand (chan/mem) Press this key to select the first operand of the mathematical operation,
Key or the waveform to 6s rnanipulated. The choice can be any displayed

channel or any waveform memory that has a waveform stored. Ensure
that the channel or memory source is turned on.

If the operator is only or inver! this is the only operand that may be
selected.

Operator Key This key selects any of the sixfunctions. Continue pressing the selection
key until the operation desired is highlighted.

plus (+ ): the nvo sclected operands are added together. Addition is
calculated on a point-by-point basis.

minus (- ): the minus operation subtracts the second operand from
the first.

times (x): the times operation multiplies the vralue of the first operand
by the value of the second operand. Each data point is multiplied
with a corresponrling data point and the product is placed on the
function display. The displayed waveform is scaled to correspond to a
different sized waveform.

vs (versus): the versus function draws a volts versus volts display of
the two selected operands. Versus cannot be stored in a waveform
memorybecause measurements cannot be made on the resultant
waveform, however, it can be stored in pixel memory. In source x
versus source y, the vertical range of source y determines the
horizontal range of the vs function.

only: The only function displays the fust operand and scales it.

invs (inverse): The inverse function inverts the data of the frrst
operand.

HP 54510A
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int (integrate): The integrate function calculates the integral (with
respect to time) of the vertical nalue of the desigrated operand"
Integration proceeds on a point-by-point basis. If a data point is not
encountered in the operand, integration uses the neft ralid data point.
Anynon-existing data points encountered are not sumnd onlythe
avrailable data is integrated. Default scaling is determined by the
original operand-

difr (differentiate): The differentiate function calculates the derivative
of the designated operand with respect to tine. Differentiation
proceeds on a point-by-poi* basis. Ifa data point is not encountered
in the operan4 then differentiation uses the ne* valid data point.
Default scaling is determined by the original operand. The
differentiation function" by nature, amplifies noise effects. Therefore,
differentiation should be applied 1s signals with high signal+o-noise
ratios.

chan/mem Key This key selects the second operand, or the waveform that is manipulated
against the first operand. The choices are any of the displayed channels
or anv of the memories.

This key is not available if the operator is only or invert.

gengitivity Key The vertical sensitivity of the function is set with this key. This setting is
for ease of viewing and making measurements with the newly developed
waveform.

oftset Key The offset of the function is set with this key.

VgftiCal SCaling The fundamental measuring units of an oscilloscope arevoltVdivision in

UnitS the vertical axis and time/division on the horizontal o<is. This philosophy
is used regardless of the mathematical function choseu. No provisions
have been made to manage units for all combinations of operands and

. operations.

For example, apply a +2V signal to channel 1 and a -3V sipal 16 s[anlel
2. TheHP 545i0A displays the product as -6V, when in reality it is -6V2'

Waveform Math Menu
9.4
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Displaying The HP 54510A has two screen variations available to accornmodate a

FUnCtiOnS 2-channel display, as well as two functions.

o In the singls scrssp mode with a function on, the mathematical results
and the operands are displayed using the full display area.

Channel 1 Viewing Area
Function I Vioring Anea

5.{51clv23

Figure 92. Single Screen wlFunction On

HP 5tl510A
Front-Panel Reference
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Wavelorm Math Menu
9€

hp

Chauel lVieningtuca

Function l.eilingAr€a

Channel2 VieningArea

Function 2 Viening Ar€a

54501ノ Fヽ52

In the dual screen mode function 1 is displayed in the top half of the
screen, and function 2 is displayed in the bottom half.

HP 545r0A
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W a v e f o r m  M a t h  h t h i s  e x e r c i s e t h e W A V E F O R M  M A T H  m e n u L  u s e d t o  s u b t r a∝ o n e

Exercise        WavefOmfrom another.

:nstrument Setup setup an HP 8116へor a signalgenerator capabL ofa l ML l v01t
squarewave,as fonows:

o MODE=NORM

o FRQ=l MHz

● DTY=50%

o  A M P = 1 . 0 0 V

o OFS=0.00V

e  Set the generator for a square wave slgnal

Comcd thcsignalto a BNC tec on channell usmg a l‐metcr coai」

cableo Connect anothcr l‐meter cable frOm thc other sidc Ofthe BNC tee

and terminate in 50 Ω to channe1 2.

Osc:::oscope Setup Thc cxtra cablelem betwecn chalmels l and 2 prondes atime delay

between the stgnals on the osttoscOpe. The propagation Of a l_meter

coぶ al cable is appropamatdy 6 to 7 ns.This dclay is uscd to demonstrate

the math ttction.

The following procedure assists in setting up the HP 545104 for optimal
viewing.

o Press ALITOSCALE.

o Press DISPLAY to set the best viewing conditions. Set display mode
to avg, # of avgto 8, # of screens to 2.

o Press WFORM MATH to define the function. Select/ and turn the
display on. Select chan 1, - (minus), chan 2 and set the function
sensitivity to 2.00 V/div.

HP 54510A

Front‐Panel Reference
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The firnction subtracts channel2 from c,hannel 1. The propagation
between channels has alowed a 6 to 7 ns spikc. To beuer view the results:

o Press TIMEBASE and set the horizontal display to 50.0 us/div (see
Figure 9-5) . This display is best viewed when the oscilloscope is in
repetitlve acquisition mode.

O00000 s

HP 54510A

Front‐Panel Reference
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Waveform Save Menu 10

lntroduction to
the Memories

This chapter describes how to select the warreform and pixel memories on
the HP 545104. The menu consists of two submenus:

o waveform memories m1 - m4 used to store one waveform at a tine.

o pixel memories p1 and p2 used as a screen store. In this manner the
memories are used as a storage oscilloscope.

WAVEFORM

SAVE

w o v . f o r m  I  P i r r

n o n v o l o t i  l e

61 hi2 /m3/h4 p1/p2

o r s p r o y
o l  I  / g ^

d i s p l o y
o f  |  / o n

cいon 1/2
c l a o r
m a m a y

“　̈s  to r€

s o v a d
t  i m b o s !

Figure 1G1. lilavefomt Save Menu

waveform/pixel
Key

HP 54510A

Front‐Panei Reference

This is the function key used to chose the desired tlpe of memory. The
active menu is highlighted. Each memory qpe, waveform or pixel, has a
separate menu. When this key is pressed, the rest of the menu changes.

Waveform Save Menu
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waveform Menu The waveform menu has four available memories, m! m2, m3, and m4.
These memories are nonvolatile and will not be deared during
AUTOSCALE, RECALL CEAR, or recycling power. This permits
disconnection of power u16 6ansportion of the oscilloscope without
losing the contents of waveform memories.

A waveform memory consists of a single waveform record hsluding the
horizontal and vertical scaling parameters. This allows measurements on
previously stored waveform and function data. Voltage and time markers
can be set on waveforms when they are displayed however, the time
markers follow the TIMEBASE menu time/division and not that of the
memorywaveform.

When the HP 54510A is in the envelope display mode and a waveform
store is executed, the minimum value and maximum value are stored
separately. The minimum value will be stored in mL if ml or m3 are the
selected store locations, or m2 if -? or m4 are the storage locations. The
ma:rimum values are stored in m3 or m4 respectively. A store message is
displayed above the waveform display area to show the storage locations
of both values.

nonvolatile Key This key selects which memory to use. The selections are nonvolatile
memories ml, m?, m3 and m4. When a memory is turned on the small
circle below the label i5 fuighlighted. The waveform memories are record
memories that store 8000 points of waveform information in each memory.

display Key This key toggles the selected waveform memory display on or off.

source Key The source key selects the source waveform to be stored. The source
alternatives ate any channel or either function.

store Key This is the active key in the menu. By pressing this key the specified
waveform is stored in the specified memory. When the key is pressed an
immediate erase of the selected memory and a write to the memory is
executed.

WaveforJ■ save Menu

10‐2
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pixel Menu The pixel sub'menu selects the pixel memories. These memories are
useftrl when additive memory capabilities are needed. Waveforms can be
stored to and added to indefinitely.

volatile Key This is the memory select key. The alternatives are pixel memory L or 2.
The pixel memories are complete pixel saves of the waveform area
(excluding the graticule and markers) in volatile memory. The waveform
display area is 25i6by 45t pixels.

In pixel memory the entire screen is saved. Therefore, data is mapped
directly onto the display and displayed in hafbright. There are no
measurement capabilities on pixel memories.

Pixel memories are additive. When all pixels are full, adding to memory
will overwrites existing data.

display Key This key toggles the selected pixel memories on or off.

clear memory Key This key purges all data from the selected pixel memory.

add to memory Key Pressing this key adds the currently displayed waveforms to the specified
pixel memory.

HP 54510A
Front-Panel Reference
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WaVgfOfm SaVg This exercise demonstrates how a waveform is stored the offset sening

EXgfCiSg change4 and the stored waveform recalled to be conpared with the
current display.

lnstrument Setup Set up an HP 8116A or a signal generator capable of a 6kHz, l-volt
squarewave:

o Mode=NORM

● FRQ=6.∞ kHz

● DTY=50%

o  A M P = 1 . l X I  V

o OFS=0。 CXI V

●  Sct the generator for a square wave slgnal

O s c i : : o s c o p e  S e t u p  T h i s  p r O c e d u r e  a s s i s t s  i n  s e t t i n g  u p  t h e  H P  5 4 5 1 0 A  f o r  o p t i n a l宙e w i n g .

o Connect this sig3al to the Channel l input.

o PTessAUTOSCALE.

o Press WFORM SAVE and select the naveforrn submenu.

o Press the nonvolatile kev until m3 is selected.

o Press the sourcc key until chan 1 is selected.

Waveform Save Menu
1(H

HP 54510A
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o Pressthestorckey.

The currently displayed waveform is saved in nonvolatile memorym3.
The renainder of this exercisc demonstrates how to recall the stored
waveform.

o Press the display key to turn on the m3 display.

o Press the CI{AN menu key, change the ofiset of channel 1.

This moves the current display so the stored waveform can be viewed.
The display should look like figure 1G2.

n P  r u n n r n 9

d i s p l o y

-250 000 us 0 00000
5 0  0  u s / d i v

Figure 1G2. Displayed Memory

HP 54510A
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Define Measure Menu 11

Introduction to
Measurements

HP 54510A

Fror卜 Panel Reference

This chapter contains a description of the measurement menu. The
entire measurement function, with all possibile optiong is accessed with
the DEFINEMEASnenu.

Figure I1-1. Dfine Measure Menu

Define Measure Menu
1 1_1
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The first menu sets the dynanic controls for measurenents. The second
menu sets user-defined parameters for the measurements. The third
menu sets up the measurement comparison test.

MgaSUfement Each key in the numeric kelpad section has a secondary function. Above

SglgCtiOn each key is a measurement selection printed in blue. To make an
imnediate mEasurement of the displayed waveform" perform the
following keptrokes:

r Press the blue (Shift) key on the n'meric kelpad to access the
secondarykep.

o Press the key that corresponds to the neasurement about to be made.

o Rotate the knob to select the measurement source (channei number,
c#; memory nurnber, m#; or function number, f#). The choice made .
is displayed below the waveform display area.

o Press the appropriate number to select tle source, gfoannels I s1 2,
memories L,2,3,or 4, or functions 1or 2.

o Make sure the measurement source is on.

Upon selection of the measurement, the time and voltage markers are
placed on the waveform. The markers showwhere the measurement was
made if continuous measurements are off.

To clear me^surements, press Shift CLR MEAS.

For complete details of the measurement definitions and algorithms, see
Appendix A, "Algorithrns.n

Deline Measure Menu
11-2
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meas/meas
def/meas limit

This key is the prinary subnenu selection key. Press to selcct one of the
available submenus. This field is alwap the top selection so other
submenus may be selected at any time.Key

mgas SUbmgnU The measure submenu is the default condition. Continuous and statistics
options are accessed from this submenu.

continuous Key If this option is turned on when a measurement selection is made, the
displayed measurement is updated periodically. All subsequent
measurements are continuously updated when selected.

When continuous is off, the measurement is made on@, and the AUAV
markers are placed on that measurement showing where the measurement
was made.

statistics Key The continuous function must be on before the statistics key is available.
When continuous is on, statistics display themin value,muvalue,average
value, andcunent value on up to three measurements.

rms Key Select either ac or dc rms voltage with the rms key. The ac rms voltage of
the first cycle of the displayed signal is measured when ac is selected. The
true rms voltage of the first cycle of the displayed sipal is measured when
dc is selected. See "Appendix A, Algorthms" for the formulas used to
calculate these values.

HP 54510A
Front-Panel Reference
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Measure Define
Sub-menu

standard/user defined
Key

Define Measure Menu
11-4

thresholds/ This key sets vertical test conditions, voltage or percentage ratios,
measurements Key independent of the horizontal test conditions, edge, slope, and count.

Both ses of test conditions must be set to dehne the measurement.

The thrcsholds submenu sets the following vertical test conditions:

o percentage ratio from - EVo to l25Vo
o voltage levels from - 250 kV to + 250 kV

Note

The upper and lower thresholds must be set to levels that will fall
on the displryedwaveform. The message 'notfound'is

displayed if eilher threshold is not found on the waveform.

Threshold sgttings apply to all user-defined front panel measurements.

The Measure Define submenu selects measurement standards assigDed by
the user. This gives the option 6f making measurements 6"r"61 sa signal
width or delay settings or threshold parameters.

Ifstandard is selecte4 no other choices are available and the IIP 54510A
makes measurernents based on IEEE standards.

If, however, user defined is selecte4 two sets of test conditions are
available to define the measurements.

HP 54510A
Front-Panel Reference
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This feature is useful when measuring for excessive onershoot or ringing.
By defining the measurements, pasVfail criteria of any choice can be
tested. Test from the front panel or sct the HP 54510A in the limit test
and allow the oscilloscope to report without supervision.

Note

If the user-d$ned upper and lower hresholdc ale placed too
close together, it is possible the HP 5451(H will not be ahk to
determine the midpoint. The message hotfound'will be
displayed in the mcasurcrnent focton arca

Measurcments define more parameterg the horizontal test conditions, for
three specific front panel kelpad measurements:

DEFTNE MEAS o Delay

s t o n d o r d

u r e m e n t s

o + width
o - width

When any of the three measurements are selected, the measurement is
made on the selected edge count, slope, and transition point. The
HP 54510A starts counting edges from the left edge ofthe screen, not at
the reference point. The selected edge must be displayed. If the edge is
not displayed, the message not found is displayed in the measurement
results area below the screen.

deloy =|::1

f r o m  t  e d g e  #

f  rom f f l  edge #

2  o t  m i d

54501/WF67
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Define Measure Menu
1 1-6

Measurcment delay, not tobe confrrsedwith timebase dclaX isuscful
when measuring souroe-to-souroe delala or measuring tine separation on
the sr-e sour@ or a different souroe (see chapter d 'Timebase Menu").
The front panel delaymeasurement can be redefined by edge slope, edge
count (from 1to 4000), and the part of the transition edge (upper,lower,
mid) used as a reference point.

o When setring edge count fields, it is handy to press the fine kcy. In
. tle course mode the HP 545104 incrementddecrenents by tens (1,
11,21,...,40(X)). In the fine mode the incremenVdecrement sequence
is in 1's.

When the delay measurement is selected from the front panel the
source (c#,f.#, m#) and the source number nust also be selected.

+ width allows choice of only the point on the waveform transition
(upper, lower, mid) to measure when making the positive width of a
displayed waveform.

- width allows the choice of only the point on the waveform
transition (upper, lower, mid) to measure when making the negative
width of a displayed waveform.

HP 5rt510A
Front-Panel Relerence



Measure Llmlt
Submenu

o f  t e r  s o v e

菫 。p  c¨ … e

HP 54510A

Front‐Pane:Reference

The HP 545104 can run limit tests on up to three measurements. The
menu presets certain conditions and stores any failure data for erraluation
at a later tine. Set the linit test cfiile in this menu and seleA the
measurement from the front panel.

When a test is running, statistical data is displayed describing the test:

. current measurement
o minirnu value
o maximumvalue
o averagevalue

Failure dat4 as well as information regarding memory and sara data is
displayed.

Note

At least one measurement (andup to thrce measunements) rnust
be selected from the ke),pad The limit test runs on ttont -panel
measurements.

tegt Key This key toggles the test routine on or off. When the test is turned on, the
oscilloscope starts running in the test mode on the most current
measurements that have been selected.

Define Measure Menu
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set Key This keyselects theneasurement. There are sitrecnmeasuremenB
available; these are Eame ones as are available on the nunerickelpad-

o Press the firnction key to highlight the 6eld and rotate the knob to
select the desired measurement.

failif > Key

or il < Key

save to Key

after fail Key

Note

This key does not select ihe meosunemenn on which the limit test
operates, thot selection is madc from the lceypd with the blue
(Shi[t) tcey.

This field sets the upper failure threshold. The range on this field is
dependent upon the units of the desired neasurenent.

This key sets the lower threshold of the failure parameters.

This key saves the data associated with the failure to memories or to a
hardcopy device. The source of the save is selected in theIVAVEFORM
SA\IEmenu.

In the case of saving to nonvolatile memory, one memory may be
selected. If multiple failures occur, only the last failure data is saved
because the most current data will overwrite the memory oontents.

If the data is saved to pixel memory an accumulated save occurs. No
measurements may be made on the pixel data.

A save to a printer irnmsfistsly sends the data to the peripheral
device.

o The save to key can be turned offand no save is affected.

The test can be stopped when a failure occurs, or it can be continued.

ltP 54510A
Front-Panel Reference
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Utility Menu 12

Introduction to
the Utilities

HP 54510A

Front‐Pane:Reference

The UTILITI menu aocesses the calibration and service functions, as
well as sets up the HP-IB interface. The submenus include self-tesg
calibration, service, -6 3li5ting for the current firmware revision date.

This menu controls all of the service functions that maintain the
reliable performance of the oseilloscope.

These submenus are part of the UTlLITYmenu:

o HP-IB menu
o selftest menu
o probe cal menu
o self cal menu
o service menu

UTILITY

HP-IB mcnu

rtest

p r o b r  c o l  h e n u

c l r c k c r

o l  t  / a ^

Figure 12-1. Utility Menu
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HP‐:B menu The HP-IB submenu makes settings so the HP 54510A c"n tdk to
peripheral devices. This interface includes two prinary settings:

o Talk-onlymode
o Addressednode

HP-lB

f o r m

o f f

―
p o p e r

‖ h

l e n g t h

1 2 i n

rlo de

plot

e x  i  t  m e n u

545,OW25

utimy Menu

12‐2

Figure 12-2. HP-IB Menu

talk only mode Set the oscilloscope to talk only to perform a hardcopy without
intervention from an external controller. The attached printer, or
plotter, must be set in the listcn only or listen aluays mode.

addressed mode This mode selectively addresses the HP 54510A for talking or listening.
The address of the HP 545104 can be selected while the instrument is
in the ad&essed mode.

The range of available addresses is 0 through 30.

‐
■
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fonn feed Key If the form fecd option b on, the printer performs a form fecd at the
end of the hardcopy. If form feed is off, the page is scrolled up four
lines cfien the hardcopyis complete.

paper leryflh Key This key selects benreen ll-inch or 12-inch pagelengths for auto form
feed. The 11-inch page is a U.S. standard and the O-inch page a U.K
and European standard.

device mode Key This key selects whether the hardcopygoes to a printer or plotter. The
Hp S+510A sends hardcopy to IIP printers and plotters with HP-IB
options.

The following printers have been tested with the HP 545104.:
W 2225AHP-IB ThinUet, FIP 2278 QuietJet, and
HP 36304 Option 0(}2 PaintJet.

The following plotters have been tested with the HP 545104:
HP 1mA Option 002 Color Pro, HP 7470A Option 002, IIP 7475A
Option 00e HP 75504 and HP 9872C.

When plot is selected in devicc mode, three options appear on the
menu. Initialize before plot can be turned on or off and Graticule,
Display, Factors, or All, can be chosen for the plot.

In the pen field niheteen of the display parameters catr be selected.
Any pen, 1 through 8, can be assigned to the paraneter for asssrtsd
plotter pen colors or weigbts. The following par:emeters can be
selected:

channell
channel2
wmemoqrl
nmremory2

wmemory3
wmemory4
functionl
function2

pmemoral
pmemorT2
graticule
trigger

stafiMark timebase
stopMark measures
titles

exit menu Key Pressing exit returns the UTILITY menu to the screen.

HP 54510A

Front‐Pane:Reference
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The HP 54510A is designed to perform internal diagnostics. This
selftest submenu tests the oscilloscope to give a high confidence level of
instrument functionality. Before starting any self-tes! always perform
a key-donm power-up (RECALL CLEAR). This resets critical
parametErs to known values to assure enoneous test failures do not
occur.

Figure 12-3. Self-Test Menu
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If the HP 54510A fails anyself-tesl perform the following

o Recalibrate the oscilloscope.

o If that does not fx the problem, refer to the HP 5451(M Sewice
Monual.

The HP 54510A self-diagaostics and self-tests, are designed yo run
operational tests on the following

o RAM
o ROM
o Acquisition
o Miscellaneous
o loop for service t$ting

s t o r  t  t e s t
PASSED  System RAM

PASSED  Non― Volotile RAM

PASSED  Displ● y RAM
PASSED  PrOtected Non― Volotile RAM

PASSED  System ROM

PASSED  Acquisition RAM

PASSED  Lo9ic Tri9ger

PASSED Timebose

PASSED  D/A Converter

PASSED  HPIB

PASSED  A/D Converter

test oll

54501W75

o  r u n  s e l  f t e s t .  o . s c o n n e c t  o l  I  r n o u t s

Figure 124. Results of Selftest
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ram Test The RAIvI tast is a multiple selection field- The options are:

o display
o acquisition
o s]'stem
o unprotected nonvolatile memory

rom Test Two ROM tests are available:

o systeE
o protected nonvolatile memory

acquisition Test Five acquisiton tests are available:

Miscellaneous Test

loop Test

start test Key

test a‖Key

exit rnenu Key

o atrig
. ltrig
o N D
o timebase
o D/A

Three miscellaneous tests are available:

o HP-IB
o keyboard
o CRT

The loop test is a function designed for use by qualified service
personnel. It is unnecessary to use this function for normal
oscilloscope operation. When a self-test loop has been initiated it runs
until stopped by pressing and holding any key.

Pressing this key begins the selected test.

This key runs all tests in sequence.

Pressing this key returns the Utility menu to the screen.

utimy Menu
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PROBE CAL

MENU

HP 54510A

Front‐Panel Reference

TVo probe calibration procedures are available in the probe cal nenu:

o attenuation
o timenull

Figurc 12-5. Probe Cal Menu
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attenuation submenu

PROBE CAL MENU

e n u o t i o

t  r m e  n u

s t o r  t  c o  I

c o n  t  i  n u e

o b o r  t

e x  i  t  m e n u

Utility Menu
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t"toffinnel 
Key Pressing this key selects 3 glenngt to calibrate.

start cal Key When the channel to be calibrated has been selected press start cal.
The advisory appears at the bottom of the waveform display area
Connect the rear-panel DC CALIBRATOR OU|?W to the probe of
channel n, then press continue. Pressing this key prompts for setup
requirements.

continue Key ptsss this key when all setup requirements have been satisfied. The
actual calibration process beeins.

abort Key This is the only active front panel key during the calibration process.
The calibration process is terminated with the previous calibration
factors intact when this key is pressed.

exil menu Key Pressing this key returns the Utility menu to the screen.

The atteauation subnenu calibrates chennel min at the probe tip.
Channel gain canbe corrected througb probe attenuation do*l to 0.9
attenuation"

o Below 0.9 the error aessageAfrentootion less thon 1, see moual for
action is displayed. The corrective action is to recalibrate the
HP54510A.

If the probe is not connected to the DC CALIBRATOR OUTPUT on
the tear panel or the probe attenuation exceeds approximately 250, the
error message Anemtation t@ htgh or bad cowtection is displayed. The
corrective action is to check the connections and recalibrate. If
recalibration is u"successful, refer to theHP 5451(M Seruice Monual.

o If the probe attenuation calibration is successful the displayed
message is Probe Attenuation = n.nnnnn This value has been entered
into your channel pmbe setting.

HP 54510A
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tlme null submenu Tine null sets 1f,s iiming of {l chnnnels 1s correspond to each other at
the probe tip. This eliminates tinc discrcpancics bet*Ecn chenn€ls
and channel-to-channel skcwrariations. This is useful to manuallv
adjust any differences in cable lengthMENU

o t t e n u o t  I  o n
r m e  n u  I

e x  r  t  m e n u

HP 54510A

Front‐Panel Reference

time Key This is an unlabelled field. The time null between the nvo channels can
be set using either ofthe entry devices. The range is t 70 ns.

exil menu Key Pressing this key returns to the Utility menu.

Ut:lity Menu
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Self Cal menu The self cal menu calibrates two internd functions:

o vertical cal
o delay and repetitive cal

cal select Key This field selects which of the calibration prooesses to perform. The cal
select key and the hiohlightsd window increments throwh G'1 and the
active field in the display changes to correspond with the selection. See
Calibration procedure in this shaplsr.

SYSTEM CAL ● ●●

s t o r t  c o l

c o n  t  I  n u e

p r r n t  c o l s

Figure 12-6. Self Cal Options

Note

Cal 0 must pass before Cal I can be performed successfully.

e x  i  t  m e n u

54510W32

HP 54510A
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channel Key

start cal Key

print cals Key

The cfiannel key selects the clrannel lq calibrate.

When the channel to calibrate is selecte4 and the specific cal routine is
selecte4 prcss the startcal keyand follow the instructions displayed.

The print cals key sends a complete listing of the most recent self
calibration factors to a printer, if connected to the oscilloscope. Refer
to the service manual for more information on self calibration and
calibration faclors.

cotftinue Key When all of the serup requiremeats are satisfied" press the continue key
and the actual calibration pr(rcess begins.

abort Key This is the only active front panel key during the calibration process.
Pressing this ftsy lsrminates the calibration process leaving the previous
calibration factors intact.

exit menu Key This key returns to the Utility menu.

seruice menu

HP 54510A

F『ont‐Pane:Reference

The service menu is used for firmware calibrationg hardware
adjustments, and calibrations that need not be performed often. These
are e:rplained in the service manstrl and are to be used only by qualified
service personnel.

Note

When certain calibrations have been performe4 other
calibrations must be continued. Only rytaffied service
penonnel with access to the sewice manual, are to petotm
calibrations in the service menu.

See thef/P5451M Seruice Manual for complete information on the
service menu and calibration cvcles.

uti:■y Menu
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ciicker Key The clicker key turns on the clicker function. When the clicker is
turned on, an audible click is heard each time a key is pressed- The
selections are either on or off.

ac BNC Key The ac BNC key selects the output for the rear panel BNC. The probe
compensation signal is a square wave of approxirnately500 Hz When
trigger out is selected" the BNC is a trigger output.

C a : i b r a t : o n     T h e r e  a r c  t w o  l c v e L  o f c a l i b r a t i o n  f o r  t h e  H P  5 4 5 1 0 A . T h e  F r s t  i c v c l七

Procedure        LitCSerCalmcnuandsuggcstcdbyHPtobcpcrfo― ed lmdcrthc

Dwing cOnditions:

o at six month intervals or every 1fi)0 hours of use
o if the ambient temperature changes more than 10'C from the

te'riperature at full calibration
o the user would like to optimize msasurement accuracy

Self cals do not require any equipment other than cables. It is
necessary to UNPROTECT the calibration which may not be allowed
in some circumstances. Follow the Self Cal Menu calibration
procedures to perform this fust level of self cal.

The second level of self calibrations are to be performed only by
qualified service personnel with access to the service manual.

Note

Before the HP 5451M can be calibrated the O4LIBRATION
togle switch on the rcar panel must be set to UNPROTECTED.

The procedure for calibration is:

Ut::ky Menu

12‐12
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o Set the rear pancl C.{LIBRATION snitch to UNPROTECTED. .

o Select 0 in the cal select field and calibrate the vertical factors. This
routine calibrates the A.rD, vertical gain, offset, and trigger with the
rear panel dc calibator signal.

o Select 1in the cal select field and calibrate the delay and the
repetitive factors. This procedure uses the rear panel ac calibrator
slgnal.

When the software calibrations are complete reset the
CALIBRATION toggle switch on the rear panel to PROTECTED.

HP 54510A

F『ont…Pane:Reference
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Algorithms

One of the primary features of the HP S+510A is the ability to make
automatic measurements on displayed waveforms. This chapter provides
details on how automatic measurements are calculated and some tips on
how to irnprove results.

Measurement Measurements t1'pically should be made at the fastest possible sweep
speed for the most accurate measurement results. The entire portion of
the waveform that is to be measured must be displayed on the
oscilloscope. For the most accurate measluements, consider the following
conditions:

. at least one complete cycle must be displayed for period or frequency
measurements

the entire pulse must be displayed for width measurements

the leadi'g edge of the waveform must be displayed for risetime
measurements

r the tlailing edge of the waveform must be displayed for falltime
measurements

Setup

Making
Measurements

HP 54510A

Front‐Panei Reference

If more than one waveform, edge, or pulse is displayed, the measurements
are made on the frst (leftmost) portion of the displayed waveform that
can be used. If there are not enough data points the oscilloscope will
display < with the measurement results. This is to remind you that the
results may not be as accurate as possible. It is recommended that you
re-scale the displayed waveform and make your measurement again.

A:gOrithms
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Standad
Measurements

User defined
Measurements

Whea any of the standard Eeasurements are requestd the HP 54510A
first determines the topbase voltage levels attnVo-W%. fvsrn this
information, it can determiae thresholds (!0Vo,X)Vo, andl0Vo) needed to
nake the measurements. "I\el0Vo and90%o thresholds are used in the
risetime and falltime Deasurements. \\e 50Vo nidpoint is tsed for
measuring frequency, perio4 pulse widt\ and duty cycle.

The voltage thresholds are precise settings and sets specific locations on
the waveform. If the thresholds are not placed on the waveform (above or
below) the HP 54510A cannot nake a measuremenL

When any of the ussr defined measurements are requeste4 the
HP 54510A still must determine the topbase voltage thresholds. From
this information it can determine user defined upper and lower
thresholds. Tbe mid-point is then determined to be the 507o point
between the upper and lower tbreshold.

Automatic
Top-Base

A:9ortthms

A‐2

Top-Base is the heart of most automatic meiasurements. It is used to
determine V1qp and Vuasc, the oVo andtffiVovoltage levels at the top and
the bottom of the waveform. From this information the oscilloscope can
determine the l0Vo,50Vo, and90Vo pornts, which are also used in most
measurements. The top or base of the waveform is not necessarily the
maximum s1 minimu voltage present on thewaveform. Consider a pulse
that has slight overshoot. It would be v/rong to select t[s highssl point of
the waveform as the top since the waveform normally rests below the
perturbation.

TopBase performs a histogram on the waveform and finds the most
prevalent point above and below the waveform midpoint. The most
prevalent point is one that represents greater than approximately 5Vo of
the total display points (501) and is considered to be either the top or
base. If no point accounts for more than 5Vo of the total, then the top is
chosen as the absolute maximum and the base is chosen as the absolute
minimum.

HP 54510A
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Edge Definition Both rising and faling edges are defincd as transitional edges that must
cross tlree thresholds.

A rising edge must cross the lower threshold in a positive direaion
(defrniag it as a rising edge), cross the mid threshold (any number of
s1655ings, both positive and negative are permissible) and then cross the
upper threshold without any crossing of the lower threshold.

A fa[ing edge must cross the upper threshold in a negative direction,
cross the mid threshold (any number of times), and then cross the lower
tbreshold without crossing the upper threshold.

Note

Most time measurcments arc made based on the position of the
fint crossingof the middle threshold

AlgOfithm Foilowing are the definitions that all measurements are based on:

Definitions

delay There are three types of delay measurement:

r jitter
e standard
o user-defined

Jitter occurs only under the following circumstances:

o standard/user-defined key is set to standard
o two delay parameters are the same
o display mode is envelope

HP 5rt510A
Front-Panel Reference
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tf
firEtdge on minlmumnaveforu ts risltrg

then
delay = mid-threshold of first rising edge of max navdorm minus
mid-threshokl of first rising edgp on min uavcfom

else
delay = mid-thrcshold of first falling cdge on min uavdom
minus mid-threshold of first falttng edge on max uavefom

The standard delay measurement occurs when in the standard mode (not
user-defined) and is not a jiner measurement.

standard deLry = mid'thrtshold of the first edge of second
parameter minus nid.threshold of the first edge of the frrst
parameter

Note

Neguive dclq is possible.

User delined delay = second channel edge minus lirst channel
edge

+ width The + width algorithm has standard and user-dehned considerations.

if
first edge is rising

then
+ width = mid-thr:shold crossing of lirst falling edge -
mid-thneshold crossing of first rising edge

else
+ width = mid-threshold crossing of second falling edge -
mid-threshold crossing of lirst rising edge

HP 54510A
Front-Panel Reference



User-defined is the same as Standard definition cxccpt uscrdefincd
threshold"

- width The - width algoritt- has standard and user-defined considerations:

iF

mtedgeぉ Hslng

then
‐width=second EISing d靡 ‐lht hlling edge

dse

‐width=饉 rst Hsing edge‐「ErStrmng a雌 "

Period     if

饉rst edge is nsing

then

penod=second nsing edge・ 饉rst nslng e崚

Frequency     frequenw=1/pe」 od

D」りCy●le      duty qに le=(+、 議dth/penod)。lCXl

Note

+就 ahぉ αル4"Gα ′側ra″ご“slttg凛=軸 にshο』a

RIsetime      」 setime=time at upper threshold‐ time at icDwer threshond

Falltlme       FailtiEEle=饉 me aticDwer threshold‐ time at upper threshold

Vmax      Vmax=VOntage Ofthe madmum point on scun

Vmin      Vmin=VOltage ofthe minimum pOint on screen

Vp_p      Vp‐ p=Vmax― Vmin

HP 54510A
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Vゎp

Vbm

Vtop = Bost pr?uslent pointabow rartftom mldpoint

Vbr"" = most prevrlent potnt belmrravdom midpotnt

Vamp Vamp = Vtop - Vu"."

Vavg Average voltage ofthe first cycle of the displayed signal isneasured. If a
complete cycle is not present the oscilloscope averages all data points.

Vrms The rms voltage of the first cycle of the displayed signal is measured. If a
complete cycle is not present" the measurement computes rms on all data
points. Either ac or dc rms vralue can be selected in the measure submenu
of the Define Measure menu. The ac nns calcul,ation removes the dc
component.

圭 Σ

/rmsCC)=[

P3-1

rn=ΣG左
i=0

Thc cquadon is thc intcgral ofthe channet Where l reprcsents thc

integral alld C rcprescnts the channel.Thc integr」玉calculated by

adding voltagc points muldphcd by thc timc buckct宙 dth,A.

１

一
２‰

/

１

一
２熱

ントns(a`'‐[夕く
口
７こ
゛

′

、 t詢つ)一(Ztユ蠅))≧]Z
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Dlfferenthe dt= 0

, _ cn_ c(n_-])
d r = _  

N

The equation is the differential waveform of the channel where d
represents the differential and c represents the channel. The differential
is the volt4ge differences betwEen consecutivs points in tine divided by
the time bucket width, At.

HP 5tr510A
Front-Panel Reference
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General lnformation

DescJtton  盤悧艦t器鍛肥器l鴛   織 出貯'
sensitivity in a l‐2‐5 sequenceo Channelinputimpedanceヽl MΩ Or5CI Q
suntchable.

The time base provides sweep speeds from 1 ns to 5 s/div in a1-2-5
sequence. Pan and zoom can be used to expand a displayed waveform for
a detailed view.

An external trigger input with 1 MQ or 50 Q switchable impedance can be
combined with the channel triggers for complex ttiggeriog functions.

The HP 545104 has an Autoscale feature, 17 automatic pulse parameter
measurements, and easywaveform storage. It has full progrrmmability
over the HP-IB, and when set up with a printer or plotter, the HP 54510A
provides instant hardcopy output.

Accessories   The fouOwing accessorics are supphedwith the HP54510A Digitizing

Supp:ied      OSCil10scOpe.

o Two HP lC1441A miniaturc passivc probcs(2 mctcrs)

o One mmature pr6beto BNC malc adaptcr(HP 1250‐ 1454)

o One 2.3 mctcr(7.5 fcet)pOWer cord(SCe chapter 2 for availablc

powcr cords)
o One Front‐ Panel Rcference and Programming Reference Set

o  One Se面 cc Manual

HP 54510A

Front‐Pane:Reference
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Accessories
Available

The following accessories are available for use with the HP 51510A.

o HP 104374 Ll50 Q probe (2n)
o HP 10438A tl probe (1m)
o HP 104394 1:l probe (2n)
r HP l04r''lr'. 10:1 1MQ probe (2n)
o HP 10002A 50:1 l MQ (1000 V peak) probe
o HP 10020A Resistive Divider Probe Kit
o HP 1-L37A 1000:1High voltage divider probe
o HP 11i}3ATV /ideoSpcPod
o HP 1141A Differential Probe
o HP ffiL4175 RackMountKit
o HP 149+0015 Rack Mount Slide Kit
r HP LY{).1066 Soft Carrying Case
o HP Y21L-2il5 Transit Case
o HP5061-6133FrontPanelCover
o HP L180ATilt-trayTestmobile
o HP 921998 Power Strip

Options The following options are available for the HP 54510A.

Ava:lable

●

　

●

Option 908 - Rack Mount Kit (HP 5061-6175)
Option 910 - Additional Service Manual and Operating and
Programming Manual set
Option 090 - Deletion of probes

General Information
B-2
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PgffOfmancg The following are performance specifications for the I{p 545104
Specifications Disitizins oscilloscope'

Vertical Bandwidih (-3dB, dc coupled):l dc to 250 MHz

Rise fims2 1.4 ns

Input R (selectable): 1MO + lVo or 50C2x.lVo

Maximum InputVoltage3
I Mf,l t 250 V [dc + peak ac(< 10 kHz)]
50 Q:5 Vrms

Olfset Accuraqra t (lVo of cbannel offset + 27o of full scale)

Voltage Measunement ̂A,ccuracy (dc) a5

Dual Cursorl + (L.25Vo of fullscale + 0.032 x V/div)
SingleCursoT2 +(\.?SVoof fullscale + offsetaccuracy + 0.016 x Vldiv)

Horizontal Detta-tAccuracy6
Repetitive (> 8 averages): + (0.005Vo x delta-t + 2E-6 x delay sefting
+ 100 ps)
Real Time (single acquisition): + (0.005Vo x delta-t + 2E-6 x delay
setting + 150 ps)

Trigger TriggerSensitivitya
Intemal (dc to 50 MHz): 0.5 division
Internal (50 MHz to 250 MHz): 1.0 division
External (dc to 250 MHz): 100 mVp-p into 50 Q

HP 54510A
Fronl-Panel Reference
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NOTES

1. Uppor bandwidth reduces by 25 Mlh ior each oC abow gt'C. Bandwidth In
Repetitirre mode is typically greatsr than 300 Mlt.

2, Rbe time tigures are calculaiEd from: t, = 0.35/Bantlwidth.

3. On ranges S 50 mV/div, the maximum owrdrive of ths input must not
excaed 100V.

4. Magnification is used below 7 mV/div range so wrtical resolution and accuracies are
conesponclingly reduced. Below 7 mV/div, full scale is d€tinsd as SO mV.

5. Voltage measurement accuracy decreases 0.08% per oC from firmware calibration
temperature. This specilication is valid tor a temperature range t 10o lrom sorftnare_
calibration temperature. Specification applies to both modes; rep€titive and realtime
(singl€ acquisition).

6. Specification applies at the maximum sampling rate. At lower sampling rates the
specification is t (0.005% X delta-t + (2 X 10t) X detaysotting +0.1S X sample
interval) lor bandwiclth limited signals (tr= 1,4 X sample interval), Sample intewal is
clefined as l/(sample rate). Specitication also applies to those automatic
measurements computing time intervals on identical slope edges (i.e. pos-pos,
neg-neg).

Performance
Characteristics

General Inlormation
B-4

The following are performance characteristics of the HP 54510A
Digitizing Oscilloscope.

Vertical  switchable Band哺 dth Limits

ac‐coupled(lower‐3 dB frcqucncyJ:90 HZ
LF ttect(10Wer-3 dB frequencyp:450 Hz
Bandwidth umit(upper_3 dB frequencyJ:30 MHz

Number of Channels: 2 (simultaneous acquisition)

Vertical Sensiti宙ty Range:lmV/divto 5 V/div

Vertical Gain Accuracy(do:1'2±1.25%of fuH scalc

HP 54510A
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Verticat Resoludon:2 8 bits orrcr 8 divisions (x,A.4%),10 bits via HP-IB
with averaging (+ O.1 o)

Maximun Sample Rats l GSa/s

Waveform Record l*ngth:3 8001points real tine,50l points repetitive

Input C:7 pF nominal

Input Coupling: ac, dc

Offset RangeVertical Sensitivity Available O

L mV - 50 mV/div !2V
>50 mV - 250 mV/div + 10 V
>250mV- 1.25Vldiv +50V
>L.?5V-5V/div +250V

D5mamic Range t 1.5 x full scale from center of screen

Channel-to-channel Isolation (with channels at equal sensitivity):
dc to 50 MHz: zl0 dB
50 to 250 MHz:30 dB

NOTES:

1. Gain accuracy decreases 0.08% ol lull scale per "C from firmware calibration
temperature. This charac,teristic is valid lor a temp€rature range -r 1OoC from software
calibration temperature. Charasterislic applies to both modes; repetitive (eight or
more avereges) and real time (single acquisition).

2. Expansion is used below 7 mV/div range so vertical resolution and accuracies are
correspondingly reduced. Below 7 mV/div full scale is defined as 56 mV.

3. Available over HP-IB, waveform record length is:

Real Time- 8,000 points
Flepetitive- 500 points

General Inlormation
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Horizontal TImc Basc Range: 1ns/divto 5 Vdiv

fime Base Resolution: 20 ps

Delay Range (post-trigger): 10,000 x (ddiv)

Delay Range Time/div Sefting Available Delav

( p r C t r i g g e r )    1∞ n S‐5 s / d i v     - 1“ X ( S / d i V l

l ns‐50 ns/div     -8μ s

Trigger TH8er Pulse WEdth(minimump
lntemal: 1.75 ns

Emmal: 2.8 ns

Trigger Level Range
Internal: t 1.5 x full scale from center of scteen
Extemah t 2 V

Operating     Thcfou。 続 ng arc Opcrating charaderlsttt ofthe HP 54510A Digi“ デng

Characteristics  OSCinos∞pC.

Vertical Deflection Factors: Chennels L and}l- With single screen selected,
deflection factors are adjustable from 1 mV/div to 5 V/div in aL-Z-S
sequence with the knob. Fully calibrated vernier adjustments can be
made using direct keypad entry or the knob with the FINE key selected.

Probe Attenuation Factors: Values from 0.9 to 10(n may be entered to
scale the oscilloscope for external probes or attenuators attached to the
channsl inputs. When probe tip calibration is done, this value is
calculated automaticallv.

Input Impedancs 1 MQ or 50 Q, selectable for CHl, CH2 and EXT
TRIG.

Generallnlormation Hp S4SloA
8-6 Front-panel Reference
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Bandwidth Limit (HF Reject): Provides low pass filter with a - 3 dB
point at approximately 30 MHz for both triggering and sipal display. Can
be selected for each vertical input individually.

LF Reject Provides high pass frlter with a - 3 dB point at approximately
450Hzfor triggering and vertical signal. Can be selected for each vertical
input individuatly.

ac Coupling: Provides high-pass filter with a - 3 dB point at
approximately 90 Hz for both triggering and signal display. Can be
selected for each vertical input individually.

ECI./TIL Prcsets: Vertical deflection factor, coupling, offset, and trigger
level can be preset independently on both channels for ECL and TTL
levels.

Eltective Resolution: The maximum sample rate and the number of bits in
an oscilloscope's digitizer are too often used for comparing oscilloscopes.
These specifications, however, do not describe performance under
dynamic signal conditions. Effective Resolution is a figure of merit that
describes the digitizing oscilloscope's performance under dynamic
conditions, and is measured using the sinewave curve fit test. This method
considers:

o Quantization error
o Non-linearities(including preamp and A/D)
o System noise
o Frequency ofinput signal

All of these affect the effective resolution of the instrument, Some
manufacturers specify effective bits using half-scale sinewaves. While the
effective bits performance using half-scale testing is overstated when
compared to full-scale testing, Hewlett-Packard publishes both sets of
numbers for the 54510A so that, when comparing effective bits
performance between digitizing oscilloscopes, a fair comparison can be
made.

General Information
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Horizontal

Trigger Modes

General Information
B-8

The HP 54510A's grpical performance for a single acquisition is shown
below:

For more information about effective resolution, please contact your
Hewlett-Packard sales office, and ask for Product Note 51804-2, Dytanric
Perfonnance Testing ofA to D Conveften, (pub # 02-5952-7629).

Pan and Zooml. Changing the Time/div and/or Delay values once
acquisition has been stopped allows access to all 8k points of data that are
captured on each acquisition (Real-time mode only.)

Delay Between Channels: Difference in delay benreen channels can be
nulled out to compensate for differences in input cables or probe length.
Use "time null cal," found in the Probe Cal menu (see UTIL key).

Reference Location: The reference point can be located at the left edge,
center, or right edge ofthe display. The reference point is defined as the
trigger point plus the delay time.

Edge Triggen Positive or negative edge can be selected for trigger on
channels 1 and 2, or on the external trigger input.

Pattern Triggen A pattern can be specified using channels 1,2 and the
external trigger input. Each ofthe inputs can be specihed asahigh, low, or
dott't care with respect to the level setting in the edge trigger menu. The
trigger can be selected to occur on the last edge to enter the specified
pattern or the first edge to exit the specified pattern.

HP 54510A
Front-Panel Reference

Frequency
50 kHz 1 MHz 20 MHz 50 MHz 1∞ MHZ 250 MHz

Fun scale
7.2 5,7 63 5,6 5.0 4.9

Half scele
7.4 7.0 6.4 5.0 5。2



Time Quallfied Pat&n Ttlggen A trigger will occur on the first edge to
exit a pattern onlyif it meets the specified time criteria The arailable
time quelified modes are (user-specified time is in brackets):

. pattem present < [tine]

. pattern present > [tine]

;";:."',-J-::::;:i:"i (, 3v.!L2ns) rhe
time filter recovery time is s 12 ns. In the ipattern present < [timel"
mode, the pattern must be present for more than 1.75 ns, (2.8 ns for the
external trigger) before the trigger will respond.

Glitch Tliggen Use npattern present < [tinel" with [tinel selected such
that it is just less than the nominal pulse width of the signal you are
analping. Jls minimum glitch width is 1.75 ns, (2.8 ns for the external
rrigger).

State Triggen A pattern is specified on any two of the three inputs with
the third input used as clock. The user may speci$ that a trigger will
occur on the rising or falling edge of the input specified as the clock, when
the pattern is present or not present. Setup time for the pattern with
respect to the clock is 10 ns or less and hold time is zero.

Delayed Trigger Event-Delayed Mods The trigger can be qualilied by an edge, pattern,
time qualihed pattern, or state. The delay can be specilied as a number of
occurrences of a rising or falling edge of any of the three inputs. After the
delay, an occurrence s;3 dsing or faling edge of any of the three inputs
will generate the trigger. The trigger occurrence value is selectable from 1
to 16,CX[,000. The maximum edge counting rate is 70 MHz

Time-Delayed Mode: The trigger can be qualified by an edge, pattern, or
state. The delay is selectable from 30 ns to 160 ms. {1ftst the delay, an
occurrence of a rising or falling edge of any of the three inputs will
generate the trigger. The tri8ger occurrence value is selectable from 1 to
16,000,000. The maximum edge counting rate is 70 MHz.

HP 54510A
Front-Panel Relerence
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TV Tdgger ffillzt SE Lines: Trigger souroe is selected to be any one of the three
inputs. Trigger level is adjustable for the selected trigger aouroe. Polarity
is selected for positive or negative qnchronizing pulsas. A trigger oocurs
on the selected line and field of. aZ,lI interlaced composite video signal.
Line numbering is I to 263 for field 1 and 1 to ?62 for freld 2. This TV
trigger mode is compatible with broadcast standard M.

S0 llz | 625 Lines: Seme as 60 Hz | 5E lines except that line numbering is
1 to 31!i for field 1 and 314 to 625 for field 2. This TV trigger mode is
so-patible with broadcast standards B, C, D, G, H, I, K K1, L, and N.

User-Delined Mode Source is selected to be any one of the three inputs.
Trigger level is adjustable for the selected source. The trigger is qualified
with a high or low pulse that meets a selectable time range. The trigger is
an occutrence of a rising or falling edge of the source after the qualifying
pulse. The dps ssttings for the qualifier are selectable from 20 ns to 160
ms. The trigger occurrence value is selectable from 1 to 16,000,0(X).

NOTE: All W triger modes reqtire a clamped vidco signat for stabte
trigeing. Use the HP ll3iA WMdeo Sync Pod to provide clanped video
output that can be used in conjunction with the HP 54510A\ wtrigenng
capabilities.

Trigger Holdoff: Trigger can be held off either by tine or events over the
ranges:

o time: 40 ns - 320 ms
. events:2-16,fi)0,000

An event is defined as the specified trigger condition. A separate holdoff
setting (time or events) is available for each trigger mode except delayed
trigger, which is set to 40 ns.

Noise Reject Triggen Provides improved triggering on noisy signals by
increasing trigger hysteresis (internal trigger only).

General Information
B-10
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Disphy Data Dlsptay Rcsoludon: 451points ho'rizontallyby 256 points verticaly.

Number of Scrccns: 1 or 2 screens can be scleaed. This can provide
overlapping channels or nemories for comparison, or separate displap on
a split viewing area.

Display Modes Graticules: The user may choose full gna, axes, frame, or no graticule.

Connect-the-Ilots: Provides a continuous display, connecting the sample
points with straight lines. Connea-he4ots's operative for modes in
which a single- ralued waveform can be connected, including average,
envelope, single, and minimrrrn-slsistence modes. Connect-the4ots k not
available in the variablc or infinte persistence mode.

Time Base In Repetitive Mode

Averaging: The number of averages can be specified in powers of 2, up to
2,(X8. On each acquisitio4 Un times the new data is added to (n-L)/n of
the previous value at each tine coordinate. Averaging operates
continuously, except for the HP-IS digttize command for which averaging
terminates at the specilied number of averages.

Envelope Provides a display of tf,s prnning maximrm and minimum
voltage levels at each horizontal time position.

Minimum Persistencq One waveform data value is displayed in each
horizontal time position of the display. The waveform is updated as new
data is acquired for a particular horizontal time position.

Variable Persistencs The tine that each data point is retained on the
display can be varied from 5(X) ms to 10 seconds, or the points can be
displayed indefrnitley.

HP 5/rS10A
Front-Panel Reference
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fime Base in Realtime Mode

Single Persistence One waveform data value is displayed in each
horizontal time position. The entire waveform is replaced with each new
acquisition.

Infinite Persistene: Waveform data is allowed to continuously
accumulate on the scree& and remains until display is cleared.

Oversampling Filten On time/divisi6n ssltings when less than 5fi) points
are acquired across the screen (= 20 ns/div) a built-in digrtal frlter
automatically reconstructs the data. This filter is a conbination between a
(Sin X)/)( and a Gaussian filter.

Delta-t / Deha-V Markers: DuaI voltage markers and dual time markers are available.
Voltage markers can be independently assigned [e sfuannsls, memories, or
functions.

Waveform Math Two independent functions are provided for waveform math. The
operators are +, - , X , vs, invense only, integrate, anddifferentiate. The
verticd channels or any of the waveform memories can be used as
operands for waveform math. Sensitivity and offset for these functions
can be adjusted independently.

Wavelorm Save The HP 545L0A contains four non-volatile waveform memories and two
volatile pixel memories. Waveform memories store single-valued
waveforms, such as an averaged waveform. If an envelope waveform is
stored to a waveform memory it will automatically be stored with the
upper waveform in one waveform memory and the lower waveform in
another.

Pixel memories store an entire screen of waveform data. They are useful
for storing multiple overlappingwaveforms and infinite persistence
waveformq. Automatic measurements may be performed on the four
non-volatile waveform memories but not on the volatile pixel memories.

General Inlormation
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Automafic hlse Panmeter Measurtments: The I{P 54510A offen 17
automatic pulse parameter measuremsnts from the front panel (shown
below) and additional measurements via t*-fn including,a4 Ovenhut,
andPreshoot The standard measurements are performed with1;0Vo,
50Vo, and90Vo voltage thresholds, as defined by IEEE standardlg+IVn,
"IEEE Standard Pulse Terms and Definitions."

Automatic measunements available on the HP5{510A:

Ris€ time Pu:se VЧdth+ Vo:ts amp Volt・s av9 Preshooi

(HP-IB only)Fa‖time Pu:se width― Voits base Votts max

Frequency Duty Q":e V o ! t s  t o p Volts min OrsBhoot

(HP-IB only)Period De:ay Volts p-p VO:ts RMS dc

Voits RMS ac

User-definable The HP 54510A allows you to set your oum thresholds for automdtic
MelSurement measurepents. Both the upper and lower thresholds crn be set from

Thresholds -EVo to LEVo,as long as the upper threshold value is alwap greater
than or equal to the lower threshold. The middle threshold is alwap
equal to the mid-value between the upper and lower threshold.

Continuous Measurcments: Can be turned on or off. With continuous
measurements off, the voltage and time markers are placed on the
waveform to indicate where the last measuement was taken.

Measurrement Statistics: The maximum, minimum, average, and most
recent of continuously updated measurements are calculated and
displayed. Any three measurements can be selected for simultaneous
display.

Measurement Limit Test Maximum and minimum limits can be set for
any three of the front-panel automatic measurements. These continuously
updated measurements are compared to the maximum and minimum
limits. If the measurements are found to be outside the deFrned limits, the
waveform can be stored in a memory or the screen can be sent to a

HP 54510A
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Setup A‖ ●

Hardcopy

Fu‖ HP‐:B
Progmmmabi:lty

hardcopy device. In additioq the HP-IB Service Request line can be set
to 0ag the controller. Measurement limit test can be set to stop after test
limis have been exceede4 or to continue testing

Autoscals Pressing the Autoscale button automatically adjusts the
vertical and horizontal deflection factorg andthe trigger level for a
display appropriate to the sifals applied to the inputs. The Autoscale
feature requires a signal with a duty cycle greater than 057o and a
frequency greater then 50 Hz Autoscale is operative only for relatively
stable input srgpals.

Save/Recalh Four front panel setups (14) maybe saved in non-volatile
memory.

Recall Clean Pressing the RECALL key followed by the CLEAR key
resets the HP 54510A to its factory default settings.

Recall 0: If Autoscale, ECL or TTL preset, or recall setup are
inadvertently selected" recall 0 restores the instrument to its last state
prior to erroneous selection.

Show: Displaln instrument status, logluding volts/div,'offset, and trigger
condition.

The CRT display, including menus and measurement answers, can be
transferred directly to an HP-IB raster graphics printer, including the HP
2254 ThinkJet, HP 22278 QwetJet, or other compatible printers.
Hardcopy from HP graphics plotters includi'g the HP 7NA,HP 7470A,
HP 7475A\ and HP 7550A is also available.

The HP 545104 is fully programm2lle.Instrument settings and operating
modes, including automatic mq$urements, may be remotely progra'nmed
via HP-IB (IEEE488). HP-IB programming complies with IEEE
488.2-1988 "Standard Codes, Formats, Protocols, and Common
Commands.n

HP 54510A
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Sequcntial Single*hot Data Acqutstdon and llansfcr Rate Using the
I{P-IB comnand lRaw Data" the HP 54510A can automatically captrne,
store, and label a waraform; and re-arm the trigger; and then repeat this
pr(rce$ until the HP 5,4510A's entire 150k RAM (volatile) is filled. Once
the spccified number ofwaveforms have been captured and store4 the
HP 5+510A can transfer the entire block of waveforms to the esernal
computer. Users can speci$ the number of poins to be stored and the
number of waveforms to be captured. Repetition rates vary depending on
record length and time base setting (slower sampling rates). See figures
below.

General Inlormation
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Ihta Tlansfer Rate Approximate[ m kBytes per second.

kobe Compensatlon, ac Calibrator Output A 500 Hz (approx.) square
wave is provided for probe compensation. A probe-to-BNC adapter is
used to connect the probe to the rear panel Probe Compensation BNC
output. During instrument self-calibratioq this output is used to provide
other calibration sipals, as described in the Service Manual.

This same BNC connector is used for trigger output. The utility menu
allows the user to switch the BNC from probe compensation and
calibration sbals to a trigger output pulse. The rising edge, with
amplitude from approxinately - 400 mV to 0 V (when terminated into 50
Q), is synchronous with systen trigger. The falling edge of this pulse
occurs approxinately at the end of holdoff. The rising edge should be
used as the edge synchronous with trigger.

dc Calibrator Output This output is used for vertical calibration of the
HP 54510A" as described in the Service Manual.

Product Support Buitt in Self-Test and Calibration Routines: Internal self-test capabilities
provide aX)Vo confrdence the instrument is operating properly. External
test procedues in the service manual provide aL00Vo confidence.
Self-calibration routines, also selected through the front panel "utiligr'
menu, ensure that the instrument is operating with its greatest accuracy
and require no external test equipment.

Low Cost of Orvnership: The HP 54510A includes a standard three year,
return to HP warrantv.

To minimize the mean time to repair and calibration tine, the HP 545104
was designed with only one main assembly adjustment per cbannel. In
addition, Hewlett-Packard's board exchange program assures economical
and timely repair of units, reducing the cost of ownership.

Reliability: Estimated mean time between failures (MTBF) for the HP
545104 is 30,(X[ hours. MTBF is computed using an instrunent usage of
2,000 hours per year.

Generaf Intormation
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Solutions: Hewlett-Packard's System Engineering Organization can help
you configure an HP-IB s,rstem and provide softr*'are support for your
application, developing solutions to rDeet your measurement needs.
Contact your HP Sales and Service ofhce for more information.

General
Characteristics

HP 54510A

Front‐Panel Reference

Environmental TemDerature
Conditions Operating: 0'C to + 55'C (32T to + 131T)

Non-operating: - 4(PC to + 70"rC (- 4OT to + 158'D

Humidity
Operating: upto95Vo relative humidity (non-condensing) at +zCIt
( + 104'F)
Non-operating: up to %)Vo rclative humidiry at + 65'C ( + 149PF)

Altitude
Operating: up to 4,600 meters (15,000 ft)
Non-operating: up to 15300 meters (50,000 ft)

Vibration
Operating: Random vibration 5-500 Hz, 10 minutes per axis,0.3 gfms.
Non-operating: Random vibration 5-500 Ha L0 minutes per axis, 2.41
grms. Resonant search 5 to 500 Hz swept sine, 1 Octave/minute sweep rate,
(0.759),5 minute resonant dwell at 4 resonances per axis.

General Inlormation
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Power Requirements

Weight

Dimensions

Voltags: n5f23o V ag - 2SVoto +l5Vo,8-61:Iz-
Ponen 350VAmaximum.

Ne& approximately 10 kg (221b).
Shipping: approximately 20 r{C (44 lb).

Refer to the outline drawings below.
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Index

+ width, A-4
- widtb, A-5

A

AiD acquisition test, 12-6
abort Key, L2-6, L2-8, Lz-l!
accessoriesr 2-1
Accessories Available, B-2
Accessories Supplied, B-1
acquisition

relationship to timebase and sample rate,{2
acquisition status, 3-2
acquisition Test, 12-6
acquisition, realtime, +4
acquisition, repetitive, 4-4
acquisitions,42
add to memory Key, 10-4
addressed, l2-2
addressed menu,L2-2
after fail Key, 11-8
Air Flow Requirements, 2-7
Algorithms, A-1
alternate function key, 3-9
Ntitude,2-2
atrig acqusition test, 12-6
attenuation submenu, 12-8
auto-trigger, 3-2,6-3

HP 54510A
Front-Panel Reference

Automatic measurements, 1-1, A-1
AutomaticTopBase, A-2
AUTOSCALE IGn 35
Available Accessories, 2-\B-2
available options, B-2
awaiting trigger, U2, 63
axes,7-6

blue key,39

C

cable, HP-IB connection, 2-8
cal select Key, 12-10
Calibration Procedure, 12-12
calibrator protectioq 2-3
chan/mem Key,9-3
Channel coupling SHOW 3-6
CHANNEL Key, 5-t 12-8, Lz-tL
Channel Menrl 5-1
channel offset,5-2
Channel offset, SHOW,3{
Channel scaling, SHOW, 3-6
channel select, 5-2
channel sensitivity, 5-2
characteristics, generat B- 17
characteristics, operatin g, 8-6
characteristics, performance, B-4
CLEAR DISPLAY Key,3-3

B
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key (continued)
FIIYE!'9
Function,9-2
Hardcopy,33
holdoff,63,G10, GI6,GB
level (adjusVcentered), 63
leveVpolarity, G28
line,628
Incal, g-g
meas/meas de?meas limit, 11-3
more,5-4
nonvoliatile, 10-2
offVframelaxedgi{ 7-6
offset,94
offset, channef 5-2
operand,9-3
operator,9-3
or if , LL-8
paper lengt\ 12-3
patterq 6-8
present,616
probe,54
quali$ os 6-20
RECALL,3-5
reference,4-3
repetitive/realtine, {-4
rms (ac,dc), 11-3
SAVE,3.6
sensitivity,9-4
sensitiviry channe[ 5-2
set, 11-8
sHow 3-6
single,3-3
slope,6-3
source,6-3,6-27
source (waveform save), L0-2
Standard Select (w), 6-27

. start cal, I2-8,12-II
start test, 1,2-6
statistics, 11-3
store (waveform),10-2

lndex-4

key (continued)
test,11-7
thresholdVmeasurementg 11-4
Time/Div,4-1
trigger on,GB
TTI+ 5-5
Vertical Sensitivity, 5-2
volatile,1G3
waveform/pixel 10-1
when,69, G15
vertical sensitivity, 5-2

key featureg 1-1
Key-down power up,111
keyboard test, 126
knob,18 -19

L

level adjust Key,6.3
leveVpolarity Key,G?8
line Key,628
Line Switcb,2-5
line voltage, selecting 2-4
LOCALKey,S3
loop Test, 12-6
Itrig acquisition test, 126

M

Making Measurements, A-1
markers,8-1
markers after autoscale, 3-5
markers, time,8-3
Math function offset, SHOW,3-6
Math function operation, SHOW,16
Math function scaling SHOW,3-6
meas Sub'menu 1.1-3
meas/meas def/meas limit Key, 11-3

HP 54510A
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MeasueDefinq 11-4
Measuelimit, tt-7
measurement limit rcst after autoscale, 15
Measurement Selection, 11-2
Measurement Setup, A-1
neasurements after autoscale, 35
Memories, SHOW,35
nemorybar,4-5
menu

chaanet 5-1
Menug 37
Menus sectioD, 17
Miscellaneous Test, 126
more key,5-4

N

negative delay,S3
noise reject Key, G3
nonvolatile Key, 1&2
nonvolatilememory 10-2
# ofscreens, T-5
nrneric kelpad 3-8

o

offset Key, 5-2,94
offset level for ECL,5-5
offset level for TTL,5-5
Offset, hysteresis, triger c:.l, L2- L0
l/delta t,8-3
Operating Characteristics, 8-6
Operating Environment, 2-2" B-Ll
Operator Key,9-3
Options Available, B-2
or if Key, 11-8

HP 54510A
Front-Panel Relerence

P

panand zlnlm,$!2
penning4-l2
panning example;4-15
paper length Ytey,L2-3
panern Key, &8
Pattern Trtget Exercise, 610
Performance Characteristics, B-4
Performance Specifi cations, B-3
period" A-5
persistence after autoscale, 35
pixel Menr1 1G3
positive delay,43
power input 2-3
Power Requirements, 2-3
power switd 2-3
present Iky,616
probe attenuatiog 54
probe attenuation failure, 12.8
Probe attenuatioD, SHOW, 36
probe cal meu1l2-7
probe key,5-4
product description, 1-1.

a
quali$on

edge,6-2X
pattern,6-21
state,6-2L

qua[ryon Key,620

:ndex‐5



R

ram test, 126
range,610
realtime acquisition, 4-4
Realtime Mode (operating characteristics), B-12
Rear Panel Layoug 2-3
RECALLO,}5
RECALL CLEAR, },5,3.11
RECALLKey,3-5
refErence Key,4-3
repetitive acquisition, 4.4
Repetitive Bandwidt\ 1-1
Repetitive Mode (operating characteristics), B-11
repetitive mode, single-shot exercise, 4-8
repetitive/realtime Key, 4-4
reset,3-11
risetime, A-5
risetime measurements. A-1
rms (ac, dc) Key, 11-3
romTest, 126
RUN/STOP Key,TZ-93
running,3-2

s

sample rate
relationship to acquisition and timebase, 4-2

SAVE Key,16
save to Key, 11-8
selecting line voltage, 2-4
Self Cal menq 12-L0
selftest menq 124
sensitivity (CHANNEL menu), 5-2
sensitivity Key,9-4
service menu, 12-11
set Key, 11-8

lndex-6

sctting after autoscalg 35
Setup,3-4
Setup Aids (opeerating characteristics), B-14
SETUP section,34
shift key,39
Shipping an instrument 2-2
SHOW display, &11
SHOWKey,3{
SINGLEKey,13
single shot

Real Time Mode,4-11
single shot

Repetitive Mode,48
single-shot

exercise,4-8
single-shot in repetitive node, 4-8
slope after autoscale, 3-5
slope Key,63
soft reset 3-5,311
softkeys,110
source (trigget) lGy, G3, G/7
souroe (waveform save) Key, 1G2
specifications, performance, B-3
standard + widtb, A4
standard - width, A-5
Standard Select Key (w),627
standard/user defined Key, 11-4
start cal Y*y, L23, LZ-LI-
start marker, 8-3
start tbst Key,L24
State Trigger Exercise, 616
state Trigger Mode, 615
statistics after autoscale, 3-5
statistics Key, 11-3
status message, 12
status of acquisition" 3-2
stop marker, 8-3
stopped mode,33
store (waveform) Key, 10-2
storing an instrument, 2-2
supplied accessories, B-1

ltP 54510A
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s*Eep spce4 timddivision function, 4-1
SYSTEM CONTROLkep,S2

T

I triggerpoint
position above memory bar, 45

talk only, 12-2
talk onlymenrq 12-2
Test

acquisiiton, 126
loop,12{
1n nrL24

romo72.6
test IGy,11-7
threshol4 61
thresholds/measurements Key, 11-4
timeKey,l2-9
ti-e markers,8-3
t:rne null submeau, 12-9
Tine/Div Key,4-1
timebase acquisition test, U-6
Timebase Menq 4-1
timebase 5slting

relationship to sarnple rate and acquisition,42
Trig'd/auto Key, &3
trigger

delay,6L,G2A
edge,6-L-62
patterD,6-1,6-8
state, 6-1,6-15
N,6-t,6-n

trigger characteristics, 8-6
trigger edge mode after autoscale,3-5
trigger level,6-1
trigger level after autoscale, 3-5
trigger level for ECI-,5-5
trigger level for TTL,5-5
Trigger level, SHOW, 3-6
Trigger Menu,6-1

HP 54510A
Front-Panel Reference

Trigger Modcs (opcrating charatedstics), B{
trigger onYrrey,GB
triger point in mcmorybar,4-5
Trigger sour@, SHOW,3{
trigger specifications, B-3
TTLIGy,5,5
TV Trigger (operating characteristics), B-10
tv Trigger Exercise, 629
tv Trigger Mode,6/7

U

Unpacking the instnrneng 2-1
User-definable Measurement Thresholds, B-13
user-defined + width, A-5
UtilityMenrr' O-1

v

V/divfor ECI.5-5
V/div for TTI.5-5
!amF,A6
VavgA{
Vbase, A{
vertical characteristicg B-4
vertical operating characteristics, 8-6
vertical position" 5-2
Vertical Resolution, 1-1
vertical sensitivity after autoscale, 3-5
Vertical Sensitivity Key, 5-Z
vertical specifi cations, B-3
vetical offset after autoscale. $5
Vmarker 1, &2
Vmarker 2,8-2
Vma:gA-5
Vmin,A-5
volatile Key, 1.0-3
voltage selector module, 2-3
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Vpp, A-5
VrmsrA{
Vrms (ac), ,{6
Vrms (dc), A-6
Vtop,A{

w

Waveforn Math (Operating Characteristics), B-12
Waveform Math Exercise, 9-7
waveform math functions, autoscale4 95
Waveform Math Menrr" 9-1
waveform Menu, 10-2
Waveform Save (operating characteristics), B-12
Waveform Save Exercise, 10-4
Waveform Save Menq 10-1
waveform/pixel Key, 1Gl
waveformlpixel memory display after autoscale, 3-5
Weight, B-18
when entered" G9
when exite4 G9
when Key (panern sriger mode),6-9
when Key (state trigger mode), G15
when present, G10

z

796,rning4.LZ

zooming example,*lj
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