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Workshop on standards for photonlc streek clmera characterization

C. L. Stradling, Chairman

Physics Division, Los Alamos National Laboratory
P-14, Mail Stop D41D, Post Offlca Box 1663, Los Alamos, New Mexico 87545

Introduction .—

A summary paper* proposing standardization of deflnltlons and parameter measurements
related to photonlc streak cameras was generated at the 16th International Congress of High
Speed Photography and Photonics at Strasborg, France [August 1984). An international
committee appointed by the general Wcrkshop on Picosecond Streak Cameras met and discussed
the areas appropriate for standardization and proposed speclflc definitions, measurements
and complementary parameter sets to be used in characterizing photonlc streak cameras.
These proposals were compiled into a summary paper by the commlttec co-chairmen, Noel
Flel:rot (CEA-Limell) and Gary L. Stradllng (Los Alamos National Laboratory), with the intent
that lt be distributed to interested streak camera users and manufacturers end that
appropriate improvements and atdltlons be sollclted.

The purpose of this workshop was to discuss the proposals of the Strasborg committee and
to obtain comment from the local U.S. streak camera community. There were 40-50
par :lcipants in attendance. This workshop began with a presentation or the Strasborg
summary paper by the chairman, Includlng some explanation of the motivation and intent of the
proposals. This presentation was followed by comment from a number of the partlcfpents In
which a variety of issues were brought forward. lhese issues were discussed in the
Workshop. The participants

!
enerally a reed that several suggestions be carried back to the

international committee for Ymplementat on in the Strasborg standards proposal.

A summary** is made below of the discussion and conclusions which followed the pre!aent-i-
tlon of the Strasborg standardlzatlo!) crlterla to the workshop.

Pa~l Jaanamagl (Lawlcnce Berkely Laboratory)

- Vacuum level requirements should be speclfled Fo 1 x-ray straak cameras by
manuf~cturers,

- Image processing Is being used to enhance performance unelecterlstlcs of streak
cameras. These techniques should be taken into account wl}en deflnlng standard
measurements.

- Dynamic range measurements depend on pulse width and should be made at a sweep speed
matched to the pulse width being measured.

George Kyrala {Los Alamos National Labor~tory)

- For those who assemble their own streak systems, Indlvlduel components should be
nharacterlzed separately.

- Operating voltages should he speclfled for optimum performance of each unit.

- Performance characteristics of a given deslgll vary between different units, Thug
characterization of a slnale unit may not be fully reDresentatlve of al I units of a
given model,

- Base senslt~vlty of strenk cameras
correspond to a doubllnu of the noise

. Mod~jl@tlon of 20% betwpen two pulses
measurements.

— ———

should be
level.

1s ecceptab

.

measured. Thn base level should

e es a standard fol” time resolution

●WorkshoD on plcoyecond gtreak cameras by Noel Fleurot and Gary L. Stradllna, proceedlnos
16th Annual International Congress on High Speed photography ‘and Photonlc”e”, Strasbnr~,
France, Aug 1984.

●*The workshop discussion required exlenslve abridgment and edltlng for incluslon !n thlq
report. The chairman has ettempterl to accurately summarize the main points put forth by the
various partic!panta. If further detail la required, a verbatim transcript 1s available.



- Jitter and drift in the
well as the warm-up time

internal sweep timing should be specl fled by manufacturers es
necessary to obtain the quoted performance.

- Temporal and spntitsl resolution should be given in terms” of the total number of
resolution elements available with the partlc~isr instrument.

Barry Nye (Sandla Nstlonal Laboratory)

Spatial resolution characterization should be geared toward epplicetlons which use
multiple fiber optic channel inputs, in which good channel-to-channel lsolatlon is
required.

Both complete systems and lniiivldual tubes should be characterized.

Single shot measurements are quite different from cumulaklve measurements over many
shots. Characterizations should be based on single shot measurements.

Instrument systems of a given model should l~ave interchangeable components.

Charles McHlllan (Lawrence Llvermore National Laboratory)

High precision veloclmetry 1s accomplished at LI.NL with a fabky-Perot interferometer
end using a streak camera to detect time dependent shifts In fr.lnge patterns. This
technique requires high temporal end spatinl fidelity (0.5%).

Speclflcatlon of only ‘limltlng dynamic spatial resolution- 1s inadequate and
misleading. This parameter 1s limlted to the modulation value corrt?spondlng to a
single spatial frequeficy which 1s only one point on e modulation transfer function
(MTF) curve. For exsmple, MTF curves of dramatically dlfferlng low frequency features
can ail pess through a 5X modulation point (It 20 fp/mm.

Temporal resolution and spetlel resolution ~re not always orthogonal parameters. There
1s some interdependence between them. Thl~ 1S apparent In very precise measurements.

Geometric distortion should be carefully characterized by manufacturers.

Sweeo rates are nut always uniform across the sDatial extent of the IIhotocathode
resuitlng in a sllght ‘rotation- of the silt. With” time, this small effect 1s crltlcal
for precise measurements.

Keith Hlndricks (EGG/San Ramor,)

Cheractnrlzatlon needs of different users very. We should evold trying to satisfy all
needs of R1l streak camera users but Instead llmlt parnmeterlzetlons to flnlte set of
general interest. The Strasborg committee did a good job of coming up with such a set.

The dynamic range lImlt of zOh broadening Is meaningful Lo a large body of slreak tube
users.

Of course, the sweep speed w1ll affect th~ dynamic renge measurement anti must be
speclfled.

Temporal resolution measurement should be based on the modulation between two very
short, closely spaced pulses.

Static resolution measurements are edea~late for use with que?o windows of several
hundred nanoseconds, The electron transit time through the defle’ctlon system Is small
compared to the tots; ?weep timb, However, unbalanced deflection plates cen generate
a.stigmatism In the Ima lu even at slow sweep speeds.

Cnlng Lal (Lawrence L.lvermore National Laboratory)

- In glvln@ temporal resolution, either Impulse broadening or ~wo pul~e modulation
meusurkmentg are okay. However, it 1s lmportn,lt to address current. density Inslrle the
tube es thlq affects the temporal resolution by even a factor of 10. The flUN drnslty
orI the photocathode, the photocathode sensltlvlty and the wavelength used for the
measurement should be given.
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@aul Weiss (Los Alamos National Laboratory)

. Tube loadlng affects resolution, dynamic lange, and geometric rlistortlon. At the
photocmthode both photocathode current and space charge affect tube performance and at
the electro,l lens cross over region space cher e also affects tube performance.

!
I do

not have Q proposal for how these performance 1 mltatlons should be speclfled.

- The attendance at this meeting lndlcates the level of interest in the performa~lce
specification issue. While these instruments are not simple oscilloscopes, we should
notice that Tektronix reqvlres a run catalog page to specify an ascllloscope without
pluglns. We ~re considering replacing 50 oscilloscopes with one instrument. Complete
speclflcatlon of streak tubes 1s impractical and very expenslvt, but we can make a
basic set of measurements which form a basis of comparison between different
instruments.

- Performance parameters vary depending on the image posltlon along the photocathode and
the sweep.

— .—

Gary Stradllng, Chairman (Los Alamos National Laboratory)

As other have co’’mented, we cannot responsibly include crlterla which are uniquely
llmlted to specific experiments. lt. is lnterestlng, though, to hear the variety of
applications ‘or which stre~k cameras are being used.

This meeting should agree as to the criteria presented here which are general enough to
be submitted to the International community for lncluslon in the Strnsborg standardization
crlterla.

Various criteria were put to a vote and the meetln~ agreed to the followlng submissions
to the standardization commltteei

- Pulse width and sweep sps+ed used in dy~amlc range measurements should be glvcn when
specifying dynamic range characteristics.

- Vacuum operating levels required for x-ray streak cameros to obtain quoted performance
should be specified by manufacturers,

- Jitter and drift of sweep tlmlnq with re~pect to tho trigger and the warm-up time
required to obtain the quot~d performance should be spsclfied by tile manufacturer.

- This group needs parameterlzptlon measuremerlts to be performad In tt,e single-shot mode.
However, there are also appllca~.ions to which multlple scans ere relevant. Measurement
data should specify whether single shot or muitiple scans w~re used.

- Modulation tranqfer function curvws should be provided a~ completely as possib’e. This
statement 9trongly supports the Strasborg crlterln. U9urs should 0Xt8nd their
measurement results and facllltles to lnsirument manufacturers as far as IS reasonable
In order to establlsh these charactqristlco.

—.--— ~ .-—

The topic of selectInq an approprlatu baso level for dynamic range mee~urements was
debated at length. General agreement on a deflnlt!on was not obtolnod, however.

Some points brought out In thl~ dlscus?ion lncludeo

- For some appllcatlons, a base level dt?tectlvlty may be dnflnetl os the amount of slgncl
required to double the systen no;te level.

Howe/er, the readout devices nra often the dominant source of noise as well as being a
limitation on tne 9aturatlon level.

- The molse level of the syst?m depend~ on the size of the f~nctamontnl resolutiorl ‘emont
or plmel over which the noise 1s lnteqr~ted.

~ Particularly at th~ :Ilghagt sweep rates, the dhta 1s uften llmltnd to a scattnri, nf
detected photons. Evaluntlon of temporal or spotlnl features under these Statlgtical
conditions 1s very dlfflcult.
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The Strasborg committee co-chairmen have met and included these suggestions from the
Sen Diego SPIE workshop into the earlier summary. A revised proposal for stendardlzatlon
crlterla concludes this report. Changes and additions are shown in bold face type.

STANDARDIZATION CRITERIA FOR PHOTONIC STREAK CAMERA CHARACTERIZATION

1. Oynamic ranae and intensity transfer functlunt—-

The dynamic range at a given pulse width 1s me~sured by using lntenslty calibrated Input
pulses. A 20% temporal broadening ot ‘he pulse, due to Increased photon flux, and measured
at FWHM Intensity is taken to be the llmlt of operation. The dyn~mlc renge is t!len
the ratio of input photon flux, corresponding to 20% broedenlng, to that corresponding to
the photon flux threshold for clear resolution of the temporal pulse. Oeflnition of
threshold level should be given.

Cr,mplementary parameters which should be specified are,

Input flux density 011 the phOtuCHthOde (absolute values~ Joules/cm*...)
Spatial dlmenslon of pixel use5 for measurement
Wavelength
Sweep Speed
Single shot or multlple sweep measurement should be indicated

2. Stiatla! resolutlonl—.———

TO specify spatial resolution only in the static mode 1s @ appropriate for streak
cameras.

Spatlnl resolution ought t~ be specified in the Q~an!lc mode es Mlr or CTF curves as
completely ●s possible. Complemf!ntery parameters which should also be g~,en iacludel

— ..— -

- sweep speed
- width of static sltt Image In sweep dlrectlon
- wavelength
- flux level

sample size In sweep dlrectlon fr : dynamic measurement
- single shot or multlpl~ sweep measurement should be lndlcnted,

Information concerning degradation of spatial resol~,tlon off OXIS should be given.

3. TemDore~ resolutlonc—--—

Temporal resolution should be specified by one of the two fcllowing crllerlat

- FWHM nf the pulse response to e delta lntenslty input function
or hy Raylelgh llmlt AT such that the contrast
C . Vm/Vp ■ 20S

-- ---

In

I + -- 1 ‘“

The followlI}g complementary parameters should be
simultaneously ~peclfledt

‘P u

.

.

.

.

semple width in snatlal dlrectlon w AT \

sweep speed
flux density level
wavolHngth
spatl~l resolut.lon correspondlnq to this temporal resolution
alngle shot or multiple sweep measurement should be indicated

Information concerning degradatlol} of temporal resolution off center should he g::.,},

40 &WIL?RQQd_iiUQM~U’

A linearlty curve should be given for charecterlstlc sweep speeds of the SyStOml the

curve should be defined over the ontlre swoco window.
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5. Geometric distort lonst

Geometric distortions should be shown ES a pictorial image, or nnalytlcally specified in
dynamic model

. over entire sweep window
- for IS given flux density

wavelength should be ‘3peclfied
- sweep speed should be specified.

#
6. Intensity unlforml~,

n description of non-unit’ormlties should be given for photocethode, phosphor,
lntensifler, or preferably for the complete system. Pictorial :epresentatlons or graphs

are useful.

7. Photocathodel.-— —

.. Useful size for streak operation of the system should be stated.
Spectral sensltlvlty should be given (radiometric un[ts).

8. Vacuum retaulrementst——

The vecuum operating levels of x-ray streak cameras which are required to
performance should be speclfled.

9. Tlmlno stabllltyi

Jitter and drift of sweeo timlna with resDect to the trlaaer and the

obtain quoted

warm-up time
required ta obtain the quoted performance shauld be specified by the manufacturer.

--

10. ODeratlnq voltaaes~

Tube voltages required for optimum performance should be suppl~ed with each unit.

The group of users recommends and encourages manufacturers to describe as completely as
possible the parameters which effect e quoted measurement! recommendations of wha t
constitutes compelteness 1s given in our descrlpti~n of each measurement.

Users should be ad~’lsed of possible issues that could influence the response OF the
system (exe chenges In photucathode sensltlvity, etc...) and should be given lnformrtlon to
facllltete the control of such response varlTttlor5.

Recognlzlnq that fecilltles required to metisure these parameters ere in some cases
speclaliz~o and dlffIcult to acc~ss by manufacturers, we recommend that photonlc streak
camera users extend themselves and their test f~cllltles tc esslst manufacturers in
obteinlng the chriracterlzatlon data necessary to make general statements of streak camera
speclflcatlon.

Further contribution end comments on the completenes~, correctness ~nd relevance of this
parmeter sperltlcatlon i!? encouraged end welcomed. Please send such contrlbutlnns to Noel
Fleurot (CEA-Llme ll-Vsilenton) or Gary L. Stradling (Lug Alamos National Laboratory). Those
interested J,n being included In f,)ture comrnunl?atlons from this committee should send their
neme, address and telephone Ilumber to one of the above co-chalrmqn.


