LEGIBILITY NOTICE

A major purpose of the Technl-
cal Information Center is to provide
the broadest dissemination possi-
bie of information contained in
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal
state and local governments.

Although a small portion of this
report is not reproducible, it is
being made available to expedite
‘the availability of infcrmation on the

research discussed herein.

1



LA-UR -87-3305 CONF -S"108 110 = =20

Los Alamo1 National Laboratory 18 operated by the University of California for the Unite1 States Depariment of Energy ..nder contract W-7405.ENG-358

LA-UR--87-3305

DE88 000480

TITLE A FOCUSSED MCP IMAGE INTENSIFIER TYPE FOR HIGH SPEED GATING

AUTHOR(S) Ben Vine, EG&G Energy Measurements, Inc., Woburn, MA
George Yates, P-15

Iy i B i al Technical Symposium on Optical
MITTED TO Ilst Annual Internationa ymp , '
e and oOptoelectronic Applied Sclence and Engineering,
San Diego, CA, Aupust 16-71, 1987

DISCLAIMER

This report was prepared as an wecount of work spunsured by an agency of the United States
Giovernment.  Nenther the United States Government nor uny ugency thereol, nor any of their
employces, makes any warrsnty, capress ot implied, or ussures aay legal linbility or respor-i-
hility for the accuracy, completeness, or usefulness of any infurmation, apparatus, product, or
provess disclosed, or represents that s use would pot infringe privately owned nghts. Refer-
cnee herein to any speaific commercial product, process, or service hy trade name, trademark,
manufucturer, ur otherwise does not necesaurily constitute or imply 1ts endurseiment, recom-
mendation, or favoring by the Umited States Gavernment or any agency thereol. The views
and opinony of authors expressed herein do not necessanily stute or rellect those ul the
Vinted States Gavernment or any agency thereof.

Ny atenpiance of s gl ip the pohiishar racogmies that the (S Government rptans g nonesciusive royatly fres heeose o publish o eaprodaen

' .
the putyhiatag frerm ol g contaighor ar to gllow thars to dgo so tor (1D Goysrnment purposes

'
Tng tasn Algmoy Nabonal {abonrglory regenats thal Ihe puahiohar dentily s arlin o gy wore performad gnder (he Aysj. e ol (hey n
. z

JINLIN| ‘M“

U b e

Los Alamos Natiorial Laboratory
@S @m@ Los Alamos,New Mexico 87545 X ,\

VONM NGO 8 ha {1 B Y " L O A L AR
51 NO 28284 Y


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


A Focussed MCP lmage Intensifier Tube for high epeed garing
Ban Vine

£EG4C Energy Measurements, Inc. = CRT Operations
19 Wheeling Ave., Woburn, MA 01801

Ceorge Yates

Los Alamos National Laboratory = Group P-15
Los Alamos, New Magxico 87545

ABSTRACT

This tube ivw atmed at shuttering speeds faster than 200 picuReconds,
with required elecctrical gare pulse lese than B0 volrs. Similar rubes
were described {n a 1984 paper at this meeting. One naw feature is the
use of a microchannel placte (MCP) fto provide high and adjustable wignal
gain., This tube, 1n comparison with proximity-focussed tubes, conscrves
tesoluetlion by using an electrostatic focus lenws. Also new {8 the use of
tidasfer photocathode techniqua to eliminate etray emission from che
yate¢ mesh. Measured performanca: Gating speed, Gain, On-0ff signal
ratio will be presanted. Tube consetruction and thae transfer
photocuthode technique will be discuased. The noilsa which shows up in
Pigh~gein imaging syetems will be discussed.

TEXT

The work described here follows that of SPIE paper 497-10, 1984, We
are working with a focussed 1mage intensifier diagrammed in Fig. 1. A
concave phorocathode on the fiber optic irput faceplate generates
clectrons in response to light falling un the facoplate. In the "on"
state, the olectrons emitted from any point of the image are accelorated
through the tube to a focus at the image piane. The present tube has a
microchannel plete, ot thise plane, which amplifics the electron current;
the amplified olectran image is accelerated to a phosphor screen using
proximity focus. The output faceplatma s fiber optic for convenience in
coupling to folloewing devices.

The gate electrode is a fine mash curved screen close to the
photocathode. The “on"voltage spplied to this electrode 18 equal to cthat
which the equipotential sphere would nave had in the absence of the
mash, #0 that the mesh causes miniwal diaturbance to thae eloctric field.
Tha gate ie "off" for any voltage on the mesh lowar than the
photocathode potential by more than a few voltas. The finite resiascivity
of the photocathode material limits the speed with which an electrical
signal applied to the edge of the photocathode can reach the conter. The
time raquired for this 1is of the order of the RC timae constant given by
the photocathode surface -esfetivity and the capacitance between theo
mesh and the photocathode, In order to have low photocathode
resistivity, we use a conducting esubsctrate under the photocathoda. For
the spacing between the photocathocde and mesh, & desfign compromise i{w
made between tha RC time and the pulse voltage required. The piesent



design has a 50-mil mapacing which gives a required pulse voltage of 80
voltes 2and & time constant of well under 100 pu.

The substrate 18 an evaporated nickel layer. Absorbtion of light in cthis
layer gives about 350X light transmission.

We arc in the process of gwitching over from making image intensifier
vidicons wicth g1ldcon targets, (SIT vidicons) to waking this image
intenelfier tube with a microchannel plata. The exhaust equipment had
not yet been modified for the eleccron scruobing normally used on
microchannel plates during the exhaust cycle. The tube we used for test
wart made without scrubbing and «s & result the microchannel plate
outgasesd excessively {n operation, degrading tube performance.
Spacifically, decreasing photocathode sensitivicy and causaing an as yet
undetormined electrical loading effect which limited The voltage wa
could apply to the phosphor, further reducing tho over=-all sensitivicy.

Neverthecleas, we were able to obtain some mcasurements. The turn=-an
was checked; it wae found chart the turn=on does occur ovaer a narrow
range of gate volrage as expected, a9 shown in Fig 2. The turn=on 18 not
sbrupt becausc of the distribution of initial energic of electrons
starcing at the photocathode and because of wlcctric fleld reaching
through the meah openings. The latter effect is small with our fine
mesh, (1000 lines per inch). The much higher gating voltage is used to
bring the gate electrode to the neutral voltage, described above, for
best rcwolution, Thus we desire a rectangular electrical pulse, but for
high speed pulses "“rectangular” te hard to obtain, hence we lcse some
roeolution for msuch pulses.

Gatiny time was measasured i{n & system where the light was applied to
the tube as a pulse from a quenched laser of about 10 picoseconds, much
shorter than the avallable electrical pulse, The light pulseo could be
moved through the elecirical pulse by adjusting delay timew. ~ scquence
of {mages mt various times within the electrical pulse was obtained.
Thede were too poor to diaplay, but {t was determined that the effect of
RC tine waw insignificant comparad to the 650 picosecond c¢lectrical
pulae used. The effect of RC time would have been thace the image would
appear initially ar the cdgae of the circular area, and then progress
inward until it fills the whole tube, and likewise at the closing of the
gate, the 1tmage would disappear firswt ot the odges. Thiu e€ffoct has long
been observed for tubes without conductive substrate under the
photocathode.

In shuttering applications, it 1is desired that no unwanted signal
should accupulate during the “off"” time. As s measure of porformance, we
dectermine the ratio of “on" signal to "off" signal and require that this
be at loast a million to one There are three reasons for non=-tevro
signal during the "off” time. (l) Light may penetrate throisgh the the
tube from input to output. This 1s instgnificant {n the present tubey
bucause an aluminue coating on the phosphor blockse the light, but In
alternate versions of thise tube in which a silicon diode array ‘target
with vidicon read-out 1s used in place of the MCP and phosphor, thia {8
significant. (2)The microchannel placte gives wctray electron emission
under maxiwum gain conditions. We do not anticipate this will be &
problem because maximum gain {ie not useful! as will be explained lator.



(3) Photoemission from the garte mesh 18 rot cut off by meah voltage, and
was a8 8ignificant factor in previous tubes, where the photocathode
processing caused s8light sensitivity on the mesh. Preaent tubes are made
by the photocathode transfer technique described below. Recent work
shows that this technique does eliminate such scnseftivity.,

Tuhbe exhaust {s done in a bakeable vacuum bell, see Fig.3. The procedure
in outline 1o as follnws: The tube body including the gate mesh i
placed in the bell {n the left wtation, indicated as a the faceplate
carrying the thin nickel substrate is placed in the right station, at b,
resting on the processing chamber. This echamber 18 used to contain the
alxali metal vapors during photocathode formation. The system is then
closed by bolting on top ani bottom flanges. lhe system {¢ pumped and
baked. The photocathode is then processod and the faceplate moved over
the tube body and sealed. The system {8 then unboltod and the completed
tube recovered.

While light gain is not the primary function of this tube, it 1is
imporctant in the design of the total system. The random noise introduced
by the quantum naturoe of light and elactrons is one factor. Let us draw
a quantum gain diagram for this tudbe, see Fig. 4, Location in the tube
is plotted horizontally and log of the number of quanta is vertical. We
arbitrartily gtart with one input light quantum. The probability of
emission of an electron from a photocathode 18 about 10 percent, but the
nickel substrate may absorb half the light, making net gain of .05. The
wmesh has a transmiesion of +5. The echannel plate has a fraction of opon
area greantaer than 3, but the randomness of gain in the channels adds a
litcle noise, so we consider ite open area .3. The gain in the MCP {s
high and variable with the voltage applind ascross {t. Let ud assume &
Raln of 1000 and sssume the phosphor gives a quantum gain of 10,The
usefulness of this quantum gain diagram is that the lowest point in the
diagram approximately sets the system noise! Suppose we want an
individual pix2l to have a signal-to-noise ratio of 30. Since the randon
noise goes as the square root of the number of quanta, we neaed about
1000 electrons per pixel at this point. We then set “he vertical scale,
and find the number of {nput light quanta to be 80000 per pixel.



FIGURE CAPTIONS

Fig. 1. Electrode ." agram for focused gatable image intensifier.
Fig. 2. Gate voltage characteristics of image intensifier.
Fig. 3. Transiei phctocathode system.

Fig. 4. Quantum gain diagram for image intensifier.
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