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ABSTRACT

TIIIS tube iu ●imed at chuctoring speeds faster than 200 pic~~econds,
with requir~d electrical gar~ pulse leao than 60 VQICS. similar Cubes

w~rc de~crlbcd in a 1984 paper at chiti meeting. Ono n~w featuro is tho
utie of a ❑icrochannal place (MCP) to provide high nnd ●djustable mlgnal
Rain. Thie cube, in cornpariutin with prnximicy-focussad tubes, conkcrv~ti
rctioli’cion by uelng an eleccroacatic focus lens. Also new i- t~C Ubti Of

tru,ltifer Photocathode Cechniquo co @liminace acray emission from the
gatfi ❑eati. Fleaaure(l pcrformanco: Gscing cpued, Cain, On-off signal
ratio will be praaantad. Tube construction dnd tha transfer
phococ~thode technique will be dincu~nod. ‘~he noimo which mhova up in

high-gain imaging oyacoma will be diocussed.

The work o~ecribed here follows that of 9PIE paper 497-10. ~984* tie
tire wurking wlch a focueaed image lnten6ifier diaurammed In Fiu. 1. A
conctvc,phoracac bode on Che fiber OPCIC icput faccplmte generates
olectronc in rosponso co light fslling un tha facoplacc. In chc “on”
stata, tha oloctrons emitted from ●ny point of the imaga are accoloraced
through the cube co a focus ● t rho image plane. The present cube has a
rnicrochannal plate, ●t chic plsne, which amplifica Che ●lectron CUrrOnt;
the ●mplified oJactran imago io ●ccalarated to ● phosiphor acroon using
proximity focue. Tht output ftcoplata la fiber optic for conv@nlenco in
coupling co following davicoe.

The gate elactrode ic a fin. maoh curv~d screen close to [he
photocathode. The “’on’’volcaga ●pplied ta this ●loctrodc it equal LO chat
which che aquipotentlal sphere would nave had in tho ●bsence of the
mash, to that thu mcmh cauoem minimal dlaturbsnce co tho ● loccric field-
The gato io “off” for ●ny volcagc on the mash iovar than the
photocathode pocencisl by more Than a ftiw volta, Th. finite realtclvlty
of rho photocathoda mat8rial limica the speed with which An electrical
olgnal ●ppliad to tha ●dga of tho phococathoda can rtach the concer. The
timo rsquirtd for chls is of che ordar of the RC time constant given by
the photocachode surface :eolctivity and the capacicancw bttwaen tho

moth and tha pho~ocathode, In order to have 10V phococathod8
r~siativity, v. uoo ● conducting ●ubacrate undar Che phoeocachoda, For
tho opaclns botwo~n che photocathoda ●nd tnosh, ● design compromise i~

msdo botuoon tho RC cimo ●nd tn. PU1OO voltago raquired. The Pi@sent



dealfln haa ● 50-mil mpaclng which uiveo a roqdiracl pulec voltago of 80

voJca and ● time eonstanc of well under 100 PM.
The substrate is ● n ●vaporated nickel layer. Absorbclon of light in thi~
layar givoa ●bout 502 light cranemismion.

We arc in the pracess of ewicchlng over from ❑aking image inccnsifier
\fldicons with ellicon Cargetr, (SIT vldfconn) so making this image
intonoifiex tube with ● micrechannel plata. The exhaunt equipment had

not yet been mod,lfied for che ● leccron scrubbing normally used on

mlcrochannel places during the exhaunc cycle. The cube we used for test

vat madt without scrubb!ng and ● a a rauult the ❑ icrochannel plate
outgstosd oxceasively in operati~n, degrading tube performance.
Specifically, decraafiing phococ~chode 8en6iclvlCy and cauaing an as yet
~ndetormined electrical loading effect which limited zhe voltage wc
could ripply to che phornphor, further reducing tho over-all aensicivicy.

Nevertheless, we w~ro able to obtain some mca.suremencs. Tha turn-on
was checked; it wa~ found char the turn-on doeu occur ovar a narrow
range of gate volrage ● o ●xpect~d, as shown in Fig 2. The turn-on ~a not

sbrupt bec-uuc of tho distribution of initial energic of electrons
scarclng at the phococathorfe ●nd bocauee of mlcctrlc ilelcl reachtng
through [he ❑cah opcninge. The latter effect 1s small with our fine
mesh, (1000 lines per inch). The much higher gacinq voltage is uerd to

bring the gate ● lectrode to the neutral voltage, described above, for
best rcuolution, Thus we desire a rectangular electrical pulse, but for
high speed PUISOS “rectangular” is hard to obtain, hence We ~Gee some

,roeolution for much pulsee.

GatlnH timo waa measured in ● system where the llghc tias aPPli@d to

the cube as a pulsa from a quenched laaer of ●bout 10 picoB6cond6, much
‘ tihorcer than the av~llablti electrical pulse, The light pulso could be

movod through c))e ● lec[rica) pulso by adjusting delay timao. H moquence
of images at va~ious timee within cha ●lectrical p~!lae waa obtained.
‘1’hetie were too poor co display, but it USE determined chat chc effect of
RC Lime warn insignificance comparod to cho 650 picosecond t lectrical
pulne uoed. Tha effact of KC time would hava be~n chat the lm.ARe would
appear initially ● c the cdgo of che circular srea, ●nd thtin progr~es
inward until it fills the wholr cub., ●nd likewite ●t the ciosi”ig of the
gate, the image would disappaar Iiruc MC tho odgas. Thik @ffoct has long
b~en obaervod for tube- without conductive fiubstrato under thu
photocathode.

In shuttoring ●ppllcationo, ic iB d~aired chnc no unwhnred rnignal
should accumulate during tho “off” clma. AC a meaaure of porformnnce, we
dctormine che raclo of “on” signal co “off” signal and roqulre that ch~s

be at least ● ❑ill ion to ono There ● ra three remrnonfi for non-8mro
tignsl durin~ chc “off” time, (1) Light may penctract chroJRh the the
tuba from input to output. This is inaignificanc in ch~ preacnc tubo
bucauae ● n ●luminum coarlng on tho phosphor blocke tha llghc, but ~n
alternata versions of chit Cubo in which a oil icon diode arrtiy target
uich vidicon read-ouc 16 uncd in place of che t4CP ●nd phosphor, thi~ 10

@lgntficanc. (2)Tho microchannal placa glvaa ticray electron omiscton
under ●aximum Main conditions, We do n~t nnticlpace this will ba #

probltm bacauoe maximum Rain io not useful ao will b~ cxplainad latar.
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(~) Photoemlseion from the gate mesh is riot cut off by mesh voltage, and
wafi a si~nificant factor in previous tubeaj where the photocathocl~

processing caused alight sensitivity on the mesh. Present tubes are made

by the photocathode transfer technique demcribed below. Recent work

shows that this technique does ●liminate such sensitivity.

Tuba exhaust is done in a bakeable vacuum bell, see Fig.3. The proceriuro
in outline la as follnws: The tube body including the gate mesh is
placed in the bell in the loft tication, indicated ● s a the fficeplate
carrying the thin nickel substrate im placed in the right Station, at b,

resting on tho processing chamber. This chamber in used to contain the
alkali metal kapors during photocathode formation. The system is then
cloMed by boltlng on LOU anl bottom flanges. The system I@ pumped and

baked. The photocathode is then processod and the fac~plate moved over
Cha tube body and sealed, Tho system iB chcn unboltod and Lhe completed
tub- recovered.

While light gain 18 not the primary function of this tube, it Is
lmporcant in the design of chc total system. The random noise introduced
by the quantum naturo of light and electrons is orIc tactor. Lot us draw
● quantum gain diagram for thi~ tube, see Fig. 4, Location in the tube

ie plotted horizoncalAy and log of the number of quanta ie vertical, Me
arbltratily start wieh one input light quantum. Tho probability of
emission of an electron from n photocathade ie ●bout 10 percent, but the
nickel subutrate may abmorb half the light, making net gain uf .05. The
meoh has a cranam$sslon of ,5. The channel plata haa ● fraction of opon
atea grentor than .5, but the randomnosa of gain in the cl)annale adda ●

little noise, so we consider ita opon area .5. ‘fhe gain in the MCP is
high ●nd variable with the voltage ●pplied ● cross it. Let uiI asaume a

gain of 1000 and aosume the phosphor gives ● quantum gain of 10.The
usefuAncsa of this quantum gain diagram it that the 10WOSC point in th~
diagram approximately sete the ayetem noitie! Suppose w. want an
individual pix?l to have a uignal-to-noiee rstio of 30. Since the random
noise goes as the square root of the number of quanta, we need about
1000 ● lectrons pet’ pixel ●t this point, We then aet :he vertical ecaie,
●nd find the number of input llghk quanta to be 80000 per pixel.
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FIGURE CAPTIONS

Fig, 1. Electrode ‘“~gram for focused gatable image intensifier.

Fig. 2. Gate volfage characteristics of image intensifier,

Fig. 3. “Triinsfciphc!acathodr system.

Fig. 4. Quantum gain diagram for image intensifier,
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