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Table 1. Los Alamos MCP Chmera ~stems——. — .. ——. .-— — -—.—- ——-— —-- .——-—-—- .—
Sh=est

——.——. -——

Tube Practical output Principal
Diameter ._.-. _- __ _____.—_Gatin~ Time Hedia Devel~ers References——.-_— —.. _ ___ .—

10 mm 2.5 ns vidicon tube GrouP P-!5 33
25 mm 10 to 20 ns vidicon tube Group P-15 -.

25 mm 5 to 10 ns 25 mm (Electric Group P-14 --
film advance)

40 mm 10 to 15 n9 70 mm Groups H-3, 34
(off~r9 multi (4” x 5- film) E-7, h M-7 (P.l15L’r Ol”l] j’)

pul,~ing capa-
bility— —..—--._—— -— —--. — -. . —.. . .-— —-. —.. ._-.

Over 75 cameras have been btlilt at Los Alamos, and several of LI,P 40-rmT car,’ IS wore
built for other organizations. The basic performance ripecif]catlon fcr all ttitl ~.. .eras IS
a resolution of 10 to i5 line-pairs/mm with lun,inous qains betuccn 3000 and IO,[I(ICI fc,: s:?
phc’ucathodes and P20 phosphors. All tubes discussed here are the ‘wafer- Lypc, WLI<I, Ir-
Plies double proximity-focusing (prorrimicy focused between [Ihotocathcde anll !4C1’ ln}”~t ar
well as between HCP output and phosphor). Several variations have been used c,r t!.r!t,:] lr,-
cludinq S25 and GaAs photocathodea, P-11 phosphors, arid operatin~J tho tul,e: In s$’:i~,r k’l!!.

diode intensifiers to obtain higher gain. With the exception of tlIe GDAS photocht!,, .1(,

tIJLIcs, nearly all tubes ))av@ been generation If, ITT types F-4111 (lEI mm!, F-4112 (;5 ?:’ ,
or F-4113 (40 nm)35 spec~fied for pulsed opera.lon. F]qures 1 and 2 are ~,Ic!.Irc:~ V!

tt,vse tut,vsl and Fig, 3 is a cross-sectional drdwlng. ThP pulsors I,a’:r b*.0:, a,~~lnn..! I.
lransisror circuitz, Th@se camvra systemsi are g~r,crally rolls:.iw rrrl.1 lIJt”~J ()!,till,](: : ,“ I

for mdr~y Los Alamos s{udle~.

1, Ptl:!:,)(.nrt,(lj4, CJ,l!~lIJ

;, )!:”1’ lJd! Iflg
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4. ~m~ined MCP-phosphor gating

An MCP wafer tube can al he ga ted by driving the MCP input and the phospt, or
with a single p~l se. 11, Icings and the dielectric constant of the RCP are
such that a single pulse c he made to capacitively divide vnltage appropr~a:~l;
between the MCP and the phu: or gap, Again, because the gate pulse energy re-

quired is high, this mode is t usually considered.

The limits on gating speed of proximitj focused diode intensifiers were discussed in
197019 and 197121 by Clement et al. and st ‘ed to be =100 ps. Similar limits, elec-
tron transit time, gating siqnal shape, an~ photocathode and FICP input faCe electrode re-
sistiv+ty apply to MCP wafer tubes using ph~,tocathode gating. In the Los Al~mo~ car.~ra:,
the electron transit time for a full voltage gating pulse of 180 V is =65 ps. Thus tt,c
dominant limiting effects are the gating signal shape and t),e electrode resistivity.
Gatinq signal shape is defined by the gate pulse genvrator and its connection to tt,(, !Jk,e

electrodes, The electrode resistivity contro’c both the propagation velocity and the
Epreading of the gating pulse as it propagates from the ed:je of the tube to the cer,ter,
Some work19~21 has been done with tubes representing a section of a uniform parallel
strip tran9ml~sion line, an effective implementation that conceptually slm~lifies the
analysis. However, to achieve the desired c l-ns gnting ‘with minimal re-engineering of kl(
tubes, we plan to drive them at up to four points sround the circumference, and in our
analysis, we model the tube as a radial transmission line with a wavefront Propaga:lr; lr.-
ward from the circumference to the center, Llth+r$ have analyzed this conflg~rakion cslriq
a distributed resistive-capacitive model.36-j8 T+IS earlirr work, wk,lle pro’}~dlng arl
accurate analysis of the R-C model, did not allow sirr~ltaneous rrc]dellr,q CIf t~,e pu:s,,r, ‘.’,.
connections between the pulser and the tub~, the edge geom(,try of Llle t,.b(,, ur !!,(. ]r, :....–
tance of the tube,

‘1’F,e Systf Kor)r,l
.—. ..-— — -. . . . .

Our elrcl.rlcal enqinooring backgroun(l led us CC, use
a cof-puter network analys]s progranl, 39 tha~ reallly al
noted features and com~,le[e systerr evaluation of tile t

Flqure 5 is our dpctrlcnl mod(,l of !)lc tul)t,, t(>r

(1
‘(’

;- lfl 1’ ,’!‘1!, ,’

lfl f.llilfl:

n [.(!II ,,TI

{)f f[ ,,,, !.

11!.[!,1),

WI-PI) I Ill,

1) III-III11,,:

!,!!l,,!),! 71, ,,,,! !1!. v ,’ 1,,,,, !!1 1 II ,’,!

l’l, !wf,l~l, f = /1 !1!,1 f . I ,,! ;1 :,1! ,1 ;;,; III’!

R!l if: t)lr Illlrll (If It It, flllr,o! [r!.klit,ll,[~. (I! II, ,! I (Ill, I,t, ,ltl! ,1(I

III (IIIrr,., :(~(larr.

‘r’l, - C., !(IO 1 Vl]ll>lln of t 11#, IIlllr. atl, (l#*fl!l#, rl l,; t!, ,. ,,,lrTl i! 1(11~ I ,. 11,

wtl~jlt, II,f. 111’n 111, / til~,a.1 11. tIII (’n], III III{. lII!Ill, I!III rrll,lr,, I!JI(lI 1,



34& $7.-
constant of the ceramic (13.9). On the ITT tubes, over half the tube capacitance is du( to
tne ceramic insul~tor region. Table 2 gives the values of each circuit element in Fig, 5
fo: an 18-mm tube as a function of sPacin9 and surface sheet resistances. In the actual

Ldbe, the inductances and resistances are distributed on both sides of Lhe line, but for
analysis they can be lumped on one side. This does not affect the validity of the model,

Table 2.—— Component ~ues for Tube Model (Fig. 5)
Region —

(ouker to inner radius) L
_(milli.meters)

c R
(picohenrics) (Picofarads) (ohms)

Insulator region: LIA = 9.1 CIA = 6.1
&5.2 to 13.7)

---
L2A ■ 9.6 C2A = 5,8 ---

Frcm insulator LIB ■ 34 CIB = 0.51 ---
to taper: L2i3 = 38 C2B w 0.46 ---

J13.7-to 11.2) ——
First half taper: LIC - 31 CIC = 0.36 ---

_(JJ.2 to 10.2)
Second half taper: L2C = 15 C2C = 0.74 ---

(10.2 to 9,2)-.——
Ptotocathode: LID ■ 22.2(d) CID = 0.730/d RID = 0.017”/(Rs)

(9.2 to 0) L2D = 25.O(d) C?D w 0.417/d R2D = 0.0199(R5)
L3D ■ 2B.6(d) C3D ■ 0.362/d R3D = 0.022S(RS)
L4D = 33.4(d) C4D = 0.306/d R4D M 0.0266(RE)
L5D = 40.l(d) C5D = 0.250/d R5!I = 0.0319(R}r)
L6D = 50.3(d) C6D = 0.195/’d R6D E 0.04013(P5’
L7D = 67.3(d) C7D = 0.139/d F:D = 0.0536!Fri
LED ■ 102.O(d) C8D ■ 0.0B45/d FeD = 0.06:,3,:.:)
L9L! = 220.U(d) c~~_”_&0~7~:<d R9J = C,1749~::F,—..

Tln th]s raLle, d, the spat.ng between phoLocathode and tne ML=lnl:t face IS lr, r-,
ano Rs, the sheet resistance of tl,e photocathode pi’~; the sheet resistance of tl]e !,:?
Input face, is in ohms/square.)

The ne~n impedance level of the tut)e between an: two rad]l for a low re~ls:lve ‘.CIS: lS

given by

/ /“

—-—..
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Achieving these parameters requires modifying both tubes and gate pulse generatcr tecf,-
niques as described below.

Tube modifications

We are procuring tubes with four modifications.

Photocathode sheet resistance—

S20 and s25 multialkali photocathodes have inherently high sheet resistivity. h’t,~n
tubes are built for gating applications by ITT, the photocathode is deposited on a pr~~r]-
etary multimetallic substrate. This permits most 18-mm tubes to be gated for -2.5 ns.
For faster applications, GaAs photocathode tubes, which have very low sheet res]qtance
(possibly Z] ohm/square) as well as higher quantum efficiency, might be used. Urjfortu-

nately, GBAS is even more prone to poisoning than multialkali cathodes, and for protec-
tion, generation III tubes use an A1203 film at the MCP input tc protect the ca:hcde
frcm positive ion feedback or other contamination. This filrm requ]res slgnlf]cant eiec-

tron energy for penetration, and thus the gating voltage requirement is ’900 ~. Because
of this, coupled with the scarcity of generation III tubes, we have given little ser]o:s
attention to using GaAs, although we did some experiments w.th a standard mil]tary nlg!,t
vision tube during 19B1. We were unable to produce the hollow center effect with Lt,ls
tube. To lower the sheet resistance of multialkali cathodes, various schemes have be~]
used including implanted metal meshes, metal film underlays, and transparent r,etal o;.]i~
semiconductor underlays. Generally, the cathode is incompatible with many of the des~rc!
underlays. Thomas4° reported a very prorri sing system where a metal oxide seniconclJcLor
underlay is overcoated with a thin (2.2 :n) layer of silica to provide chp~[cal lsc;a:l~:,
between the photocathode and the conductive s~bstrate. In t$e fast gatlng mode, Lhf: L.;,

is coupled to the photocathode capacitively through the silica. At the ire’~J~TfCi~S 1’1-

volved, the capacitive reactance is low enough to be considered a dlrecL c~rnec:l~r.. ?.’
low frequencies, a dc path is provided by d~rect connections to the edge cf LF, e F!,c!~-:”’-
ode. The knowledge of transparent sernlcond~rtor cond’Jctlve coa:~ngs F.a: lrcrea:~~ :.I:,-
edly in recen’. years41-43, and a coating with 6t9 trarlsm]sslon lr, Lht. ‘v~sltle :;~::r.-
and a sheet resistance of c1O ohms/’squarc can be made.

MCP input face sheet resistance——— ———

The input face of an hCP is comnonly coated wlt~l InconPl, F(~r, ,Jr !; 17:; r,, .,, f .,,
have particularly .Jw resistivlties. ~:ps b’]:~, g:):d Coa[jr,(j t!, l:kr, e!! ! f -[, .4 ,- fi:l
available and have sufficiently low s~rface resls!]vlty.

:-vut connegtign indu.cwl~e

To achieve a ser]es Inductance of .2 nanotl~?nrle!, f[df f]d! td!’ !:II:I ! ~:1” III I’ ‘

will be connected tu bot}l the pt, utoca!tt ode ar]d ttl{, E.”l’ lnl~: . ?1{, !u!( ‘ .’1 ;1 ! ,~., : ,
very thin potting, The four pbotoca:tl(~de tats w’]]] la’~p t!~’ SJr~u ~!i..l~l~ : “I: I
tube holy as the four ML’P tabs so that f=acl, can t,e ex:enjc:l ]n!c [d!clli~,; ~ rI’’’”:: .

(, :,,:: 1,
~)’.

,,:, :’’.,’,: ,.

,, !.; ,, . f;:’

!),~’! ,!,4
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because the line is s.unted by a lo-ohm termina~in9 resistor) requires driving four do-ot,r
loads simultaneously. With the exception of photoconductlve switches, all switct,inq cecF,-
niques have too much jitter to rely on four separate pulsers. Splitting a sin~le pulser
to several loads can be done capacitively, with transformers, resistively, ~ith tapered
transmission lines, or with microwave combiners. WI? are evaluating the last three r,etk,-
ods. Note that resistive dividers have high power losses. A 1000-V pulse on a 50-ot,r
line resi5’LivelY divides into four 203-V pulses into 40 ol,ms, an EOR power loss.

A further complication is that on a real camera one usually wants to operate the pk.os-
phor at ground potential to avoid current leakage through the fiber optic cou~llng pla:~,
and this puts the photocathode at high voltage. Thus one either floats the pulser at t,]g~
voltage or uses coupling capacitors to provide isolation. If c upling capacit~rs are re-
quired, they must be carefully selected to provide low series irlductance; tl,erefore, ce-
ramic capacitors designed for use at microwave frequencies shoulc! be used. Alsc, ade-
quate dielectric strength must be provided because breai~own of a coupllrg caFacltor ~L.15
destroy the t~’be. $lmilarly, load resistors at the tube rest k,ave verj io- lr.ti=ct~rice,
and microwave frequency resistors should be used.

S~r_k-fiD_~ulsers

Spark gaps can be made to gencrdte plllses in excess of 1000 V ~ltk -150-:s rlse:lre,
but it is very diffic~lt to simultaneously produce vely IOK trlggc): ;lccer. FI:: a fez:
camera to be useful, tt,e trigger ]ltter should be a s’rail fract]on of the ex~:c:r~’ TIT+.
Laser-triggered spark gaps tens to have signlf]cantly lo~’er ]ltter titan eiectrlca. i; :rI;-
gered ga?s. Most sp(.rk gaps require frequent ad]tiStnerltS of ga~; elec:r~~e:; arti ‘~:
pressure, flow, and composition. We are not pt.eser,tly sz~:jlrlg s~ar~ ga~s. ;Y:fi! L-:,:e: ;4
and 45 discuss hlgt,-performance spark gaps.

}.:aianctje t.rans’stors—.— —.-

tie t,ave used avalancte trar=lsLors for several years lr. va:lc.s a;; lIca:ic,”.s. ; r:ti..-

dard avala)ck,e pulser IS described Ir, Ref. 34. GeRerti14j’, !lg!-’;:jtti:e a,dla:.crc ::-’ . ..-
tors have lnstiff]clent risetlme for a .l-ns camera. There a:e ;o~-’;c;tsqe trar,slu:c:s
(K:torola 2N4014, for example; with fast erloiqh :lsc:lre LJt 1~.sti!ficl~.~k ~:~:a:(. s-:-j ::
cu:re:,t capac]ty. A\’alanche Cranslstors car be conrec:e5 lr, ~h.les for !I:::er L.1:~:1
e]tt,er by a “Hdrx corlflgurbt]on” or bj direct ser]es ccIr,nPcklL~#. ,.Gt=r(E’:a A.:., ~~ ~ ~ ;:( .. ;. .

of ar, avalanct,e clrcult dot: not degrade s)gr,if)ca-:~}’ UIC! tlf’56!, l:: ’P’, .;:c, ::, .~, . . . .
tlons if c~rrer,t ]lm]ts are not exceczed. A,; a’, ar, c! f clrc.l~s c6:, alsc :,.,.[$ ;J:’. ..,.. .l .:”
tc CLta]n hlgl:er current. Kltt, carefwl 13j’CJt/ na:{ avalanc!e t:d”:i !:.:: C:.11 :. :’ “-
r,ec: j to dr]vc a fa:lt tube, and trlg;er ]ltte:s cf !J[) ; S d:(} r t~~! . V(,1 j (-U ; ! : ::1 J



gating pulse. In essence, one gates the tube and then illuminates the PFotocaLt,ode with
the fast light pulse at some known time relative co the gating pulse. Ttjis allows JS E2
observe the temporal liqht res?onse of :;Ie 9atin9 Process at various points across the

photocathode surface.

Our first system (Fig. B), which is fully operational, is based on a 1000-TJ, l-r,s ~lse-
time mercury relay pulser and a solid-state laser diode light source. The m,ercury rela;
pulser generates a fast rising 1OOO-V pulse, the ~a]or portion of which is sent tt,ro.q~, a
low-loss delay line consisting of a 5-ns adjustable air line and a 75-ns cryog.enlc :lr,e
operatinq in ljquid nitrogen. The pulse length is then clipped to 600 PS ar,d appiled tz
the tube. A sample of the mercury relay pulse is used to trigger a Hamamatsu laser d~ojf,
pulser, which has an internal trigger delay of =75 ns and an internal trigger ]ltter ::

=30 ps. The laser diode output is a 75-ps-wide, 850-DJ pulse at 820 rnm (netir lr,frareti, .
The quantum efficiency of an S20 photocathode at this wavelength 1s near 0.018, b~”. IC

still has adequate sensitivity to allou testing the tube for te~.poral response. :r.e s;:l-
con intensified target (SIT) TV system provides .? convenient me~hod c~f vle’iir,g :he ;T,:.

intensifier tube response. The prime limitation of this test setcp IS tt,e r~rglr,a: r:cc-
time of the pulse from the Spire mercury relay pulser.

Our second test setup (Fig. 9) under development uses a nitrogen laser to ts~t, F.:; a
dye laser emitting in the visible and to drive a photoconductlve switch.
output is a s50-ps, 1-LJ pulse.

Tre dye la-c:
The nitrogen laser (337 nm! prov]de$ aLo.: 50 ..: L: ?r.-

ergy spiit equally between the photoconductlve switch and the dye laser. Acc~;a-.c .. i-:-,:
is pro’~ided by varying the light path length. Tt,ls sj’ste~ w]lI provide fas:er rl s+::-.
and shorter pulse width on both the electrical ar,d c~e optical p~!ses :ka- ::? =,’!:,”- .-
Flg. 9.

Conclusions
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