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Abstract

The imaging charactarimtiaa of two faint image ●huttarm used for recording tha spatial and
tamporal evolution of tranaiant optical wentm in tha nanoaacond i’anya havo b-n ●tudiad.
Bmphamin in on tha comparative pmrformanoam of,maah ●hutter type undnr similar condition.
Ram nne data, including

r 7
atinq ●paad, gain, dynamic range, ●uttering efficiency, and rmmo-

lut m for 18 ●nd 25-m-d am proximity-focurnad microohannel-plata (HCP) intanaifisrm ara com-
pargd with similar data for ● prototype clactrostatioally-focumad 25-nwn-diam qatad ●ilicon-
intmsifitd-:arget (SIT) vidicon currently undar dovalopment for I#3aAlamoa National Labora-
tory.

Bevernl key parammtmra critical to optical gating ●pomi have bmmn variad in both tl!be
typmb in order to dmtmrmina the optimum parformanca attainable from ●ath design. Theme in-
cludm conductive ●ubmtrata material and thiaknemm uaad to rmducm photocathodo rmaiativity,
spacing betwoon qating ●lfctrodsm to minimiza intar-alactroda capacitance, ?.118u80 of con-
ductive qrldm on the phot[)cathode aubmtrate to parmit rapid propagation of tha ●lactrical
gate pulna to all aroa~ of tha pkutocathodm, ●nd differmnt package gmometrimm to provide a
Inor@ ●ffectivm intari’aea with ●xt@rnal biauing and gatinq circuitry.

For comparable spatial ra~olution, mst 111-nmn-diamMCPa rtquiro qato times > 2.5 n~ whila
tho fast-at SIT has dmnonmtrattd ●ub-nanosecond optical gatoa ab short @m ~ 400 i 50 p- for
full shuttbrlng of tha k5-nrn-dia.m input window.

Introduction

H gh-mp.ad framinq camaran ●rm a bamic diagnostic tool for roaording 8hort-livad tran-
8i8nt optical 9v9ntn. Cur~mntly, w. routinoly u-o ● gatablo proxjmity-focuaod mi rochennol-
plat- (MCP) intmnaifimr ccupl~d fl~or-optiaally to a focus- ro sction, ●Can (FpS)
for iMqa ●buttering a~d frame ntoram. h FPflvidiaon wit{ .~ectro.tatic deflmc!~~d~%’

0urr8c.nt ●tudi.ml, !t’fhigh
●aloctad fcr TV ~oadout bocaume o -rmmolution ●loctL’onopticm ●nd faot readout
capabilitioe. tha optiual oatincl propurtio8 of le-mm-diam HCPn
(ITT ~4-111) hava -hewn limitationfi i: fihuttorinq npaod ●nd lmaqm focusing for gata timen
●hortcr than ~ 2.5 ns. Tha reduced remponam ●t uhort qato tinws ia ●ttributed to 81OW build-
up of tho ●loc:ric fi~ld acroam tha gatmd intorfacm caused by the high capacitance ●nd thm
rclativ.*lv high raaistivity of tha photoomthodo -to-channal ..plat@ intorfaco. Tho proximltv-
focuain~ donlgn used in thoso intonsifiors rootrict.a tha photoaathodo-to-microchann~l..platw
spaca to ‘L5,0 LO LLI,Oroil- (0.127 to 0.254 nsn)thorohy producing ● h~g)icaPaci*Y int~rfaf:~~
whlah 1s difficult to ahargo quiakly, rm~ulting in ●lowed vat. reaponso.

U. havm dovaloped ● gatabla ●iliaon-intanslfiad-target [SIT) PPR vidicon with lnw qat@-
intorfacc oapac~ty by using ● higl,-conductivity qating qritl spaood % 30 miln (1.27 ~) from
thm ‘hotocathoda. Tho photooathod. in dapo-itod on ● oognmntod Iow-ronimtivlty n~ck-1 ●uh-
strato which CKTI!M ●imult,anaously and ●ymtrlcally drivan from four 90”-fipaaod input~ that
ara aligned with t!’mlogs of ● oonduc~ivo aluminum oxida arosm hair ungtl to divido tha photo-
uathodo into four quadrantm

In ●ddition, tha BIT-FPU tube, O.E. B7S21Q, providms hlqhar romolution thsn ●n aquival.nt
●ram HCP-~P8 aombinatlon. Thn inctoaaod romolution romults from tho ●upetlor ●lactron optic
coup)lnci umed in t.h~SIT hcaume the photocat,hode ●nd the vidicon tnrg@t are in ~hm •~~
•nv~lo~. Por tha MCP-vldicon aombi,~ation, th, ●xternal fiber-optla aouplor~ r8quiroflb@-
twean the HCP phomphor ●nd thm v~d~aon target aaume r.~o~utlon l~maea am w.11 ●m the poor.r
r~bolution anmciatod with tho pronimity-focuminq maohanlmm itmlf. in ●ffmrt, the R7021c;
1s danlgnocl to replaco two tuboe, a Oat@d iMg. lntanaifior tuba ●nd m TV eamora tub..
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-me characterization systmns

The primary system shown in Fig. 1 umam a wda-lockad dym laamr with a triggerable cavity
dumper followed by a Pockela CO1l to provide a rate-selectable train of % G p- F’WIU4650 nm
liaht cwlmem with % 20 PU jitter. Thim ●llows the examination of image shutter optical be-
ha;ior-during
cavity dumper

. .. . .

different- tikm throughout tha ●buttering ●ewence. The dual Pockelm cell ●nd
arrangement providen bttar rojmction of unwantad lacar pulma.

-— rm ,--..1 v‘CS’’AW7/I -p’’’:%’”” I t ..”.,- . ...+. 1
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Flqurm 1. Tha primaxy cliaractorix,atlon ●ystom.

Tho ●rgon-ion lasar nmdo-lockad ●ystom Is drivan by a 40-Pii:Lsin. wava which also drivom
a ●yncF,ronoua count-r t= provido roducod frmquonciom in rang. of 1. to 3t0 pps. Them. arm
then fanned out by a four-way signal Eplitt@r. Ono log triggarc tho la-or cavity dumper
and tho Pockals CO1l which trAnnmit one 6-ps pulse. The ●econd lwq triggerrn the gbto gener-
ator which drlvos the imago shutt.r. The third leg remetm the ●ean orI●n ?PS TV camera which
is us.d either (!] to house the qated SiT under te8t or (2) to scan the phosphor of the MCP
(which I- fiber-optically coupled to ●n inttirnal vidlcori) under te~t. Tho fourth ,Icgsyn-
chronize- m high-spead video digitlaar to record ● ●ingl~ TV field for ●ach ?,aner pulse.

Tho rolativo delay between the laaer cmd tho ●lectrical gate pulme Irnvariad ●nd the gat-
●d image i- mtorod by recording tt,aFPS TV camera’s video clltput with the diqitiaer. The
rol.ntive timing botwcan tho MCP gatw and the optical ●mmplinq pulse is ●ccomplished using
the variable-psaslvo-dnlay Lsnit. With thim unit the Iammr-to-elec? riral gate ralak.iv@ timing
h~m ● ranqm of 99.9 ns jn lJ.01-n@ ●tepm. In this way, thm totai ●hutt~r sequence 18 ma-
sured, givinq th~ optical gate width fcr tho image ●huttor under test. ‘~hodata fiald i-
thon tranmferrocl to a PDP-11/14-controlled dioplay ●y~tem for ●nalysia. Selmrted data
fieldn ●rm rewritten on !i-trtickmaqnetic tape for later processing,

On-line ●naly~ln of t,hovldmo in provid~d by ●n oscillotiaope ●nd ● Hewlett-1’ackard 13J1
XY display, A Tektronl’x 7104 omcllloscops 1s urnedto mnitor tha ●loctrical gato through a
slanal ●ampler for purposam of ●lignlna tileoptical sate with the lamer pulmo. Thim 9CO~

j- ●lso uued to nmnito~’ tho lamar pulmt ir,tennity via a MCP-PMT viewinq the lamar ham
through M beam mplittor. Thm primary l!lht p~lme Lm ●xpanded by a divtsrmmc Iena ●nd dif-
fumed. fTha diffus~r In nooe~oary to mln mise intar~oronca ●ffeutn from the aoherant light
■ource. For focuulnq ●nd remolutlon ~amuremantof a ●tandard Air Force resolution pattern im
placed on the back ●ill.of the diffuaor and u relay lonn Am umed to tmage the pattern onto
tha photoeathud~ of t’la■hutter tuk. For othwr ●tudlem thim pattern is replaced by ●n
irim for controlling thg illuminated ●rea.

A ●.uond llght ■ymtem umoa ● pultied lamer diode (Hammnetau Model WI’V-CIJOO) that provideo
pulaea of ~ 100 pe Fl~lM●t B20 nm, Oynahroniainq and phafiinq of the light and ●leotrical
qatm

r
ulnee ie acco~lImhod in the fanhion d~naribwl for the primary s ●t@m. Thin trig-

yorab * light,wurcm Am u-wd primarily for Wtenouromsnta whoro lntograt on of tho 40 WI-
lemer pulec tra!n (although gatmd via both th~ ~avit

~d~randth ~
● PookolD ooll) produaem

loakeqe ●lgnal mtranqthn ●ufficiontly larg~ to inter *r. with the mi~nal atrenqth from tho
qatad ~Julaa.

fig imaga •h~ttq~p

(.’rmmm ●.ctione of tha M(:P●nd Lhe OIT ●re ●hewn An Figm. 2 ●nd 3. Imagn ●eation detalla
for buth tubem and thw caleulatmd aapacjtanaea for vmrioum mmationm of ●auh gated intmrfaoo
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Figure 2. Idealized functional diagram for Figure 3. Idealized functional diagram for

the 18-rmn-diam MCP. The perime- tbe 25-nun-diam SIT. The perime-

ter capacitance (mection a) in ter capacitance (secticn a) it3
% 20 pfd and the gate interface % 7.5 pfd and the gate interface

capacitance (section b) is ~ 10 capacitance (aaction b) is w 3,5
pfd. For 25-mm-diam MCPS, the pfd.
capncitanceo for a and b are %
50 pfd and 25 pfd respectively.

Fiqure 4 shows the single anvolope SIT-FPS, GE Z7821G at the bottom and the two envelope
MCP-FPS, ITT F4-111 and GE Z7B03 fiber optic vidicun at the top. A close-ap of the conduc-

tive cross hair SIT is in Fig. 5.

riq,Jrm 4. Tho SIT.FPR (1’mttom)●nd thm MCP-
FPS (top) arm shown with fi-i’lcl’
●calm .
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Gating speed .,.

w ideal huge ●hutter ●hould proviCe unifo~ gain ●nd resolution over the entire gated
input photo ●urface with response times faint ●nough to produce optical gaten which exactly
follow the driving ●lectrical gates. If thim were the caae, g-d correlation between the
two gate8 would ●l~nate the requirement for individually tenting ●ach unit. Unfortunately,
theme condition are not completely met by ●ither image mhutter at the ●hortomt gate times,
●lthough the best SITC ●ppear to correlate fairly well down to ~ 400 pB.

Two dominenL turn on, t~ off patternm for the ●hutter sequence (shown in Fig. 6) were
obmerved for 14CP8 with mat unlt8 favoring the %onnel” pattern. Some F4CPS exhibit both
pattarnn, depending u~n the magnitude of the forward-biaaing gate pulse. However, when
over-driven, theme ?iCP8 ueually ●xhibit the ‘normal= pattern. A typical complete shutter
eequence for the ●lower SITe including turn on, fully on, ●nd turn off phaeee ie ●lmilar to
the ‘abnormal” pattern for the FICPa. Thim ●equence Im The dominant ●equence for SITS. In
thim ●equence, optical turn on ●tarte ●L the perimater !md propagate inward, producing a
diminishing-irie ●ffect until full turn on ie achieved. The turn off phame mtarta at the
center and propagate outward with increanlng-irie nffect until the tube ie completely off
again. The laet portion (central regi~n of the photocathode) to finieh turning on ie alao
the firet pxtion to begin turning off. Thim rapreeentm the fanter gate function (for ei-
ther image ●hutter type) for optimum gating speed for the central region of the photocathode.
The ‘normal” ●equence for 14CPe ie characterized by & similar turn on phaee but the turn off
●tarte at the perimeter and propagates inward with the center region tuning off la8t. Thle
type of mequence ie rarely eeen in SITe. The faetest SITe chow no iris pattern during the
ehutter mnquence. Inetead, the photocathode appelre to tranemit nearly ●imultaneoumly over
the full are~ with increasing gate time or gate amplltude giving increased gain. See Fig. 6
for the irio-free mhutter ●equence.

NORMAL MCP SHUTTER SECkKNCE -TM (M)

mmmrmlmnnmnm
00 02 04 Oe 10 1.2 1,6 IL 20 24 27 3Q 35

ABNORMAL MCP SHJTTER SEOL:I.LE - TIME (nd

MON-IRISCROSS HAIR SIT%HIJTTER SEOWNCE -TM M

Fiqure 6. Obeerved ●hutter ●eqtlancee. Zero time indicatom beginning o! the optical gate.

Good correlation between the meaeured gating ●peed and the calculated gate interface RC
time constant wa- eaen with tho faeteat tubes for both types. Tha shortest RC time ccm-
●tantm had the fa-tagt shutter tirma. The twa cloev-epaced SITS with photocnthod --to-~’ato
grid ●pac? - 25 mila (O.635 amI)●nd with no photocathode conductive underl&yer meaaured OP-
tical gmta timan of 4.2 and 5.8 na respectively. The medium-spaced 191Tawith qaca ●pa

:1.27 mn) ●nd with nickel ●ubetratam ●chiavad ●buttering over the total 491 nwn
yi;: -

50 mi:a
~ 1 0 to 1.5 na. Znth 25-?mn.diam MCPa with gete interface capacitance w 23 pfd and with
SIng]e-undarcoeted phnt~cathodem qated thu ●loweet meamuring ~ L to 7 ne.

The optical gating taatm were repeeted, reetrictinq the image area to N 2S4 mz (% 18-~-
diam circle) in tho ce~ltarof the SIT photocathodn. Thie wae done to compars tho SIT perfor-
mance over the raducmd ●rma with typical qating ●paede obeerved ●ailier by ue with le-~-dlam
H.-PC. our reaulte indicated that meet l.-man-diam MCPe muet be qeted for ful LY on ~tota’ ar”a
Lr#nsmitt inq) time~ ~ 2.5 na in ordar for the proximit.y-focuainfl field trIdovaloP Oufficiont -

ly to qivo qond focus in the oenter of tha tube. The two faatee~ lR-um-diem MCPa, ona with
●inqim undercoating (BN 708/7) and one with doublo Undercoetinq (fJN78B/10) qated ‘n 1.2 ●nd
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1:5 ne respectively, although with reduced center resolution. The faster non-croBoed SITS
gate with gwd focus over their central lB-mn-diam in% 600 to 900 ps and the Blower SITB
gate in Q2.5nm. .. . .. .

Two F4-111 14CPBwere modified to increaae their potential for faat gating. One unit was
fabricated with 9-mm-diam active photocathode md the other with increa~ed gate mpacing ( s
20 roils), Therke modification reduced area and capacitance of the actual photocathode-to-
MCP interface. Unfortunately, other critical parameter were not controlled with the lesult
thst both units gated much slower (~ 5 ns) than expected.

The SIT with a conductive photocathode cream hair was gated In ~ 400 pa when multipoint
driven with an x 400 pa FNliM current pulse from a nynchronlzed (with the laser) 1~-?ar elec-
tron accelerator (LINAC) - Faraday Cup detector.

The optics?. shutter tlmea for one of the slowest SITS, one of the faate8t non-crosbed
SITB , the crose hair SIT, and two randomly-selected 25-nun-diam PICPs are plotted in Fig. 7.
The shutter sequence for the cronm hair SIT is shown In Fig. 8.

The remponne time (time between the leacling edge of the electrical gate pu18e at the im-
age shutter input leads and the ●tart of opticai trannmi8sion througn the ehutter) is ~ 2.0
ns for most MCPS and * 1.5 ns for nmst SITS. The delay fo: thu MCPS ia not clearly under-
stood. The SIT delay is associated with the t.r~nsit time (0.91 to 1.”10 ns) epread through
the image section.

—

Figur@ 7. ~ptical gatetr for three 25-rn!!-diam
SITR and two 25-mnl-diam ?lCPs. The
internal trans.t times for all units
have been normalized to zorc. The
left-hsnd ordinate in fo~-SIT KlG14
and the right.-.h~ndc]rdinntc i~ ior
the ‘cmaining tubca.

Fiquro El. The nhutter mequence for SIT SN K1614
with a ●eqmented photocathode, Theme
intennity profilem we~e taken with nll
four luqn of the Cross hair mimultane-
ounly driven with ~ 60 V 1 40LIpm FWllM
gata pulme. Tho opnque cromn hair is
●aan as th~ neqntlve Spikm in t;~a cen-
ter of the profl:ea. Thin SIT ●h,>.~ed
no irin effmct during t}.o●hutteriny
eequenre. The p(mr ●iqnal-to-noine
ratio for theno d~!ta r~nultmd from
intoqration of the innufficlently :m-
duc~d 40 WIZ lamer }Iulnm train The
PockmlII cmll which roducarn tha qatml
pulnom by ~ 509 ●nd the non-qated
plllnen by % 103 had boon ronmvnd fOl-

oLh@r tmntn ●nd was not ~n placa whorl
theme data wc+rm taken.

\

I m’o pa

1

0 ● 10 le m ee

DISTANCE PROM LEFT

RDaEOrPHOTOCA rHODE(mm)
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These tegts show % 3.33 X fa8ter response for the central 18-nun-diam of the SIT than for
the total lE-rum-diam for the MCP8. The comparison between units of equal input area show
even greater advantage, up to % 5X, for the SIT. The gating speed of MCP8 ●hould also in-
creaae with the use of the conductive cross. Tnis ia being explored with the 14CPmanufac-
turer. At present however, the croaaed SIT can be expected to gate * 10X faster than tkeir
25-mn-diam MCP counterparts and ~ 5X faster than the lB-nm-diam McPa.

Resolution

The resolution tegta were done using the ●ame 8etuP am for the gatlng-sped te8ts with a
standard Air Force resolution pattern as an image. The pattern waa firet imaged at the cen-
ter of the photocathode. After viewing the entire pattern to look for large-area uniform
focus, the TY camera raster was reduced to scan only the area on the photocathode where the
higher mpatial frequencies were imaged. The zoom in no way changes the image frequel)cy or
cmherviae Compromiaem the resolution tests, but rather, it simply allows us to view the area
of intexest with higher time and opatial resolution. These tests were performed using the ~
6 ps Fm lamer pulse with sufficient intensity to operate the silicon target just below sat-
uration with a single laser pulse. This WR.:done to provide an extreme case of electron
density in the crosnover region of the SIT to investigate predicted resolution losses from
space charge defocusing.

One net of resolution data for two 25-rrnn-diamtubes (SIT SN K1602 and MCP SN 886/2) was
taken in the following three steps: (1) in the DC mode ‘#here the tube is statically biased
to the continuously shuttered-on condition, (2) in the gated mode where the tube is shuttered
on for ‘he shortest gate time consi.eterltwith a selected resolution requirement and (3) in
the AC or gated mode where the tube iB quieacen..ly biased off, then is shuttered on for che
shortest achievable gate time for full area photocathode transmission independent of resolu-
tion criteria. For both tube types, losses in CTF (Contraat-Transfer-Function) ware noted
when comparing the static resolution with the rescllutlon for various optical gate widthe.
The video images and the scan-line intensity profiles for these tests are found in Figs. 9
and 10. Inspection of these figures shows much better resolution in all cases for the SIT.
In fact, the resolution obta~.ned from the SIT when gated fcr ~ 2,5 ns is superior to that
obtained from the HCP in the DC mode, and the SIT resolution at ~ 1.5 ns is comparable to
the MCP DC resolution. The meaaured CTF at 4.5 and 8 Lp/rmrrfor the SIT were 70 and 679 at
DC, 60 and 308 at 2.5 nm, and 56 and IOt at 1.5 nti. For the MCP, these were 48 and 15S at
DC, 36 and 11~ at 6.0 ns. For the 4.0 ns gate, the MCP could not resolve ●ither set. Theme
te~ta indicate that the present gated SIT design is capable of providing spatial resolution
of b:tter than 10 tp/mm with the 6

r
B FWHFI light pulse in either the DC or gated modes with

the limiting resolution in DC > 20 p/mm. Because the SIT is intended to provide nominal
optical gates of ~ 1 ns with anticipated absolute minimum gates of % 400 ps ~ 100 pa, the
laser pulse represents an approximate 15 to 50X worse-case (over the design-goal case) for
charge denfiity.

Two additional resolution-related distortions have bean observed, ore for ●ach tube type.
The sITs, like nmst electro~tatically-focused image tubes show “pin-cushion” distortion.
The cause is related IO the dependency of image magnification on the dintance of the imsge
plarle from the electron lens axia which is variable because of the flat target. The maqni-
tude of thi~ problem han not been quantified. However, the distortion appears about equal
for the DC an~ gated modes so geometric restoration can be applied to the data during pro-
cessing.

The MCPS, when gatecl for short times have poorer resolution in the center region than naat
the edqc. This is cau~ed by the spread in the msqnitudc of the transient proximity-focusing
voltage which irrrncdlatelyafter application, irnutrongest near the edge of the MCP.
fore,

There-
thc edg~ reqion of tho gated interface has sufficient ●lectric f~ald to ●ccomplish

●atinfactory focusing while the centar ham insufficient field, reoulting in tho unfocused
condition dwpict~(l in Fig. 11. At longmr qate times, the proximi+.y-focusing fields ●rc ●n-
tabllah@d over the entire qatcrt intcrfml~e and the center ●nd ●dqe resolution ●r~ nearly
●quhl .

The conductive crona hair SIT reaolul:ion waa msaallred ●t optical
100 pm. Th? SIT wam drlvan fr%n one of the four qatp inputs for th:
cal imaqe and the electrical qate are ol}own in Fi!a. 12 and 13.

Gain and d~namic ran~—. .— ..

qatv width ’700 P$ f
n test. Tho gated opti-

F’or thn SIT~, tha rrosoibllity of roatrictod dynamic rsngo becauae of signal-inrlucad ●paco
cl~arqe in th- plane botwmon th~ photocathode -snd the qatinq qrid ●r,d/or in the piano botw~an
tha qntinq qrld ●nd t.hoanodo ~aa invcatiqatod. If tho signal current ar ● ‘-~ction Of tho

●ffectivm liqh~ pulam duration (oithor tho ●ctual light pul~a width or tho optical qato
width) cauaoa oufficinnt ●pace charqe to ratard the signal currant, thw obc.rvmd ~gnitude
for naturaticrn current ■hould vary with pulse duration if ●ufficimnt radiant pouar is
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(a). ?4CP in the DC Uode. (b). SIT in the DC M’ode.

(c). MCP gated for N 6.0 ns (d). SIT gated for % 2.5

(a). PtCP gated for ~ 4.0 na. (f). SIT gatod for N 1.5

Fiqur@ 9. The center rc!molution for ?~-mrn-diam MCP ‘ U66/2 and for 25-nrn-diam SIT SN
K1602. The contramt ●nd ~ah lntenni:y I each image ham been normalized ●o
that the ranolution difforonco can be comparad. The oval iIIthe SiT picturen
in a flak in tha ●lactron opticb of the FPS rmadout reaction. Tho diagonal bar
pattern in tha MCP picture~ is not amnociatmd with the PICP.
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Fiqurm 10. The mean-line profiles for ●8tiIMtiny tha CTF for tho vldoo lnmgos of Fiq. 9.

The Input lntmnmity fOr the DC meamuretintm was ●ttenuated to qlva SU similar

?0 the gatmd C~~O. For thm qatad dmtm, Tg im thm optical gatm uidth.
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(a) ~~~~~tion i~i (b) Edge resolution in (c) Center resolution (d) Center resolution
. the gated tie for in the DC -de. in t: ; gated wde

fully on time ~ 2.5 for fully on time
no. + 2.5 ns.

Figure 11. The center-to-edge resolution for 18-mn-diam MCP SN 788/7 for the gated and non-
gated ~dea. The pattern wan firmt Imaged near the edge and then near the cen-
ter. Tha input intensity wan attenuated for the DC measurenumt and all other
para.mters were held conntant.

provided to amnure saturation. Witho{!,tapace charge influences on current flow within the
tube, the maturation observed will be due to maturation of the silicon t~rget. This level
was ●stablished first using a lor,lg-d~ation (% 3 us FWHM) light pulse from a strobe with the
SIT in the DC rode. The test was repeated with the SIT gated for 14, 6, and 1.5 ns. Next,
with the SIT still gated for 1.5 I?s,the 1OO-PS laser diode pu16e was used. For all cases,
the saturation current observed was ~ 700 nA, which Is consistent with our experience with
nominal vidicon silicon targets. All SIT tubes te6ted showed no change in saturation level
●s a function of light pulse width in the range from 100 ps to 14 ns, although some varia-
tion In absolute 1~’vel from tube to tube waa noted, and significantly lower saturation was
observed for the tm SITS with photocathode-to-gate grid space = 25 roils (0.635 nun).

Host of these testu were performed using the iris pattern and the laser-diode 8ource.
Two SITS,

‘Wo ‘b2s12%7XiyO; ;:;i=~g;~~~kh%;c’%~d %%%%;d;$%%,.icons were tepted
The dynamic range measurements included the TV tamer.z preamplifier noise. With the unit
used for all eur tests, the noise sets the lower limit on dynamic range. The saturating
level for the SITS Is set by the caturution Ievei for silicon.

p.eferrinq to Fig. 14, the curve showing the HCP-silicon vidico,~ combination shows satu-
ration at the typical silicon level. Hence, with silicon, both SITS and MCPS will have the

Figure 12. Thm cross hair SIT racolution for
-700 ps optical gate. Wotc tha
opaqva cross hair in the whita
gmrtion of the recorded resolution
pattmrn.

Figure 13. Tha ●lectrical gate fattenucl.@d
40 d~) for the %100 ps opticnl
gate showti in Fig. 12.
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same dynamic range. However, gor the MCP-SD#3 combination, the MCP range can be less than
or greater than that of the SIT. Under optimum conditions, the MCP outperforms the SIT in

Imth basic reaponsivity (this may be partly related to different S-20 qua,,tum efficiencies)
and dynamic range. The FICPgain iS % 10 to 50,Xgreater than the SIT gains measured. How-
ever, the MCP was tested dt maximum gain and the SITS were tested at 25 to 500 of maximum
gain. For identical photozathode responsive y, the expected difference 1S s 1(JX as prc-

3dieted by cornpar”ng the e:.ectron gains (%10 ) ~ssible from SIT targets with similar ~lec-
+

troil gains (~10 ) possible from microchannel-plates with added luminous gain (zIC! Ltween
the channel-plate and the phosphor.

DC/AC gain ratios

For both SITS and MCPS, the measured gains for the shortest gated and the non-gated moder
are different, The gain varies with optical gate width. The mechanisms for the Increased
gain in the two tube types are different.

The primary SIT gain is a function of the accelerating voltage applied between the photo-
cathode and the anode md the chromium layer, or buffer, used on the siiicon target to mini-
mize unwanted light transmission. The chromium aluo serves as a barrier to photoelectron
energies s 3 keV. The conversion efficiency of incident photoelectrons to electron-hole
charge pairs is %3.45 eV/pair. Ths SIT gain, G, is given by:

I‘=%TVaccelerating I
- 3 (1.V) (1)

The gate grid, however, in addition to shattering the tube also controls the gain by con-
~~olling the amount of photocathode emission that is allowed to proceed towards the silicon
target. Therefore, the measured gain will also be a funcLion of the grid bias established
by the reverse bias voltage used to keep the SIT shuttered off and the magnitude of the
forward-biasing gate voltage. Because the gate waveform are essentially Gaussian, the
higher amplitudes also mean wider pulses, with the result that higher gains ar~ observed
for wider opticai gates. If the gate pulses had near-zero rise and fall times, increased
gain with increased amplitude for no increase in gate time would probably be observed.

The MCF gain and gate controls are separate. The primary MCP g~!.n is set by the voltage
magnitude across the microchannel-plate assembl ~ and the voltage ~etween the channel-plate
assembly and the phosphor. Our earlier study2~ Indicated a much smalle- gain function de-
termined by the voltage across the photocathode-to-microchannel-plate space, namely the qate
voltaqe. The response time of this qated interface is believed responsible for the observed
increase in YCP gain with increasing optical gate widths.4 The lonqer gates provide more
time for the qate voltage to charge to a higher level, providing the increased gain.

The measured qains as a function of o: ical qate width for one lB-mm-diam MCP and foi
several SITS are-found in Fiq. 15 and
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Figure 15. The gated and non-qatcd MCP gain
aa functions of optical qatc
width.
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Shutter ratio

The ratio of tha input radiant flux intanaitieu r~uirad to qive the same outDut =icIm~I
from the image shutter-when operating in the otaticaliy-on (or bC rode) conditio~-~o-~~~–-
mhutterad off (non-gated phame of the gated nmde) condition ie called the ●hutter ratio.

For the SITS, thim im ● combination of (1) *he retarding field strength ●stablished by
the revcrme-biae voltage between the photocathode and the gate grid which ●huttera photo-
e~ectrona, and (2) the optical fa%d-through which existn because of the effective pinhole
camera formed by the anode aperture. Both light ●ourcea wert used for themi meaauremntm.
The optical feed-through which operate8 directly on the Oilicon target ie wavelength depen-
dent. The 650 nm laser el,,immionand the 820 nm la~er diode enrimaion stimulate the target at
higher quantum ●fficiency than the ~ 450 t 50 nm npectrum uned in the field experinwsnts. A
low paas, narrow band optical filter will therefore improve the SIT shutter ratio.

The optical feed-through wa8 reduced by reducing the anode entrance aperture from 6.35
mm to 2.54 mm by inserting a metallic plug with a restricting orifice In the basic cone
structure. Further reduction in anode aperture were avoided to ●liminate possible vignett-
ing of the focu~ed immge be6m am it goes thzaugh Croaaover in this re9iOn of the tube. The
feed-thraugh waa also minim~zed. by increasing the chromium layec on the silicon target re-
ducing the nominal tra.nmmissiollc!-racteristic of ~ 20M to ~ 2S. The optical feed-t,~rough
was measured by removing the accelerating voltage from the SIT and comparing the signal with

is from ~2x10%mde with-the slTg*infunct’ninq. ‘Ort’’e t*esma*’’reth erangege
that observed in

tc 5 x 10 - for optxcal signal feed-through.

The magnitude of zeveree-bins gate voltage used depends upon the de~ired optic qate
width, Sine? the bias between the phntocathode and the gate gr~d controls the gr.d trans-
mission, the shutter ratio should vary somewhat with gate width. The largest reverse biases
resul~ in the shortest optical gates. This gives the best photoelectron shutter ratios
(% lo average) for the shortest optical gatea. Table 1 summarize SIT mhuitering ratios.

The shut.tering efficiency (fQr photoale:trona) obtained for most 1~-~-dian, ‘4CPS is > 10b
and for the better SITS is > 10J. There is a clear advantaae of ~ 10 in favor. of the )4CP.

The SIT design is being investigated to •k~lore possible improvmants, including replacing
%he gold-coated gate grid with a nolid qold grid, deflection shattering, ●tc. During pro-
cessing of the photocathode, the gold-coated copper gate mesh grid reacts with f.hephoto-
cathude alkali materials and becomes slightly photoemisnive. This is believad to be the
reason for the poor shattering efficiency. The ratio of ~ 103 can kc used to maximum advan-
tage with proper attenuation of unexpected radl~tion, but it repraments a weakneum in the
present SIT design.

Driving point impedance of the gate interfaces-—

The wide variations in observed gating speeds for typical MC? intensif~ers prompted us to
look for ●lectrical parameters which could be correlated with maauurcd optical performances.
The series resifitance and lumped capacitanc,~ \i the t4CP gate interface for ●everal units
were measured at 10 MHz with an RF impedance ~nalyaer (Hewlett-Packard 4191A) and compared
with gate times measured earlier for the
predict the optical gate width, Tqlte as

T ~ 3.5x1013 (i7C)e-1/e (ns)gate.

Later, the complex impedance for both
10 Wlz t.o1 GHz. These data are vlotted

Unitn. The following formula waa developed 2 to
a fu~lctl(~nof thr ga~e interfact! RC time constant:

(z~

SITS and HCPB w(.remeasured for rW frequenclen fro~l
in Fiq. 16. Thtb frequency range corrempondinq t.o

our rang{, of gat= pu’se widthn can be approximated by calculating the cap,~citive reactancr,
xc, of the qtite interface capacity, c, to the r~ne tlmc, tr, of the gate pulse:

xc -
0.35

2+%
, wller~ f = —

t=
(3)

Thin apprnximatlon is poamible bacaume our gate pulmem ● re ba~icaliy GaunsLan-aha\,ed with
rise tlmea taken betwean the 10s and 90s Points of the FW?lHof the pulme.

In the range of intereot (gate widthn from % 400 pa to 10 nm) tha SIT curves r-present
a PuEelY CaPaclt~ve load to external gmte generators whila the MCP curves indicate ●

frequency-dmpandent r@actance alternating hetwaen capacitive ●nd inductive phasmn. The
nimpler load represented by the SIT makes the denign of drivinq circuitry •l~cl?●anl.r.
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Tablo 1. The Shutter and Gain Ratios for Typical SITS of Several Design Veraione

SIT
Shattering Efficiency Gain Ratio (non-gatcd/gated or DC/AC)

(SN) for Photoelectron for Photonm DC/AC Tom (ma) Dc/Ac Toe (rim)

K1335 50 ? 3.7 1.5 1.6 6.0

K1442 5 x 102 3.2 X 104 4.6 1.5 2.1 5.0

lu4al a- 12 N 1C2 2 x 104 3.0 1.7 2.0 5.7

K1481 4- 8 x 102 1 x 105 1.0 1.5 1.2 5.0

K1614 7.5 x 103 2 x 105 1.9 1.5 1.1 5.0

\ MI
‘1 11+-

mwm, m

F~gu:c 16. The lmpedanc~ and phabe &nqlo plots for typical 25-mn-dlam SITS and 14CPU.
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