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Abstract
Proximity-focused, microchannel-plate (MCP) image intensifiers have bLeen used ar Lo
Alamoas for many years to allow single frame film and video exposdre times an the ranje of
2.5 to 10 ns, There is now a progranm to reduce gating times to -1 ns. Th1s paler reviowe

previovus work and the problems in achieving gnod resolution with gating tarez of + 1 ne,
The key problems jnvolve applying fast electrical gating sig-nals to the tube elerernt s, Wi
present computer mcdeling studies of the combined tube, tube connection, and pul: : :
and show that low photocathode surface resistivity must be obtaine! to permit far* aqa*
betwren the photocathode and the MCP input. We discuss ways of naking low-rerisiavaty o
pro* “athodes, using gallium arsenide plotwcathodes, and vari1o04as reans of qaring the
tubven, A variety of pulser designr are being experimentally evelaatedl anaolcdongl tpare
gaps, avalanche transistors, Frytron tubes with sharpening Adaj-s, Siep rec dery oo,
photoconductive elements (PChe) ., hoopesglts nf these st g lies are precent el Peeosy o
the Li1gh cajpacitances 1nvolved 1n most gatang Sche: y o bhe Culeer o it e g e
be of (ow-i1rpedance desaqn, and odr sclution 1§ presented, Finaily, way:r !

higt-speed carera systers are dincassed.
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Table 1. Los Alamos MCP Camera Systems

h i Shortest I
Tube Practical Output Principal
_Diameter ________Gating Time _. Media Developers References

18 mm 2.5 ns vidicon tube Group P-15 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 ns 70 mm Groups M-13, 34
(offars multi (4" x 5" film) E-7, & M-7 (palser only)
pulsing capa-

_ . bility I

Over 75 cameras have been built at Los Alamos, and several of the 40-mm care 18 wore
built for other organizations. The basic performance specification fecr all the (. .eras 1
a resolution of 10 to 15 line-pairs/mm with luminous gains between 3000 and 106,000 fcor S.0

1

photocathodes and P20 phosphors. All tubes discussed here are the “"wafer® type, which ar
plies double proximity-focusing (proximity focused between photocathcde amd MIP 1nput a
well as between MCP output and phosphor). Several variations have been used or terted 1n-
cluding S25 and GaAs photocathodes, P-11 phosphors, and operating the tubes 1n ser;ec with
diode intensifiers to obtain higher gain. With the exception of the GaAs photocath- ).
tubes, nearly all_tubes have heen generation 1', ITT types F-4111 (18 mm), F=4112 (I0 nr ,
or F-4113 (40 nm) s specified for pulsed opera.ion. Figures 1 and ¢ are pactures uf

these tubes, and Fig. 3 is a cross-sectiona)l drawing. The pulsers have benon avalancd s
transistor circuits, These camera systems are generally reliatae and have obtairned .t
for many Los Alamos studies.

There are rauy applications where gating tames of « ] ns woold te alvantaie vy a0 0 e
herety report our efforts toe achieve this.,

Gatang scheres
There are four possatle ways to gate an MO wafer tutee,

1. PLhotocatlode gataing

The voltage hetweon the protacatbode as !l the MOP anpat ar sa et i ol o, e
quairing the saallert voltaje swing JtG Y Lo generatyen T Cute, o b0 e e
1ng o moderately high capacitive load, It thee v Jtage swirer 3 0 P atens e

or if there ate slow r1setimen and falltanmes, a defocor et aen e 00 0 A
ehatter ratio (ratio of Iawght gmn an ®on® Yot Toff T et ot L
Ueaal iy ataevel, and all our work s base ]l o thae e e,

S0 MU gatang

The gating veltage pr applie! dipectly to the MOF, artaar dravasy om0 ep e
high capacitive load, and the voltace seitd repirre! 1 larger ' re Y
Becag: e the overall tube gain g approxarat ely propattaiesal L !
the MU voltajge, the light tecpontie will have faster pisetare: an b fai oy o
will the electrical driving pulee,  The tabe garh d3rang the cate gl 0w, b
very tencitive to the gate palase anplatade, There o ne chanage v oo a0 0
tube is gated, Preblems may arize during fast gqatang an et gn g the Mg
charye yniformly as a functaion of both thaceness atd taliue,  Re acce e | .
noeus gain 4% ruch a atrong function of MO vaoltage, any nenaniterrrtae: o e
qating pulrse propagates inward from the edpe are magnafae !, Uniers ore o
achieve very fast propajation vimes, the "hodlow conter® prob ) oo o(the tod
ing on only on the edge when draven wath a tart pulee) will be pevere,  booe
propadation depends on Jow surfece resistavitie and Jow diejectpie oot
The reported 'V pputter ratio for MOP gatinag s 1040 fartser b clvanra s

J. Phonphotr gating

The gating pulne 48 applied between the MOP oatjar and o

tance that must be deaven 10 much lower, but the velra e nwing 18 nevepal) b}
ramnd volts, Necauare the qate pulse egerday re patred oo roomagch hayater, e v e
fa usually not conzsidered,.  One probably can obhtain farrly Lagh ghatter rats

he phospt oo, Tre oo

v



4. Combined MCP-phosphor gating

An MCP wafer tube can a!‘ ‘e gated by driving the MCP input and the phosphor
icings and the dielectric constant of the MCP are

with a8 single pulse. Tt
such that a single pulse ¢
between the MCP and the pho:
quired is high, this mode is

The limits on gating speed of proximit,

he mace to capacitively divide voltage appropriately
gap. Again, because the gate pulse energy re-
't usually considered.

ar

focused diode

197019 and 197121 by Clement et al. and st.-ed to be =100 ps. Similar

tron transit time, gating signal shape

sistivity apply to MCP wafer tubes using phutocathode gating.
the electron transit time for a full voltage cating pulse of 180 V is =65 ps.

intensifiers were discussed

limits, elec-

, anc photocathode and MCP input face electrode

In the Los Alamos

dominant limiting effects are the gating signal shape and t)e electrode resistivity.
Gating signal shape is defined by the gate pulse generator and its connection to the “ube

electrodes. The electrode resistivity contro’'r
spreading of the gating pulse as it propagates from the edjye of the tube to the certer,
has been done with tubes representing a section of a vniform parallel

Some workl9,21

both the propagation velocity and the

strip transmission line, an effective implementation that conceptually simplifies the

analysis. However, to achieve the desired <l-ns gating with minimal

tubes, we plan to drive them at up to four points around the circumference,
analysis, we mode]l the tube as a radial transmission line with a wavefront

ward from the circumference to the center,
a distributed resistive-capacitive model .36-38
accurate analysis of the R-C model, did rnot allow simultaneous modeling
cunnections between the pulser and the tube,

tance of the tube,
T

Our electrical engineering backgrou
a cormputer network analysis progranm,3d?

he

nd
th

led us to
at realily

noted [eaturec and complete systenm evaluation of ty

Fiqure 5 is our electrical model of

th

¢ tube, F

input tace section 15 divided into a scries of nine

more Sectinans 1epresent the tube edjge geometypy, T
are defined by the following eqaationn::
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constant of the ceramic (B.9). On the ITT tubes, ovver half the tube capa.itance is cu¢ to
tihe ceramic insulatnr region. Table 2 gives the values of each circuit element in Fig, 5
fo. an 18-mm tube as a function of spacing and surface sheet resistances. 1In the actual
tube, the inductances and resistances are distributed on both sides of the line, but for
analysis they can be lumped on one side. This does not affect the validity of the model.

Table 2. Component Values for Tube Model (Fig. 5)

Region )
{outer to inner radius) L c R
(millimeters) {picohenries) (picofarads) (ohms)
Insulator region: L1IA = 9.1 ClA = 6.1 -—-
(15.2 to 13.7) L2A = 9.6 CJA = 5.8 ---
Frcm insulator L1B = 34 ClB = 0.51 ---
to taper: L23 = 38 C2B = 0.46 -—-
(13.7 to 11.2) ~ .
First half taper: LI1C = 31 ClC = 0.36 ---
_t11.2 to 13.2)
Second half taper: L2C = 15 c2C = 0.74 -—--
(10.2 to S5.2)
Photocathode: LI1D = 22.2(4d) ClD = 0.730/d R1D = 0.0177(Rg)
(9.2 to 0) L2D = 25.0(4) C2D = 0.417/4 R2D = 0.0199(Rg)
L3D = 28.6(4d) C3D = 0.362/d R3D = 0.02258(Rg)
L4D = 33.4(4d) C4D = 0.306/d R4D = 0.0266(Rc)
LSD = 40.1(4d) C5D = 0.250/4 R5D = 0.0319(Ry)
L6D = 50.3(4d) CéD = 0.195/d RED = 0.0400(P§?
L7D = 67.3(d) C7D = 0.139/4 R7D = 0.0536/F)
L8D = 102.0(d) C8Dh = 0.0845/d RED = 0.0813(x:)
o L9D = 220.0¢(4d) __C9%D = 0.0278/d ROD = (.1749:
(In this rable, d, the spacing between photocathode and tne M{? 1npot face 1s 16 -,

ana Rg, the sheet resistance of thre photocathode piuc the sheet resistance cof the M_p
input face, is in ohms/square.)

The meen impedance level of the tube between anv two radii for a low resistive loge 1t
given by

koo /o 1w ,
fan T\ T NE [T

Using this relationship, the data in Fig. 6 were derived showing impedance a. o fonc-
tion of position. Some investigators have tried to defline a fi1xed "tebe arpelance® Uoae
the pulser and conrnecting cable should match., The tube 15 a distributed synter wit! a
spatially varying impedance, and A *match® 1s of secondary importarce. A rrame co o0 Jera-
tion 1S to choose a low enough source irpedance to drive the tyube so that the 1ot~ 2
arplitude of the fFulse are not dearaled tco much before the palege reactes the
area.

N} Voo
e ol

Figure 7 shows nur modeling of the pulser and tube connectinns, Itp NWET=0 et trac-
mission line 18 represented by a8 network made up of 20 LC sections. Tho Cajacit o et
the switch is choten to increase the riselime ot the pulse apjroptiately for the car o
element being nodeled.  The 2506-ps charyed line will generate a Sull-; c-i0na piise wriorn b
switch 18 closed, and we have been using this in our gyster perfornance o loiand o ctu e
The seties inductance represents the stray nductance 1n cornectin® to the tate,

Modeling resoite

NET~2 outpuls graphe and tables of the voltage waveforrr ar a foncr o of cine L0 gy
node regquested jo the network., The data are qaite velutain s, atd te date, we hoave o
reduced ther to a coavenient form [op presentation, Rasyrcally, for a given set of oo,
conditions one Jooks at three factors: 1) the tipe for the palve b projpaviate o rre
center, 2) the pulse amplitude at each photocatbode node, and 31 the paloe stape an i,
particular, the pulse width at each photocathode node o Bared on L ene eval jat o, =
have pet the paremetors bolow for & subnanosecond camera syster walloa protal beoga g
time limitation ot 5004 p-«

Pulser 2 < 10 ohme

Pulrer rinetime < 300 po

Terpinating resintance erqgua’ to puleer 2.

Connectyon Aaerier {nJuctance - 2 panohenries

Photocathode-McpP fpacing = 0./5% mm (atandard on precent tube:)
Photocathode plun MCP sheet resistance - 20 ohen sgaare



Achieving these parameters requires medifying both tubes and gate pulse generater tech-
niques as described below.

Tube modifications

We are procuring tubes with four modifications.

Photocathode sheet resistance

$20 and S25 multialkal:i photocathodes have inherently high sheet resistivity. When
tubes are btuilt for gating applications by ITT, the photocathode is deposited on a propri-
etary multimetallic substrate. This permits most 1B8-mm tubes to be gated for ~2.% ns.
For faster applications, GaAs photorathode tubes, which have very low sheet resictance
(possibly <1 ohm/square) as well as higher guantum efficiency, might be used. Unfortu-
nately, GaAs is even more prone to poisoning than multialkali cathodes, and for protec-
tion, generation III tubes use an Al;03 film at the MCP input tc protect the cathcde
from pusitive ion feedback or other ~ontamination. This film requires significant ejlec-
tron energy for penetration, and thus the gating voltage requirement is ~900 V. Because
of this, coupled with the scarcity of generation III tubes, we have given little serious
attention to using GaAs, although we did some experiments w.th a standard military night
vision tube during 198l. We were unable to produce the hollow center effect with this
tube. To lower the sheet resistance of multialkali cathodes, various schemes have bef 3
used including implanted metal meshes, metal film underlays, and transparent metal o:lice
semiconductor underlays. Generally, the cathode is incompatible with many of the desire!
underlays. Thomas40 reported a very prorising system where a metal oxide semiconductor
underlay is overcoated with a thin (2.2 ©m) layer of silica to provide chemical isciati15n

between the photocathode and the conductive substrate. 1In the fast gating mode, the § 2lro
is coupled to the photocathode capacitively through the silica. At the rfreguencierc 1n-
volved, the capacitive reactance is low enough to be considered a direct Connectiorn. I
low frequencies, & dc path is provided by direct connections to the edge cof the prhotorazt’ -

ode. The knowledge of transparent semiconductor conduyctive cocatings hac increare’) :
edly in recen* year541‘43, and a coating with B5% transmission in the visitle sjpectr -
and a sheet resistance of <10 ohms/square can be made.

MCPp input face sheet resistance

The input face of an MCP is commonly coated with Inconel, Felr, or Nilr, nooe o 0w
have particularly ..w resistivities. MIPs with gold coating tracknere of ~0G.o4 7 are
available and have sufficiently low surface resistjvity.

Input connection inductance

To achieve a series 1nductance of <2 nanohenries, foir flat tabs space ! 907 ap e
vwill be connected tu both the photocathode and the MCOP anput. The tale: W] ras
very thin potting. The four photocathode tabs will have the sare atoiuiar [ o0at

tube body as the four MUP tabs so that each can be extended 1ntco juraiie,
lines. The tab width will be ~8 mm, and the connections will bte gade to '
methods, i.e., mechanical pressure or room temperature-cured conductave ep Ay,

The inductance of the internal connections to the MUP anput face moo bo : :
present tubes, this connection is§ nade with srall prescape faoagers, weooh Loy ngee ot
inductance,

Finally, it should be noted that standard tubes potteld ar Hpgartas oftern bare ey
wire leads betwern where the lea:l enters the potting and where 3t dod Lagiy ot 0! Ce

tube electrodes, as can be observed by radicqgrajp! y.

Edge capacitance

The high lumped edge capacitance does not preclade tast palosoiy bowever, b a0y
conftraints on the pulser and drive circuttry. Therelore, wo are boaving tabe o b )
with the lumped edge capacitance reduced 50% by using ceraric insila oy twior n
thickness. The tajper neas the outer edge is changed o marntain tre normal (U0

photocathode-MCP face 8Bpacing.
Gating pulsers and connectpon:

We have not finalized the pulser system. The reqoirerent to drave the tybe ot

r,

points aad present a 10-ohm pulser soutce impedance (tealiy a h-ebhy roaugrcoe bttt
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because the line is s.unted by a 10-ohm terminating resistor) requires driving four 40-oLr
loads simultaneously. With the exception of photoconductive switches, all switching cecth-
nigues have too much jitter to rely on four ceparate pulsers, Splitting a single pulser
to several loads can be done capacitively, with transformers, resistively, with tapered
transmission lines, or with microwave combiners. We are evaluating the last three rneth-
ods. Note that resistive dividers have high power losses. A 1000-V pulse on a S0-ohm
line resistively divides into four 203-V pulses into 40 olms, an B0O% power loss.

A further complication is that on a real camera one usually wants to operate the phos-
phor at ground potential to avoid current leakage through the fiber optic courling plate
and this puts the photocathode at high voltage. Thus one either floats the pulser at ha
voltage or uses coupling capacitors to provide isolation. If c upling capacitors are ré-
guired, they must be carefully selected to provide low series inductance; therefore, ce-
ramic capacitors designed for use at microwave freguencies should be used. Alesc, ade-
guate dielectric strength must be provided because breawdown of a couplirg capacitor wcol3d
destroy the tube. Similarly, load resistors at the tube must have very iow 1rnd.ctance,
and microwave frequency resistors should be used.

Wl o~

Spark gap pulsers

1re,
but it is very difficult to simultaneously produce vety low trigger itter. For a fec:
camera to be useful, the trigger jitter should be a srall fraction cof the expocure tire,
Laser-triggered spark gaps tenda to have significantly lower Jitter tran electrica.ly, triz-
gered gaps. Most spork gaps reguire freguent adjustrents of gap; electrolier; ard as
pressure, flow, and composition. We are not ptresently s£tulying spark gags. Frelerenlec &4
and 45 discuss high-performance spark gaps.
2valanche traps’ stors

wWe have used avalanche trarsistors for several years ifn varicof ajjylicatione Fociar-
dard avalanche pulser 1s described in kef. 34, Generaliy, tigl-viitase avalancre trar.o.:-
tors have insufficient risetime for a <]l-ns camera. There are Jow=-vC.ltage transictcrc
(Mstorola 2N4014, for example) with fast enoogh 1isetire but anccfficient voltage st
current capacity. Avalanche transistors can be conrected 11 se,1€es for nynrer voltas
either by a "Marx configuration®™ or by direct series connecticn, Gernerasiy, tre r.vet.
of ar, avalanche circuit doe- not degradce sigraifaicantiy Wittt these haiater v e oL -
tions 1f current limite are not exceezZed. Avalancle C1ICulle Can a.8C te ; vl T
tc cbtain higher current. With caref_ .l laycut, mat, avalancle TeT ULt Clall o te U=
rnec.:J to drive a fast tubte, and trigser jitters of 50 j ¢ are relat vely a0 Lo nutoLs
Frytron tubes wilt starpening gaps

We have becrn able to produce - l-ns prreryre polires witt Frytro Foolh Fori-o . )
ful connection geometry and adjustrent of arode voitace. By cioiinot Ureoe Ut -
series sharpernind Sspark gap and a stunt CLUIpj ARG Spare Gap, W ra.o poro luoy Y - '

16 e tlrcuit re ¢ ! P

polees of 1306 Vv irnto S0 ohme.  Tle trigrer Jitte
Fiytrons are prifariy useful fter laboratory teot

Step-recovery diodes

e of the 705t promising pulser technigoees 18 O £Larpen a £ vmel Dyt il 3o, e w0
t

a step recovery dicde (Shi . Risetame:r of 100 te 200 po at re,eral o VoLt als
tertially obtainable uring diodes mangfactured fer Ligh-posmer D100 wase Lie g T R
Fiacataon.,  Circdit derign ueihg SEDS 16 covered tn Fet o 470 A tter 1) Curoaat oot
allele) shorting stobs can be used to clip the lengtr o! thre pulice, 0 e Tl on
serjconsoctor (Mos) transastoers araght previde sortal be draver:s foro S0 vt it Koo
Saviet parvr‘“ desc ibers a device functionally S1rf1oal te a SEDLat wjeratyitioator

higler veitaye,
Photoconductaive elerents (PCEn,

PCES (Auston su:lvhrn)4°'50 can ectyly switcel sl kY owatl s h0ope o raretare:r oarn ! oWt
CZ-ps o JAtter relat ove to the exciting light pulse. Where o soatalle fast prrergrs o
larqge amplitude exsiting light pulne as avarlable, PCLe Are adeal dvvgoen,  Severag
switches can tes precisely synctronized 1telatiye to a corron bight s Srce . wWe atv was i
Lo Alamos malde POE in our kecond tube test setup.

Tube evaluaton

We have st up two tube evalnation rystems based on generating a obopt o " pr Dy g
pulre that can be accurately taimed and adjusted vemporally relative to the tule ejectoioal
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gating pulse. In essence, one gates the tube and then illuminates the photocatrode with
the fast light pulse at some known time relative to the gating pulse. This allows ue ro
ohserve the temporal light resoonse of LiL,e gating process at various points across the
photocathode surface.

Our first system (Fig. B8), which is fully operational, is based on a 1000-V, l-rns rise-
time mercury relay pulser and a solid-state laser diode light source. The mercury relay
pulser generates a fast rising 1000-V pulse, the rajor portion of which is sent through a
low=-loss delay line consisting of a 5-ns adjustable air line and a 75-ns cryogenic iire
operating in liquid nitrogen. The pulse length is then clipped to €00 ps and appiied t-
the tube. A sample of the mercury relay pulse is used to trigger a Hamamatsu laser 3:157e
pulser, which has an internal trigger delay of =75 ns and an internal trigger Jitrer =f
~30 ps. The laser diode output is a 75-ps-wide, 850-pJ pulse at B20 mm (near infrares,.
The gquantum efficiency of an S20 photocathode at this wavelength 1s near 0.01%, bu~ 1t
still has adeguate sensitivity to allow testing the tube for temporal response. Tre ¢
con intensified target (SIT) TV system provides a convenient method of viewini the ira:
intensifier tube response. The prime limitation of this test setip 15 the rarginal r.:z
time of the pulse from the Spire mercury relay pulser.

Our second test setup (Fig. 9) under developmernt uses a nitrogen laser tc toth
dye laser emitting in the visible and to drive a photoconductive switch.
output is a <50-ps, 1-.J pulse. The nitrogen laser (337 nm) provides ato.®
ergy spiit equally between the photoconductive switch and the dye laser.
is provided by varying the light path length. This system will provide
and snorter pulse width on both the electrical and the optica. puolsec thrs
Fig. 9.

Conclusions

Lumped parameter circuit analysis can be used to evaluate perfor: a YiTut -
focused, microchannel-plate-intensifier btased high-speed Careras L [N
connections, and the giting pulse generator. Thrhe analyses :r3dica-~ t Ca~rra
be gated in ] ns &nd probably in 500 ps. This perforrance can t SEDoLEa T : -
ble electronic devices and tubes with the previocusiy Cesclribed rei Ll
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Figure 1. Potted 18-mn MCP imaye intensi- Figure 2. Unpotted 18-mr. MCP image
fier tube. intensifier tubes, One of the tules o
~ygt in half to show internali constructioo,
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