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Image shutters: Gated proximity-focused microchannsl-plate (MCP) wafer tubes vs gated
silicon intensified target (BIT) vidicons

G. J. Yates, N. 8. P. King, 6. A. Jaramillo, J. W. Ogle, B. W. Noel
Physics and Design Engineering Divisions, Univ. of Calif., Los Alamos National Laboratory
P. O. Box 1663, Los Alamos, New Mexico 87545

N. N. Thayer

Science Department, EG&G Inc., L.os Alamos Operations
" P, O. Box 809, LSE Klamos, New Mexico 87544

Abstract

The imaging characteristics of two fast image shutters used for recording the spatial and
temporal evolution of transient optical events in the nanosecond ranye have been studied.
Emphasis is on the comparative performances of ‘each shutter type under similar conditions.
Response data, Llncluding Yntlnq speed, gain, dynamic range, shuttering efficiency, and reso-
lutien for 18 and 25-mm-dlam proximity-focused microchannel-plate (MCP) intensifiers are com-
pared with similar data for a prototype electrostatically-focused 25-mm-diam gated silicon-

intensified-~arget (SIT) vidicon currently under developmant for Los Alamos National Labora-
tory.

Several key parameters critical to optical gating speed have been varied in both tnbe
types in order to datermine the optimum performance attainable from each design. These in-
clude conductive substrate material and thickness used to reduce photocathode resistivity,
spacing betweeon gating electrodss to minimize inter-electrode capacitance, the use of con-
ductive grids on the photucathode substrate to permit rapid propagation of the electrical
gate pulse to all areas of the phutocathode, and different package geomstries to provide a
more effective interface with external biasing and gating circuitry.

For comparable spatial rasolution, most 18-mm-diam MCPs require gate times > 2.5 ns while
the fastest SIT has demonstrated sub-nanosecond optical gates as short ss ~ 400 : 50 pws for
full shuttering of the «5-mm-diam input window.

Introduction

H yh-speed framing cameras are a basic diagnostic tool for recording short-lived tran-
sient optical events. Curiently, we routinely use a gatable proximity-focused migrochannel-
plate (MCTP) intensifier ccupled fioLer-optically to a focu--Eroioction, scan (FPS)? vidicon
for image shuttering ard frame storage. An FPS vidicon with electrostatic deflection wan
salected fcr TV readout hecause 05 stl high-resolution election optics and fast readout
capabilitiea. Our recent studiesf:’ of the optical gating proparties of lé-mm-diam MCPs
(ITT F4-111) have shown limitations in shuttering speed and imaga focusing for gate times
shorter than » 2.5 ns. The reduced response at short gate times is attributed to slow build-
up of the elec.ric fi:ld across the gated interface caused by the high capacitance and the
relativoly high resistivity of tha photocathode -to-channe)--plate interface. The proximitv-
focusing design umsed in these intensifiers restricts the photocathode-to-microchannel-plate
space to ™ %5.0 to 10.0 mils (0.127 to 0.254 mm) thereby producing a high capacity interface,
which ls difficult to charge quickly, resulting in alowed gate response.

We havs developed a gatable silicon-intensified-target [SBIT) FPE8 vidicon with low gate-
interface capacity by using s higl-conductivity gating grid spaced ~ 30 mile (1.27 mm) from
the ~hotocathode. Tha photocathode is deposited on a segmented low-resistivity nickel sub-
strate which can be simultanacusly and symetrically driven from four 90°-spaced inputa that

are aligned with the legs of a conduciive aluminum oxide croes hair umed to divide the photo-
cathode into four quadrants.

In additicn, the BIT-FPE tube, G.E. £7021G, provides higher resctution than an equivalent
area MCP-FPB combination. The increased resolution results from the superior electron optic
couplina used in tha BIT because the photocathode and the vidicon target are in the mame
envelope. For tha MCP-vidicon cumbiaation, the externa) fiber-optic couplers required be-
twean the MCP phosphor and the vidieon target cause resclution losees as well as the poorer
recolution associated with the proximity-focusing mechanism itself. In effect, the 1782]G
ie denigned to replace two tubes, a gated image i{ntensifier tuba and a TV camera tubs.
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The primary system shown in Fig. 1 uses a mode-locked dye laser with a triggerable cavity
dumper followed by a Pockels cell to provide a rate-selectabls train of n v ps FWHM 650 nm
light pulses with "~ 20 ps jitter. This allows the examination of image shutter optical be-
havior during different times throughout the shuttering sequence. The dual Pockels cell and
cavity dumper arrangement provides better rejection of unwanted laear pulses.

The characterization systems

LOCATION

TEKTRONIX 7108 TEXTRONIX 7904 | CURSOR r——
ALAL TIME ANALOG VIDEO
O3ciLLoscort wtl):c'i:.'fo%LI“ VIOED DisPLAY TAPE n!cononl
LABER L____r____ i Ll
MONITCR
"7 iV RELAY LENS COMPOSITE VIDLO
Teavity | rest nnlny HaLA OFTIc
Moot oceen ) DUMPER Mer CAMAC CAA
MO0 LOCKE A CON
LA:?E ° OPTICAL ciL | T yio! TV 20 MH1 DIGITIZER MEPRISHED
~ pa PN PULSE GAIN ~ 30X ALJECTION “ CAMERA AND vIDE0
~ 800 nm ALJECTION AATIO - P BEAM - (1. Y0\ MEMORY
RATIO ~ vnb EXPENDEN {P
m—
DIFFUBIN
&0 MHs nam TERTRONE -] DiaiTag """o':g“”‘
cLocK ®LITTER by POP 11734 '
BANSLER 0 <
SYNCHAONOUS VARIABLL A
WODE LOCKID 40 MH; cock | 1PABSIVE DELAY 0ATL MAG TRIPLE YERTAONIX
OSCILLATOR cLoCK DIVIOER 100 pe NINEAATON g DAIVL | LOPPY €431 HARD
1 390 Wi RESOLUTION . DIBK SYATEM COPY UNIT
1 AASTER ARSELT COMMAND
DIGITIZEN RECORD COMMAND

Figure 1. The prima:y rcharacterization system.

The argon-ion laser mode-lockad system is driven by a 40-VMidt sine wave which also drives
a synchronous counter tc provide reduced frequencies in range of 1 to 3€0 pps. These are
then fanned out by a four-way signal mplitter. One leg triggers the laser cavity dumper
and the Pockels caell which transmit one 6-ps pulse. The sercond l¢¢y triggere the yate gener-
ator which drives the image shutter. The third leg resets the scan on an FPS TV camera which
is used either (}) to house the gated SiT under test or (2) to scan the phosphor of the MCP
(which is fiber-optically coupled to an internal vidicon) under test. The fourth ley syn-
chronizes a high-speed video digitizer to record a single TV field for each laner pulse.

The relative delay betwesen the laser &nd the electrial gate pulse is varied and the gat-
ed image is stored by recording the FPS TV camera's video cutput with the digitizer. The
relative timing between the MCP gatu and the optical sampling pulse is accomplished using
the variable-passive-dalay unit. With this unit the laser-to-eleutrical gate relative timing
has & range of 99.9 ns in 0.0l-na steps. In this way, the total shutier sequence is mea-
sured, giving the optical gate width focr the image shuttor under test. The data field is
then traneferred to a PDP-11/)4-controlled dicplay syrtem for analys's. Selected data
fields are rewritten on 9-truck magnetic tape for later processing.

On-line analysis of the video is provided by an oscilloscope and a Hewlett-Tackard 113i)1
XY display. A Tektronix 7104 oscilloscope is umed to monitor the electrical gate through a
signal sampler for purposes of aligning the optical gate with the laser pulse. This scope
is also used to monitor the laser pulse irtenmity via a MCP-PMT viewing the laser heam
through a beam aplitter. The primary l'4ght pulse is expanded by a divixe:nt lens and dif-
fused. The diffuser is necessary to minimize interference effects from the coherent light
source. For focusing and resolution maasurements, a standard Air Force resolution pattern ies
placed un the back sire of the diffuser and « relay lens je used to fmage the pattern onto
the photocathode of t'he shutter tube. For other studies this pattern is replaced by an
irims for controlling the illuminated area.

A second light systom uses a pulwed laser Aiode (Hamamatsu Model HTV-C13)08) that provides
puleea of ~ 100 pa FYHM at B20 nm, Bynchronising and phasirg of tha light and eleatrical
gate Yulnnn is accomplished in the fashion described fnr the primary system. This trig-
gerable light source is used primarily for mansurements where f{ntegration of the 40 MHa
laner pulse tra'n (although gatad via bath the anvlt¥ dumpar and the Pockels cell) produces

leakage signal strengths sufficiently large to interf-re with the signal strength from the
qated pulae.

The image shutterp

Cromss sections of the MCP and Lhe DIT are shown in Figs. 2 and 3. Image section detalls
for bouth tubes and the calculated capacjtances for viarious sections of each gated interface
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are included to emphasize basic differences between the proximity and pinhole-focused
designs.
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Figure 2.

Idealized functional diagran for
the 18-mm-diam MCP. The perime-
ter capacitance (section a) is

A 20 pfd and the gate interface
capacitance (section b) is "~ 10
pfd. For 25-mm-diam MCPs, the
capacitances for a and b are ~
50 pfd and 25 pfd respectaively.

Figure 3.

Idealized functional diagram for
the 25-mm-diam SIT. The perime-
ter capacitance (srecticn a) is

A~ 7.5 pfd arnd the gate interface
capacitance (section b) is ~ 3,5
pfd.

Figure 4 shows the single anvelope SIT-FPS, GE 27821G at the bottom and the two envelope
top.

MCP-FPS,

tive cross hair SIT is in Fig. 5.

Figure 4.

The SIT-FPS (bottom) and the MCP-
FPS (top) are shown with 6-inach
acale.

ITT F4-111 and GE 27803 fiber optic vidicon at the

A close-up of the conduc-

Fiqure 5.

The segmented SB.!T with photocath-
ode conductive croas hajr,
leg

rach

(center -~0-edge) is " ¢ (.
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' Measurements
Gating speed

An ideal imuage shutter should provice uniform gain and resolution over the entire gated
input photo surface with response times fast enough to produce optical gates which exactly
follow the driving electrical gates. If this were the case, govd correlation between the
two gates would eliminate the requirement for individually testing each unit. Unfortunately,
these conditions are not completely met by either image shutter at the shortest gate times,
although the best SITtr appear to correlate fairly well down to ™~ 400 ps.

Two dominant turn on, turn off patterns for the shutter segquence (shown in Fig. 6) were
observed for MCPs with most units favoring the "normal” pattern. Some MCPs exhibit both
patterns, depending upon the magnitude of the forward-biasing gate pulse. However, when
over-driven, those MCPs usually exhibit the "normal” pattern. A typical complete shutter
sequence for the slower SITs including turn on, fully on, and turn off phases is similar to
the "ahnormal” pattern for the MCPs. This sequence is the dominant sequence for SITs. 1In
this sequence, optical turn on starts at the perimater .nd propagates inward, producing a
diminishing-iris effect until full turn on is achieved. The turn off phase starts at the
center and propagates outward with increasing-iris affect until the tube is completely off
again. The last portion (central region of the photocathode) to finish turming on is also
the first portion to begin turning off. This represents the faster gate function (for ei-
ther image shutter type) for optimum gating speed for the central region of the photocathode.
The "normal” sequence for MCPs is characterized by & similar turn on phase but the turn off
starts at the perimeter and propagates inward with the center region turning off last. This
type of sequence is rarely seen in SITs. The fastest SITs show no iris pattern during the
shutter sequence. Instead, the photocathode appears to transmit nearly simultaneously over
the full area with inclreasing gate time or gate amplitude giving increased gain. See Fig. 6
for the iris-free shutter saquence.
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Fiqure 6. Obsarved shutter sequences. 2ero time indicates beginning of the optical gate.

Guod correalation between the maasured gating speed and the calculated gate interface RC
time constant was seen with the fastest tubes for both types. The shortest RC time cor-
stants had the fastest shutter times. The two close-spaced SITs with photocathod--to-¢ate
grid spacr = 25 miis {0.635 mm) and with no photocathode conductive underliyer measured op-
tical gute times of 4.2 and 5.8 ns respectively. The medium-spaced SBITs with gace lpnsing -
S0 mi'a '1.27 mm) and with nickel substrates achieved shuttering over the total 491 mm‘ in
~ 10 to 1.5 ns. Eoth 2%-mm-Adiam MCPs with gate interface capacitances ~ 235 pfd and with
s‘ngle-vndarcoated photocathodes gated the slowest measuring ~ € to 7 ns.

The optical gating tests were repeated, restricting the image area to " 234 mm? (v 16-mm-
diam circle) in the center of the BIT photocathodm. This was done to compars the SIT perfor-
mance ovar the reduced area with typical gating speeds observed eaclier by us with 18-mm-diam
MCPa. Our results indicated that most 18-mm-diam MCPs must be gated for fully on (total araa
tranamitt ing) times ™ 2.% ns in order for the proximity-focusing fleld to devslop sufficient-
ly to give gond focus in the center of the tube. The two fastest 1R-mm-diam MCPs, one with
single undercoating (BN 788/7) and one with double undercoating (BN 788/10) gated in 1.2 and
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1.5 ns respectively, although with reduced center resolution. The faster non-crossed SITs
gate with good focus over their central 18-mm-diam in v 600 to 900 ps and the slower SITs
gate in v 2.5 ns. e C- .

Two F4-111 MCPs were modified to increase their potential for fast gating. One unit was
fabricated with 9-mm-diam active photocathode and the other with increased gate spacing (
20 mils)., These modifications reduced area and capacitance of the actual photocathode-to-
MCP interface. Unfortunately, other critical parameters were not controlled with the i1esult
thet both units gated much slower (™ 5 ns) than expected.

The SIT with a conductive photocathode cross hair was gated in v 400 ps when multipoint
driven with an + 400 ps FWHM current pulse from a synchronized (with the laser) li-<ar elec-
tron accelerator (LINAC) - Faraday Cup detector.

The optica) shutter times for one of the slowest SITs, one of the fastest non-crossed
SITs, the cross hair SIT, and two randomly-selected 25-mm-diam MCPs are plotted in Fig. 7.
The shutter sequence for the cross hair SIT is shown in Fig. 8.

The response time (time between the le2ding edge of the electrical gate pulse at the im-
age shutter input leads and the start of optical transmission througn the shutter) is ™~ 2.0
ne for most MCPs and ~ 1.5 ns for most SITs. The delay for the MCPs is not clearly under-
stood. The SIT delay is associated with the transit time (0.91 to 1.70 ns) spread through
the image section.
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These tests show ~ 3.33 X faster response for the central l8-mm-diam of the SIT than for
the total 18-mm-diam for the MCPs. The comparison between units of equal input area show
even greater advantages, up to ~ 5X, for the SIT. The gating speed of MCPs should also in-
crease with the use of the conductive cross. Tnis is being explored with the MCP manufac-
“urer. At present however, the crossed SIT can be expected to gate » 10X faster than tteir
25-mm-~diam MCP counterparts and > 5X faster than the 18-mm-diam MCPs.

Resolution

The resolution tests were done using the same setup as for the gating-speed tests with a
standard Air Force resolution pattern as an image. The pattern was first imaged at the cen-
ter of the photocathode, After viewing the entire pattern to look for large-area uniform
focus, the TV camera raster was reduvced to scan only the area on the photocathode where the
higher spatial frequencies were imaged. The zoom in no way changes the image frequency or
otherwise compromiaes the resolution tests, but rather, it simply allows us to view the area
of interest with higher time and spatial resolution. These tests were performed using the "
6 ps FWHM laser pulse with sufficient intensity to operate the silicon target just below sat-
uration with a single laser pulse. This wa: done to provide an extreme case of electron
density in the crossover region of the SIT to investigate predicted resolution losses from
apace charge defocusing.

One set of resolution data for two 25-mm-diam tubes (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 consistent with a selected resolution requirement and (3) in
the AC or gated mode where the tube is quiescen.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 (Contrast-Transfer-Function) were noted
when comparing the static resolution with the resclution for various optical gate widths.
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 obtained from the SIT when gated fcr » 2.5 ns is superior to that
obtained from the MCP in the DC mode, and the SIT resolution at ~ 1.5 ns is comparable to
the MCP DC resolution. The measured CTF at 4.5 and 8 Lp/mm for the SIT were 70 and 67% at
DC, 60 and 30% at 2.5 n3, and 56 and 10% at 1.5 ns. For the MCP, these were 48 and 15% at
DC, 36 and 11% at 6.0 ns. For the 4.0 ns gate, the MCP could not resolve either set. These
tests indicate that the present gated SIT design is capable of providing spatial resolution
of b:tter than 10 tp/mm with the 6 ps FWHM light pulse in either the DC or gated modes with
the limiting resclution in DC > 20 Lp/mm. Because the SIT is intended to provide nominal
optical gates of 2 1 ns with anticipated absolute minimum gates of ~ 400 ps ! 100 ps, the
laser pulse represents an approximate 15 to 50X worse-case (over the design-goal case) for
charge density.

T™wo additional resolution-related distortions have been observed, ore for each tube type.
The 51Ta, like most electrostatically-focused image tubes show "pin-cushion” distortion.
The cause is related 'o thc dependency of image magnification on the distance of the image
plane from the electron lens axis which ie variable because of the flat target. The magni-
tude of this problem has not been quantified. However, the distortion appears about equal
for the DC and gated modes 0 geometric restortation can be applied to the data during pro-
cessing.

The MCPs, when gated for short times have poorer resolution in the center region than near
the edge. This is caused by the spread in the magnitude of the transient proximity-focuring
voltage which immediately after application, is strongest near the edge of the MCP. There-
fore, the edge reqion of the gated interface has sufficient electric field to accomplish
satisfactory focusing while the center has insufficient field, resulting in the unfocused
condition depicted in Fig. 11. At longer gate times, the proximity-focusing fields are es-
tablished over the entire gated interface and the center and edge resolution ar- nearly
equal.

The conductive cross hair SIT resolut:ion was measured at optical gatr width ™ 700 ps 1
100 pa. The SIT was driven fr-in one of the four gate inputs for this test. The gated opti-
cal image and the electrical qate are shown i(n Fi)s. 12 and 13.

Gain and dynamic_range

For the SITs, the possibility of resiri~ted dynamic range because of signal-induced space
charge in the piane between the photocathode and the gating grid and/or in the plane between
the gating grid and the anuvde .am investigated. 1f the signal current ar a ' ..ction of the
effective light pulss duration (either the actual light pul e width or the optical gate
width) causes sufficisnt space charge to retard the signal current, the obrerved magnitude
for naturation current should vary with pulse duration if sufficient radiant power is



(a). MCP in the DC mode. (b). B8IT in the DC mode.

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

(e). MCP gated for ™ 4.0 ns. (f). SIT gated for ~ 1.5 ns.

Figure 9. The center resolution for !S-mm-diam MCP °

866/2 and for 25-mm-diam SIT SN
K1602. The contrast and peak intensity | each image has been normalized so
that the resolution diftference can be conpared. The oval in the SiT pictures
is a flaw in the electron optics of the FPS readout ssction. The diagonal bar
patitern in the MCP picturer is not associated with the MCP.
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Figure 10. The scan-line profiles for estimating the CTF for the video images of Fig. V.
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case. For the gated data, Tg is the optical gate width.
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the DC mode. the gated mode for in the DC mode. in t. : gated mode
fully on time A~ 2.5 for fully on time
ne. ~ 2.5 ns.

Figure 11. The center-to-edge resolution for 18-mm~diam MCP SN 788/7 for the gated and non-
gated modes. The pattern was first imaged near the edge and then near the cen-
ter. The input intensity was attenuated for the DC measurement and all other
parameters were held constant.

provided to assure saturation. Without space charge influences on current flow within the
tube, the saturation observed will be due to saturation of the silicon target. This level
was established first using a loug-duration (v 3 us FWHM) light pulse from a strobe with the
SIT in the DC mode. The test was repeated with the SIT gated for 14, 6, and 1.5 ns. Next,
with the SIT still gated for 1.5 rns, the 100-ps laser diode pulse was used. For all cases,
the saturation current observed was “ 700 nA, which is consiftent with our experienrce with
nominal vidicon silicon targets. All SIT tubes tested showed no change in saturation level
as a function of light pulse width in the range from 100 ps to 14 ns, although some varia-
tion in absolute level from tube to tube was noted, and significantly lower saturation was
observed for the two SITs with photocathode-to-gate grid space = 25 mils (0.635 mm).

Most of these tests were performed using the iris pattern and the laser-diode source.
Two SITs, two SbyS3 vidicons, one rilicon tgt vidicon, and one MCP were tested. The vidi-
icons were terted individually to met their response characterized before cascading the MCP.
The dynamic range measurements included the TV camer:z preamplifier noise. With the unit
used for all cur tests, the noise sets the lower limit on dynamic range. The saturating
level for the SITs is set by the saturation level for silicon.

Peferring to Fig. 14, the curve showing the MCP-silicon vidicon combination shows satu-
ration at the typical silicon level. Hence, with silicon, both SITs and MCPs will have the

Figure 12. The cross hair BIT resolution for Figure 13. The electrical gate (attenucted
" 700 ps optical gata. Notas the 40 dR) for the ~ 700 ps optical
opaque cross hair in the white gate shown in Fig. 12.
portion of the recorded resolution
pattern.
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same dynamic range. However, for the MCP-Sb,S3 combination, the MCP range can be less than
or greater than that of the SIT. Under optimum conditions, the MCP outperforms the SIT in
both basic responsivity (this may be partly related to different S-20 qQuantum efficiencies)
and dynamic range. The MCP gain is ~ 10 to 50X greater than the SIT gains measured. How-
ever, the MCP was tested at maximum gain and the SITs were tested at 25 to 50% of maximum
gain. For identical photocathode responaivity, the expected difference is ~ 10X as pre-
dicted by compar%ng the electron gains (A 10°) possible from SIT targets with similar elec-
troa gains (n 107 possible from microchannel-plates with added luminous gain (A 1C' :tween
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 and the chromium layer, or buffex, used on the silicon target to mini-
mize unwanted light transmission. The chromium also serves as a barrier to photoelectron
energies 3y 3 keV. The convergsion efficiency of incident photoelectrons to electron-hole
charge pairs is " 3.45 eV/pair. The SIT gain, G, is given by:

_ 290 _
G = %V} vaccelerating 310V (1)

The gate grid, however, in addition to shuttering the tube also controls the gain by con-
trolling the amount of photocathode emission that is allowed to proceed towards the silicon
targyet. Therefore, the measured gain will also be a function 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 waveforms are essentially Gaussian, the
higher amplitudes also mean wider pulses, with the result that higher gains arz 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 guain is set by the voltage
magnitude across the microchannel-plate assembly and the voltage woetween the channel-plate
assembly and the phosphor, Our earlier studyzf indicated a much smalle- gain function de-
termined by the voltage across the photocathode-to-microchannel-plate space, namely the gate
voltage. The response time of this gated interface is believed responsible for the observed
increase in MCP gain with increasing optical gate widths.4 The lonver gates provide more
time for the gate voltage to charge to a higher level, providing the increased gain.

The measured gains as a function of o; ical gate width for one 18-mm-diam MCP and for
several SITs are found in Fig. 15 and Table 1 respectively.
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Fig. 14. The gain and dynamicC range Figurc 15. The gated and non-gated MCP gain
measurements. as functions of optical gate

width.
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Shutter ratio

The ratio of the input radiant flu;_intennitics raquired to give the same output signal
from the image shutter when operating in the statically-on (or DC mode) condition to the
shuttered off (non-gated phase of the gated raode) condition is called the shutter ratio.

For the SITs, this is a combination of (1) the retarding field strength establiihed by
the reverse-bias voltage between the photocathode and the gate grid which shutters photo-
electrons, and (2) the optical fe=d-through which eaxists because of the effective pinhole
camera formed by the znode averture. Both light sources wer¢ used for these¢ measurements.
The optlical feed-through which operates directly on the silicon target is wavelength depen-
dent. The 650 nm laser eudssion and the 820 nm laser diode emission stimulate the target at
higher quantum efficiency than the ~ 450 % 50 nm spectrum used in the field experiments. A
low pass, narrow band optical filter will therefore improve the SIT shutter ratio.

The optical feed-through was 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 reductions in anode aperture were avoided to eliminate possible vignett-
ing of the focused image besm as it goes through crossover in this region of the tube. The
feed-through was also minimized bv increasing the chromium laye: on the silicon target re-
ducing the nominal transmission cluracteristic of ~ 20% to ~ Z8. The optical feed-tarough
was measured by ramoving the accelerating voltace from the SIT and comparing the signal with
that observed in Df mode with the SIT gain funct. ning. For the tubes meaxured, the range
is from ~ 2 x 107" tc 5 x 107" for optical signal feed-through.

The magnitude of ireverse-bians gate voltage used depends upon the desired optic cate
width. Since the bias between the photocathode and the gate grid controls the gr.d trans-
mission, the shutter ratio should vary somewhat with gate width. The largest reverse biases
resulg in the shortest optical gates. This gives the best photoelectron shutter ratios
(~ 10° average) for the shortest optical gates. Table 1 surmarizes SIT shu.tering ratios.

The shuttering efficiency (fQr photoaleztrons) obtained for most 1§-mm-diam '4CPs is > 10°%
and for the better SITs is > 10°?. There is a clear advantage of "~ 107 in favo' of the MCP.
The SIT desigu is being investigated to explore possible improvements, including replacing
*he gold-coated gate grid with a solid gold grid, deflection shuttering, etc. During pro-
cessing of the photocathode, the gold-coated copper gate mesh grid reacts with the photo-
cathude alkali materials and becomes slightly photoemissive. _Thie is believed to be the
reason for the poor shuttering efficiency. The ratio of N 10° can ke used to maximum advan-
tage with proper attenuation of unexpected radiuation, but it represents a weakness in the
present SIT design.

Drivingy point impedance of thec gate interfaces

The wide variations in observed gating speeds fcor typical MCP intensifiers prompted us to
look for electrical parameters which could be correlated with measured optical performances.
The series resistance and lumped capacitance .1 the MCP gate interface for several units
were measured at 10 MHz with an RF impedance unalyser (Hewlett-Packard 4191A) and compared
with gate times measured earlier for the units. The following formula was developed 2 to
predict the optical gate width, gite ar a function of the gate interface RC time constant:
15 e-l/ea

T ~o3.5 x 10

gate (RC)

\ng) (2

Later, the complex impedance for both SITs and MCPs were ireasured for W frejuencies fron
10 MHz to 1 GHz. These data are plotted in Fig. 16. The frequency range corresponding to
our rangce of gata pu’se widths can be approximated by calculating the capacitive reactance,
XC, of the gate interface capacity, c, to the rise time, t, . of the gate pulse:

- 1 e o 0.35
L T ¢ where £ 'y (3)

r

This approximation is possible because our gate purlses are basically Gaussian-shaped with
rise times taken between the 10% and 908 points of the FWHM of the pulse.

In the range of interest (gate widths from ~ 400 ps to 10 ns) the SIT curves represent
a purely capacitive load to external gate generators while the MCP curves indicate a
frequency-dependent reactance alternating hatween capacitive and inductive phases. The
simpler load represented by the SIT makes the design of driving circuitry mvech easier.
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Table 1. The Shutter and Gain Ratios for Typical SITs of Several Design Versions

SIT Shuttering Efficiency Gain Ratio (non-gated/gated or DC/AC)
(SN) for Photoelectrons for Photons DC/AC Ton (ns) DC/AC To- {ns)
X1335 - 50 ? 3.7 1.5 1.6 5.0
K1442 5 x 102 3.2 x 104 4.6 1.5 2.1 5.0
K148l 8 - 12 x 102 2 x 104 3.8 1.7 2.0 5.7
K1481 4 -8 x 102 1 x 10° 1.8 1.5 ) 5.0
K1614 7.5 x 10° 2 x 10° 1.9 1.5 1.1 5.0

Fiqure 16. The 1mpedance and phaive angle plots for typical 25-mm-diam SITs and MCPu.
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