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During the past six months efforts continued to be concentrated on the
evaluation of the high-gain curved-channel MCPs at soft x-ray wavelengths. The
ultra-high vacuum calibration facility with the florescent soft x-ray sources
was brought into operation and the initial data on MCP gain and resolution as
a function of photon energy were recorded. Initial tests are being undertaken
using 25-micron pore size curved-channel MCP in order to obtain a full under-
standing of how the system operates. Some improvements to the system have
already been identified and will be implemented shortly. The Residual Gas
Analyzer (RGA) has been added to the calibration facility and has been inter-
faced to the HP minicomputer. Quantitative measurements of the outgassing from
the MCPs during bake and evaluation has now started.

In parallel, the curved-channel MCP with a curved front face has been
baked and is now being installed on the imaging (1 x 100)-pixel system in order
to complete the detailed evaluation.

A series of discussions have been held with EMR Photoelectric about the
appropriate means for processing Csl photocathodes to produce a high quantum
yield at extreme ultraviolet (EUV) and soft x-ray wavelengths. We are
designing a demountable tube structure which will incorporate a Residual Gas
Analyzer (RGA) head to fully quantify the internal conditions within the tube
prior to deposition of the Csl.

A detailed review paper on "MicroChannel plates and image detection at
soft x-ray wavelengths" was presented at the SPIE 2nd International Symposium
that was held December 2-6, 1985, in Cannes, France. A copy of the galley of
this paper is attached to this progress report.

An investigation of the performance characteristics of a totally new type
of high-gain MCP, namely the off-axis channel MCP fabricated by Detector
Technology Inc., was begun during this period. This MCP which employs a helix
configuration of the channel offers the prospect of performance characteristics
that are equivalent or superior to those of the curved-channel "C-plate" MCPs.
However, the "off-axis channel" MCP is significantly easier to fabricate. Of
particular importance for soft x-ray astrophysics is the possibility of
fabricating extremely large high-gain MCPs for imaging wide-field detector
systems.



Attachment:

"MicroChannel plates and image detection at soft x-ray wavelengths"
by J. G. Timothy.
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-MicroChannel Plates and Image Detection 'at Soft X-ray Wavelengths

___ j. G. Timothy - - - . -.

Center for Space Science and Astrophysics
Stanford University, ERL 314

Stanford, California 94305, USA

. Abstract

Detector systems based on the high-gain microchannel plate (MCP) electron m u l t i p l i e r —I—-
have been used extensively for im a g i n g at soft x-ray wavelengths both on the ground and in —
space. The latest pulse-counting electronic readout systems provide zero readout-noise, ,-=-•
spatial resolutions (FWHM) of 25 microns or better and can determine the arrival times of ?-—
detected photons to an accuracy of the order of 100 ns. These systems can be developed to —
produce detectors with active areas of 100 mm in diameter or greater. The use of Csl ——
photocathodes produces very h i g h detective quantum efficiencies at wavelengths between about
100 and 1A (-^0.1 to 10 keV) with moderate energy resolution. The operating charac- - -.--
teristics of the different types of soft x-ray MCP detector systems are described and the
prospects for future developments are discussed. -—

--- - - - — -- -Introduction ~—

The development of the h i g h - g a i n microchannel plate (MCP) electron m u l t i p l i e r has made
possible the fabrication of h i g h - s e n s i t i v i t y , large-format i m a g i n g detectors for use at soft
x-ray wavelengths between about 100A and 1A (̂ 0.1 to 10 keV). A number of position-
sensitive electronic readout systems have been developed which can directly detect the
charge pulse from the output face of the MCP. The a b i l i t y of the h i g h - g a i n MCP to operate
stably in an open-structure mode in a high-vacuum environment and the i n t r i n s i c s i m p l i c i t y
and rugged nature of these detector systems makes them particularly suitable for use in
space astrophysics instruments. In this paper the current state-of-development of the high-
gain MCPs and the performance characteristics of the different types of readout systems are
reviewed. The configurations of the different soft x-ray photocathodes are described and
the differences in the operating characteristics of the MCP detectors and the solid-state
CCO detectors at soft x-ray wavelengths are briefly compared. The prospects for the future—
development of the MCP detectors are discussed. - - 40

High-gain MicroChannel Plates (MCPs)

The microchannel plate (MCP) operates in an identical manner to that of the conven
tional channel electron multiplier (CEM) which consists of a semi-conducting glass channel
having an internal diameter of a few millimeters and a length-to-diameter ratio of the order
of 100:1. In operation, a potential of about 2000 V is applied along the length of the
channel when the CEM is in a high-vacuum enclosure. An electron released from the wall of---
the channel at the input by the impact of either a photon or a charged particle is
accelerated along the channel axis and drifts across to strike the wal l with sufficient
energy to release secondary electrons (see Figure la). -• -- —

Anode <•>•* 2kV)

^Cathode (OV) Semi-conducting Glass

-• -j

CAIN

(a) (b)

Figure 1. The Channel Electron M u l t i p l i e r (CEM).

Mode of operation. b. Form of output pulse-height distribution.
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The process 1s repeated throughout the length of the channel, and the output charge pulse,"
normally containing 106 to 10° electrons, is collected at the anode. The channel of a high-"
gain CEM is curved to i n h i b i t the acceleration of positive ions produced by the impact of ~
electrons with residual gas molecules towards the cathode where they can initiate secondary"
avalanches producing a noisy and unstable device. "

At high gain the amp!itude"of the output pulse is clipped by the effects of space " -
charge within the channel, and the output pulse-height d i s t r i b u t i o n has the saturated form
shown in Figure Ib. The resolution of_the output pulse-height distribution can be defined"
as "

&G/G

where &G equals the full width at the half height of the d i s t r i b u t i o n and G equals the "~_J_
modal gain value. Resolutions of the order of 30 to 50% are t y p i c a l l y obtained. ~

Since the performance of the CEM depends p r i n c i p a l l y on the length-to-diameter ratio of
the channel and on the a p p l i e d potential and not on the absolute physical dimensions, the ~
CEM can be reduced to a size set by the l i m i t a t i o n s of glass fiber technology, using
techniques as described, for example, by Wiza 1. The microchannel p l a t e (MCP) consists of a
glass disk composed of several m i l l i o n of these small channels each of which can act as an
independent electron m u l t i p l i e r . Typical channel diameters range from 8 to 25 microns and
channel length-to-diameter ratios from about 40:1 to 140:1, y i e l d i n g a plate thickness of
the order of 1 to 2 mm. The MCP is thus a h i g h l y compact electron m u l t i p l i e r with a two-
dimensional imaging c a p a o i l i t y . Until recently, MCPs could only be fabricated with straight
channels and a s i n g l e MCP was susceptible to ion-feedback i n s t a b i l i t i e s when operated at
gains above about 104 electrons pulse"*. However, MCPs can be fabricated with the channels
set at a bias angle with respect to the face of the plate and a m u l t i p l i e r can be con-

two or more MCPs with suitable bias angles and plate orientations so that
are trapped near the plate intersections. The configurations of these
"Z-plate" multipliers are shown in Figures 2a and b. The total voltage across
can then be increased to the level at which a stable h i g h - g a i n and a saturated

structed from
po s i t i v e ions
"Chevron" and
the MCP stack
output pulse-height d i s t r i b u t i o n are obtained.

(a) (b) (c)
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Figure 2. Configurations of h i g h - g a i n MCPs.

"Chevron" MCP. b. "Z-plate" MCP. c. "C-plate" MCP.

The t r a p p i n g of p o s i t i v e ions in a "Chevron" or "Z-plate" MCP is generally not as
effective as in a curved CEM and the output p u l s e - h e i g h t d i s t r i b u t i o n s from these MCPs have
tended to be rather broad (resolutions 100%). However, a number of investigators^•3 have
reported on improved performance when the "Chevron" or "Z-plate" is constructed from MCPs
h a v i n g long 1ength-to-diameter ratios of the order of 80:1 to 120:1. Re s o l u t i o n s of 40 to
60% have been obtained w i t h these MCPs at gains in excess of 107 electons pulse'1.

The recent fabrication of "C-plate" MCPs in which the channels are curved to i n h i b i t
ion-feedback in an i d e n t i c a l manner to that employed in a CEM (see Figure 2c) has
accordingly s i g n i f i c a n t l y improved the performance characteristics of a s i n g l e MCP.4 These
curved-channel MCPs (Figure 3) have demonstrated gains of greater than 105 electrons
pulse" 1, resolutions of the output p u l s e - h e i g h t d i s t r i b u t i o n of 40% or better (see Figure 4)
and a stable response to accumulated s i g n a l l e v e l s in excess of 2.5 x 1011 counts mm"2 .
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Figure 3. Section of curved-channel MCP.

A number of parameters clearly i n d i c a t e that the suppression of ion-feedback in the
curved-channel MCPs is more effective than in the "Chevron" or "Z-plate" MCPs. F i r s t , the
very low dark count rate even when operated at ambient pressures of the order of 10~s Torr,
c r i t i c a l l y important for the use of the MCPs in open-structure soft x-ray detectors on
o r b i t i n g spacecraft. Second, the very low t a i l of h i g h - a m p l i t u d e pulses in the output
pulse-height d i s t r i b u t i o n (see F i g u r e 4). T h i r d , the stable operation of a curved-channel
MCP with the front face curved to match the curved focal surface of a g r a z i n g - i n c i d e n c e
telescope or spectrometer. This MCP (Figure 5) has the front face curved to a radius-of-
curvature of 250 mm and a p l a n a r output face, y i e l d i n g a v a r i a t i o n in the length-to-diameter
ratios of the channels from 140:1 at the edge to 110:1 at the center of the active area.
Preliminary test results show stable operation free of ion-feedback anywhere in the active
area at gains in excess of 7 x 105 electrons pulse" 1.

piTTHirri rn i i ritnirj nil i nfl
- '*> IT? '* * * * *
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Figure 4. Output p u l s e - h e i g h t d i s t r i b u t i o n
for a curved-channel MCP w i t h 25-
micron-diameter channels. Modal g a i n
1.3 x 10^ electrons pulse" 1.
Resolution 401 (FWHM).

Figure 5. Curved-channel MCP with
front face curved to a
radius-of-curvature of 250 mm.
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One of the major advantages of the MCP as an imaging electron m u l t i p l i e r is the

a v a i l a b l e size. Straight channel MCPs are a v a i l a b l e w i t h 12-micron-diameter channels and
active areas larger than 130 mm in diameter and can be "slumped" to provide a steeply curved"
focal surface (see Figure 6). Curved-channel MCPs are currently a v a i l a b l e from G a l i l e o
Electro-Optics Corporation^ with 12-micron-diameter channels and active areas of up to 75 mm
in diameter. 25-mm-and 40-mm-format curved-channel MCPs have also been fabricated with
rectangular and square active areas to match the active areas of specific readout systems
(see Fi gure 7 ),

Figure 6. 130-mm diameter planar MCP and 75-mra-diameter
"slumped" MCP with curved focal surface.

'̂ *̂ y:wy~-r-y
40
41

46

(a) (b)

Figure 7. Curved-channel MCPs w i t h a c t i v e areas tailored
to match the a c t i v e areas of the readout arrays.

a. 7 x 27 mm2 a c t i v e area for a (256 x 1024)-pixel readout array.
b. 27 x 27 mm2 active area for a (1024 x 1024)-pixel readout array,



37
E l e c t r o n i c Readout Systems

In the simplest type of electronic readout system the charge pulse from the MCP is
lerated onto a v i s i b l e - l i g h t phosphor and the i n t e n s i f i e d image detected by a photo-
i t i v e arrav such as a s i l i c o n d i o d e arrav (for e x a m p l e , an E. . Reticon arrav^l

accelerated onto a v i s i b l e - l i g h t phosphor
s e n s i t i v e array such as a s i l i c o n diode array (for e x a m p l e , an
or a CCD (see Fi gure 8a).

hz/

~3W

~5kV

hz/

-3kV

-I50V
_L

(a) (b)
Figure 8. H i g h - g a i n MCP readout systems.

a. Intensified photoconductive array
b. M u l t i - a n o d e array.

With an MCP gain of the order of 10^ to 10^ electrons pulse"*- and an a d d i t i o n a l g a i n i
in the phosphor of 10 sufficient photons can be f i b e r - o p t i c a 1 l y coupled to the diode array
or CCD to produce enough charge in the depletion region for s i n g l e photon detect ion .7>8 The
p r i n c i p a l advantage of the i n t e n s i f i e d photoconductive array is that it can be assembled
from readily a v a i l a b l e off-the-shelf components. However, the i n t e n s i f i e d photoconductive I
array has a number of s i g n i f i c a n t disadvantages for high-energy astrophysics studies in
space.

First, l i g h t s p r e a d i n g at the phosphor and in the o p t i c a l c o u p l i n g system causes the
size of the l i g h t spot to be s i g n i f i c a n t l y greater than the size of the diodes (i.e.,
p i x e l s ) in the R e t i c o n array or CCD. However, c e n t r o i d i n g techniques can be used to
i d e n t i f y the location of the center of the l i g h t p u l s e to an accuracy of a fracton of a
d i o d e , as described by S t a p i n s k i et^a_l_.9 and Latham. 1 0 A further c o m p l i c a t i o n is caused by
the phosphor decay t i m e w h i c h is s u f f i c i e n t l y long that, at t y p i c a l array readout rates, the
l i g h t p u l s e from a s i n g l e event may be detected on more than one readout cycle. In order to
overcome t h i s p r o b l e m prior-frame subtraction t e c h n i q u e s are used (see, for e x a m p l e , Gorham,
Rodgers, and S t a p i n s k i . ) 1 1 Because of the phosphor decay t i m e and because of the size of
the l i g h t pulse, the dynamic range of an I n t e n s i f i e d P h o t o c o n d u ctive array is dependent on
the type of image b e i n g recorded. For f l a t - f i e l d i m a g i n g or for recording s t e l l a r spectra a
count rate of the order of 1 to 5 counts diode" 1*"! (random) w i l l t y p i c a l l y produce a 101
c o i n c i d e n c e loss. However, for i s o l a t e d strong emission l i n e s , such as o b t a i n e d from
spectrograph c a l i b r a t i o n l i g h t sources, much h i g h e r l o c a l count rates can be tolerated. W i t h
correct p r i o r - f r a m e s u b t r a c t i o n t e c h n i q u e s in operation, the I n t e n s i f i e d Photoconductive
arrays w i l l operate at very close to photon s t a t i s t i c s n o i s e - 1 i m i ted operation.



An a d d i t i o n a l d i s a d v a n t a g e is that the serial readout from the CCD (typical frame
rates ^30 Hz) reduces the t i m i n g accuracy of the system. It is thus more d i f f i c u l t to
determine the a r r i v a l times of photons for studies of dynamic phenomena or for post facto
reconstruction of the spacecraft pointing, as was done for example on the E i n s t e i n
observatory. For these reasons the most commonly used MCP readout systems for high-energy
astrophysics experiments are those that directly detect the output charge pulse from the
MCP (see Fi gure 8b) .

Because of the very low photon flux rates, spectroscopic or i m a g i n g instruments for
astrophysics experiments t y p i c a l l y require a large number of p i x e l s for e f f i c i e n t operation."
At this time, four i m a g i n g electronic readout systems are being used at extreme u l t r a v i o l e t
(EUV) and soft x-ray wavelengths. These are the R e s i s t i v e Anode Encoder (RAE)1 • 12 ,13
(Figure 9a), the Hi g h - R e s o l u t i o n Imager (HRI)14 (Figure 9b), the Wedge-and-Strip Array
(WSA)15 (Figure 9c) and the M u l t i - A n o d e MicroChannel Array (MAMA)1^ (Figure 9d).

The s i m p l e s t of these systems, the Re s i s t i v e Anode Encoder (RAE), employs a r e s i s t i v e
anode to locate the event by means of charge division^' or rise-time 1^ encoding techniques.
The block d i a g r a m of a o n e - d i m e n s i o n a l RAE u s i n g r i s e - time d i s c r i m i n a t i o n is shown in F i g u r e
9a. In a o n e - d i m e n s i o n a l array, an a m p l i f i e r is connected to each end of a r e s i s t i v e sheet.
The output charge pulse from the MCP w i l l be d i v i d e d between the two a m p l i f i e r s in propor-

tion to the distance of the pulse from the ends of the sheet. The s p a t i a l l o c a t i o n can
a c c o r d i n g l y be determined by r a t i o i n g the charge detected by the two a m p l i f i e r s or by
me a s u r i n g the differences in the rise times of the two charge pulses. A t w o - d i m e n s i o n a l ,
r e s i s t i v e anode array can be constructed w i t h four a m p l i f i e r s , one at each corner of the
sheet. In t h i s case the p o s i t i o n is determined in two d i m e n s i o n s from the ratios of the
cnarge detected by o p p o s i t e p a i r s of a m p l i f i e r s . O n e - d i m e n s i o n a l r e s i s t i v e anode arrays
g i v e good s p a t i a l l i n e a r i t y ; but two-dimensional r e s i s t i v e anode arrays require low
r e s i s t i v i t y borders to overcome s i g n i f i c a n t image distortion caused by charge r e f l e c t i o n
effects.19

This very simple system has a number of limitations. First, the s p a t i a l resolution is
dependent on the gain of the MCP; and for the best s p a t i a l resolutions, the RAE requires
gains in excess of 10? electrons pulse" 1 d i c t a t i n g the use of "Chevron" or " Z - p l a t e " MCP
stacks in which the charge cloud is allowed to spread over a number of channels. The best
resolution obtained to date, of the order of 40 microns, requires a stacic of f i v e MCPs to
produce a g a i n a p p r o a c h i n g 10^ electrons pulse" 1. Second, the s p a t i a l resolution b e g i n s to
degrade because of pulse p i l e u p at s i g n a l l e v e l s in excess of about 10 4 counts s"1 (random).
At h i g h count rates the coincident a r r i v a l of pulses is interpreted by the readout
electronics as a s i n g l e event midway between the two s i m u l t a n e o u s events (see, for example,_
Mertz e_t_ aj_. 2 0) . This causes a false image to be formed between b r i g h t areas in the
detectFd" image.

A more complex version of the RAE which uses discrete anode wires resistively coupled..:.,
in sets is the High-Resolution Imager (HRI) developed by the Smithsonian Astrophysical
Observatory for use as an x-ray detector on the E i n s t e i n mission. The readout technique for
the HRI is shown s c h e m a t i c a l l y in Figure 9b. An amp 1i fi er is connected to every e i g h t h w i r e ^
with a total of 34 a m p l i f i e r s used for the two-dimensional system. The a m p l i f i e r s are
combined into three groups, and the fine position of the centroid is determined from the
d i v i s i o n of charge among the three groups by using a cyclic a l g o r i t h m of the form
(A-C)/(A + B + C). The coarse position is determined by the rank of the a m p l i f i e r s . The
accuracy of d e t e r m i n i n g the centroid is of the order of 15-30 microns (lc fit).

The u l t i m a t e s p a t i a l resolution in the resistive anode systems w i l l , however, be
l i m i t e d by thermal noise1? and accordingly a number of c e n t r o i d i n g systems u l t i l i z i n g
conducting electrodes have been developed.

The most effective of the c e n t r o i d i n g systems in use today is the Wedge-and-Strip Array
(WSA) developed by a group at the University of C a l i f o r n i a , Berkeley. A schematic of a
t y p i c a l WSA configuration is shown in F i g u r e 9c. In t h i s array, charge is collected on a
number of discrete conducting electrodes, but p o s i t i o n a l i n f o r m a t i o n is once a g a i n
det e r m i n e d by the r a t i o of the charge c o l l e c t e d on the d i f f e r e n t electrodes. In the array
shown in F i g u r e 9c, the coordinates of the event in the horizontal (X-axis) are determined
by the ratio of the charge collected on electrodes C and D, and in the v e r t i c a l (Y-axis) by
the r a t i o of the charge collected on the elecrodes A and B. T w o - d i m e n s i o n a l WSAs can be
constructed w i t h o n l y three electrodes. 2 S p a t i a l r e s o l u t i o n s of the order of 40 microns
have oeen obtained w i t h MCP g a i n s in excess of 1 0 ' e l e c t r o n s pulse' 1. The o p t i m i z a t i o n of
large-format WSAs w i t h active areas up to 200 mm in diameter has been discussed by Schwartz
and Lapi ngton.21
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F i g u r e 9 . E l e c t r o n i c r e a d o u t s y s t e m s f o r h i g h - g a i n M C P s

a . R e s i s t i v e Anode E n c o d e r ( f r o m U l z a ^ ) .
b . H i g h - r e s o l u t i o n Imager ( f r o m K e l l o g g e t al.^).
c. W e d g e - a n d - s t ri p ar ray ( f r o m M a r t i n et~l . ̂  ) .
d . T w o - d i m e n s i o n a l M u l t i - A n o d e MicrocnaTneT A r r a y

( from Timotny 1£>) .
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A readout system which is designed to e l i m i n a t e the h i g h - g a i n requirements and the
dynamic range l i m i t a t i o n s of centroiding systems and which uses a precision array of
electrodes to c o l l e c t the charge pulse is currently under development by the author in
c o l l a b o r a t i o n with B a l l Aerospace Systems D i v i s i o n (BASDJ.22 The m u l t i - l a y e r , coincidence-
anode, Multi-Anode MicroChannel Array (MAMA) (see Figure 9d) employs two sets of anodes _
ins u l a t e d from each other but exposed to the output face of the MCP. The output charge -
cloud from the MCP d i v i d e s between two sets of anodes in each axis at the p o s i t i o n where _
the event occurs a l l o w i n g the spatial location to be i n d e n t i f i e d by the c o i n c i d e n t a r r i v a l _
of pulses on the appropriate pair of anodes. Photometric data from a x b p i x e l s in each
axis can then be read out with a total of a + b a m p l i f i e r and discriminator circuits.23

Two-dimensional arrays are constructed from two i d e n t i c a l coincidence-anode arrays
arranged v e r t i c a l l y above each other and oriented orthogonally. As shown in F i g u r e 9d, a
(1024 x 1024)-pixel array fabricated in t h i s manner employs coincidence detection in the two
axes and requires only a. total of 128 a m p l i f i e r and d i s c r i m i n a t o r circuits. The technical
p r o b l e m in the f a b r i c a t i o n of these m u l t i - l a y e r arrays is the need to expose the lower-layer
electrodes to the low energy (order of 30 V) electrons from the MCP which cannot penetrate
an i n s u l a t i n g layer. This is accomplished by etching away the s i l i c o n d i o x i d e i n s u l a t i n g
layer between the two sets of electrodes in the interstices between the u p p e r - l a y e r
electrodes. The largest format coincidence anode arrays in operation today have formats of
256 x 1024 p i x e l s ana s p a t i a l resolutions of 25 x 25 microns 2 (FWHM).

A more d e t a i l e d comparison of the different MCP e l e c t r o n i c readout systems has been
presented recently by the author.^^

Soft x-ray photocathodes

The semi-conducting glass of the MCP can be used as a moderately e f f i c i e n t photocathode
at EUV and soft x-ray wavelengths. However, at energies above about 20 eV (-oOOA) the
quantum e fficiencies of all m a t e r i a l s increases d r a m a t i c a l l y w i t h the a n g l e of i l l u m i n a t i o n .
For th i s reason MCP detector systems for use with g r a z i n g - i n c i e n c e o p t i c a l systems t y p i c a l l y
employ channels at a 0° bias a n g l e with the photocathode m a t e r i a l deposited in the internal
surface. Because of the strong dependance of quantum efficiency on the a n g l e of incidence
it is h i g h l y advantageous to "funnel" the inputs to the channels to increase the open area
ratio and the percentage of the photocathode i l l u m i n a t e d at h i g h angles of i n c i d e n c e .

theAt this point in time Csl when deposited and stored under h i g h vacuum appears to be
most efficient and readily a v a i l a b l e photocathode material for use at EUV and soft x-ray
wavelengths .25,26 fwo configurations can be used, namely high-density "opaque" Csl directly.
deposited on the front face of the MCP (see Figure lOa) or low-density "fluffy" Csl
deposited on a thin soft x-ray f i l t e r and mounted in proximity focus with the front face of_
the MCP (see Figure lOb). For both configurations, an appropriate focusing electrostatic
f i e l d must be used to prevent degradation of the image q u a l i t y by dispersion of the
photoelectrons (see, for example, Taylor et_a_l_.27) _ _ _

Focus Electrode hi
• Thin Film XUV Filter

Opaque Csl Photocathode \-~K<i"r«"trrtt^,i-s.1,,, ..,.,,,•
on Funneled Channels / 1 e~

Curved - Channel MCP

Anode Array

Low Density Csl

3 Pholocothode

\ \ \ \ V
Curved-Channel MCP

Anode Array

(a) (b)

Figure 10. Csl photocathode c o n f i g u r a t i o n s for use at soft x-ray w a v e l e n g t h s ,

a. Opaque Csl deposited on the front face of the UCP.
b. "Fluffy" Csl mounted in p r o x i m i t y focus with the

front face of the MCP.
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A comparison of the quantum efficiencies of opaque and "fluffy" Csl photocathodes of
optimum thickness i l l u m i n a t e d at normal incidence is shown in Figure 11. However, it should
be noted that significantly higher quantum efficiencies can be obtained with opaque Csl _^
i l l u m i n a t e d at h i g h angles of i nci dence.'9»30 Higher values have also been o b t a i n e d from
Csl photocathodes deposited on p e l l i c l e substrates and m a i n t a i n e d in a dry environmental "
The importance of m a i n t a i n i n g the Csl photocathodes in a water free environment cannot be
overemphasized. Because of the dependence of the number of photoel ectrons emitted from Csl
on the photon energy at wavelengths below 100A a moderate le v e l of energy d i s c r i m i n a t i o n
is attainable with Csl-coated MCPs.32 ~

Negative affinity GaAsP photocathodes have been studied as p o t e n t i a l l y very high
effieciency photocathodes at soft x-ray wave 1 engths. 33 However, because of their extreme
f r a g i l i t y , l i t t l e progress has been made to date in d e v e l o p i n g these photocathodes in
detectors that are either windowless or have t h i n windows for use at soft x-ray wavelengths.

PHOTOS ENERGY (e/l B L Henke
University of Hawaii 08/81

Figure 11. Quantum efficiencies of low-density ("fluffy") and high-density
Csl photocathodes of optimum thickness i l l u m i n a t e d at normal incidence
(Henke 28). _ .

Comparison with CCDs

currently proceed! ng . __LL_Development of the CCD detectors for astrophysical a p p l i c a t i o n is
— ,A ,,*~ 34 ThinnoH back-i11 urninated CCDs after u l t r a v i o l e t flooding have

efficiencies at blue and u l t r a v i o l e t wavelengths and
wavelengths near 2A. The development of large-
and the delivery of the Textromx scientific CCO with

2048 x 2048 p i x e l s on a 50 x 50 mm*"

at a rapid rate.34 Thinned
demonstrated very h i g h quantum
currently under evaluation at x-ray
format CCDs is also now in progress,

50 mm2 active area is scheduled for early in 1986. The

are

development of a deep d e p l e t i o n CCD for use
a number of investigators (see for example,

at soft x-ray wave
Walton et al .35) .

len g t h s has been discussed by

Since there are a number of fundamental differences between the operating character-
i s t i c s of the CCDs and the MCP detectors, the two classes of detectors are complementary and
both are required for future astrophysics missions. Some of the more i m p o r t a n t differences
for operation at soft x-ray w a v e l e n g t h s are l i s t e d in Table 1. First, tne CCDs integrate
charge on the c h i p and use a s e r i a l readout t e c h n i q u e . For t h i s reason, they are not
s u i t a b l e for a p p l i c a t i o n s which require fast t i m i n y of events. The e l e c t r o n i c MCP detectors
employ random readout systems, and events can be time-tagged to an accuracy equal to the
p u l s e - p a i r r e s o l u t i o n of the electronics. CCDs operate with g a i n s r a n g i n g from -v-30 to ^1600
at soft x-ray w a v e l e n g t h s and have a f i n i t e readout noise. The flCP detectors have g a i n s of
the order of 105 to 10° and operate w i t h zero readout noise.

The most important a d v a n t a g e of the
h i g h - r e s o l u t i o n i m a g i n g c a p a b i l i t y and a
w a v e l e n g t h s .34« 36 yne MCP detectors can
resolution.

CCDs is that they can p r o v i d e s i m u l t a n e o u s l y a
h i g h l e v e l of energy r e s o l u t i o n at s o rt x-ray
only p r o v i d e , at best, a low l e v e l of energy
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Table 1. Comparison of MCP and CCO Operating Characteristics at soft x-ray wavelengths

Parameter

Signal Integration

Gain

Puls e-Counting

Readout Noise

Event Tmng Accuracy

Wa v e 1 e n c t n
Response

S e n s i t i v i t y

Energy R e s o l u t i o n

C o o l i n g
Requirenents

S e n s i t i v i t y to
Cosmic 3ays

MCP

In external memory

105 to 106

Yes

Zero

100 ns

R e l a t i v e l y narrow--tai 1 ored
by pnotocatnode m a t e r i a l

soft x-ray and E'JV - very h i g h
U l t r a v i o l e t - h i g n

31ue - nooerate
Red - low

Low

Soft x-ray pnotocathooes
--none

CCD

On chip

--30 at 100 A
to --1600 at 2 A

Yes
( "-8 A)

10 elec t rons rns

> 1 s r or 1o*-no» se
opera 1ion

Very broad (thinned ana
UV floodj

Ve ry hi an from
soft x - r a v to
near » n f r j red

Very 11 gh

B e l o w -!00°C fo r
l o w - n o i s e o p e r a t i o n

H i g h - - t f c i i c < c h i p s
M o d e r a t e - - t n i n n e d c n i p s

The key problem in the use of CCDs in astrophysical i n v e s t i g a t i o n s at soft x-ray
wavelengths is the e l i m i n a t i o n of long w a v e l e n g t h scattered r a d i a t i o n . The very broad
w a v e l e n g t h response of the CCD is shown in F i g u r e 12. For cool stars such as the sun the
flu x at u l t r a v i o l e t and v i s i b l e wavelengths is many orders of m a g n i t u d e larger than the
fl u x at soft x-ray wavelengths (see Figure 13) . Rejection of this longer wavelength
scattered r a d i a t i o n requires the use of carbon filters for u l t r a v i o l e t suppression even with _'_
the Csl-coated MCP detectors. --

Thinned CCD with Opaque Csl Opaque Cs2Te (MgF2 Window* ;
UV Flood j

Measured Measured Measured I
Expected •• • • Expected j

1000

PHOTON ENERGY (eV)
100 10

~ ' u
•̂ s
"•"*

> 08
o
UJ
5 06

i ' j,^^/.-^.^ ' | [ ' ' . ' ' . : .„• ' i ' •
/ *"-»^. jx ^'^

/ "^/l V 1

'- 1 XN /^

/ XN * '

N
"-— -H-A s" N

04 h

\
02 r

10

V X

100 1000

WAVELENGTH (A)
ICOOO

F i g u r e 12. Quantum e f f i c i e n c i e s of a t h i n n e d CCD w i t h UV flood and of u l t r a v i o l e t ,
EUV and soft x-ray p h o t o e m i s s i v e catnodes. (CCD data from Janesick et al
Csl and Csjje data from L u k i r s k i i e_Lil.--y ; detzger- 3 7 ; and
Carrutners- 5 3) .

.34.
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Figure 13. The solar spectrum.

Future Developments

Fueled by the requirements of h i g h - v o l u m e c i v i l i a n and m i l i t a r y i mage-i n tens i f i e r
markets the MCP industry appears to be on a stable basis in the near future in the USA. In
addition, several large-format MCP detector systems are being developed s p e c i f i c a l l y for
use on a number of NASA f l i g h t missions. Open-structure EUV and soft x-ray WSA detectors
are being developed for i m a g i n g and spectroscopy on the EUV Explorer spacecraft by the group
at the University of California, Berkeley. 39 jne Smithsonian Ast rophys i ca 1 Observatory are
fabricating a copy of the E i n s t e i n HRI for Rosat and are starting the development of an __
improved HRI with an active area of 100 x 100 mm? for the Advanced X-ray Astrophysics . __
F a c i l i t y (AXAF).40 At Stanford, we are c o l l a b o r a t i n g w i t h B a l l Aerospace Systems D i v i s i o n •_.
on the development of (2048 x 2048)- pixel MAMA detectors with active areas of 50 x 50 mm2

(see Figure 14) for the NASA Goddard Hubbl e Space Telescope Imaging Spectrograph . In ______
a d d i t i o n , we are starting the d e f i n i t i o n of an open-structure (256 x 16K)-pixel MAMA .. ____
detector (see Figure 15) for use in the prime spectrograph of the Far U l t r a v i o l e t
Spectroscopi c Explorer (FUSE). As the result of these development programs we can expect
further significant improvements in the performance characteristics of imaging MCP detector
systems at soft x-ray wavelengths in the near future.

Soocef Pod Ofl Meoder
li places)

2018 « 2048
-..0,

icminq Ring

>— Snoo Ring

F igu re 14, ( 2 0 4 8
H u b b l e

x 2048)-pixel MAMA detector for the
Space Telescope I m a g i n g Spectrograph.
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Figure 15. (256 x 16K)-pixel MAMA detector for the prime spectrograph of the
Far U l t r a v i o l e t Spectroscopic Explorer (FUSE).
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