REPORT SD-TR-81-55

BTG FILE COPY¥

i G

Properties of the Channel Electron Multiplier
Arrays (CEMAs) for the SOLEX Solar
~ X-Ray Spectrometer/Spectroheliograph

"E. ENG, JR. and P, B, LANDECKER
Space Sciences Laboratory
Laboratory Operations
- The Acrospace Corporation
Bl Segundo, Calif. 90245

" 13 Jjune 1981

APPROVED FOR BUBLIC RELEASE;
DISTRIBUTION UNLIMITED

Prepared for

SPACE DIVISION
AIR FORCE SYSTEMS COMMAND
Los Angeles Air Force Station
P.O. Box 92960, Woridway Postal Center
Los Angeles, Calif. 90009

81 7 13 083

S T A A R AR




iy

T

Pondabl decll Waihyr Joprat

This report was submitted by The Aerospace Corporation, El1 Segundo, QA
90245, under Contract No. F04701-80-C-0081 with the Space Division, Deputy for
Technology, P.0. Box 92960, Worldway Postal Center, Los Angeles, CA 90009. It
was reviewed and approved for The Aerospace Corporation by G. A. Paulikas,
Director, Space Sciences Laboratory. Lt R. S. Weidenheimer, SD/YLVS, was the
project officer for Mission-Oriented Investigation and Experimentation (MOI%)
Programs. '

This report has been reviewed by the Public Affairs Office (PAS) and is
‘releasable to the National Technical Information Service (NTIS). At NTIS, it
will be available to the -geaeral public, including foreign nations.

Thig technical report hag been reviewed and g approved for publication.

Publication of this report does not constitute Alr Force approvil of the

- report’s findings or conclusions. It is published only for the axchange and

atimulation of ideas.

Randall §. Weldenheimer, 2nd Lt, USAF Florian P. Meinhardt, Lt. Col.
Project Officer USAF Director of Advanced Space
Development

FOR THE COMMANDER

William rg, Col, USAF
Deputy for Technology

(%4




]
neS
K

57
WERTI,

*

AR AL
K a4

gt

TR SIS, MBI ey o

AR et < o L ee oL M tee e AR LA <R é?-‘f-*.""“;?",‘m

! Bt'w'.ﬂ E}Ig, Jr, .and P, .B./.Lnan.decker \
i ‘ .

UNCLASSIFIED
SECUBITYCLASSIFICATION OF THIS PAGE (When Date Entered)
L") REPORT DOCUMENTATION PAGE sEr CAD INSTRUCTIONS

2. GOVT ACCESSION NO.

3, RECIPIENT'S CATALOG NUMBER

a -104 37§

o SN . saan

| | BROPERTIES OF THE QHANNEL ELECTRON MULTIPLIE
ARRAYS (GEMAs) FOR THE SOLAR Z-BAY
SPECTROMETER/SPECTROHEL H 9 j': PR

8. TYPE OF REPORT & PERIOD COVERED

il

——

(14
(151

9. PERFORMING ORGANIZATION NAME AND ADDRESS

The Aerospace Corporation
El Segundo, Calif. 90245

10. PR g AM ELEMENT, PROJECT, TASK
ARTA A YaRrK WM”
. PR L
Sk,
N

1. CONTROLLING OFFICE NAME AND ADDRESS
Space Division
Alr Force Systems Command
Los Angeles, Calif, 90009

St

T [7%. NUMBER OF PAGES

12, AERORT DATE /
15 June«1981 |

£

40 {

TE. ONITORING AGENCY NAME & ADDRESS(I! ¢Jifsrent irem Contrelling Otfice)

18. SECURITY CLASS. (sf this repest)
Unclassified

‘WITF——'——T'cﬁ&atspcmoa DOWNORADING |

8. DISTRISUTION STATEUENT fof thie Report)

Approved for public release; distribution unlimited

17, DISTRIBUTION STATEMENT (of the sbatraet misred in Blssh 30, il dittoren’ lem Report)

T8, SURPLENENTARY NOTES

Channel Electron Multiplier Arrays
X-ray Detectors

9. KLY WORDS (Continue on roverse side il necsssary and ideniily by blosk Rumber)

wavelength range.

T0. ABSTRACY (Continue en raveres side If nosossary and (ealily by bleek sunber)
‘A Channel Electron Multiplier Array (CEMA) detector was launched on 24
February 1979 as part of the SOLEX Solar X-Ray Spectrometer/Spectrochel fograph
experiment abuard the U.S. Air Force Space Test Program P78-1 satellite. .
Since launch, this detector has successfully recorded X-rays in the 3-25A

This report describes the comprehensive laboratory testing

program of the flight and flight spare CEMA detectors.

energy resolution and gain are given as a function of different incident ..

Quantum efficlencles,

- R

00 FORM

PACStMILEY

/.

372

/1) 512 s

e B ke At




UNCLASSIFLED
SECURITY CLASSIFICATION OF THIS PAGE(When Data Eniored) '

19. KEY WORDS (Continusd,)
i
20. ABSTRACT (Continued) Y
;j?photon wavelengths, voltage configurations, incident angles and lifetime
' exposures. Our results are compared to other published values.
'. -
; A |
i l
by R
;af
3 |
;
3] !
3 !
L)
.
-

UNCLASSIFIED
SECUNTY GLASHFICATION OF THIS PASKWhen Daks Belored)




PREFACE

The authors thank Drs. J. P. Henry, D. L. McKenzie, H. Re. Rugge, J. G.
’ Timothy, J. H. Underwood and J. Wiza for their many helpful discussions. C.
K. Howey and R. L. Williams provided the supporting mechanical and electrical

designs, respectively.

Lamw s eSO

c.y

A R S

&

b}
e

. -
PRGN T i



CONTENTS

PREFACE escacvoosvosseoccocssconssssscsvsssssescssssccssacsesasscssssnscses
I. INTRODUCTIONe secooosecvesscssssccossscoscosscosssescscossnsscacssnss
1I. EXPERIMENTAL SETUPvesesvoesococossossssccssccsssesccssscsssssecscccs
IIIe  TESTINGesssocsvocosscsesoccososssonosssssrssosssecccnscsecsssscscsvsnses

Iv‘ SUWY AND CONCLUSIONSQQOQOQQCC....‘..‘00.‘O..I.‘..QQO...O..Q....'

REFERBNCES...........l...‘.’......'..QQ..Q......‘....."O.'.Q.O.'Q.QO.'.’.

33
37

TR B P S A TR S, s G

)

S

g A et i 3

G




1.
2.

3.

4,

5.

6.

7.

8.

9.

10.

i1,

12,

13.

FIGURES

CEMA Expetimental Setup-obcoaoooooocooooooocooooooooooo-oooo.-cooovoo
CEMA/X'tay Source Setup...;.....-.o....a.-.........................,.

CEMA #101 Quantum Efficiency versus Angular Position (between
CEMA normal and collimated X-ray beam)...............................

Gain versus Total Pulse Height Analyzer Counts from CEMA #101
in the Flight Configurationcoooooco-ooo"oroooooo'ooocuoooooooooooo.

Quantum Efficiency versus Total Pulse Height Analyzer Counts
from CEMA #101 in the Flight Confignration...........................

Full Width at Half Maximum versus Total Pulse Height Analyzer
Counts from CEMA #101 in the Flight Configuration...........‘.‘......

Dark Counting Rate (background rate) versus Total Pulse Height
Analyzer Counts from CEMA #10! in the Flight Configuratiofcecsssscecs

Full Width at Half Marimum versus Vepone = Vghield fOF
CEMA #4101, (vmtddle top " Voiddle bottom ™ 20 volts and
vCOllQCtOT - VShiﬁld - 2700 VOICB)OQQOOOCOOOOOllloooo‘occc.y.otqouooo

Quantum Efficiency versus vfront - vshield for CEMA #101

(vmiddle top = Vmiddle botton ™ 20 volts and Vo,yy,0p0r -
vshield - 2700 volcs)..."'""..‘...‘.......'..‘..........'...'..‘.‘

Full Width at Half Maximum versus vmiddle top - vniddle bot ton

er cm 'XOIOOQOCUU.OQDQOIDOCOOIOIQ0.0000.0..‘.O.‘0.0DODO0.0’0‘.’.0&

Quantum Efficiency versus Vmiddle top ~ anddle botton for
CEMA #101 (vfront “ Vehgeld = O volts and Vooryocror ~
vahiald bad 2700 VOltS}oooon¢nbooooco’.toto..iO.onl.oooqsoo-ooooooooooo

Gain versus V - vshield for CEMA '10100».0.0000oocusboyooton

collector

Full Width at Half Maximum versus V.ojlector ~ Vshield for

Cw 'lol‘.'00...'QO...I..I..‘....'i.l'......C.‘....C.‘.."'."'....‘

10

11

13

14

15

16

17

18

19

20
22

23

;&,
]
%
%
A




T W R L T T

¥ T ST R

0 AT
? 3

Felss

o wn T TR LT
e AT T SR

i et e anr s et s At e R L Y ML
TR TR, T St L T T - . s

L o S

14,

15.

16.

17.

18,

19.

20.

21,

FIGURES (Continued)

Quantum Efficiency versus Wavelength for CEMA #101 with
Shield #1 Presentessscccesccsvoceovsossonssorsvossssvsonssossssssosssne

Full Width of Half Maximum versus Wavelength for CEMA #101

(vfront = Vshield ™ O volts and Voi441e top ~
vmiddle bot tom =0 volts)...oo00'0.00.0000000‘0‘lQQ.0.0QOOQQ.Q.OQ.‘OO

Quantum Efficiency versus Angular Position (between CEMA
normal and X-ray beam) for CEMA #101-oooq.oooooooooooboo.o.cooooootoo

Comparison of CEMA Quantum Efficiency versus Wavelength to
that of Other Investigators.....u.....................n.........u.

Gain versus Dose for Two Different Types of Plates Tested by

Henry et ) T Y

Quantum Efficiency versus Angular Position (between CEMA
normal and X-ray beam) for CEMA #102..ccesevesssscncsnsesnssssnconsces

Quantum Efficiency versus Wavelength for CEMA #102 (corrected
for che effects of shield #9) in the Flight Configuration
with Appropriate Error Bars and Absorption Edges Shownisecesescecocsss

Quantum Eff{ciency versus Wavelength for CEMA #101 (taking
absorption edges into account) in the Flight Configuration
with Siiteld 710 and 212 Presenl.veescsessssnsosscnsessssrscssassosess

Comparison of CEMA 2101 Quantum Effticiency versus Wavelength
(taking absorption edges into account) with that of Other

InvestigatorBecsssscnssesnsonsossntcnnsssscsssainsacnncsonsssasscscass

24

25

27

28

29

K}

32

34

35




R SRR R AROR O AT

I.  INTRODUCTION

The SOLEX Solar X-Ray Spectrometer/Spectroheliograph payload was launched
in the pointed section of the U.S., Air Force Space Test Program P78-1
satellite on 24 February 1979 and is currently obtaining solar raster maps in
individual x-ray spectral lines and recording spectra in the 3-25 A wavelength
interval with excellent spectral, spatial and temporal resolution (Landecker
et al., 1979a, 1979b, 1980; McKenzie et al., 1980a, 1980b, 1981; Landecker and
McKenzie, 1980; Doschek et al., 1981 ), A sealed proportional counter detector
is sensitive only up to about 14 A, In order to detect the many x-ray lines
above 14 A, given the constraint that flow counter systems were not permitted,
we selected as one SOLEX detector a CEMA (for Channel Electron Multiplier
Array) device.

The Galileo Chevron CEMA is a high gain, low noise x-ray sensitive detec-
tor that consists of two plates of straight, narrow tubees that are separater
by an insulator (Wiza, 1979). The tubes in the plates are biased with respe ¢
to each other; this dramatically reduces the problem of ion feedback which, if
present, would appear as spurious background.

The orientation of channels in the plates in shown in Figure 1, The
length of the CEMA tubes was chosen to obtain a large channel length to chan-
nel diameter (L/D) ratio. An L/D ratio of 86 was selected to achieve a better
pulse height distribution (i.e. detector resolution) at the desired high
electron gain, and to uinimize gai: varfations bdetween individual microchan~
nels. The bias angle between the CEMA channels and the aormal to the frout
plate was determined by Galileo to be 3° 45' & 10'. '

On the low voltage side of the CEMA there is located an asseably consist-~
ing of aluminized and clear polypropylene filters to block solar EUV and UV
radfation and elactrons, to serve as a Faraday shield, and to keep the CEMA

" clean during prelaunch tests and handling (Landecker and Eng, 1978). A coat~

ing of wagnesium fluoride on the CEMA cathode was used to increase the quantua
efficiency.

This report describes the results of extensive testing of the flight and
flight spare CENA detectors.
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II. EXPERIMENTAL SETUP

An X-ray source consisting of a Henke tube, a rotary fluorescent target
wheel and a mechanical collimator was used to determine the pertinent charact-
eristics of the Galileo CEMAs. The x-ray energies produced by the source
included

FeKa (1.937 A) Crka (2.291 A) TikKa (2.750 A) Snla  (3.600 A)
Agla (4.154 R) Mola (5.406 A) SrLa (6.862 A) Sika (7.126 A)
Atka (8,338 A) Sela (8.990 A)  MgKa (9.889 A) Gela (10.44 A)
Znla (12.26 A) Cola (13,33 A) NiLa (14.57 A) Cola (15.97 A)
Fela (17.57 X) FRa  (18.32 A) MnLa (19.45 A) Crla (21.67 R)
OKa (23.71 A) Vla  (24.26 A) Tila (27.39 A)

The x-rays were collimated by a number of stainless steel tubes of 0,1"
diamcter and 24" length. The full width collimation of thne source was 0,24°
while the circular beam exiting the collimator was 5/16" {n diameter. This
collimated monochromatic x-ray beam was alternately alloved to intercept the
CEMA under test and a flow proportional counter monitor of known efficiency.
The x~ray source configuration is shown schesatically iun Figure 2.

L1k, TESTING

Data wvas taken to determine cne quantum efficiency (Q.E.) of CEMA #:0.
(currently aboard P78~ satellfte) and flight spare CEMA #102 as & function of
the angle of incidence ™etween the CEMA nortal and x-ray beam from the collim~
ator. The CEMAs were ocounted so that the aormal to the front plate was ap-
proximately parallel to the x-ray beasm while the rotary table on which the
CEMA was attached could be rotated by * 7°. The data for CEMA #101 are plot~-
ted in Figure 3. The Q.E. is a einimus vhen the x-ray beas po;éts directly
down the tubes of the froat plate.

The graph of quantum efficfency versus wavelength for different angular
positions shows a saxiaum when the angle between the CEMA channels and the x-
ray beam is approximately 2.6°. A fairly good efficiency is obtained for
vavelengths AL Ka , MgKa , and Cula at the angular configutation where the
CEMA channels are 4% to the x-ray beam. This poiant 1s indicated by the arrow

9
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at 0% in Figure 3 and is called the flight configuration. (It should be noted
that the flight configuration, with reference to Figure 1, means that vfront =

-ﬁiﬁ;‘-ﬂ_":‘

vshield = 0 Volts, and vmiddle top— vmiddle bottonm = ( VOlts.) The Optimum
angle of about 4° between the incident photon (X-ray) beam and the front

PN P AT

channels resulted in a reasonable compromise between quantum efficiency and

A

resolution.

I,

Tests were performed to measure the detector degradation as a function of

B ES

LR

exposure. An analysis of CEMA #101 shows that pertinent parameters can be

pletted versus the total number of pulses counted by the pulse height analyzer
(PHA). The source beam is collimated so that all X-rays hit one spot on this
y CEMA and form a circular impact area 0.46 inches in diameter.

B Figure 4 which gives the CEMA gain versus total PHA counts shows that the
gain linearly decreases with total pulses. As shown in Figure 5, the Q.E.

versus total PHA counts tends to slowly decrease with total counts. The FWHM
(Full Width at Half Maximum) (%) resolution of the counter versus total PHA
counts (Figure 6) tends to decrease slightly with total counts. At the same
time, the dark counting rate in general tends to increase with total couuts
(Figure 7). At the end of all these lifetime tests, a new data point was
plotted on all graphs by illuminating a region on the CEMA which previously
had not been exposed to radiation. The data shows that the new spot on CEMA
o #10] had an increase in gain and ¢.E. but that there was no particular differ-
ence with regard to FWHM {X) or dark counting rate. The new points are given
in Figures 4-7 (dashed lines).

Data was also taken to determine the effect of applying a voltage between
the shield and front plate; the voltage was varied between 0 and 50 volts.
This was done to see if the detector resolution or quantum efficiency would

O

ioprove. The resolution does improve slightly as the applied voltage in-
creagses to near 50 welts. However, the quantum efficiency remains constant.
The effect 18 plotted in Figures 8 and 9.

AT R

A voltage (20-50 volts) was also applisd between the middle bdbottom tabd
and the middle top tab to see if the resolution or quantum efficiency could be
lmproved. As shown in Figure 10, the resolution dves improve as the applied

voltage increases. llowever, as shown in Figure 11, the quantum efficiency

again remains coastant.
12
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The extent to which our resolution improves as the applied voltage in-
creases differs from that reported by Je. L. Wiza (1977). In applying 50 volts
between the middle top tab and middle bottom tab, we improved our resolution
from 160 to 150%, whereas, Wiza was able to improve his resolution from 160 to }

110%. There are two possible reasons for this disparity of results. We used

0 o

X~-rays while Wiza used UV excitation and the CEMA devices could have been

manufactured to different specifications.

In both of the tests above where vcltages were varied, the gain of the
CEMA became lower as the differences (vfront - vshield or vmiddle top -
Voiddle bottom) increased. This effect was due to the net voltage across the

plates decreasing at the same time.

Data was also taken in A% Ka , Cula , and FKa to determine the CEMA gain
as a function of the voltage from the shield to the collector for the case
where Vyiggle ~ Veront ™ Vback T Vmiddle ™ Icema ¥ (4¢3 megohm) and Veoyjeceor
= Vback ™ Icema X (1.3 megohm)s The results show a fairly linear behavior as

- can be seen in Figure 12.

Also, the resolution (XZFWHM) versus the voltage across the shield to
collector for the case where Vpoii41e = Veront ™ Vback = Vniddle ™ IceMA X (4.5
megohm) and Veollector ™ Vhack ™ loema X (1.3 megohm) was measured. The
results show the resolution is improved as the voltage across the CEMA (shield 3
to collector) increases. tHowever, the counter lifetime probably also de-
creases as the tube gain is increased (Figure 13).

Upon reviewing the data obtained when varying the voltages across the
CEMA (Vpsddle top =~ Vmiddle bottom 3% Verone = Vengenrd)s it was decided to :
adopt the "flight" configuration in order to maximize the detector simplicity ﬁ
and, therefore, the post-launch reliability, since the voltage refinements did i
not substantially improve our measured performance of CEMA #101.

Figure 14 shows the quantum efficiency versus wavelength (at AR Ka ,
. MgKa, and CulLo ) for different angles between the x-ray beam and the CEMA

channels.

Figure 15 shows the resolution versus wavelength for different angles
between CEMA cnennels and x-ray beam, and different voltages across the CEMA.
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In Figure 16 we compare our mearurements of the quantum efficiency versus
engular position for CEMA #10l to similar measurements by two other experi-
menters. It is seer that for A4 Ka , the Q.E. for #101 is higher overall than
that for either Henry et al (1377) or Bjorkholm et al (1977). This higher
Q.E. for all angular positions may Le due to a different glass composition or
cathode coating of our CEMA than that used by Henry et al. and Bjorkholm et
al. It should be noted that Henry et al. used a coated Mullard plate while
8 jorkholm et al. used an uncoated Mullard plate. The full widch beam spread
of the Bjorkholm test was 1°.

A comparison of the peak Q.E. versus wavelength curve for CEMA #101 to
the same cthe obtained by other experimenters is shown in Figure 17. The
quantum efficiencies we obtained in the 8.34 to 13.38A range peaked above
those of the other investigators.

Several CEMA lifetime testr by other investigators using X-rays have been
made. Ove study was performed by Henry et al. (1977) and the.: results are
given in Figures 18(a) aud 18(b). Henry's type V plates apparently reaclied a

% plateau or steady gain region after 107 counts/mmz. For the type X plates,
the gain decreases with increasing dose and ao plateau in gain 1s reached. We
do not know how our Galileo CEMA #10l compares in glass composition to either
the Type Y or Type X plate of Henry et al. so that it is difficult to wmake a
teasonably valid comparison. Peter Graves of Galileo (private communication)
indicated that we might expect the gain to decline from about 4 x 107 o 2 X
107 during the first 107 total count:s/mm2 subsequently stabilizing near the
latter value until r.:aching about 101! accumulated counts/mm? (see Figures 4~
7)s Near this point the gain should drop rapidly. We note that in our test-
ing of CEMA #8101, we did not exceed 3.1 x 103 counts/am? (sce Figures 4=7).
e : Therefore, we have not irradiated CEMA #10]1 with enough X~rays to come to a

definite conclusion concerning the predicted plateau cffect.

It gshould be recognized that studies of the long tera effect of X-rays on
CEMA devices have yielded different results. Sandel et al. (1977), found no
5 period of stable gain during 2300 total hours of testing. On the other hand,
Ruggieri (1972), who tested two plates for 7000 hours, found them to exhibit

stable gain for the last 6000 hours. The manufacturing process of the amicro-
channel plates is pobably responsible for such reported effects.
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We also extensively tested CEMA #102 which, like CEMA #10l, was made by
Galileo. The test setup for CEMA #102 was essentially the same as shown in
Figure 1 except that both the front plate and shield support were grounded and

Viniddle bottom 289 Vmiddle top were at the same voltage.

CEMA #102 can be compared with two other channel arrays for Q.E. versus
angular orientation. As seen in Figure 19, the results of #102 for Al Ka can
be plotted along with those obtained by Henry et al. (1977) and Bjorkholm et
al. (1977)s The results we obtained for cathode coated CEMA #102 are nearly
the same as those of Henry et al. (also coated),.but higher than those of
Bjorkholm et al. (uncoated). Note that if one multiplies the peak Bjorkholm
et al. Q. E. on Figure 19 by 1l.64, the ratio of coated to uncoated QE's given
in Table II of Henry et al., all data is then in reasonably good agreement
(Henry, 1981).

Numerous measurements were taken of CEMA #102 to establish its quantum
efrficiency at different wavelengths. The wavelength interval from 1.94 to
27.4A was studied. The technique for measuring quantum efficiency involved
using a standard P-10 gas-filled proportional counter (SPC) whose efficlency
was well known over the interval.

The Q. E. formula can be expressed as:

CEMA collector counts transmission of
Q. E. = minus background counts / filters on CEMA
' (SPC output counts) / (efficiency of SPC)

We estimated the error limits for the Q.E. by assigning the extreme
possible values to the polypropylene shield covering CEMA #102 and to the
aluminized mylar window on the proportional counter thereby deriving the
maximum and minimum values of quantum efficiency. This was done at 23 differ-
ent wavelengths between 1.94 and 27.4A. The results are shown in Figure 20.
There are three absorption edges of interest: 6.75A (Si-K edge), 9.25A (Mg~
K edge), and 23.35 A (0-K edge).

Due to delivery constraints on flight CEMA #10l, CEMA #102 was wmore
extensively studied for Q.E. versus wavelength in the flight configuration
than CEMA #10l. We took the three data points for the Q.E. of CEMA #101
(AlKa, MgKa, and Cula) and best fit them to the curve for CEMA #102, using
Figure 20 as our guide. Thus, we generated a Q.E. versus wavelength curve for
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CEMA #101 in the flight configuration based on CEMA #102 data. We have pre-
sumed that the two supposedly identical CEMAs have the same response at all

wavelengths.

The curve shown in Figure 21 was obtained by taking points for quantum
efficiency of CEMA #101 at the same wavelengths as measured for CEMA #102, and
then dividing by the appropriate transmissions for filters #10 and #12.
Included in this curve are error estimates of the uncertainties involved in

calculating the quantum efficiency.

A comparison of CEMA #101 in the flight configuration with the results of
other experimenters is shown in Figure 22. The curve for CEMA #101 best
matches that of Kellogg et al (1976). It should be noted that we perceive
three distinct x-ray K-edges from our CEMA #10l. These edges are the Si K-
edge (6.75A), the Mg K-edge (9.52 A ), and the O K-edge (23.35 A ). We find
no F K-edge (18.03 A) present in our curve although the CEMA #101 cathode was
coated with MgF,. We recorded data at many more wavelengths than the other
investigators and hence have reason to depict the three K-edges in our detail-~
ed analysis of CEMA #10l. The other investigators did not have any K-edges in

their Q.E. curves.

IV. SUMMARY AND CONCLUSIONS

We have found the Galileo CEMA to be a useful device to measure x-rays in
the 3 to 25A wavelength interval. The quantum efficiency of the detector, in
general, is a non-linear function of wavelength with three absorption edges.
The utility of CEMA #10l is dependent on the accuracy of the Q.E. versus
wavelength curve, and it should be observed that at longer wavelengths the
uncertainties in quantum efficiency increase due to the more marked effects of
the CEMA shields on the transmission of softer x-rays.

Our detector has performed sufficiently well with regard to measurements
of resolution, gain, and dark counting rate while displaying a quantum effi-
clency equal to or better than that of most investigators at all wavelengths

measured.

Since the launch of the USAF Space Test Program P78-1 satellite on 24
February 1979, the CEMA #101 detector has operated reliably for about 10000
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hours with no noticeable degradation. Except in the regions of high particle
background, the counting rates from the onboard 9.9A radioactive fluorescence
calibration source have been constant ~ 120 counts/second, about the same as
the pre-launch values. The high voltage power supply output (V

collector
Vshielq) has always been in the range 2600-2620 volts since launch.

S T P g N St .
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R ' LABORATORY OPERATIONS

The Laborstory Opersticns of The Asrospace Corporation i{s conducting
experimental and theoretical {nvestigations necessary for the evaluation and
application of sciontific sdvences to sew military coocepts and systeas, Ver-
satility and flexidility have been developed to s high degres by the laborato-
ry personnsl in dealing with the many problems encouatered {n the Nation's
vapidly developing space systams. UExpertise in the latest scleatific develop~
sants i3 vital to the accomplishment of tasks velated to these prodlems. The
laboratories that coatributs to this vassavch are:

Mrosgxuco laboratory: Asrodymamice; fluid dynamice; plasmadynsatics;
chamfcal kinetics; enginearing machanics; flight dynsmice; hest trausfer;
high-posnr gas lasers, continuous and pulesd, IR, visible, UV; laser phyeice;
laser resomator optice; laser effects and countermeasuies.

Chentetry amd Phyeics Ledoratory: Atmospheric veactions emd optical back-
srounds; rﬁ%nuin tranafer and atmospheric tranmmiesion; thermsl and stete-
y specific veaction vates in vocket pluses; chemical thetmodynauics and propul-
S sjou chamistry; lassr isctope separaticn; chamistry and physica of particles;

space savirommeutsl snd contamisation effecta om spacecraft materfals: lubrice-
3 ’ cion; surfece chamistry of insulators snd conductore; cathode waterials; san-
-’ a0t saterials and sanscr optics; epplied lasar spectroacopy uedc frequaacy

standards; pollution aad toxic matsrials wsuitorisg.

. Slactronies Reasarch Labotatory: Klectromagsetic theory and propagation
. . Muz wiorovave and micoﬂ%loz devices and integrated clecuite] quan-
tum elactronics, lasers, and alectro-optice; cemmmaticstion sciences, appiled

alecttonice, suparconducting and sisctronic davics phywica; alllimster-usve
and far-infrared techaolagy.

Matertala Sclences ladnratary: Oavelopsest of aew saterisls] compenize
wsteciale; grashite o4d cevasica: pelymeric materials; weapows effects asd
hstdenid mterials; watarisls for electromic devices; dtwinsionaily stable
u::{:nas chanlcal sud structural saalysss; stresn c‘mulu; tatipue of

© . .

Space Sclamces tabovatityl Atssapheric sud lossspharic physics, radie- ' i
tion ?%ifm-&w and congonition of the stussphere, suterse : 3
asd alrglov; wagnetespheric physice, cosmic tuye, geaetation ind progagetion :
of plosan waves 1a the meguetosplure; sslar physice, i-ray sattvnesy: the +ifects

ef soclear suplontons, aageetic stoves, aud seliv activity on the sarth's

etussphate, Lonssphere, anl uaguetotphery; the effects of optical, electromag-

satic, ond particuiste radistisns (a speca o space aydtens.
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