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ABsTRACT

We have cxamined the long term performance of (o prosotspe. microchaniel plate (MCP) derecion!

bt for the Extreme Ultraviolet Explorer mision. The deciors wert Subjcied 10 an &

ded e sequence.

encompatsing precondiioning evalusion of operaing charscienitcs, and & perod of exieaded operaton with
e abaions, Our resalis show that under vacuum sorage cordiions the MCP pecformance charee.
st remain Sble for seversl years, provided precondiioning s been perfommed, We 3o find it for
ended perods of detecor opersion the MCP gain gradually declines, The exicnt of gin decline (s fund 13

£ Girecty e o the level of chirge exuacied rom the MCP's. The MCP iniinsic b
15 a0 found 10 decresse with ime under vacuum, and with eressing eximcied chirge, In past.
ehted 13 decreas in the actviy of MCP hot spos.

LINTRODLCTION

e Jon tem eavor of MCP's i 2 very imporant isue or
3 mulicyew sgsce surophysics mission such 45 EUVE. Proious
invesugaons 15 of MCP long tem performance have stown that
e are sEifcnt operstonal dflreces. depeoding on MCP
preondiionng coniuraion, and odgin To dsemine e long
e EUVE WP operaing harciensis we. hive periomcd
Jifetests on o prosclye deiecors. These o deteciors were the
EUVE et procrype (PROTOTEST) deccior and the EUVE scanner
protiype (FROTOSCAN) detctor.

The EUVE dccions have sucks of three omm diameer
MCP's mounied fn 3 back 10 back Z conpgursion. #1113 and all
MCP's were supplicd by Amperex Inc. (Phlips Componcnts Lid).
The indvicusl MCP's have 125m Giameter channels snd 80,1
tanne engt o dameer (/D) e, The MCP's were mouned in
detccters wih wedge and s posiion readout anodes LA 1o
acconplsh imaging of singe photon events, The confguraion nd
b chacienis of e i ar descrbed in dt s

During the dtccor asembly and esting the MCP's were sub-
Jected 10 varous precondioning and evalusion procedutes, These
{ess were aecomplished in wira high vacuum sysems (volue = 30
i) wit copper goskets and wrbomoleculss pumps (200 1s). The
‘yacuum chambers were aiso e i ho cafode forizaion F10EES
and mass specrometers fo analysis of the reidual gas composiion.
Pt iament of the twy deectors ncldes’ MCP deaning,
vacuum baking, and 3 high flix bum i in additon 1o performance
evalaton iests (gin, puse height disrbuton (PHD), background
event mic, and maging qualiy). Lifeests consisied of exiended
perods of detector operaio, wih and wihout Wuminason, and
punctsted by periodic shudown - irup cycing.

NNEL PLATE HISTOR!

21 Test protorspe deector
“The PROTOTEST deecor was ssémbled in August 1983, 1t
eonined MCP's wil 6° bias antie, cach MCP having 3 resiance
Of -120M0. Now MCP's generally Tave 3 signfcant adsorbed
wAer cotent 24 3 el of the Gbrication process, To reducs
Mater content the MCP's were agitated in an ultrasonic flid bath,”
{ollowed by 3 ~105 °C air bake: Inial s, afer elsning, wsing
o 2537 i lay) lluminason achieved MCP gains of 26 %
10" and 3 PHD of 36% full width s half macimum (FWHM). The
und even characirsic of the MCP's were diermined fom
sscumsied PHD's, 2 rom images aken e he PHD'S Nere

aound event rite
e 5

ng accumulaicd, The bockeround e was found 10 be ~046
cm“sec-1 (20% modal Ein weshold), 3 signifeant poruon of which
was dus 10 o hot spots, but wis compursble wih pevious
ess 417 The.batkground crent e s geen Shown® 1 15 b
Gominated by resdud outgssing of e NG5, Gid by e beia
lecay of 40K in the MCP Fiss. Bolh hese oot crse photoelec-
trons a stes niformly distabuted slong the MCP chinnels, esuiog
in 3 negaive exponental ampliude. discbution for background
evens.

Aficr the il ess the PROTOTEST deecio was baked out
using the following procedure. The vacuum chamber was ied widn
heating collurs and wrspped in iberglas inslation i preparaton for
bake-out. The heaing clements were contoled o give 3 e of tem-
perature increse of 60 °C per Rur for 5 deiector backplaie. Wien
the temperanure of e backplte reachcd 270°C e hesting eements
were tumed Off and the chamber allowed (o cool Slowly without
emoving th nsulation. Tempernies i excess of 290 C were sed
o e basi of previous data 210 indcatng Wt (s s requred [or
cfecsve ougassing.

During the bake.out proces (e (emperanire was moniored and
at regular intervals. the chamber pressure and & residual g5 sy
Spesium ver esried. Prio (o ke o e pesre s 11104
i conining prodominanty wates vapor (8 x 107 o)

o, g ey s oy 10 oy
air aper e e to 3 x 10 o, and b bydogen
il pressue sncreased t 1 107 tor. This bake-out s n aco
D our exenve s on simiar bike o procedus (1 sPow he
pressure increase wilh temperacure and fnal post bike-out pIESSURE
Reducion 1o he 10° torr range. Tess aftr he bake-out hoved ng
Sgnifcant ehange In gain or PHD, in accord wih daia we obtined’
{or 3 mamber o oiber smilar MCP stacks. However, the backgrosnd
e had ncreased signiieanty (10 em sec™) due 1 the sppearace

of ot spots.

Following the bake-out the MCP's were subjcied 10 3 bu:
102540 Thg MCP's were iluminaied widy n Hg lamp and opersied
S5 -1.5 x 10° gan, extracung 0.JnA cm® 3t the MCP ogiput. The
Bumvin was terminaied when 12 x 10 Coulorabs e had besn
exiracied. - Afier the bum-in only mivor differences in the gain snd
D) were eviden, but the background e had reduced 10 028
eo™sech asgely due o8 decrease i the acivity of e Dot 10
G daa? on the scrobbing of many similar MCP stacks a0 indicate
{ht extraced charge levels Lelow 10° C e have lile elfect o
e gain and PHD, bt suggest that the background rae doss 60
dovn.





[image: image2.jpg]When e precondioning descrbed sbove wss compicie e
detecor was tescd for image inanty and esolusion 1 e was
subjected 10 2 thenmal ycling est (-11°C 10 50°C). 1t was found tra
for 3 set detecior volusge the gain increseed 3 the tempersiure
decreascd. Thi infers 8 ecreasing MCP resisance wath increasing
temperatue, which J in accord wih previous observatiors 1+ Tre

 overal rend for the temperatuee dependence of the MCP resisunce,
R, may be expressed in the (ollowing vy

R=R, o7 ®

where R, s the MCP stck resissnce a1 0% C, T i the fange tem-
peratue fn K. and a is the emperatre cosfficient From the ther
mal cycling dita we obtin 3 vase @ = 0.030 20005, whien 15
slihily higher than (e value of o = 0.020 20003 obtared 1 aur
e of oher MCP stacks,

Afer the thermal test the detector was put though 3 12 g rms
Vibration test. As 3 reslt the MCP gain decreased sighly (5%), pas-
sibly due 10 senling of he stack Other te5s were then performed on
e s A A
linesinch, 2.5um thick) was then lnseried berueen the middle 1nd
botiom MCF's. Gairs of 3 x 10, with 29% FWIM PHD's, were
achieved in this confipuration, wilh 3 background rie of 027
em™see). The detector wss subsequenty revibeaizd (12 f ms) nd
ihe gain and background remained constant, but the PHD improved
slighiy (-10%)

Seanner prototype detector

The PROTOSCAN detector was assembled in January 1935,
Like the PROTOTEST detector it conained MCP's wih 6° bias
angle and ressiances of ~120MAQ. Afier 2n inital MCP cleasing pro-
cess the deiccior was assembled and tested, Thereafer the deizer
was baked-out usiog the same process used for the PROTOTEST
detector. Duripg the bake-out the water vapor pressure incressed
fiom 25 2 10 o (23°C) 2 ~1 2 10° tore (230°C),and th Pydro-
g0 parial pressure increased 1o 2.5 x 10 torr st 230°C. These
Observations are again in agreement with our other’ bike-out test
s The resisance of the MCP's was also moniored during this
bakeou Using cquation 1 we have determined 3 tempersture
coefBicieat of resisance of 0022 40005 for these MCP's, which is
very close 0 previous resuli” As 3 result of the bake-out procedurs
the gain and PHD characiersics did pot change sigmfcantly. How-
ever, the background event race wis observed o increase subsansally
(>10x) due 1o the sppearance of hot spots. In this respect the bake-
ot was similar o the PROTOTEST detector bake-out behavior.

Immedisiely following the bake-oot 3 MgF; photocathode was
‘Geposited on the 10p MCP of the stack. The photocathode thickness
a5 ~8000K on e MCP. surface and was deposited at an angle of
~20° 1 the MCP chanael bias over 3 10 minute period. Tess afie
the photocathode deposicon showed that the background. raiz had
‘been considerably reduced (068 events cmZsec), at 2.4 x 10" gain
with 2 30% of modl gain treshold). The reduction in background
may be associated with the photocathode layer covering of the hot
$potsites since only one bot spot wis sppareat afer the photocathods.
deposicion.

Prior to MCP burnin, the gain and PHD of the MCP's were
‘determined s a funcion of applicd voltige (Figures 1 and 2). Gains
Of the order 3 x 107 were achieved with PHD's of ~30% FWHM.
‘The burnn procedure employed uniform illuminaton of the MCP's,
which were operaied 2t 2 gain of ~ 4 x 10° with an MCP ouput
Cument of O3LA. Afics a charge of 12 x 10 C el had been
extacied the bumin was termiosied. At this ssge the overall
Chamber pressure had reduced from 2.6 x 107 tor imtally 1© 69 x
107 o bt e i id o seem 1o heve b et Sube-

. the gain and PHD performance were no sub-
sasiially changed (Figures 1, 2), However, he bickground event e
showed 2 from 0,68 events cmsec™ before burmin, 10
045 events cmrsec! afier bumin. On the basis of our bumin dsta
for similac MCP sicks” the stsbiliy of the gain and PHD at this
level of charge extaction scems normal. However, the background
3 4nd pressure dropped more rapily than usul,
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Figere 2, Pulse height distibution 25 2 function
scanner prototype detector, using uniform UV ilivmination
(2537R). Errors are smaller than the plotied characters.
O'before burn-in, @ after bura-in

Following,the bumvin the detecir baskgroucd raze 2nd imige
liesrity were evalusted, then 8 set of thia £l fliers was plaed 00
the detector input. The flter set consised of four quadeass, one each
containing a Lexan/Carbon Sler, an AUC fler, an [/Sn Ster, 2o 2
TUSOITi fier, These filiers are used to deine four waseleagth bend
passes! covering 100A 10 900A for the Extreme Uliraviolet Explorer
mission. Afir the filter had been arached the detector was subjecied
10 2 theamal cycling et The detecos was eycled once 10 £5°C, nd
t¥ice 1o -15°C. The gain, PHD, and backgrovnd were examined o
¢ e, Tiuminsion of e dgcr wis poble b
LexanCarbon flter allows 25374 (g lamp) radistion 0 jass.
althoughs the other filkers are opsque. Oely small changes ia e gai,
PHD and background were observed during thecmal cycing.

The pext test performed on the PROTOSCAN deiecior was &
vibration test. The 12 5 rms vibracion test id pot sigmficenly aiet
cither the ain, PHD e background i, Lasy e deiecr st
mounied in'a prototype detecior foca plane vacuum chamber
pyrotechic bolt cutr for the focal pane door was fied. Driccor
tests before, and afer, this shoek test showed no appreciabl f

o the gain, PHD or background event rae.
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3.1 Test prototipe detector
311 Lifeest sequence and confzurstion

Tollowing the (css described in secton 2.1 the PROTQTEST
Getecion sas et up with 3 pisbole mask ~6mm in front of the MCP's
i acuum chamber, The aim of having the pirhole misk Was (o
b e 1o diferetise between performance changes of the MCP's
25 4 funcelon of time under vacuvm, and changes du 1o the efect of
iraion. T deecor s coniuousy unped (3.2 10 o,
and illuminited with 30 Hg lamp (2537A). The pinbole mask cor-
Sited of an amay of 245 holes each SOum In ciamete, spaced 3t
S intervals horzonially and dmm verucally. The ilominason was
adjuted 10 give 4 count cte of 2000 evenis sec”! for th first month
o ihe Hfeten, was increased to 3000 events sec™ for the next two.
ek, and increased 10 7000 events see” for the last two weeks. At
{he nidagon of the st the detector was run ot 4300 V (gain =
2 s 107, This was subsequenty ncreased (© 4400 V. one monta
it and remained. st ths Jevel unul the end of the lfeest (2
Mo, Each day the detector high voltage was cycled on and off
And a oninuous chan record of the detected event raie was main:

ined.

12 Test protorype lifeest esuls

The detector gan, PHD and background rie were measured
befor, ot the mid point, and a the end of the ffctest. The gain Vs
Voliage curves a the thice lifeist evaluaton swges are shown in Fig
ute 3. At the mid point of the liftest, where an cquivalent of 0.17 C.
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Figuse 3. Gain as a function of applicd voliage for the test pro-
totype detector under direct UV illumination (25374) through a
pinfole mask. Errors are smaller than the plonied characters.

© Lifcest iniation

O Mid lifetest (0,17 C ey

O Lifetest termination (0.55 C cm™?)

-
e s Ve exrctd from the MCP's, e galn b Gopped cone
3. St e P T bcn it 04 very ol (13 5
10°1C oy i the deceas 1 £ wis Sxpocc i was s
found it the PHD ha become b-soil at s ek M po.
S D e v dwed s b e 103 et compinn.
e luminyed by the psbole sk aperits gave o £,

28 e s i lamasng 0 wole MCP gave bk

catered rdiuion omponen was 3 el of the UV lar
A i e ot vl of o e it
. nt sl 1 epars the s Compones 1o ive
meaningful PHD information, but the MCP modal gains could be
mesred. The gaia v volisge charscrisics of b MCP'S fo e
e G i G 1 s . T

ey for o geaneed radiion omponch Vs ot of
=5 10" lower than the direct illumination, Thus the gain droop for

e scauered iluminaton was much less than the direr Morinason,
bt was sl significane
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Figure 4, Gain as a function of applied voltage for the test pro-
torype detector under scatiered UV illumination (25
through 3 pinole mask. Erors are smaller o
characters,

® Lifewest initation

O Mid lferest (3.7 x 1079 C en?)

O Lifetest termination (118 x 10~ C emd)

At the temmisation of the lifeest the gain characersi for the
scatiered radiation had decreased funber (Figure 4). Howeser, the
Sain for the dircedy luminad areas had cecreased substansally
(Figure 3)._The final average chasge exirsction values were ~1.2 &
102°C T or the seansred radion, and 055 C et for the
Girecty illuminated areas. At the end of the lifeest he gain of he
Girecuy illaminaied areas 3¢ 4450V had dropped by sbout oe order
of magnitude. This exient of gain drop is o accord wit the valucs
observed for equivalent MCP sacks’. However, our data’ on similar
MCP sacks suggest that gain sblizaies occurs when <0.1 C c>
s extraced. It is clear that the llumiros.o for PROTOTEST detector
lifetest was. nomuniform, contining 4 scanered component, aod 3
nomaniform direct componens (due 10 parallax and diffraction). Thos
it may be expecied that the gaia roop proceeds in  diffren: manex
than 3 wniform lluminzton siwation.

The backsround even rate before and afer the lifeistis shown.
in Figure 5. There scems to be no significau: change in the gverall
bckground rate &5 2 result of the bfewest Our observations’ wilh
Similar MCP stacks sugsest that the background decreases 28 e g
becomes suble, However, the majority of the MCP ara in tis
lifetest was not exposed to 2 high lisminaton level, nd ths was 20¢
sigaificandy burned-in.

32 Scanner prototrpe detector
321 Lifetest sequence and configuration

Th test setup for the PROTOSCAN detectof was difeeat from
the PROTOTEST detecior. The PROTOSCAN detector vt fliers
was insialled. in 3 protorype focal plane vacuum chamber pumped
with 0 small (11 1 sec™)) fon pump. The chamber was maintained 2t
21 10% tor, and the detector was subjecied 1o an onioff cycie cach
day. The detector was iluminaied with en g vapor lamp through the
LexanC filter, tus exposing one quadrant of the MCP field o view:

The event rate was mainuined between 2600 and 1300 sec”l, m: n“:
deeeir sl volags was st &t 4000V for the durasen of
R = the gain, PHD, and_

lifetest. At the beginning of the lifeiest
backglound charierics were deemined, Thes quaices et
perodically re-checked. over the period between lifeest inifatcn
{7/16/85) and conclusion of lifetst illuminason. (1177/86). Shoruy
afier 1177186 the fon pump falled and had to be replaced, and during
s process the detector was exposed to air. Afier the pump Teplace-
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Figure 6. Gain as a function of applied voltage for the scanner 3600 3800 4000 4200 4400
detector during fifetest (uniform UV illumination, ‘Applied voltage (V)
7A, through the LexanC filier quadrant). Errors are smaller .
than the plotied characters, Figure 8. Gain as a function of applied volage for ion pump

O Lifetest initston, 7/16/85, @ 11/4/85, 13 x 107Cem2, 0 generated events during liftesting of the scanner prototype
16186, 2.1 x 10 Cem'% W 61286, 4.4 x 107°Cem, A detector. Errors are smaller than the plotied chargcters.
1177786, 48 x 10-°Cem, m 320189, 4.8 x 10-°Cem?, ® Lifetest initiation, O 11/7/86, 4.8 x 10~°Cem™.

ment the detecior wis lef under vacuum, but was ot Operated OF 1%+ gxpect.thatfurther decreases in gain would oceur, fesutng i an
Miuminated except for the purpose of recalibration. order of magnitude total decrease in gain, 5 observed for the EUVE.

222 Seanner protorype lfewet resly deep survey protorype detector.” The sokaond ¢ s 2 x 1?’) il
] ncreasing the_applied voluage, Also 2ot
T e e e e
e et " orage (3/20/89), the detcctor gain profile is only slighily higher
e a0 0 geincrve dmined olowing 35 S0 0 L el it T s 0ot
o i phsate of e, ey i eaposur teul I 8 parial revaradon of ain, rather than  com-
} 5 garve was oblerved 10 AN plets reversal o th serubbing process.
e The PHD as 4 funtion of gin for the PROTOSCAN detior
Aiftest is sbown in Figure 7. The nidal PHD. curve i in accord with
the post bumin daa shows in Figure I, All of the PHD daa afer
this dute are very consisient, and show that # siight degradation hay
oceurred, This bservadon.agrees, with th data ben for simila®
MCP scacks during preconditoning. 5
1t was found that the on pump used durng s Ieest caused &
Jow background rate, The effect was nodced by compuing i for
the pump numed o, and off, These.events were seen uniformly
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| seross the detector, and thus allowed the gain characteristics of the 9. s, e eod
75% of the detector that was unilluminaied © be determined, The ‘osition

gin curve (Figure 8) for these cvents did pot change significantly 3
e it nitiaion, (116199 aad e vomomaion o 0y Figure 12, Background event image for the scanner proloype
lumisaied fifetest (11/7/86). The PHD curve (Figure 9) for these  detector at lifetest termination (3/20/89), gain 1.4 x 107, 60 sec
‘eveats degraded only slighly over the same time period. The higher _ dccumulation.
 ptin and sghtes PHD displayed by ties ion pump gencrad everts - oD
: that they are due o jon detection 2 The fon event perfor- fhy ENTS
charscirisics indicate tha, for the. precondioning level 1 would like w thank K. Coburn, J. Gibson and W. Murchiat
s ar subl for long peiods of e wnder el paricipaion in the daa collction T would alo Jike 10 &
nowidige e assisanc of K. Fieldof Pillps Componeoss Engand):
2 P, Cranges of Amperex Corp, n obuining he MCP's s
W lfetet i hown i Figue 10, The back. 0 tis siuey. This work was supporied by coniract NASS-29298.
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