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Surface contamination of the charge-coupled deVice

YANG Jia-MiIl，DING Yao—Nan，ZHENG Zhi·JiarI，CHENG Jing—Xiu
SUN Ke—Xu，WANG Yao—Mei，ZHANG Wen—Hai

(跏u啦训e“hsz2缸加o，ⅣⅡckor P^掣slcs ond C钆mz5f咧，^“Ⅱ"可口n玑船』90口)

Abstract An experimeⅡtal mcthod to studythe曲Huence 0f surface contaminatioIl

of a thinIled，backside illuminated charge—collpled devlce(ccD)“pon its quantunl
e伍cieⅡcy iIl son X．ray rcgion is suggcsted．A tr柚smission grati“g 8pectrometer(TGs)．
in which恤e tran8mi8sion grating is collplcd to a thinned，b越k‘弓1de illuminated cha‘gt，

coupled device，i8 used to mcasurc the continuum X—ra，emission from the end of

cylindrical ta’get irradiated by laser． In the measured spectra，oIlly tllc carboll K

absorp“on edge at wavele“gth of 4．4 nm due to condeIlsation of thc vacIlum oil oll fh‘、

CCD slIrface is cIe埘lv seen The surface conta工niIlation is considcred as an eH矗tive

“carbon 61tcr"and the行l托r ahsorption to correct t}le qua工ltum cmciency of the CCD

caⅡlera i8 taken into account The effective thickness of the carbon 61ter i8 dctcr而ned

by comparing the j11mp height of the measured 8pectra at 4．4 nm with those of thc

carboIl ab80rDtion coemcient c11rves obtained froIn variou8 carbon thickness． Tht、

accuracy of thi8 method is tested hy compari“g the X，ray spectrum rncasurcd by tht、

TGS with that obtained by a soft X一’ay 8pectrometer．

K8ywords x—ray charge—coupled device(ccD)，surfke contamination

CLC numbers 0434．12．0472+．3．0484．4+1

1 INTRoDUCTIoN

Laser—produced plasmas convert a large fraction 0f the iIlcident laser energy jnto

X—ray ra(hation in X—ray range below 2000 eV．As a reslllt，quantitative measllrements of

the soft X·ray spectra矗om the laser—irradiated target play aIl曲1port aIlt role in the inVes—

tigation on inertial con矗nement fhsion(IcF)physics，atoⅡdc and x—ray laser physics【1刮

Recently，ch甜ge coupled device，especiaUy the thiIlILed，bacl【side muminated X—ray CCD，

has extensively appⅡed to record the soft：K—ray spectra due to its g。od UneaTity，repr。一

ducibility and large dynmic rangep州J．The backside iuuI工linated X—ray CCD，0perated
with cooⅡng，also has v盯y lligh sensitivity But at the sanle time，there e】【ists surface

cont a工Ilination of the cookd X—ray CCD chjp，which causes the decrease of quaTltum

emciency(0E)in some x—ray region aILd a圩ects accuracy of the x—ray spectrm mea—
surement．The decrease of 0E at long wavelengths caused by condensation of vacuum

od has been observed previously by Hochedez aIld Stem【4一引．1n our work，we have clearly

seen the jump of x—ray cCD QE at 4．4 nm whjch was attributed to the hydrocarbon

absorption e】[isting on the sllrface of the CCD chip
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In thi8 paper，we present an e】中eriⅡlent“method to carrect t}Le qu姐tum emciency
of the x．ray CCD fSx—TEA／CCD一1024)by determ血iIlE the effective“carbon mter”

thjckness．This method does not require an absohttely cahbrated standard X—ray source

whjch is usua皿y not avajlable，and uses the contiml啪X-ray spectra from the lase卜
entered cylindrical gold cavity．By comparing the j啪p height of the X—ray spectra at
wavelength of 4．4蛳measm’ed with transIIlission grating锄d X-ray CCD system wi仆L
those of the carbon absorption c11rves with vaTious thjckness，the carbon矗lter thickness

has been obtained At last，the validjty of this rnethod has been tested by comParjIlg the

TGS mea5ured 5pectr啪with that obtained by son X—ray spectrometer

2 EXPERIMENT

The exDeriments have been carried

out on“Xingguang”1aser facmty． The

experiIIlerltal arran置ement is illustrated in

F记1．One beaIll 0f 0．35脚1aser With en—
ergv 0f～80 Jin about 0．8ns were focused

in a cvUndTical caⅣitv and iⅡun讧nated the

901d foil whjch 10cated in the cavity with

distance of 100pm丘om the Iaser．injected

hole Inner diameter of the cyⅡndrjcal

cavity is about 400删m，and the kngth is

about 1．0啪．The laser．mumjnated gold
foil corwerts a larEe fractian of laser en．

er蓝v illto X．rays． The hner wall of the

cylindrical cavity behjnd the 90ld foil砌s
heated bv the X．r a_y eⅡlission仔om the reaT

Fig．1 Experimental arrangement to measlll c

the印ace-res01ved X-ray spectra froIn thc

inner wall 0f laser—eⅡtered cylindrical gold

caⅣity’which wer。印pIicd to c。rrect che

口uantum emciency of￡he vacullm o以

contaIIlinated x-r州CCD chip

0f th8 gold foil and the X．ray reer血ssion from the other part
0f the jILner wall，and

re—emrnjts X—ray radiatjon The re倒tted X·ray spectr啪teⅡds to become contj删um
w粥the distance from the gold foilincreases．A diagnostic slit with width of 100pm and

length of 800弘m was叩ened 0n the cyliIIdrical cavity wall along axis direction

The X．ray spectra from the i柚er waU of the cavity were measured with a space—
res01ved transIIlission grating spectrometer．The tr姐s血ssi衄gratmg is a substrate—free

鼬ating of 1000 Hnes／mm．The X—ray GCD c锄era was coupled to亡he transIIlission grat—
ing and recorded th8 grating-cU8persed X-ray spectta．The typjcal raw spectra

recorded

bv X—ray CCD camera is showⅡin Fig．2．The carbon K absorption edge is ckarly seen

along the dispersive directidn in Fig．2 Because the X—ray spectra near the end of the

cyliIIdrical cavity almost become contirmm，aIId the transmissidn铲atmg is substrate—
freel the most possibk reasan to make the sharp decrease of the X—ray jnteⅡsicy a￡

wavelength。f 4．4nm iIl F喀．2 is the condensatj吼0f vacu脚。丑吼the s11rface 0f the
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c00led CCD chip．The lmf01d X—ray spectr哪near the end of the cyliIldrical cavity is
pTeseⅡted in Fig．3 SeveTal shots of experiIr坨nts haⅣe been caHied。ut and alrnost the

sarne i11tensity decreases ofthe measllred X—ray 8pectTa at the wavelength of 4 4nm hwe
been obt缸ned． The X-ray intensity at the waⅣeIength of 4．4 nm sharply decreased to

(21．6士4．5)％in average．

Fig．2 The typical raw印ectrum imaEe fronl

the inner wa儿of the laser．iⅡjected cylindrical

cavityl recorded by X．ray CCD

The 8pcchuIn iHlage js 8pace—resolvcd．T}le

vcrtical direction is for grating di8per8ion

direction and the horizontal directioⅡis for

sDatial direct恼n．
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Fig．3 The typical unfolding X-ray spectnlll

from the inncr waU。f the cylindrical cavi Ly

end，which is 800pm far trom th‘-

1a8er—iⅡadiated 901d foil}mca8ured wml L¨

traⅡsmission grating spectrorr№ter

3 QUANTUM EFFICIENCY CoRRECTIoN IN SoFT X—RAY RE—
GIoN

The noIninal quantum e伍ciency of the CCD provided by the manufhcturer is shown

jn Fjg．4．There doesn’t e】(ist a juⅡIp at wavelength of 4．4Ⅱm．Because the x—ray GcD ^

works at一39。C and the tar氍et chaⅡIber was k印t at 10—5 1、orr durin譬the experimentm

measllrement，the vacuum oil was condensed on the surface of the X．ray CCD cllip．The

vacu啪on m出111y consists 0f hydrocarboⅡs，Therefbre，the actual quantum e伍ciency of ’

the x-r吖ccD is expressed as QEA(^)=口EⅣ(He】(p(p。￡)

——～————————————————．．．．—．．．．．一—上
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where 0EⅣ(A)is the no工Ilinal quan—
tm e伍ciency of the CCD，肌the absorp—
tion coemcient of c盯bon【引(the hydrogen
absdrptjon of X-ray is negIected due to its

smaⅡabsorption coemcient in the photon

energy range of 100 eV to 2000 eV，aIld

its smaU effective thicknessl，a丑d t the ef-

fective thjckness of carbon． The second

term of the above equation is attributed

to the carb。Ⅱabsorption of X．raH The

d叩endence of jlm甲height for c越bon ab—

sorption，whjch reslllts iIl the s锄e X．
ray intensjty j啪p height of the spectrll工n
at wavelength of 4．4 nm，on the eⅡ谴ctive

t11ickness of the carbon has been exDloited

to determine the carbon thickness．The ef-

f色ctive thickness of caTbon is deteHnined

to be 0．26pm．The actual 0E ofthe X．

ray CCDis also shdwninF堙．4．
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Fig．4 The nominal quantum e伍cieⅡcy of tk

X—ray CCD in the soft X—ray r89ion，provlded

by the x-r8y CCD rnanufacturer(QFⅣ)，and

the∞rrected quantum e伍ciency of thc X一。ay

ccD(0刀且)obtailled by this work

4 DISCUSSIoN AND CoNCLUSIoN

By cornparing the x—ray spectrum measured by soft x-ray spectroⅡ坶ter(sxs)with
that obtained by transInission gratiILg spectrorneter，the accuracy of the corrected QE
0f the X_ray CCD can be tested．We have tal【en the spectra任om the rear 0f the 1aser—

iⅡadiated g。1d foil siznult aIIeously with the soft X-ray spectrometer and the transIIlission

grating spectrometer．Thjckness of the gold foil is about 0．17pm．The O．35pm laser with

energy of up to 80J in 0．8 ns irra(1iated the target with spot size～300pm．The soft X-

ray spectronleter and the trans埘曲sion grating spectroIrleter were positioned at 45。and

22．5。off the targetⅡormal in the same horizontal plane to meastlre the X—ray spectra，

respectively．The t盯get chamber was also kept at～10～3Pa．

The soft X—ray spectrorneter con】bines various kinds of最lter with X．ra，diodes，and

the矗lter absorption coe伍cient and the X—ray diode response to soft X．ray have been

calibrated，respectively A traIlsⅡlission grating is coupled to the s哦x—ray eCD in the
transInjssion鼬ating spectrometer．The X．ray CCD also works at一39。C．The transmis—

sion grating is relatiVely ca_1ibrated at several photon energies，and the grating structure

parameters except the fraction of support structllre have been deterⅡlined using gratlng

model with rectan甜1lar wire cross section and the ca血brated relative攒iaction e伍cien—
cies a￡several photon ener鲥es．The overaⅡdif矗actjon e伍cjencies of the cratIs商ssjon

grating in photon energy range 0f 100 eV to 2000 eV have beeⅡcalclllated wjth the grat—
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ing model and the grating structllre parameters．The corrected quantum emciency of the

x—ray CCD，shown iIl F培．4，was used in unfolding the transmission grating spectrometer
measured X—ray spectra．

The typical spectra Ineasllred by SXS

and TGS，respectively，were shown in

Fig．5．TakiIIg iIlto accdllIlt the experimen—

tal error of both measllreⅡlent D1ethods．

the two spectra are in good quantitative

a盯eenlent with each other This com_

parison showed that the corrected qu aIL．

t眦e最ciencv of the X．rav CCD is rea—
sonably accurate血soft X-ray region a工ld

the method to study the surface conta血一
nation of the X—ray CCD is applicable

Because in the laser plasma experi—

ment，ultr a：hjP血and clean vacuum is usu—

aJly not available and the X．rav CCD ch蛔
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Fig．5 Comparison of transmissio“grati“g

spectrometer me勰ured X．ray spectruIIl wⅢl

that obt“Iled by soft X—ray spectromcter

works at very 10w temperatme(for ex砌ple，一39。c)，the sⅢface 0f the x-ray ccD chip
is readjly cont删nated by vacuum oil．It is necessary to co“ect the qu姐tm emciency
of the X．ray oCD const锄tly wheⅡit is used to measure reproducible and quantitative

X．ray spectra． The method mentioned above is an applicable one． But at the same

t血e，since the e艉ctjve t王Iickness of c缸bon e】【isting on the sllrface of the X—ray CCD

chip changes with working temperatllre and vacum enVironInent，the x—ray ccD QE
correction experiments sh0111d be carried out at the same condition as at which the X—ray

CCD is applied to measure quantitative X—ray spectra．
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