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Abstract

In a systetnatic inves t iga t ion gold coated s i l icon Substra tes were irra-

dia ted w i t h f i l t e r e d and u n f i l t e r e d Synchrotron radiat ion under varying

conditions. The thickness of the contarninant was measured w i th a VUV

reflectoraeter through the observation of in terference s t ructures . In addi-

tion the overall photocurrent which varies wi th the thickness of the

contaminant could be measured. All results show that the cracking process

is caused p redominan t ly by the photoelectrons emi t t ed and not by the

primary photons. This is spec i f i ca l ly supported by the observation of

two d i f f e r e n t growch ra tes : an i n i t i a l fast rate up to about 50 A thick-

ness due to the hiph photoyie ld of gold and an asymptut ic growth rate

of about 10 Z the in i t i a l rate due to the much smaller y ie ld of carbon.

A rate equation deduced fron a simple model describes the dependence

of the growth rate on residual gas pressure and temperature in good

qualitative agreement with the experimental results.

to be published in: Proceedings of the Internat ional Conference on

X-Ray and VUV Synchrotron Radia t ion Ins t rumen ta t ion , Hamburg, August 1982,

Nucl . Instr. 4 Hethods in Physics Research.
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l . Introduction

The monochromatization of Synchrotron radiat ion in vacuum u l t r av io le t

spectrometers and in advanced x-ray beam l ines involves one or several

ref lect ions from mirrors and gratings. Carbon contaminat ion of the sur-

faces is the m a i u reason for severe losses in the e f f i c i e n c y of these

elements. Hhile sometimes great e f f o r t s are made to increase the angular

acceptance of such Inst ruments by factors in the order of two to three,

losses of efficiency due to the build-up of carbon layers by one to two

Orders of magnitude have been reported. The losses are e spec i a l l y severe

at and above the carbon K-edge at 280 eV photon energy.

Almost no systematic investigations on this topic have been carried out

so far . Nobody appears vet to have studied the build-up of carbon layers

under controlled conditions. Inspectitig the optical elements shows the

areas exposed to Synchrotron radiat ion to be brown from the conta-

m i n a t i o n wi th a carbonaceous roaterial. In serious cases the carbon f i l m

separates from the Substrate due to internal stress and comes off in

f lakes . SHIRLEY showed that the absorption behaviour (using ref lec t ion

EXAFS) of the contamination-overlayer would s a t i s f a c t o r i l y be explained

w i t h an overlayer graphi t ic in nature. This resul t was derived from the

change of transmission of t ho grasshopper monochroraator * that operates

wi th optical e lements coated wi th p la t inum. This metal is known to be a

good c a t a l y s t and it was proposed therefore that gold äs an inert ma-

terial should show reduced contamination. This assumption appears to be

hard to fo l low however, since only the first atomic layer is in direct

contact wi th the Substrate, while typical ly between f ive and several

hundred layers are needed to ohstruct the reflectivity.



Another important ques t ion was raised, however, in t h i s paper namely

whethcr

a) cracking is canjjed d i r ec t ly hy the photons or

b) indi rec t ly t h r u u g h the phutoelectons emi t ted froTn the Subst ra te .

Sugges t ions how to reduee or e l imina te the rontaminat ion are bascd on

common sense. The ma in eines are to keep the opt ical e lements in a

bet ter vacuum, especia l ly the f i r s t mirrors ir a heam line since it

is expected that the con t amina t i on rat « i H b o t h , p r o p o r t i o n a l io the

par t ia l pr«sKure of hydrocarbons and t u the f luy. of i n c - o m m ^ photons.

Für t he r the heat ing of opt ir.al elements should reduu t f the adsorpt ion

rate u i l iydrocarbons. The most expensive and L ime i-ois .suniing remedy i s

practiced in a l l laboratories: frequent renewal of the optical elemenl ;;.

A nonmechanical cleaning proeedure ot j i r a t i n g s (glow d i s e h a r y , e in an

oxypen atmospliere) was r c c e n L l y r epor ted . Its e t f e c t on the roughness

of the sur f ace i s not yet dar i f" i ed.

In order t ( j obta in a be t t e r undprs tnnd ing öl the contaminaLion prucess

i t was our a im t o de termme the th ickness of t h t1 ront aminan t äs a f u n c t ion

of exposi i re t i m e , r e s idua l };as pressure and suhst rate t empera tu re . S i -

mul t ; ineousl y we wan ted to eor re la te the p l io toe lec t ron cnr ren t l'rura the

cxposfd area u i th the prowth of the f i ] m s . We also t r i ed to v;iry the

kind 01 hydrocarbon in the systcm. AI thoug l i not a l l exper i raen t s were

s u c c e s s f u l ,ind a l l hough t tu1 phi'iiomena proved i n be more co m p l i ca t ed

tlian ant i c i patc-d wt; c i tn ld oh t a i n a >;ood f i r s t i n s L j>ht into the growt h

mechanism.

2. Experimen.t_a_l Set-l'p

The exposures of the mirrors were pertorr.ied at t wo beamlim»s of the

e lec t ron storage ring DORIS w i t h d i f f e r e n t spec t ra l composi t _ i niis of

the radiat ion. In the f irsi beam line (.cal It^d "1FT") the mir rors were

di rei1 L L y i r radiat ed wi t h t lie "wlii te" synchroi ron r ad i at ion spectrum a t

a di s taue t1 of 27 m l ' rom the sourcr- p o i n t . (At bt'am l i n e TFT ;in i rradia-

tinn tihrough a Kapton f i l t e r (7.5 um) whieh showa an ahsorpiioii be-

haviour almost iden t i ca l t u t h ; i t of (-.•irbon"' was also pos s ib l e . ) The

seeonri st . - jL i DU was at the Gl-be , in l i HL uf HASYLAB 15 .5 m Erora the soiiri-e

p o i n l , w l i i c h is a beam d e t l e c t e d by a Kanigcn-coated rairror at a ^ r a z i n g

a n g l e u : 2 . This r t ' t l e t t i o n cu t s of f a l l r ad i a t i on w i t h phoLon enerpies

ahuve r<- 1UÜO eV, R i ' l o w th i s energy the ret lec t ivi ty i s near tu one so

that thc spen t ra of the two h e a ~ l i n e s are almost i dent ical up to tlu H

enerji,y . The d i f f orences a r o in tht' cont l ' ibut i o n öl photons wi t h e n e r ^ i e s

above 1000 eV t o the conl aminat ion proeess. Due t o tlu1 l arg!' iiiiniber of

photons w i t h encrßies above 1000 eV in heaiu l ine I K T c o n s i d e r a b l e power

i s deposi t ed on the sar.iple c au s ing ;i Lemperat ure increase dur lng ex-

posiir t- . Becauüe we found i t very d i l f i i - u l t to c o u t r o l tliis hea t i i i } -* ,

whi ch ha s a r emarkah l e el l ect un the con L am i na t ion ra t i', muß t of the

i^easurement s presöii t ed in t h i s paper were carried out a t beam l i ne (', [ .

The sarr.ples were pol i shed s i l i e o n w n f e r s of t h i c k n e s s 0.5 rim i 'overed

w i t l i an evaporated l aye r of 70l) A Au, They were ( . - Innipt - r t onto a t e m p e r a i u r t

cont rol Idd copper b l ock and were i l l umina t ed a t an approx ima t t ' 1;- l em

wide spot . The conri i t i OIIH of i l luminat ion are g i ven in l iihlt' l .



The th i ckness of t he coniaminjn t was o b L a i n e d f r o m Uie inten erence

s t ruc ture-s in t he r e f l e c t i v i t y spectra. The r e f l e c t i v i t i e s of conta-

minated and clean gold mi r ru r s were measured wi th a VUV r e f l e c t o m e t e r

(mounted also at the beam line C l ) f o r an angle of i ne idenre a = 60 äs

a f u n c t i o n of the wavelength of the incident l ight (50 A £ ^ <_ 500 A ) .

The r a t i n of both spectra shuws a modu la t ion caused by the carhonaceous

uverlayer (see Fig. ! ) • These measured curves were f i t t e d with Llieo-

retlcal calculat ions based on the f o r m u l a de r ived by PEPPER and usiag

the o p t i c a l kons t an t s for C and Au given by HAGEMANN et a l .

F i t t i n g par.-imeter w.-is the f i l m th ickness d. Thus it was p n s s i b l e to

determine cmitaminatinn thic.knesses in the ränge 50 X to 300 X. 1t

would have heen desirable to be able to detennicie the thickness of even

thinner F i lms bot. the in tcr ference s t ruc tures of such f i l m s nccur at

wavelengths wliere C and Au have ton low a r r f l e c t i v i t y for anwies ui i r u - i

dence less than 60°. Kor more ^raziii^ anales , howt-vcr, the s t ruc tu res

occur outside the ränge of <sur moncc-hnimator.

In a d d i t i n n wc could measure in somi; cascs the p h o t ü y i e l d d u r i n g the ex-

posure w i t h a r ing anöde f a c i n g the exposed ;invi of the mirrors . The

f o l l o w i n g Parameters t - .nu ld be varii ' ti d n r i n g the cxper iment : sample tt>m-

perature, residual gas pressure, k ind of gas. In (ine c'xperiment Au was

rep laced hy Csl.

. I Fressiire

The f i r s t exper iments were concerned w i t h i r rad ia t ing t . fn> samples under

d i f f e r e n t vacuum c o n d i t i o n s by varyi r . ;^ i he pump duwn ( ime of the System

bet'ore Irradiat ion. Ahour 10 Turr was t t u > lowest pressur« obtainable

in bcam line U,] and 10 Torr in beam I i m > | KT (see t ab le 1). The in-

ten t i on was t o reduce t. he c - n n t aminatioii r.-jti; due t o the r ea idua l hydro-

carbons t o suc.h an extent t hat a wel l de f i n e d add i t i on of speci H c gas es

would give the dominant conta in in ; j t_ ing , e f f e c t s . F ig . 2 shows the asto-

nishing r e su 1 1 Lhat the thickness ohi.ain^d with L he snme- dose i s almost

indL-pendent o t pr i^ssure . The points denot ed by squaros and t r ian^l es are

dbt; i ined under ehe c i m d i t i n n s of the TFT -hcamline whi ch gi vc a higher

e t fec . t ive . dose since the sp t ' f t rum of s y n c l i r o i r o n r ad i a t i on is not f i l -

Lered by a mirror there ( t h i > "dose" is u h L a i n r d by e lec t r tm current

mult ipl ied hy exposure t ime ) . There fort f ü r L Im «n points ouly the trend

for the t wo squares or the tun i r i a n p l e s (each grnnp belongins to a serie.s

wi th other parameters kept l i x e d ) i s m e a n i n ^ f u l ,

U n d e r Lhese c i r cu ras t anceK i i i s no t su rp t i . s in i ; t h a t the a d d i t i o n o f

addi t ior. of a niore compL icat ed ory .ani i cumpi iund f ( ; , ,H„( ;n) u p t u 6*10

T o r r appr-ared t o give a sr.ull ef l t 'rl , hui IT. iys t eui;](. i r va r i a t i un of

the pressure of th is •,;;>•: w;is per: n mied - A l l n ^ o t h e r , the t i f f e c t s are

i i i u c l i l e s s pronouncfed Lh.in i -sptc t tu l ri'.m ,1 s i mp] e p roporL iona l i ty l o

L l i t : p rL-ss i i rc and i t appears i - l o a r i rov. t l i o s c cxperinicnt h t h a t a much

be t t e r ba.-;e vacunni is n ^ c d i J i l n ro ;> s u r <-' iT i ' f i t;. und ef f ect s of speci fic

gase s s i um L d hi- s l udied .



We can understand our results front the f o l h i w i n g s i m p l i f i e d model. The

processe-s showii in Fig. 3 allow us tn set up a rate equation it we assume

Chat one munolayer of hydrorarhons can be adsorbcd and t hat. at the lo-

cation where one moler.ule on the sur face is crarked by eicher a photon

or an electr

equat ion is j>iven by

a photon

on a new f r ee place for adsorpt.iim is crt

(O

He.re K is ehe densi ty of crackablc- molenules on the s u r f a c e , S is the

rate of gas f Inw L o L he su r f ace , R the rate of ref lec t cd m o l f c n l «s ,

V the rate of reevaporated ntol t-r.ules and K the rate nf c rackin j ; of

cioleculüs «n the surface . A onr t> cracked molecule is assumed to bf

ninned to the s u r f a c e . If n - > J / N is tht; t r a c t i o n of f i l l i ^ d p la t : t s ,
max

and if we assurac that unly those molecviles are ret lected uh ich h i t a

f i l l e d p l a t - e then K - n S = const • nP, s i nee S is p ropo r t i ona l to

rhf ; p ressure P. F u r L h e r K = tonst - n - I uhere l is the

cur ren t d e n s i t y of ei L he r phutons or photoe Ic . i -Lrons . The r eevapora t ion

rate is V ° nTf ( the temperaturc dcpendence could a l so he niore

c o m p l i i - a t c d ) . Tlie steady s ta tc so lu t i o i i öl (1) is ob ta im 'd by set t ing

d N / d t = 0 y i e l d i n g for the contaminat ion r;ite

where the C . ' s arc cons tan ts .
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Figure 4 shovs the c o n L a n i i i i a L iun rate K äs a f u n c t i o n of the i n t e n s i t y

T (which i s the phc toc loc i ron eue ren t äs we sha l l pnive l a t e r ) . The con-

stants are i-hoser. a p p r i i p r i a t e l y in order to ftive a dependence on prossure

in q u a l i t a t i v e agreeimmL w i t h our r e s u l t s , The parametrr t empera tu rc was

kept f i x o d here. 1t is int erest in t to notc frorr. F i g . 4 ihn t at h i ^ i i

p r e s s u r e ü (here ahove 10 Tor r ) the roni am h i i iL i tm ra te i s | > r a c t i c a l l v

indup i snuen t of pressure äs observcd i n r i g. 2 . In t l ie rate equat ion (2)

this; is hu nie out äs a doniinance nf l he t i r s t terra in the denomina i or.

]n t he micrkiscopif pict xirc of Vif,. 3 an empty place OTI the. snr tue t? i K

f i l led mueh f a s t o r i lian the rate a t w h i c h phot oo lec L i\ms ar r ive , t hu s

pract ica 11 v a l l pusi t ions avai lable f o r i-ont aminant P are f i l l e d all

t h t1 t uue..

A complemon t üry p r u i - e s B would be i n l o n s i t v s a L u n i t ion tliat is at very

h iph i : i t t ' i i s i t ies and suf f i c i ent l y l ow p r e s s u r e tlie cun t air.i na t i on r a l e

beconu'h i ndependent of i n t i'nsi L y , i iantely ehe su r f ac e i H ;i [mos t eni|>t y

and eai'li l iydrocarhon mol ecule i s cracked Lmmed i a l i'l y (s et- t n i g . 'i ar.d

equat ion ( ' ! ) ) .

Final ly, i i in equat ion (2) the seeonil t ITUI in tlie denominatur dominates

(i.e. at low pressure , l tu; i n t e n s i t y and h igh t e m p e r s t v i re ) on ly L h c n

t ht> ii.-i i v e l y expec t cd proporr i ona l i L y L o bot h i' and l crru-ri'.es. Thi s

can hi> also seen in F ig . 4.



hi another series of exp^r iments we measured t he t l ückneüs ot ehe con-

ta:i:iuant äs a f u n c t i o n öl the dose , 'ipplied. I f t l i c c r ack ing of hydrocar-

bons was i i tduced by tiie photons d i rt 'ct ly t he i hickness s h o u l d grow pru-

port ional t-o the dose. T h t- result of such mea.su r einen t s i s shown in K i s;. 5.

A l t h o u g h f i l in s w i t h th i ckncsses under "• 50 A could not be mea.su r cd the

zero poi i i t by d e f i n i t i o n is ano ther v a l i d point in L lu> diagrammt. The

interpolated t -urve suggestf i L ha t t wo d i f : e r e n t i> rowt l i rat es are invo l ved ,

one in i t ia l fas t rate which dominates up t i > a t h i c k n e s s t ? l " iO tt> 100 A

and a much slower asymptotic rate. The fast rate ig a t leasi a factor of

5 (in some cases a f ac to r of 10) l a rger Chan t h e a sympto t i f r a t e . Tlüs

is , however , only a lower l i m i t since nu d a t a pc in ts are a v a i L a b l e be luw

50 £.

Such a thickness dc-pcTident growLh rate- is in contrad ict ion to a direct

pho to induced c r a i - k i n g process whi le i t f i t s w e l l t u p t io toe lec t ron ir.riuccd

c r a c k i n g , In i t ia l ly the phot oy ield o t pur r E; o Id de te rmi iu 'S t !ie olec! ron

c u r r e u L penet rat ir.p Lt ic - K u r f a c e . U'hiU- t In: carhon f i l m f j r i ) w s , l e s s and

U'ss p h t H o e U v t r u i s cxc i t ed in L l i e Au subs t r j t c are a b l c j tu roach the

surfuce and ul t iniate l y only olcctrons exciti'd in the carßcm liiycr arc

eni 11 ed . S i ncr t he phot i j e lec t r i c v i i > l d o t" C i s nun h l es s t l ian t I t . ' iL nf

Au (;;ee belou1"! i t i s r t 'as iuiab le L ha L l hi- conf amiiut imi r a r e i s dt?c r t ' as i r j ;

cont i aurus l v ;md s a t u r a t e h a t a v,ilui ; d e t i - r m i n e d by the v i e l d of C (in

w h i c h e v u r rnod i f ica t ion it m^y j;roi*) .

A t i o t h t f r i i i i p t i r l a n t t f s t Tor c h e c k i n ^ the as.sainpt. ion of a d i r t - c t photon-

i l r a c k i i i ) > was madc t he fo l l o w i n p , w;iy- t wo f i Im.s u'i-rc c o n t a i ^ i n a L e d in the

I K T lit-am wi t h equa l dose (niA x sei1 .) . l n one of the i l luninat ions, hov-

H i i i i - t ' such a r i l :n is f i l t e r i i i y ; out c o m p l t - t r l y that h.-inrl of radial i m i

whi ch i s pref e r e n t i a l ly absurber i by a l l hydrocarbon.s t l ic c o n t a m i n a t i im

p r i K ' O H H K h n u l d be reriuced by Orders of m a g n i t u d r . The dbs i ' rva t r ion K a v e >

huwever , p r a r t i c a l l y L t i r 1 sarae t h i rkness in bol h cases wf i a l wr cons ider

t o lie a st r miß a r gu tuen L a g a i n s t p r imary phut o c r a c k i n g .

The th i rd typi- nf cxper imt in t s un i h i s ques t ion W ; J H a d i r e k t c n r r e l a t i o n

of the c o n t a m i n a t ion w i t h Lhc measured pho tocur renL. This w i l l be des-

rribed in sect ion i . 3 .

r lose l y tlu1 imidi-1 of y ield spor t roscupy and exliüid i t t o a (wo layer

systf". Ulii le a l l t ln'Sc f l e f l rr,iis c o n L r i h u t f t o the pho to t ' l ecLr ic yie I d

w h i cli havc a k i n t ' L u- oneri;y In i'.li eriough 1 1 > pcnet ratf Lhc- surf aee bar r i er

u n l y l \\m~t* can c r a ^ k ;in adsorbt 'd hydrod ' i rbcn moU'f u ! (- w h i c h ha v p a k ine t i c

C ' L i t i f v l 1 ^, . i ti v . i i L U L i m ahove ,s i ' t T t a i n t h r e ^ h u l d . We esl i m a L c t lus th res -
k i n

hn] d t'iH1 r f>y t o lii- r 0111-̂ 11 y 5 t-V (abciil 10 eV ri11 a t ivc tu the Fi'Tirii energy) .

M i > r c spLV i l i ca l l y un t i i t r ;> ,y depender.t i ross s t - c t i o n t or t l i i s process

s : io i i l d be cons i d o r c d , whi eh i •; n n k n o w n ;; i ncc ure eveti do no t knou c x a c L l y

w l i i i h s^ecies D t hydror .ar l>oi i i s invol ved . I ' u r t her , t h i s er o s s acc t i un i s

d rpcndcn t 011 ( he sulist rat t- 011 w i r i L ' h t h t- proress t a k t1 H p l a c e .



In a certain s impli f icat ion we assumc that we can d e f i n e an. average

quan t i ty , the mean escape depth 9. and £ o£ chemically activc eleu-
L Au

trons. Figure 6 v isual izes that this length. is to be taken from L he

cross wherc the primary photoexcitation takes place to thc point where

the elcctron f mally stops projected on the normal tn the surface .

On its patli several raultiplication processeswi l l occiir in con junc t ion

w i c h a loss in energy. If we fo l low now the ^eneral assumption of a

i.9)material independent universal curve for ehe mean free path of

monoenergetic el t'.ctrnns (the distanct? beiueen the scattering processes

in Fig. 6 if phonon scattering is nep. lected) then we can assume

C, = S, = i. Of course ),(hv) is a weak f u n c t i o n of tht> ener^y hv

deposited in Ehe process.

Since ]i and p„, the photon a b s o r p L i u n c o e f f i c i e n t s aro t y p i c a l l y mucli

smallcr than ' /S- we obtain the p r o b a b i L i t y for a primary p x c i t a t i o n in

a layer of th icVness Ax äs Ax- i i . (i - A u , C ) . Sincc praci . i i - .al ly all the

deposited energy Ir-J is t ransformed into clectron exc ica t ion (d ivect

emission, scattering, Auger etc.) it i s reasonable to assume that a

m u l t i p l i c a L i 011 f a c t u r M ( h v ) " hv /H coraes in to p l ^ i y , where fc! is the energy

at wh ic l i the cross section for cracking has i L ü Cente r of gravi ty or i L s

h ighes t value if it happens Co be pe.-iked . E is measured re la t ive LO

the Fermi energy. The mul t ip l i ca t ion p r n b a b i l i t y of a p r imary f a s t ,

electron i s obvious ly ruduccd i f i L o r i j- r inates In t ho topmost layer s .

N e g l e c t i n g L h i s , i s anuther a p p r n x i m a t i u i i we make. linder these s i rap l i fy ing

assumpt ion K thc f Hix u l t iheniical l y ;ic.Live photoelec trons AT penutrat in^

the top s u r i a L e due to all pr i raary processes orip, inating in a layer of

thickness Ax ;IL depth K i s ( w u h l the photon i n L e n s i t ^ given by

- 12 -

(3)

In tegra t ing nver x and >J givcs

He make nou a rougli es t imate for the paraneters involved and try to

fit oxperiment a l curves w i th the- f o l l o w i n g e q u a t i o n

.T ., f<MAu> -Ac ! - c | e (5)

where c ' and t:' ' are constants . Set t ing K = i:' I i s jus t iCit 'd f rom (2)

since we are in the limit of pressure Sa tu ra t ion .

A rough es t imate was made for x ( h v ) u i th E = 10 eV using a random walk

model and a s s u m i n ^ Lha t each e lec t ron s c n L L e r i n g process i n Fig. 6 leads

to an equal d i s t r i b u L i o n of energy to ho th e lec t rons . W i t h t'ue help

of the "universal curve" we ob ta in : £ = 23 A f ü r hv = 100 cV, i = 35 A

f ü r hv = 1000 eV and <L - br-> X f o r hv = 3000 eV. Tliis is in good general

agreement w i t h thc- v.-ilue of "" 50 A for t h c Lh icknes s at w h i c h the t r a n s i -

tion front ;i f a s t L D a slow cont a m i n a i i tu i i^ccurs in F i g . 5. Fur the r

hv



is calculated wi th thc tables iur |i. and the spectrum t>f Synchro-

tron radiat ion I (hu) • l" sctting up ttiis Integr.il the weak dt-pendence

oi £ UH hv was suppre-ssed, H i t h h v = 10OO eV for Lhp Cl beam l ine

we obtain ^ A u VY ) '̂  lo from ( & ) • This is in astonishine eood agreement

wi th the order of magnitude di i ference hetween the two growth rates in

Kig. 5. An actual fit aci-.ording to (5) of measurements on beam l ine Gl

is showti in Fig. 7. Wi th in the l imi ta t ions of all the approximatioiis

made no better agreement i-.ould be expecLed. Of course tlie missirtg

measurement s for thicknesses bt-low '\> 50 X nutkos it d i f f i c t i l t to draw

more than qua l i t a t ive conclusions from such a f i t .

3.3 Hcasurcments of tlie photocurrent

MeasureiiMmt s of the photoeli^ct ric yield äs a func t i on of dose are shown

in Fig. 8. Wc haue to be «war»1 t ha t tlie overall y i e l d äs measured hcre

is not ident ica l to the y i e ld ot chcmica l ly active eli-ctrons causing the

b u i l d up of Lhe carbon layer. E s i i e r i a l l y the escape deptlt of the slower

e lec t rons wli i t -h could dominate tlie y i e i d and are included here is larger.

The obvious iastor contamination on a Csl substratc of 200 - 300 A thick-

ncss (Fig. 8) slmuld thcrefore be considered quäl i ta t ive ly racher than

quan t i t a t i ve ly äs a cnnst-qucncc ot i hü higher photoeleotric yield of Csl

to that

In am expanded tinu scale w faave wtoseri'teaJI .a l «M t tue

phutoyield st the beginn! i0£ of t tue «•xposaarff .of ,3 fr*«

Fig. 9 gives a typical reswüt, L a i t i ^ U l y at poimt 2 a

«hich disappears ins a wery sbort tiime, Tihi« CiOBuld !be

fied with a worik fuuctiöm ckaixig*; whem tlhe f i r« t ad«.

cracked (such peak» occur irfnenewr ttoe i ll«niiraat issia

interrupted for s.cete' tirne, it was prsi^ieis t trat jit i%

the electrooics), Tttfct betweem puriiralä 3 anwi

in the intensitjf by a ffew percetat of tte j»w«

4 the Intensity falls off ultimately witii am *gcpcpirE«TOt:iÄll

showii in FIK- S.

lawr n«

This initial rise1 is gut ImcIl

As iraentioiied alrtady abowe o

electrons ori^iiMtiiag fro» a prima ry

]eadUai;,g fj»

nucliiuä«- tfae fjicl Jihart

oro ä-m tfnt&

tan esc-apt* with higti pr^bability willhout -imSv

cascade. Due tö cäiis tüifv ««sntrilbMite le.«s t«»

buildinj- up 0n tb* Au snirfasre cao Iteref^r« Jiaw*' tm»

one is the abswrpi iö« of aJU

Ass'jKina the esEisteiice öl «mall düfferew«« In tbe ««rat l «r i «Bg

Au and C (whick MS tad iMigliected (tu derivü-ßg 15H

the halanc-e- <*f ttnese1 two «C*"e.ct« js roor*' sei i w,<sr

In otR«*r words we use tte first ä^wr« «f t twr*1

mult ipl ict,



It is interesting now to a t tempt a correlat ion between th i s e t f e c t

and ehe thickness öl tht carbon l aye r . In Fig. 10 we have plot ted t he

decrease of the yield at the end of an exposiire ^Rains t the measure.d

C th ickness . ALI ex t rapola t ion to 100 % y i e l d su^gests that we. should

corr t late a C thickne.ss of 50 A w i t h the maximum at p o i n t i in F i j i , 9.

.4 Temperature de-pendenco öl contareination

Müking use of the resul ts irom sec-tion 3.3 we have measured the photo-

e lec t r i c y ie ld äs a lunc t ion of tenpcra ture ;is shu^Ti in Fic , . 11. Thi 're

is a s t r i k i n j i depeodence of the y i e l d Var ia t ion on t cmpera tu re . By

p lo t t in j ; tlie dose at the phot i icur rent maximum ( F i y . 9) äs a f u n c t i o n of

turnperature we o h t a i n t l ie nurvo shown in F ig . 1 2 w h i c h essent ia l ly is

the invi'rsr öl the con tamina t ion ra te K ;is ;i t u n c t i i m of temperatur i ' .

1t is c lear ly borne out that a r. increase o i the t e m p e r a t u r c hy 10[] CL--

l^rucs can rcduce K hy a f a c t o r of 5.

- 16 -

4. Coiiclüsioii

We could shiiw that the carb im contaminal ion on mirrors esposed to

Synchrotron radiaticn can cons i s t en t l y he explalned äs n c r ack ing o£

hydrocarhim molecules by pl iotoelec t rons fron, the N u b s t r a t e and f rom

t ho i ' .ontamination l a y e r i t s e l f . A f a s t i n i t i a l ^rowth determined hy tlie

p l i u t o y i e l d o l" Au i s f o l lowod hy an appruxir.at e ly t en t imes slovor g r u w t h

rate dot ( ' r m i n e d by tlie yi dd nf carbon (u r a carbor.areous mal er i al)

ahovo 50 A. 1t i s mit i ' lear liow t o exploi t tlii s ins i^ht t e c h n i L\-I 11 y i r.

order t o reducr t-oiit aminat icn w i L l i u u t rt1 d u f i n j i t l ie ref l cd i'd band w i d t h

a t the same i ime.

Ini- .rease nl t l i e t e i n p f r a t u r e hy 100 ahove r iu iu i t empora l n r e can r t 'ducü the

;>.i owt h r n t n und er cert s i n t: und i t ions t o ,'C ™..

More q u a n t i t a t i v e me.'isurement s in ,; w e l l t l f f i n e d l ivd roc, \ rbnn cnv i ronn ieu l

arc ni'.üiii-d f or a bc-t l er unders t and i nj; of t he prtici'sst. 's i n v r l v r d . Rspcc i ;il l \t i s des i r ab lc to f o l l o w t t i e j- .rowth process in t h e t h i c k n e s s r / i i i ^e ' -e lou

60 L
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The importance üf thc indirect photochemical reaction mediated through

thc photoelectrons shown by our experiments may have some consequences

also for other photochemical reactions l ike e .g . photogti tnulated de-

sorption . At least such experiments have to be seriously checked in

this respect.
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Table 1: Condi t ions of I r radia t ion at the. t wo d i T f e r e n t s t a t i n n s

Beamlini? 1FT Beamline. Gl
("wlii t e" rad i a t ion) (rel lected beam)

Stiirage r ing condil ions

Elec.trou energy

Electron eurrent

Sourc-t! d is tance

3.3 GeV

_< 60 mA

•11 m

3.3 OcV

<_ 80 mA

l 5, :> m

Residual gas ptressure

Mi r r u r temperature

Exposure tlmes

'>_ 2x10 torr

20° C

< 3üüO s

> Z x l O 7 tor r

20 C <_ T <_ 140 C

< 3000 H

Flgure capc ions

t'ig. l Rüt io of t he r e f l c c t i v i t y of a contami nated to a non conCamin<ited

Avi noated sil icon waf f r . The angle of incidence was 60 . The larj;

scal K osc i l lat ions are i ic ted by a theoret ical t wo layer modül

y i e l d i n p 63 X [or the C f i l m . The smal l usc i l la t ions around 100 A

are. dut! to interEerenr.es in the Au f'i Im.

Fig. 2 Thickness oi the cont amina t i on f i lm äs a f u n c t i o n of p r ^ K K u r e ,

i-.urrected £or equal dose. Circles below 10 lorr at bpam C)

( 1 . 5 GeV), squares and Cr i an j r l e s at bcam TFT (3.3 CeV) . Tr iangles

and squares wyre uieasursd under d i f f e r e n t condit ions- The

corvec t ion to equa l cond i f ions is i nd i ca t ed by arrows.

Fig. 3 Build-up of " a cont aminat ion layer f rom cracked hydrocarbons.

S = f lux nf incoming hydrucarbons, R = f l u K of r o f l e c t e d hydro-

carbons, K = rate of cracked hydrocarbmis, N = adsorpt iun den-

H i ty .

Fig. 4 Kontaminat ion rate äs a func.t ion o E phot oe l oc.tr on inten s i ty l ^

and pres5ure P ai-.cording to equation ( 2 ) . The constants were

ehosen in such a way that the pressure Saturation Starts above

Fig. 5 Thi ckness of the c-imt aminat ion ] ayer äs a func't ion of dose . Curve

A at TFT beam (3.3 GeV) 29"c, 1-2-uf Torr, curve B at Gl heam

23°C, 1-2-10 Torr.

Fig. 6 Creat ion ( K ) and. m u l t i p l i c a t i o n of photoelect rons on t h e i r way to

the s u r f a c e ( Schema t ic) .

i^. 7 Fit of measurements äs thnse in Fip. f> w i t h an integral over K

l r o m equat ion (5) . The rat io\^Au/was varied.



ie, l 'hotoelect riu yield mcasured durinj; i-ont aminat ion of a Au ;md

a C.s\d S u b s t r a t e at b e a m l i i i K C l ( 1 . 5 k e V ) 1 . 2 * H i Torr

in botli cases. B u t . l i y i e l d c u r r e n t s are set 100 % at t he maxi-

rauni, a background lud L O be subtracted.

Fic . 9 The i n i t i a l behaviuur ui Lhc photoelectror. cu r r en t ,-is ;i l u n c t i o n

of tirae.

!;iß. 10 C o r r r l a t i o n between the f i n a l t n i c k n t ' s s and the r c m a i n i n n photo-

electron current at the end o: ,-m cxposure at beam Gl ( 1 . 5 CeV)

corapared to the cur ren t at t l i ü n a x i m u m (point k in Fig . 9)

( 1 . 2 - 1 0 ~ 6 - 1 . 9 - 1 0 ~ 7 l o r r , 2 5 - 140°C).

Fit-, I I Photoyield äs a i um-1 i cm of dose for d i f f e r e n t temperamres at

w i t h 50 S t h i c k n e s s is reached ; I K a f u m - t i o n nf t empera tu re .

Mjcasureraents w ü r e t a k f n at beam c; l ( 1 . 5 C e V ) . S i n r o the pressure

varied f rom 1.2'10^6 to 1.9'U.r' l»rr and otlit-r t-ondüions also

chaiiged the I n t e r p o l a t i o n curve is c o n n e c t i n p po in t s obt . i ined

w i i h a l m o s t cqua] c o n d i t i o n s -
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