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ItlVESTIGATIONS ON 'HIE CCHSISTENCY OT OPTICAL OGHSTWTS IH TOB XUV

nETERMINED BV DIFFERENT «ETHODS

H.-G. Birken, C. Bleesing, C. funz, and R. Wolf

II. Institut für Experimentalphysik, Univets i tS t Hamburg,

Uiruper Chaussee 149, D-2000 Hamburg SO, Getmany

In the photon eneigy ränge fco« 40 to 1000 eV, we have

measured reflectances and transmlttances of polyimlde foi lf i

äs well äs reflectances and total photoelectron ylelds o£ Cu

and PL f i J m s . We conpare sets of optical constantB derived

by the di f ferent methods applled to the same sample. The

degree of agreeaent gives an indlcatlon of the piesent

Status of deteimlnlng optical ptoperties in the XUV. This 1s

relevant for the planning of advanced Instrumentation.

INTBOOUCTION

Published optical constants, teflectlvltles, and transmisslon coefficients

in the photon eneigy ränge fro» 6 eV to some keV show nuraerous

inconslstencies. Materials comnonly used for nlrror coatings are not

exempted. In prlnciple, the discrepancles may arlse fron dlffercnces In

the samplet or fron invalid assun^tions In evaluatlng the meacurenents.

ror practical applications like aultilayer taylorlng, for example, it is

•andatory to have more rellable data, at least data w i l l , reliable error

margins.

He therefoie attack the proble« by comparing results, whlch have been

obtalned by different methods applled to the same sample; i.e., we measute

the reflectance and the relative total photoelectroii yleld äs a functlon

of the angle of incidence 0, and for free-slanding thln f l lms the

transmlttance äs a function of the photon energy RM. By a careful

evaluation of the dlscrepancles between optical constants obtalned Crom

acceptetl for publication in Proceedlngs of the 3rd International

Conference on Syncluotron Radiation and Inst nwentation, Tsuknba 1980,

Rev. Sei. Instrum. 59 ( l 1(19)
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two of these data sets, systematlc errot s in the measurenents and

evaluation procedures can be revealed.

w i l h polylnide foils we were able to pe r fo rm both transmittance and

reflectance neasurenents on the same samples. In the XUV, t h i s normally

falls <1ne to two contradictory requlrements, both of whlch were fulfl l led

In our case. The neasurement of the reflectance requires samples of about

10 iwn length w i t h suifaces of optical quallty, whlle sufflcient

transmittance is avallable only fron sairples that are thlnner than l IM.

Reflectance versus angle of incidence spectia are evaluated by

least-squares f i t s to the Fresnel formulas. Interface rougliness is taken

Into account by a factor exp|-(4n-a-cos0/X)1) , where a, 6, and X denote

ras roughness, angle of incidence, and vacuun wavelength, respectively. In

the case of polyimide foils two IndependenL roughness amplltudes have been

UBed for the front and rear slde of each foll ' .

The photoelectric yield can theoretically be described In terms of

the dielectrlc functlon e of the naterlal and an average electron escape

depth L. As ehown by Pepper ' , for a thin f i l m its thlcknesa and the

dielectrlc propertles of the Substrate mvist be taken InLo account. We used

Pepper's equations in a least squares fit procedure.

Transmittance versus plioton energy data taken at normal incidence are

Bubmltted to a Kraners-Kronig transfornatlon. Slnce In our experlments the

reflectance 1s very Emai l , 1t is neglected In the evaluation.

I . EXPERIMENT

The experi»entB were perfonned at the Synchrotron radlatlon

laboratory IIASYiAB. As shown in Fig. l, our setup consist* of a plane

giating monochronator comblned with a UIW reflectoneter.

Itie nonochrOMator BUKBLE BEE supplies the experinent with radiaLlon

of photon energles between 15 and 1500 eV. Its prlnclples and

characteristfcs have been described in ref. 4 . By proper cholce of the

operating Kodes, the spectral purlty of the •onochromatlzed beam can be

optlmlzed. Further Improvement 1s achieved by the use of trancnlsslon

filters (AI, Ag, In, Cu). In most parts of the energy ränge, where the

present data were obtained, the purlty was clearly above 99 I.

A toroidal Kirrer behind the exit slit refocuses the beam; near the

sample, the bean size 1s 0.85 x 2.2 mm' (FWIIH, vertlcal x horizontal) and

its dlvergence is 2.1 x 4.8 mrad . For the experlments on the polyimide

foils, the vertical paramuters were reduced to 0.24 nn and 1.1 mrad.



The reflectoraeter provides computer-controlled independent rotations

and translations of the sample and detcctor by aeans of apeclal

feedthroughs '. Their rotational increnent is 0.005" and the uncectainty

of angles is lese than 0.03°. An electron gun for in situ preparation of

thin filme IG Installed in the lower part of the chamber. The whole setup

is bakable and allows pressures down to 3-10"' Pa.

The rneasurement of the ttansmltted ot reflected photon fluxes is

performed with semiconductor diodes (Hamamatsu G1127). Their suitabillty

has been investigated and is reported elsewhere * • ' . Since the fianpla can

be totally remved from the beam, the necessary normal l zation can be done

by just moving the detector Into the direct beara. The corrections for

changes of the incoraing photon flux are made by nonitorlng the total

electron yield fron the toroidal Ranigen mir rot in front of the chamber.

The polyimide foils were manufactured by polymerization of liquid PIQ

13 that was obtained fron Hitachi Chemicals Europa. By mounting them on

etcel rings, we achleve a sample flatness such that na deflection of the

beam was detectable when Ecanning along the sample.

The cu and Pt samples wece piepared in situ in an UIIV charaber by

evaporating films onto Substrates of borosillcate glass or "white crawn"

glase. During the evaroration processes, the pressure rose to values

between 10'1 and 10'3 Pa. The evaporatlon rates wece 5 - 9 nm/win.

II. RESULTS AND DISOISSION

A. TRANSNITTANCE AND REFLECTANCE OF THE POLYIHIDE FOILS

The experlments on polyiraide falls offec the possibility ta compare

optlnal constants obtained by ceflectance versus angle neasurements with

those derived from transmittance neasurements on the same sample.

Our teflectance measurements usually cover more than three decades on

the ordinatej an example is glven in Fig. 2. The experitnental data

obtained Cot a photon energy of 236 ev ate veiy well ceproduced by the

Eitted cutve. The necessity of including different roughoesseB for the two

foil surfaces can be expected frora the «anufactuting process and, In fact,

we get significantly dlfferent values from the fit procedure. They are

about 1.0 and 2.0 nm for the upper and lower surface. Via the pronounced

intetferences the thickness of the foils is obtained. The value for this

epecimen is 291 nm. The remaining discrepancies in the fi t ate plotted in

an -expanded scale. The most significant diffeiences occuc In the vicinity

of the crltical angle at about 85". They Brise from the very Email

absorption of the polylnlde confrined with the fact that our pre&ent data

evaluation procedure does not include a convolution with the divergence of

the incident radlation.

The transnittance measurements were performed for p)K>ton enetgies

between 50 and 1500 eV. With the film thickness äs deteimined by the

reflectance neasurementa and neglectlng the very small notnal-incidence

reflectance, the absorption coefflcient is easlly obtained. For the

Kraners-Kronlg transfonnation, we extrapolate our data with values fron

Arakawa et al. * that wer« obtained from a dlfferent polyimide (Kapton).

In the overlapping region between 50 and 65 eV, there is a systenatic

diffetence of about 10 %. Therefore the tcan&ition to the values of Ref. 6

at 65 eV leada to both the Step in IM e and the peak in Re e in the

spectra presented in Fig. 3. The higtv-enetgy extrapolation assumes a

(hu)'1 scaling of the absorption coefficient.

The results for Re t show a systematic difference between the values

obtained by reflectance measurements and those fron the Kramers-Rronig

analysis. The deviation amounts to 10 % at the lower photon energteci it

decreases witli increasing energy and almost vanißhes above 300 eV. The

differencefi may be explained under the assumption that the absorption

coefficients of Kapton exceed those of our PIQ polyimide over the whole

energy ränge from 3 to 65 eV. By the nature of the KK analysis, the effect

of this error decrea&es with increasing energy. llowever, we want to prove

this assumption before including it in our evaluation.

The two sets of values for In t agree very well between 70 and 170

eV, The increasing dlscrepancy between 200 eV and the carbon 1s absorption

edge may result fron inapptopciate evaluation of the reflectanc« data due

to the very low absorption äs explained betöre. The degree of agreement is

well again at 330 and 400 eV but decreasing in the vicinity of the oxygen

1& edge. Out analysis of the reflectance roeasutemente at even higher

energies shows that the truncation of our roeasurements above angles of 87"

due to the finite size of our samples results in unreliable values of

Im e. He therefore exclude then from the presentation here.

B. REFLECTANCE AND YIELD OF CU AND PT FILMS

As we have shown in the case of thin AI films, the dielectric

function and the thickness of a conducttng f i lm deposited on an insulator

can be obtained by means of total yield versus ö measurements . These



data compared favorably with results determined by reflectance

measu reinen ts on the same sample. Since the optlcal constants of the "whlte

crcrwn" glass Substrate ate required for the evaluation of film

measurementß, they were determined In the enecgy ränge 40 - 1000 eV frora

angular-dependent reflectance aeasurementB ie. Foc more details of the

evaluation procedure of the yield method, the rcader is referred to

Ref. 9.

He preeent results of Cu and Pt fllns (Figs. 4 and S). These

Investigatlons have been performed in otdec to eee whethec the yield

method is also applicable to materials o the r than AI with the sane quallty

of lesultB. Figuce 4 shows the dielectric function E of our Cu filros.

There the cloeed symbols refer to the reflectance versus 9 measurements

and the open Symbols to the yield versus 6 measurenents. Die circle and

the diamond Symbols ate chosen to dietinguish between two different films

of 22.5 ± 0.4 and 31.7 ± 0.6 nm thickness. For comparison with ouc

lesultE, values of e calculated fron atomic scattering factora from Henke

et al. l l are also included in the figure (dash-dotted line).

Two reglons with inconsistencies appear in the E spectra oC our Pt

filins (Fig. 5). First, the pronounced absorption Bininuro in In e vs hv at

about 120 eV, which is attributable to the delayed onset of the 4d - nf

transltions, 1s about 40 l smallet than that in the data Erom Ref. 11.

Photoabsorption cross-section data, which were compiled by Henke and

co-workers to establieh atomic scattering factors in this energy ränge,

originale from thin-film absorption measurements * J . These values can

significantly depend on inpurities within the sample and surface

contaminants from the preparation pioce&s under non-UHVcondltionfi.

Further, in the energy region from 300 to 600 eV, the (flflectance method

tesults in Im t values which systematically exceed the corresponding

values of the yield method. An analogous systenatical devlatlon was found

in the l - Be e ßpectra. In that region, we obtained fits of the yield

versus e spectra with a mich higher guality than in the case of the

reflectance epectra. Honethelees, we do not want to prematurely decide

wliich data set should be discarded before clarifying the orlgin of the

discrepancies. Further etudies are definitely neceesaiy. In partlcular,

the influence of surface roughness on the electron yield needs to be

investigated, which has been ignored up to now. Furthermore, stray light

investigations have to be performed in order to check whether the

exponential factor is a proper treatment of the reflectance loss due to

roughness. The microscoplc structure o£ the films must also be checked.

- 6 -

The diffecences between the data set s of Pt appear to be r a the r

unsatiefactory but they ptesent the state of the art. Such unclarified

Problems have also been found with Materials other than with Pt.

Further investigatlons along these lines could follow Eeveral paths.

The Experiments could be extended to other important materials in order to

establish the quality of optlcal data. In casee where the data are well

behaved äs with polyimlde fllms and Cu, we hope to be able to attach

significant error bars to the G valuea. In cases llke Pt where

discrepancles between the two methods occur in certaln energy reglons, we

hope to obtain a clarlfication of their origine,
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FIGUR CAPTIONS

Fig. l side vlew of the leflectoraeter beamline at HASYIAB

Fig. 2 reflectance VB angle of incidence of 291 nra polyimide at 236 eV

circles experimental spectrum

line theoretical spectrum Erom fit

bara dtfference theory - experiment in units

of reflectance/100 (right Ordinate)

Fig. 3 optical constantE of polyinide

a) decreraent froa unity of Re c

b) im c

circles fron reflectance va angle of incidence measurenents

line front KramerE-Kronig analysis includlng data from

Arakawa et al. * (cf. text)

Fig. 4 optical constants of Cu

a) decrement from unlty of Re e

b) Im e

closed eymbolfi from reflectance measurementE

from total yield roeaBureüente

film thickness 22.5 + 0.4 nm

open Symbols

circles

diamonds film thickne&E 31.7 t 0.6 nm

calculated from atomic scattering factore fron

Henke et al. l l

Fig. 5 optical constante of Pt

a) dectement from unity of Re e

b} Im £

closed symbols fron reflectance measucements

from total yield meaeurements

filM thickness 37.7 t 0-6 '"*

open symbols

circles

diamonds film thickness 30.8 ± 0.4 n»

calculated from atomic scattering factocs fron

Henke et al. J l
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