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X-ray photoelectn:>n spectroscopy i~l ar1pIi<;Kjtotl:e:st'Jc1.y 'of. " rr.etallic 
( ;::':- -( .., '[ - (; ~ ; 

glass Fe4~Ni40Si4B16 prepared by melt spinnir".g)t1e';:liod;', b'j:jeCt~ 6f the 

sample ~lere taken els91'lhere by l'SCA 3 HARK nspeptJ;'q[~t;er ,~Il ,~e top 1l{de , 

and ~iheel side, in its as recieved form, after sputtering for 5, 15 and 30 

minutes respectively and when the sample crystallizaCJ by heating to 580"C. 

Q <> Ulese spectra \ifere recorded for tiro detection angles 15 and 55 from the 

surface normal. 'l\1e CX)r9 level and valence band spectra are interpreted, 

and the surface concentration of the top and the \'Ihool sides are calculated 

after eac:h sample treatment. It is found t.hat the surface is highly 

contaminated with oxygen' and Car'ron and these contaminants form rather 

complicated c:hemical CO'lt1pounds ~Iith the matrix elements. Surface 

conposition after all treatn",nts is discu.."lSed and conclusiOn concerning 

col1C0ntration c:h(l1)ges are dra~m, ego it has been obsetved that the surface 

is enric:hed by Boron and Iron after Sputtering. 'Ihe electronic structures 

of the amorphou.s and mystalline sal1\ples are found to be similar. 
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Metallic glasses (W;) are now-a .. days a subject of increasing :ceae.iiich 

effort. 'lhay represent a newly' recognized and interesting class of , 

metastable solid.g, l~'fj prepared on the base of transition metals exh1.bit 

technologically :lnteresting proper'cies quite unexpected for solid metals 

[1). 

'1ba theory of crystalline matter ba.sed on clystal periooicity and 

translational imrexiance is extensively studied, but no such theory is 

developed for the disordered state. 

'1ba motivation to study M:;'s is two fold. From the tech.nological point 

of vieM their good con:ooion resistance,hJ.gb. mechanical strength and 

ductility, great stability against crystalliZation, oope:n:onductivity and 

interesting magnetic properties have made tho:. stu(1y of these l1aterials of 

great technologiC?l iTrq;lortance. From the theoretical point of view they 

offer the opportunity to study alloy COI!9;lOOitiol1S which may not be stable 

in the crystall:l.ne form and to study electronic band st:i:1.lcture urrler the 

influence of lack of periodicity. ISSpecially M:;'s for.med from sinple 

metals are the ideal tasting ground for the microscopic theory of the 
_'. ,t.l 

amorphous state. 

Various techniques are ~loyed to study ,the properties of M;'s and 

probe their structure. But tiLers are many interesting phenomena l-eJ.ated to 

the surface propertles of M;'sJ.ike corrosion resistance, segregation, 

catalysis and wear, for which electron Erpeotroocopy being surface sensitive 

could make jrrrportant contrihuti0l19. 



In electron epe<:\::.re>r.,copy e~:dl'\rantg the eloob:ollS emitted from a GOlld 

aJ."e detected in an elecirc)J1 energy analyze:c 0 In photoelllisl'Jion the 

electrons are emitted as a consequence of the excitation by OOllbawing the 

. sa:rople aurfaceby photons. Fen: excitation enPxgies of the o:t-x'ler of 1-2 KeV 

we have x-ray phot:oeloo'cron &~ctroscopy (Xl?S) 

Electrons that contribute to the photoelectron line are those that have 

not under<:Jooo af\Y inela.stic: collsi.ons, they ru::e effectively c-.ceated wi!=bin 

a distance frottl the surface ElfJUal to the elootron meon :l:roo path. 'Ibis so 

called escape deptn is generally within·lO to 50 AO for elootron kinetic 

energles tBlevent in electron spe<:;troscopy [2]. '!his makes XPS a surface 

teclmique, with high oonsetlvity to the detailed conditions of the 

outel::moat atonuc layers. 

In Xffi experiments excitation enetgy is high enough to ionize inner 

elootronshells as well, run information about the core electrons may be 

obtained in addition to valenr..e band spectxa. From analysis of core line 

XFS spectra inportant infonnation may be obtained. ElelllEll'ital COltq?OSition 

of the sarrple surface ~l.l.t!Un the escape depth of the photoelectrons, can be 

obtained front Xffi since the biOO.ing E'.xwrgies of coro electrons are 

measurable for each element. Using the ene~ depsn<.'lence of the escape 

depth of photoelectrons information about the concentration depth profiles 

can be obtained by maasurir'-j the inwrlElltles of core electrons ~lith 

dlfferentbinding ~ies of the same el€{{Uel1t. '100 change in surface 

~ition can 00 monitored, oro fr.crn the Jmowledga of photolonizat5.on 
, 

cross section absolute ~H;iol1 of alloy sUrfaces can be determined. 



+ 
By apply.ing XPS w1th Ax' ion 001\bart11M'nt on HG I"e40Ni40Si41316 We shall 

irwestigate th(~ surface composition or: the top~'side and viheel,·gide of the 

sample. We sh III 'study and jnt:erprate the XPS BIXlet:!;'a of the saT!\9le which 

has urrlergone several treatments (sputtedng and annealing) and finally \~e 

shall study the electronic dE'nsity ,u:ound the Fermi level of the am6tphous 

and crystalline sample. 
+ . 

'Ine sampJ.s of r·K; \~s prepared in KosrCE and photoelectron spectra were 

recorded in Prague++. Aim of this thesis is to (a) determine surface and 

uroel: surface concentration, of elements contal.ned at the surface of }K;. 

(b) calculate and c::onq;>are the concentrations OO1:\.,oon the "I</heel-dde" and , 

the "top- side" surface, (c) interperate 'l-:he changes in the chemical 

COltipOSition and (d) determine concentration of elements for five sample 

surface t:cE'.at:ments. 

+ Faculty of Sciences: 
++ center of Electron 
Prague, czechosl<Nakia. 

P.J. Safarik university, Kosiee, Czechoslovakia. 
Spectroscopy I Czechoslovak AcadOJny of Science, 
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By definition a glass is a material obtained from the liquid will.ell doA...s 

not crystallize during solidification and it is there fore an amorphous 

solid. 'lhe glass is metallic when it contains e!Y.Jugh metal at.orns so that 

its physical properties such as elecltrical am. thennal conduotivities are 

similar totltose of the crystalHne rnateriaJ. of the Bal\19 composition (3). 

AmorphouS materials are prepared by different mathods am matallic 

glasses (IDls) are amol:phOUfl mated.als prepared by rapid quenching from the 

liquid state. 

Metallio glasses are Qlaractarized by the follcMing properties. '!hey 

show strorq similarite... to ordinaxy gl<ISS am. liquid matals, but in 

'contrast to ordinary gla.sses, the volume of 'ch!i.I glaoo jJ3 I1Harly the same in 

the glassy am. crystalline state, they aheM a reversible glass-Hquid 

transition at the glas9 telnparature '1'\)' At a temparaturo '.r slightly higher 

than '1'g they undergo roorystallization. 'they are 1\1etastable with respect to 

the thermodynamic ground state. 
l>bst of. the .. Ill~tallio glass alloys fall into two groups. ':rhe 

transition -tran.'3ition metal alloys (T--J.f.' allO'jEl) am. alloys containing at 

least one transi.tion metal am. a lootal.loM. (H alloys.) 'ilie 1'l1<:!talloid is 

usually P, Si, C or B and they a:re oaJJ.ed glass fonners. 

'lhe glass fomWg tendency (for a giv(~n rate of cooling am. for 

aubstances of a given molecular type) is gr.·eater the 1= is t..he reduced 

melting ~raturer.I[4J. 
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T 
ill ~ Thermodynamic c-.cystalli:oation terrperature 

HV '" 110lecular heat of vaporization. 

1-1 l?REPJ>..RATlON • 

(1) 

. Metallic glasso--s are prepared by rapid qIlerr.xd.l'lg from the melt. 'IUs 

liquid is converted rapidly from a jet or a droplet into a thin layer in 

contacj: ~Iith a thermal conductor. 'l'ne ccoling rate is usually 106 K/see. 

'1'\010 methods of preparation are in common use [5 J • 

a) Splat ccoling: 'Ine liquid aUoy is squeezed behleeJ1 a rapldly moving 

piston and a fixed anvil. 

b) Helt &'PinnJJ'lg: A rapio~y spinning copper or stool is used to conduct 

heat a\'lay front the melt. 'IUe :c.i.bbons produced by this technique are J.om 

wid~~ and 10pm thick. 

__ ~, _ .,:f.t·-

1. 2 m,:gu.s'H.lJ'E OF 11ErALLl¢ GI1\flSES ~ 

In spite of the absence of a long range order, en eseential propo.xty 

of a crystal, the struc.tUre of metallic glasses is defi!1£d by the local 

order in a group of atoms involving the first, second and third neigh1x>urs 

of any given atom. l"rom diffrac.tion studles it is accepted that there is 

no long range order in these solids. But there is a considerable short. 

range order (SOO) [6]. 



'l11e dense random po.ckllYJ (DIW) of hard fB1?he:r:Es is the mOllt Hidely 

/lCiCU.tate di&tril1cion of. )ustalHc gla.sses oor(r.a:lnirq only one elffilll"Alt. But 

moat metallic glasses are aUoys of tW() 0);;" 111O):e ole-il¥mts, ':a:nd.cm pacldrq of 

atoms is not just poo.,dl,le to built: up a T!liflel. SinC:.<I the p:~opert.ietr of 
( .' 

r13's depend On &'RO :!.t:. is vexy h~t!Jnt to 1:>3 careful in r~ootirt'J the 

initial cluster of a critical number of ai:;crJlS which then SID:Ve.9 CI_'l a motive 

~Jhich repeatoo H:self to f:tlJ: Erpace ,·1ithout being syste'Iilatically traoolated 

in three direc'cions. ~le choice of the pacldn;f ill the origl.nal oluster is 

guided by the l:.'t"~'1Jlts of scatt.ering experiments. Of thIs methoda·ID(AFS 

(extended x-ray al:Jr.1.orption fine stru.cl:.U:ro) hUB a mliqu$ capilb:l.1ity of 

pxobfu;J the near neighJooul: cmvi:i;'Oll'!t¥mt in multioo,"!~l'Ient~t:YBtem3 where the 

EXAFS for each element can be studied. 

Tn the case of 'IU alloys e.1!pID.":!Joo.11wl data of 's€lve:ral tedlniqup..B 

suggest two features about theb:: local at,rocture ['(J . 

(a) ~[tJe fi.t'St coordtnatioll shell ru::CII.md too metal1o},Q is wall defined 

with a !'If.tttO'..t distribUtion of n.:rnd IGl'1:Jtlw, fuxther th<are :I.E! Httle 

evidence for coordination nurrher wh-tch deparcs sigll:lfiO'TltJ.y· from S or 9. 

,(b) 'l'he envhxmmsltc arour.:'l tha lTtetallold lH s:hnila.r to that observed 

in too oormponding oxystallhle phase.'IM diBtinctlv8 Pl"O'pe.:ctl.es of two 

sinrl.lar crystaHb1e st.ul.d.~ oxo oh:1e:t:vable :In glIJBse''; also. 

In conclusion, DRP models ar.n::orrlitionally acce-ptable as models for 

1l1i\Ol':PhOUS 'l'-M alloys. 1m ... '! pr-eoont day knowledge on the rl~lGl of l119'callic 

glasses shml a strong t-lvidenoo that tlw st-.:uoture of '1\.·1,! alloys, requires 

models ~Iith greater COl'l1ploxlty tllan t..hat l."etlUired by DIll? model. 



l<:nowledg~ and iJlfor'fnation on tho ()l"c'rxoniG,:ri1nSf)(:»':'~c prope:ct;ies COYnes 

from rneasurf' .. ments in electdcnl re.sistivity, therlliOp0\oler and the hall , . 

1,[; s have tI~o important charaoteristics of electrical conduc;,tivlty, 

(a) their resistivity is relatlvely hi.gh, greater than lOO,v.fl.cm at room 

tercperature • (b) 'Ihier tercperature coefficient. is vmy small and can be 

zero or negative. (t10·-41(-1) 

'Ihe high resistivity of amm:phClus alloys as coropared t-O the 

crystalline .state is related to the increased scatterb:1g of the concluc'cion 

electrons due to a random atoini.o arrangoo0nt. In such a random structure 

the phonon contriJ)Ution to the scattedng of el@-Ctrons is velY small 

causing the small temperature coefficient of resistivity. 

'1'ne obselvation of small, zero or negative ten'[l8rature coeffic:t~ of 

resistivit.y de,.oonds on the concentration and it co.n be varied on alloying 

continuously. 

'1'ne Hall C('-efficisllt of r;impl", lI,c s ShOl'hi1 a m)arly free ele<:..tron metal 

behavior, but the +ve Hall coeffic.tent of: Tr3l1Hition metal based glassy 

alloy's is not yetexpluw€d. 

J.!ost HG r; also 811eNI s\Jpexxxmductivity. 

1-4. f.lAGNEl'Q...PROPERI'IES. 

'I'-J.! alloys are mostly ferrOlW.gJ1etic ~Iitll curie t01llpElr-il.ture Tc aboVe 

room terrperature. 'I'ney are extremely soft magnetic materialr; I'lith very 

high initial and maximum permeabiHUes urn very 10\'/' coeroive fieldB. 

'Ihey have very 10\'; power lOBes at 50-60 HZ. 

In amorphous ferromagnetic a110ys the clwxacterir;tic prop.9rties of 
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magl1etJ.zation proc'C-sses and the hys\:.m:isi.s lu)ps an" sensitvely affeG'ced 

by fluotuatJ.ona of material proper.JcieB <md defect stnlotUre [8]. 

T.t is also shOl'll1 that the processing condition doesnot affeot 
, .. 

mystallJ.zation, 'I'i;.', saturation rl'lc'lgneti.zation and hardness, But tho 

coercive force varies greatly a1',<1 inorcases nlOnotonl.cally .,ith an increase 

]j1 melt temperature and decrea.se .,ith rotating speed. [9]. 

In the case of 1M alloys, the magl1etic properties are dorninated by the 

transl.tion metal elemen'cs [10]. 

':!he megl1etic moment and Tc are largely affeG'ced by structural disorder 

when Fe content increases in Fe baf'.oo !.\G 'a, while theeHeots are small for 

Ni based ViG's • 

F\U:ther an inhornogenous cho.ractBr of the appearance of magl1etian1 has 

been evidenced in many !·\G's. And it has been proved thatf1uotuations in 

environmental c.onditions (coordination nurnlY',x, interatomic distances) , 
favour the inhorncgenootm nature of tllC onset of n1agnetism jn alnorphous 

alloys [11]. 

}\G's ar.e very stiff and strone]. 'They are C8.pable of plastic 

deforl!!ation, 'l'hey have high fraG"lcu:e 'cOUgll11GSS, high h<,rdne..<Js arld g001 "leax 
.< __ --t_~ 

resistance. . ':!hey have an exceptionally h1gh m.nd fatigue strength and very 

high corrosionve5 istance. 

'lhe mal.n jnterest on 11(;' s is based on their possible technological 

applications based on their 

properties . 

macjl1etic . , electricul and mechanical 



'lhe mechanical proper'cies suggent applications as strellqthening fibers 

in composite materials, for structural and aeronautical uses, 

reinfoi:cernent of concrete etc. OHing to their hardness they can be used as 

cutting edges for cutting tcols. 

'Iheir interest.i.ng magnetic properties, as their Sl1V:\ll coercive fol:'CB 

which results .in very la;~ hysteresis loses m'=lkes them a good candidate in 

pCMer transformers. 'Ihey can also be used as core material in huuctive 

components for electronic circuits. 

'ilie high value of resistivity carobined with very small temperature 

coefficient might be of interest .in electrical circutery of measuring 

instruments requiring resistance components insensitive to temperature. 

'ilieir very high corrosion resistance suggest che.mical, surgical and 

biomedical uses. 

'iliere are other possible applications such as brazing foils, enD.seion 

cathodes, electrical fusses and hydrogen storage . 

• . 7' 



2. 1. I'RINCJ;PIES OF. PHQIOEl-ITSSION. , 
In photoelectron spectroscopy photons in a more OJ:' less \>/ell defined 

state (energy} direction of propagation, etc) ilnpirr,)'es on tho surface. 

Given a sufficiently high energy photon, they excite alectrol1B di:rectly out 

of the valence band or core levels. 

'I'he basis of photoelect:con· spectroscopy is thus the :tt\e<1.Surement of 

energies of electrons emitted from a sa:llIple in vacuum follO'lling ionization 

by incident photons. '!he binding energy of emitted electrons originating 

from a particular ~te is obtained from the enel:gy balance equation: 

(1) 

.i:f energy is refexred. to the vacuum level and: 

(2) 

. :-.' 

i.f referred from the fermi level where 1> .is the ~K>xk :function of the 

sal'l\Ple and flw, energy of the incident particle. 

* sometimes the more Heneral Ilame is use";, nmooly ESCA - electron 
spectroscopy for chemical analYHis. 



In . XPS X-l:ay photons axe the incoming' al1d elcct.ron,g the outgoing 

particles to. be analyzed, ilnd in SUGh an expe:dment tho flaxnplH is actually 

left in an ionized state "t'1:'<31:' the electron emission hence the si'lll'fPle and 

electrons are considered to come )::t'Olll a one electrOT" orbital within the 

sample without !,Juffering loss jn the escapi:) process. An analysis of the 

enetgy distribution of photoeJltitted electrons yields infor1llation about the 

energies of occupied one electron states. 

'fue binding energies in (1) and (2) represent: the one electron energy 

levels of the com shell neglectLng the rela.xation shift. SO XPS a11O',1S a 

direct observation of. core te:i:\ns. '!his fact ilrll11€diatl'lly provides che:ralcal 

specificity for the spe.ct.ra (12]. 111 an altered clwmical environment., 

the core levels mdlibit a Slll'1l1 shift due to the cltfferent co)lt,.dbutions of 

the charge density of the w.1once e100'.:.ro11s at the core orbit. 'rhus the 

che:raica1 shift tp-Xlnits c(ll1clu.sions on the Mnding of atoms involved. 

For }(PS, the escaps derich or penetration depths a1::'e uH-ually very short 
o 

ranging betvleerl ~-40A and hence observation of phCib:>am.l.tted eloor.rons 

e:mph.asizes surface contrik.'Iltions and so one (' . .&n obtain :information about 
, 

surface properties, o.door1xrl aton\s and molecules on f,uxfaces. In the case 

of adJ.lorbed ato."IlS and lrolecu.les, the bJ.lKlinr,r energ:i.es of va.lenoa electron.s 

can serve as a IIcheiiU&!,J, fiIY,jcar.print" of. t.he ad!lorbed spacies so tllat one 

can use the photoemiSslon spe;otrum to follcr.:, cr~ic':il :t'eactions on the 

surface [13]. \-lhen dealifY;j ,·d.th pure r,uxface.9, the experime.nl:s are Vf'>.r'f 

sensitive to surfacy,1 cleanHneEls and c:ontaIajnation. 'f.ous :l"elioble work 

requi:res ultrah:i.gh vaC4.mm al1d J.11 situ pr8pal:OO ffilrfaces [14]. 



'!he theory of phot<A%tlssJon is quite complicated and highly involved. 

A description is needed of both the equilibrium and excited electronic 

structure of a material and its lllteracti.on with the ion array wIth the 

driving electrortBgneti.c fields,' whose fonll is modified by the interaction. 

Both problem..'O must be solved ill the vicinity of the surface through which 

all system properties change dramatically. 

various attempts are made to illcorporate all knoI-m phenomena ill the 

theory of photoemission. 

Photoemission is a many body problem. In real solid the el0Ctrons are 

illvolved ll1 several types of illteractions like electron--electron, 

electron- llUPUrity, electron-phonon interaction. All these involve 

inelastic processes and are very important illphotoemission. A 

microscopic formulation of photoemission process that includes inelastic 

scattering is developed by C.caroli Elt al [15J. 

The signif,icance of angular ani.sotropy ill photoem.ission, and the 

illfluence of band structure in the photoernisslon processes is also studied 

[16]. 

In this thesis the illte:rpretaHon of photoemission f'lpectra is})aged on 

the three step mooel developed by BerglUlrl and Spicer [17]. 

In tllis model photo211ussion is envisaged as three :iJ1depelrlent stepe:­

photoabsorption, propagation of excited electrons to the surface, and their 

escape illto the Vac.'UUfI1. 

The energy distribution curve (EOC) of thc1 phqtoernitted electrons 

I(E,W,) is thus a SUfll0f the prblBry distribution of electrons that have not 

suffered an illelastic collision and a background of secondary electrons 

which have suffered energy losses due to collisions. 

\ 



In line with the three step model, the pr:imary distribution is a 

product of three functions, the distribution of photoomitted eledcrol1s 

P (E,I.I) the transraission function '1' (E), and an escape function D (E) • 

(4) 

To determine the enercJY distribution of phot:oeraitted electrons, '-Ie 

start by calculating the probability of electron escape based on the 

following assumptiolW. 

a) the distribution in cUrect:ion of excited eleetrolW is iSotropic, 

b) 'probability of inelastic scattering can be described in terms of a mean 

free path which is a function only of the electron ener.gy. 

c) In oroer to e!;!cape over the su:nace barrier, the electron must have a 

component of its total crystal l'oomentum P perpenclicuJ.a.r to the surface 

which is greater twn sane c:dtical value P • c 
Choosing the surface of the photoomitter to be the plana "<.'=0 with x 

increasing into the photoemitter, and if e is the angle bebreen the 
-~ - ~,) 

d:i.rection of ,electron lUoment.um upon excitation, ' and the normal t.o the 

photoemitting surface , then the eledcron must move a distance x/cos e tc? 

reach the surface. 

'Ina probability of elec.tron escaping \~ithout loss of, energy follO',ling 

excitation ,to ene:t:gy E is 



(5) 

A is the mean fl:'ee pat.ll for inelastic scattering. 

lJrtJJi'.l': the assumption that t.:lw inelastic scattering probability can be 

characterized by an isotropic mean free path }...(E) that depend only on the 

enenJY E, t.:lw tl:-ansmissi.Ol'l function ~~(E) is given interros of \(E)<md the 

attenuation length of the photon 1--"" (E) • 

(6) 

According t.o aSSl.llfption (e) the escape f= t.:lw solid is poss:lhle only 

for those elec'cr.ons ,11th a ldnetic energy sufficient to surmount t.:lw 

potential barrier E.... ~- ¢ 

'"' ir ",aves with E., ~y). t.hi,f? condition defines an escape cone with an open 19 

angle relative to the surface normal. 

(7) 



fmdcion D(P:) which escapes :Ls givQl1 by 

:; 0 
(8) 

D(E) like 'I'(E) is a smooth fundcion of E beyond the lovI Eme:t"gy cut off, 

and while !xJth factors )(lay disto):t the energy diatr.ibution of photoexcited 

electrons, they are not in thE'mselvoo expec.ted to give riH'i! to struct:ures 

in Ip(E,W)" 

'ilie primary physical feature characterizing the Burface photoeffec-t 

discribed by P(l':/,,~) is the existence of a vector potential. '!he quantum 

Tr.E' .. chanical interac.tion of an electromagnetic field of vector potential A 

",ith an electron is given by 

Hint "" (9) 

Where P is the momentum operator of eled= and teXJliS of higher Ol..Uer. 

in A are neglect.ed. If tllis intel::-adcion appears as a small perturbation in 

a quantum lW-Chani.C-:li 8ystem, the eleotron transition rate from an initial 

stateli> to a final st.at.elt> is governed by the matrix element M¥t'" <f,{Hint/(> 

Tne photoelect.ron current observed thr.ough an analyzer s"-'t at the 

enexgy E and band widt.h dE and acospt:i.ng a soLld angle d if! glven l'JY 



(10) 

When! V is the observed electron velooity alrl - function insures 

energy con..sel::Vation. '!he c'tu:rent is expressed as a sum over all oocupied 

imtial states. 'I1ms' the observed photoelectron current is detexmlned 

essenUally by the initia~ density of states 11> contributing as energy 

conservation pannlw w:l.th an intemlity glven by the square of the :matrix 

eleJuent Bfl' 

'ibis means that the observed spect:rurn will ref.lect the :Initial state 

density provided suf.ficient n1.r11iber of final states is avaUable and the 

matrix elemf'-t"1t may tm regarded comll:<mt. 

rntenslty of the emission current alrl so the spectral shape ls 

dete.rmined by the ('.oupling st--.:encJi::h due to the operator in the matrix 

element. 

In XPS "H(0 ~ 1.5 keV) core levels be<xane observable. Final states are 

fr<*) elecb:'on like and the matrix element is nat affadee:'! by the SUJ..~£ace 

conctl'cionr-lo ))et),gity of fr'€e elecuon final stat<?..s i@ regular end slowly 
~'. !.' 

varying. '1.'hen the spectra are eJ<peCted to change gradually :t:e',pre.senting 

the jnitial density of states. '!hun under COiistant matdx approximation 

P(E,v) rOO.uceB to the eJ\ergy disb:.iliution of joint density of states. 

(EDJOOS) • 

'PCE.,(.,,;) ~~ /" cpt \Mt;,I\S [f.~ cr.L Edt:) -"t;wJ,s [4 (I<.L E.] 
~f (1~ 



It fol10'.'iG that. photu21cctron qx,cb:uIt\ is ,,):Jsen'cially a distorted 

l:cplica of Ti;[ur:os ill tim fJ:amel·loJ:k. 01: the t111:ee ,,,tep l'I1<xlE\J.. 

l~pite the numt/i't' of agBlllii[kions mad.e hOl'levo:c, the three step model 

has been quite SHCOllsHful in explairling photori!I,usslol1 sp:3ctm. 'Ihe Btep 

model totally negleds ='£a03 !,!ffects and UfJE'-S stationary one electron 

eigenfvnctiooo in (,-<l.lc\J~aUng t:caool'cion l1latdx elements that involve 

highly excited. final gtates. But these can be negleded 1'lhUe deaUng with 

Xl'S, 

2. :1 ' .. BnlPING );:1:1ERGJ'_OF _)i;[l;;QJ;:ROliq .;. BE~TJ:9N ANP <'J!J!:lof[Cllk. S1-!;(FT t 

Bindi.ng energy of an electron if) defined. as the l'lOrk :required to remove 

the elecr.r.on fr:om its orbitol to infinit.y I1Lth no kinetic energy. Tnis 

ionization procesB leaves the f3ystGlll :In an excited. ·stat;!.and the birding 

energy is essentially equal to the dif.ference ,in the total energy 

llnmediately after ,mel before the ionization. 

In the first. approximatlol1, the Y.'f'.JnOval oj: an electron does not c.1'tange 

the field inside the atom and one may assume that tho orbitals of the other 

electrons remain unchanged dllJ:lng the process. 

ry:nis is a single electron pictum, but when considering If electron· 

system, the r:eriloval of an electron by photoemission Hould leave. (N-l) 

electron system. jf'N ir; very large the effect ~Io\lld. be negligible, and 

the single electron picture could be e:mr)loy~, Howilver if N is small" the 

J:'e'.n1oval of a r;hlgle electron ~lould force tJ18 other e1ec.trons to acljUfJt to 

t.he nElvl field leading to a relaxation to a 101'le1' ene.l"g'l. '111i8 extra energy 

is picked by the emi.tted elec,tron and it appears at a higher final st.ate 

energy. 

In a polarizable medi\un the halo created by the photoemlBsion process 



(12) 

Wt)(~re EBF - ls the bi11ding enro:<;1Y for the C<'lBe of. "frozen" orbitals, 

co:cresrx)l1dil¥] to the vlave ful1Gtion valuS9 of the unpert.m:'ood system 

'.thEl exaot valtl>";) of the bh1Cling energy meaeured for a given element 

dep-2Jl(JB on the chemical enviortmlE'x)t of that element. lis a Xl*>'ult core Xl?S 

lines sho'i/ binding energy shift,.;;. 'ilie binding e:oti';rg'j shift is the binding 

energy d:tff(;ll:'eJ1C€! [Hl]. 

(13) 

Where ri1lloy and EPure lootal axe tm bh1d:l.ng energies of core e1ec±= 

related to an atom in un aUoy arYl in the cor-resporlding pure metal. 'Ihe 

pllYBical od~Jin of t1tis shift jE related to the change b:anBfe:t"€d on 

fonning a che:mical bond betlifoon 1::\-10 dieimU.ar atolr&J cun the altered . . 

screening condition of the posH:!v€! nuol&'U' ohm-ge. 'Ihis shift 0al1 be used 

to identifY tho chemical envixonrrtent of an element by corfipad.son with the 

binding ellergies of a oot of refe.rexi09 CO!~ds ilwolv.!ng the same 

element. 



, 
~[hB bh.,.JJjxJ C>ilGiXgy B! of the lev"l i :fJ~ the diffe.!:€'.J1ca 1n total e11el:-gy 1': 

of: tIle SyS-tBhl In iba yYotu-);21 bti).t'2i £tHe}. t-1-1f3 t~telt:.e t>llth one olooi:1.,)n misE·dng in 

. 
l!;~ '" <.: B,gi 0 n~l >, .~ < E,qi ~ n > (14) 

Calculation of tho chemical lihift )~13 involves the calculation of 4 

total 01Y<llXji<,.lS, Ii g:t:OlJm-state and a hole rn:ate calculation for each 

approld.lilation, where tha el~'Otron W I.\.c-euiwzd to lllCIIfe in a potential 

detenninGd by the nL'0le:l. fmd 'che ave:tag€! field of all other electrons. 

I'lave t'w1Otkm£l ar"0 e~:p:t:e>qgerl ali! Slater d.emrlilinan\:;s and no correlation 

· .. 

The other l\'Gtbl.x1. tXI'.'am relaxation e.noo:giea as peJ:i:';ul:ba.tions on binding 

ct1el:'giea deriwrl from gJ:ound stab::! plXf~Uea alona. 

In th,,<;1 caw" of alloy~, fs(Ef"0J.'al factox'S oontriJoute to the shift of the 

XPS eleot.-:-ol1 bin:li'nJ otK'l.l:gioo ('" E; for an atom in a E!·olid [19] •. 

~he<".e ~ dlffexenc<~ in valal100 e"lectt"on dE,nsity .='_'1:.. orystal field 
V" 

po'c$r{cial ('" v) work fu.oot:lon, (<1 f) and l"'e.laxation SlW:(gy (L>.Ek) • 'lliis 

(15) 

c:ore level bincUng (m0xgies loot."Teen sut'fac.<e and bUlk atoros. '1h:ta 

d:tfferenoa .tEl due to th'il fact: that surface at.orr,g e:xpex.i.enrA a potential 



l{r;Yli'iMa;;', pho'coomlBsion is il In;iny ....... 
electron event, and t.he removal of an electron causes the other elootrons 

to adjust to the l1S'lT Cl'Wil:orflnent, and they co.n no longel".' be in the gt.'Olll1d 

splitting. 

~he aSYI([net..:dag in the YJ?S core]J.l'J,S'l Cl:t'e dt!e to the creation of 

eloc;\;ron hole pain! at: tlw Fe:cml level dttd.ng the phOtoorn.tasion pl::'OCe5S. 

'.the width 01: core levels (r) is de"cermined by Ca) r<ioolution of the 

phdcoeloo'crol1 I1fl:itm'o:ome'c.er (r' sp)' ~:he (ularg}' :t"'eSolut.;ion o~ analyzers is 

usually defined. aB the ratlo LlEj}jo' I'lhli".(t'e tl E is 'c.he fun "lidt.h at half 

maxhflUiu (FWH11) of. the €Jnacgy di.stl:'ibution after tlv:a analysis of a 

mO!lO'..in:omatic heam, and Eo 113 the el1eJ.-gtl at whJ.ch the I'Ulalyze1" is tuned, 

(pass 9li<ar.gy) 0 T.iI C1lJxu1.at1.oDJ'1 it lf~ o£4.:en e.asioo: to dat.ermine the base 

:n:!.,golut~.CJl1 Il.~ ",wlfor: w:>ll da"lignBd analyzer, A ~ Ll.Eb/2 [20]. (b) 
, 

presence of IC>ateH:H:es tl"klt: ill:€! not 1"iSizolv0d and (0) the j..ntr.insio life 

time l'lidth of bore holes. 

satellite broa.d(?.nitlg can 00 brought about by, the in.fluence of phonons 

whose contribution to the li110 wic1th in pwport,ional to tl1S squru:u root of 
, 

En and tlw !:'uHo of the Jeragitudi.na.1 optical phonon a"eJ:9Y iiutoto the 

energy equivalent of the tell1j,.10rature 'r, 2:11'1' [14J and is expressed as 



(16) 

,'~ 

'Iil.rEI IntL'lnsio ~ddth of a line .~B d"tc-\!:i'1U11efl by the life tiroo of tl'1e 

hole lef.t bCilhJnd the phot:c0Jl1:tE!siol1 p!:cJC(;,ss. 1" and. '('; ar<:~ related ~ 

Heisenberg's uIYYln:t:8irlity r<>J.ation 

(17) 

(18) 

lis a U'Blllt: of litany el<£'><:Jtx:on pr:1Y:>8SS0fJ, sever.al pe;lk splittir.gs a~ 

in the ,rpcd:J:'e;. As fl :r.asult of couplin;1 of eledCl';ch spin !)1id angular 

Il10msntma, 8'Pil1~orbltal splitting ocx.,'UrG, and ~ih"mevel: an interaction takes 

plaoo hetvleel1 th~ unpahw. ciectrOrls f01:i.;rod by photoelectron ejection and 

any unpaired electxon'all-eadY0xJJ'ltin<;,in tlle ato-a in any of its inO:')l'(lplete 

shells, l'Ial1tlplet nplittJ.n;i m:.ulEc'S. 

lIpal."i: from splittinga, asymm<'itx.1.es, peale vll<lthS, OM sate11it.e 

inner shells of an atom, Cf.1uses a change in the effective charge 

e~iel1L'ed by the elect:(OrlfJ .in thlil outer. shell which Tl1aY lead to the 

sImuJ:t.ane0UEl :;:'\'cwJVaJ. of one. of: these eleotron.'> 'l'lhkh If. E'J(o:tted to a 



A proPel: lnterpr",b.ltioll of XPS fJr.xuJtxa ia possible if 'c.he effects 

rr.entioMd. allOYS aro pl~Dperly und.erst<xx'l., and one should be al'lare of this 

things to avoid mlBinterpl.w~tlon. 

ClCf(~ition of $Urfacef~. Fo:c t.oo c1(,)tol:wJnatiollil of <::oilJt.'OS:l.tion profiles 

to greater depth XPS ia !'YJt,lbmJd ~Ilth jj:'$F.c-ion ooill.bru:dr"cr!'it of tIle !l'llrface 

ar.d t.Iw erosion of tho HUl;'faon li1:-;m: ~,\c)Uld pl;'t::r..A1!.d layeJ:~ by layer. Tnls 

techniq)1E1 :tnvol '\mill the rl1lcolX'ting of S{\v~,t'&l xt.>S sp"..ctrn after every ian 

bombardment. 

depth C()rnpo~gition is e'ld%dCmd fr:cm 1.'. !1:U'KJJ.e XPS spooi:.rUl'll. 'll1ia rnethoo. 

reJJ.es on the fact that dlla to <1!lastJo mid :lMl.astlc eleot.ron soatt~.ring 

the enexgy dlGt.ributi.on of the Gi'll.{ti.:tr:.:l photon ox.c:l3::ed COle eJ.ectrOI1S depend 

m'Ongly on t.lleb: depth of ori9in. nl thJz ll't3thod a qua.ntity is def:!.ood 

which is a r",tio of xpitpe'llc a:r~:a to t.h"'O\ il1or-ooz~ .in 'diS backg1:'Ound edgna.l 

associated with the p,"il.k. '.l:hifJ l;1u.nntlty- is {\ stl'Ong flll1otlon of the depth 

~:ltion foy:' inht.,mogenoouJJ sm1Wl€s. 

In this t1o:t'k WE! .juan fOUo-!l th'il fOl.rl1$l: m<i!chod. Tne counting rate 



(19) 

",.' 

A - ,- E'~le area from whicJl pl1otoel<;xJtmns are deteoted 

n - -ooncerrcration of att)ll1S rmr cm3 , 

f -' " photon fl\lX in photon per Cf(t~ 

41 - C'rOSS section p;;>x atom for photoiollization of the p;.:!rtic:ular level 

1~ - angular oorreot.ion factor 

~ I - fraction of photoelectric t:r:<'U1HitJ,ons ft"'crtl the given level. that 

:t'eSult in <'U1 ion :In the ground, state arrl a photOf'.lect::ron of 

ar~r.opriate enat~y 

T .• inherent efl:ooi<m0Y of deil;t>...c'cion by thlil s-pect:Jx.>lThatar of eloc.-tlXll'ls 

or.iginating frt:>lJl t110 E":'ll'~fllo. 

A .• l11"'...aJl fl:'ee r;3.th of pllo'o:""lG,.:.t!,UIW in tlw saIi1;>le rood.i.w.n 

G •• fractional effio.i.enoy of E')l\erg;;noo tlu:ou<;m. a contaminating adsornoo. 

layer. 

·",.".,tJ 

')t._ _.__ I_. __ ,_~ :r 
1\ f '{"1' T'lle ~ (20) 

5 0 A~"4'TAC 'J 

(21) 



In applyincj till!'! l:0.1Cl.'dqn, 1'18 m:e J.rrtol"Gs\:ed :tn l'atlol-J of 

"l'OC!e·<'lUl:e cane"l out. Po , 

').'->n8: fueo.)ro tl1a.t a1:t1 )(fE!pt. con.stant cree 

A = a'C(U;l. of. the :3allg:>J.S, f'~ photon f:lux 1n pllotonjCll\2 

Y,o/, C, are also kept conStant. 

~ht1g the ratio of C(1)(.;en:tn-,UonJ'! are dependent on If, A, T I and 1. Iet I S 

consider.' each of these sep111::ately. . 

a) Fi1otoionJ.zation CroSH SeQtion a' 

An exact. lmcmledge of the s1.lrJSliell photo ionization cross swtion is a 

prerequisite for 1:'110 qtJ.ani;.itative analysts of the sm:face ciu?1m.ca1 

con');lOSi don by XP3. 

'!he par:Hal oroos s" ... .:idon depend on the ar;'Jle e bet~le~m the ii1ccJnrlng x~ 

my beam and Ule OUUjoll19 e1ectronr5 acconl1ng f 

(22) 

'111e pal:oJr,,,ter f varies f:mm ,,1 to +2 depelldin~ on the angular ~..ntum 

of the atomic O1'bltals t'\n!1 phot()'ollectmn kinetic energy. For energies in 

exca.«s of 100eV H; loveL, off at the value f3 ""2 (8 -shell) and ~ =1;5 (p 

shell). 'I1ie cou:ection is not more t:11$.n 10% for e ~'900. 



value fo:c 8n8rgi,",5 awund :L00eV and th1t at higher energies it vado.g 

:eoughly as the sqtlFlre 1'001: of t.he electron energy. 

~tm'3 if \>It< llEY.,rlcot the deprdrtJence on sample roaterial, vIe hav(-?- [23] 

(23) 

c) Transrnlssion F\md:ion of Electmn Analyzer, T. 

T takoo th8 enercJY dependence of the analyzer transmlsslon into 

aCC01.U1t. 

For a =mmonly employed analyzer \.,1th preretardation and =nstant pass 

enel.W, 

(24) 

'Ihue the ratio of concentrations of tvlo elc,mentu in a given sarrq;>le is 

1, <I, A, T, (25) 

Where the sU):kgc:dpts 1. al1d 2 stonel for b'io different elements. 

fue hltensity of a given line for a glven element ls related to the area 

tmder the spez.tra a corresponding to the appropriate peak, and the 

inl"b:1.unental condition}). SpecificaHy 



and (26) 

1 .~ ljN 

~Ihe:re S - is the digiG:'1l scalE! 

N •• if) the nun'ibeX' of flweepa. 

thW'l Eq (25) can be wrltten as 

(27) 

using the explicit dependence of T and A on the kinetic energy of 

photcemit.ted electrons from ~:;q (23) and Eq (24) He have 

$, 0, ,fi; <J~_ N,_ 
~-.~--.-----~---~-~-

0, 0, IE;, (j, N I (28) 

In th.hJ approach the foll(Ming factOltl could contribute to the 

vari.ability of the Valu0.'l of. n/n2 . 

. a) Emitted intensity of a piJ.J:tkulilY.' photoiontzation line. is reduced by a 

factor [24]. 

[
,"<d>/ l A (£) ,. [x p / X (E) _ 

(29) 

ovd.JY,f to t11e attenuatJ.on ot photcel.ec.trons wi.thin the sample ·and by 



, 
any' a(l'lmJX'>J gall l:).yer A (E) and A (E) reprcr,ont: att:ommti{)ft lengths for: 

estl:mate of the avecag(~ di.stance l.fnich an electrong win travel through the 

adsorb'&:l gas layer beforE, 0Bcaping into vacuum. We have neglecterl this 

term in the l:Cl.tlO n,/n2 ~klich could ('..i.,use an (~rr.or if the contamination is 

high. 

'lhere can be jnac:curac:v in integrating the photoelectron peaks 

(uncertain.i.ty in chQ(X~ing the bafle Line). 

Ion IXiJwxdernent sputtedng is ~Iidely used 1n 'colnbination "Iith surface 

analysis to detennine elernental coftq;JOsition of solMs as a function of 

depth (composition profiling) . 

'1he surface romposi'don of an alloy undergoing s'puttering ~Iill be 

signJ.ficantJy different ft'eMt its bulk composit.iol1 if the sputter yield of 

constituents ar'e not equal. '1'hE< Bpecier3 ~d.th the highest sputter yield 

"lill be initially Bputte>;n,xl preferentially ancJ.this causes the near surface 

n.."gion to be ,",y)}:-:\.chc'(.l 111 the cor1'!t:Ltuents WitJl a 101'lel'.' sput.ter yield. 

SirICe the cono!t,ntraHon of thH mi1ted.al [5put.tered fro1ll the surface must be 

eqtlJ'.I1 to tho roncentration of the bulk yw'ltm:.l.al, in the steady state the 

sll.rfa03 concentrr.itlo11B of the O:)nstitl1ent elements must be proportional to 

their bulk cono:mtJ:&tiom! divJded by their. pffect:lve sputter yields [25J. 

Apm:t froJi1 creat.:b-;g d.i.fre):ence.s in con(.:ent.~_atiot1 on surfaces, ion 

lYJl11l::mxdme.:nt orC!<'1tes severe l~icror()ughn€sB I·ihich can influence depth 

profHJng meafmrt?JI1entn in 8E<veral "laYS. Depth resolution and sensitivity 

of Jnstnrrnenh; aYe influenc"""l by i;opcgt'aphy. 

)j'm:ther tOl1 bornbilrdment of a 801ie1. surface c<U1 cause motion of samplE< 



con.'ltituenta in nev<2J.>ill ways. 1m atom in the soHd can suffer a 001Hr;ion 

irrplantation or.' lmock on })t"O(X)Sf3). nHfmliDn pl"OCesse.s (both bulk and 

surface) is gr"atly enlmn(oX-xl by ion bOll~)inximent. 'l11iB expediter; 

segregaHon of constituents. 

In the =e of oxider1, un10ss the par:tial pressm:e.g of all oxygen 

containiJ"J(J molecules are very 10'.'1 theJ.:" is the IX)ssibiUty that, 'an ion 

bolnJx""U::"dment :lnduced 1"<?Duct:lon of the oxyge.n concentration in the altered 

layer I·Jill. 00 oooc'Ure::l by re- oxidation of thG gas phase species, and 

further more the Bd.ckil1CJ coefficient can be draJl1atically increased by ion 

bornba.rdment. 

'I'o deterwlJl8 tlle huJk COl11P?siUon of an ion sputtered. saJ1'Ple from a 
. 

measuY."El"ffiE>.nt of surfaCril concentration of altered laym: requires a knCMledge 

of the eff<xo'dve f.rputte:r: yJ.elct of the various cOll1pOnents in a 

llllllticon-ponent solid. 

Several factom axe (xmsicJ.ered t.o be respOl1.CJ:i.ble for sputter yield. 

Atoms of 1mler' rnaGS are considered to have a higher sputter yield in an 

alloy. Sputter y.i.Gld also d(3pends on the blnclll~j" energi('~g (heat of 

vaporization). 'Xho component with. a lC~oJel' bindjrll"J eJ:lelXJY \~ill have a 

higher ,sputtel" yield. 

Usually the relative sputtering yi(~Jds of c:orr1pOlleJ1ts in a multi 

COlrrponent systell1 is ci:\.wm by the sput.tGd.ng yields of the pUiB elemental. 

con.sti t.uents • 

For a Pli'.i:pend.J.Cl.1J.aL'··anqk of .incidence, the sputter yield of a pure 

element is shown to b} given by [26J 

o 0lI-2 0< ("'1'/M, ) Sol (E) 
~'--.~~.--.--.-.---.---".--~~~~-

( 30) 



I'fneJXl U s ,~ Sur[,''<x, bjn:'l.hl(j EmCly.9Y 

( SllbliYtntic)\l eneJ::')Y) 

s (f::) ;:;>; Nuclt~a:t" s~:()PpJjpJ U1:\)S[-;5 t-Jt:x:tion 
n 

M (l'1zIM1) = 011(')rclY i,,:.'leperr3.rJl,t: fnnd:ion of mam~ ratio JJetl'lee.n tarclct 

mass M 2 and i~n .rnaSG N 1 • 

S".lL) ~ Itlli:IG).e:~(l,,,, [· •.. tG.; )"\ s,,(() 
___ {l'.1! +hL ~J 

eln (t) is the X'Hdnced mioleal:' fjtopping oross section for the '1homes 

Fe.uni int:eracti.on. 

ao ~ bohr radius 

Zl and Z are ut.ofni.o mrnlbr~:rH. 2 

Sn(~} is the reduced nuclear:' t;toppinq oross f.'Gction ,md the va.lue8 are 

gi.ven for thorna8'-Feulli Intm:act.iotl. 

fue equation above only g.i.v<oo the dependence of the sputtering yi.eld 

on the energy and mass 'at a perp(mdic:tl1.ar angle of i.ncJ.dence. :tc is also 

shoVin that fn] thB sputtering yield coeffJ.oi~t i.s propm:tJ.onal to Soo eu 

~lhere 9, is the angle of. 11lol.dence of the J'X)IYb~rding particle. As 

increases the Bl:>utt0r.ll1g cOHffJ.cient is obsHrved to increaffi~ not so rapi.dly 

as BOO O. and at 8 0 > ']f. '1'11(3 sputte,d.lY,J cooffident reaches the 
.3 

maximum and it staJ:·cs to decrease af:to!.' t.hie. 



surface rrofilt'l dlepE'J1<JS on the C()JCY83pOndinq anglre of incidence (e). 'rhe 

surface 8.:r.·osion generally talmH place o.t; dif:fc):(mt rates at different 

poilltl> on a rough surfacx~. 

Assuming that the spnttol" f:,J.te is a function only I)f: the bem" spe()Lnen 

geometry, the er:oo.i.on at a giVt"il lXlint (x,Y) :is diB(JdJy.~1 by (28]. 

;'f~, see) Cen 0 
l~ 

~lhere ~f- is the erosion rate alo11g tbB dir.&:kloil. 
bt 

Normal totll~t surface at (x, y) I ?? is 'che ion flux 

(31) 

-2 -1 (ions 1(, B ) 

assumed constant ovm: the erot1e.i sm:face N is the BurfaGe atOl\tlc density I 

S( €I) is the &1)lfcte:dllg yield J'l:om the surface. ~'ho fi.gur,,, belo'll shows the 

sput.teril'lCJ geo!net.ry. 

Sputtring Ge<Yit\Otry for a two~Hm"n,s.i.onal i:r~cegular1y-.t'ough surface \<lith 

the ion beam jllcident on any polnt on the s\Jrface at all an<;/l.e to the 

surface no:t11\cSll at that poil1t. 



C[JAP'.I.'ER3 
-~"- .~~--~--.-,-~~-~<~-.• 

11(; Fe40Ni40SJ4B16 Vla.s prepared by the melt spinning metl100 (usii1g one 

~lheel only). From the ribbon of Wmm I'lide and'lOfAYO thick, there ylere cut 

tIolO samples. One Vias measured on the "top tdde" and the other on the 

"wheel-side" • 

prior to inserting illto the pr.eparation chamber of the spectrometer 

ESCA 3 IlARK II of Vacuum Generators, they were first washed in aeeton and 

then ill a rn:lxture of pure l:lenziue and ethyl alcohol ill ultra S01Jl1<'! 

frequency washer. Finally they were dried by fan in dded air and inserted 

into the spec'crometer. We define t11is treatment of t:he sample as "as 

recieved". All ather treat!'l1E?nta w~:l::e done "ill situi• ill UHV. Ion 

borobardement of samples WlS done with argon ions of energy 1. 6KeV and ion 

CUITE'.nt density of l0f',Aem 2 hl tl1ree steps, that is, 5,15 and 30 minutes 

reSIA-"'Ctively. ~he final treatment consisted of pure heating of the sruTq?le 

in UHV (in situl) to 5Booe. 

~otoelectron spe<..tra wrre obtained upon excitation by Al]moline (photon 

. energy ~'14B6.6eV). '11le X-ray lrurq;> col1<'litions \~ere defined by 8kV 

acceleration volte.ge of electrons, and 2Qn1A (''UJXp.nt of el",,'CtrOlliJ. '1119 

henuspherica,l analyzer of lOem radius was set to lOOeV pass energy ru1<'! the 

sHt ~lidth was 4mtl1. TIle spectxome'cer ~I1!S caliberated to the Au 4f7/2 line 

of binding energy 84eV. Binding 9nergiE'..B I'lere determined "lith an accuracy 

of to.15eV. 

After E'-<lch treatment photoelect:wn spectra ~lere recorded under hiD 

detection anqles (150 aJ1<'! 550 )meamu:ed from the saJTq?le surface nOJ:11mL 



R~lJJrs AND DISCUSSION 

In the qiscussion that follows reference is made to the spectra in 

appendix A and tables in appendix B. In appendix A, the wide scan spectra, 

the valence band spectra and "the spectra of Wividual elements are shcMn 

for the tiro detection angles on the .~tneel-side and top-side of the ~le. 

'!he wheel-side refers to the sant'le side in contact with the copper wheel 

and the top-side refers to the one open to the air, dur:ing the preparation 

of the ~le. 

The intenSity is given :!.l1 arbitrary units where the intensity of each 

speoi:.rum is compared to the intensit.y of the as recieved sarrq:>le and is 

stated as nrultiples of the latter as :indicated on the left side of the 

figures. The numbers on the right side corner indicate sample treatments 

where the mnl1bers 1 to 5 refer to tlle spectra of (1) the as recieved ~le 

(2) to the 5 minutes sputter.ed sample (3) to the 15 minutes sputtered 

~le (4)30 minutes sputtered and (5) to the ~le heated to 5800 e 

respectively. In<appedix B '<Ie have tables of the results of concentration 

calculations for both angles and both sidB$ of the saJlPle and for each 

treatment. 

4.1 ~TATIVE JNTERPRE)l'ATION 

4··1.1 It\§ Wide £lcall ~ra. 

The wide scan spectra .serve as a prelirninaryqualitative identification 

of elements pre.sent",it.hin the surface, usually one call quickly judge the 



cleanliness of tho Hurface ot' In other I'IOrdB 'co determine the contaminants 

present. 

!loth the ~Iheel'-side and the hyp'"side of the BHlIQ)lo surfac-es are covered 

~lith the' contarrliNmtn. 'I'hey a:es contamixlited with CandO and to SCftlle 

extent ~Iith N, ,vihich aPlx'~rs only on the as recived sarrq;>le. '!:he ClS ~and 

0lS and Nls )Y'~ks are obael.vahle. ,The peaks due to the matrix elements in 

the sanple are not resolved, hCfllever after 5min Sputterixlg these are 

observable. A.fter 30minutes sputtering the C.lS and 0lS peake are ",eak and 

the NJ.s peak disappears. 'I11e Fe2p and Ni
2P 

peake are sharp having high 

intensity. Finally when the sample is heated, c<-rroon and oxygen are once 

more adsorbed and the intemdty of t.hese peaks increases ~lhi1e there is a 

decrease in the intensity of the other peaks. . Apart from the peake dUe to 

the photoex.ited electrons, AUger po..aks of Ni,Fs, and ° are observed in the 

spectra :recorded· after sputtering (fig 8 a--k). 'I'he spOCtrabf individUal 

elements are discussed in the next section. 

'!:he main source of infoJ:tt'ation in core electron sp--"Ctra is the leading 

photoelectrol1 peak. '!:he core line spectrum of an element is a unique 

property, a "finger print" of the element which can 1:lS Ufled for qualitative 

and quantitative chemical analysis [2]. 

Generally core xl>sHnes shO\q bindining energy shifts which depend on . 

the chemical envIronment of the atom. '!:he corn electron binding energy 

shifts ~Iith respect to the "pure alloy constltuent of most intense core 

lines 000\'1 a relatively sman binding energy shift (o.!5eV). This indicates 

that only a small chal"ge t.ransfe:t' occurs on alloying. 

'!:he OOHts i.ll the core level binding energy (chemical shift) are also 

due to alterations in tlle electron density of the valence shell, E>:J. a more 



highly o:v.idizG£4 sped-os gIves L'iHe to a highrClr blncUl1<J e.nerqy whjJ(~ a rnore 

reduced species OOO','S the opposite effect. [25) 

Furt:l1.Br, since stlrface atoms expBrienoH a po'cenHal different from the 
" .. " 

bulk due to the lCI'J1e!::' coordination number, there is expected a. somewhat 

different COlt! level bindin<J energy shift for the surface atOi11S as con~ed 

to the bulk atoms. Col'!q;ladson of the core level bind:in;J' energies of both 

sides of the sample for the t\vo detection angles seems to be jn aggree:ment 

with this fact (table 1 a-d), allCI'JTal1C€l be:in;J' made for the uncertainity in 

measurelrent (j-0.15eV). ego Fe2P has binding energies 707.1 and 706.7 €IV 

for two different angles. Generally the bind:in;J' energies of all the 

elernents are slightly lO' .... ered after 30 minute.g sputtering. 'ilie assignment 

of peaks and· chemical shifte of ind1vidllal e.lementn are stated in the 

discussion that follCI'JIS. 

BORON : In the XPS spectra t~1O states of boron are observed. B I (187.BeV) 

and B II (l92.4e~). (Fig 2 a-d). 'lile thh'd peak which "laS observed in the 

spectJ::a of FeBSi [30) :f.s not obsetved 1n our case. 

'ilie binding energy of B r peak is equal to its value for single 

substance and the peak intens1ti.es are higher after sputtering than B II , 

peaks. '1:h", B II peaks have higher biOOm; energy tlkm the value of their 

sil1gle substqnce and is close to the value of 1t,o;; COIrq;:>OUl1O.El. The B II peak 

disappears on prolonged sputter.inc; indicating that it is more on tile 

surface than jn tile bulk and reap};X'.ars on cryst,:uJ.ization. WhH~ this is 

true on the top side the same psak OOO'IIS an .increase in. intensity after 5 

minutes sputtering on the ~lheeJ. side an<l as in the top~8ide, disappears on 

prolonged sputtering. FUxther on 'ehe wheel side, the B II paak shCi'JIS a 

splitt:in;J' of 1.1eV ill bot.i1 tile as recieved Slll11P1e and after 5 minutes 
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&');JUttering. '111e D T peak in~n,<dty is \'Ieaker for 55° and .i.s stronger for 

150, in the recieved, s"l\1ple. 

Tn the 'study of ',~ron \\brides [31] the bond between Fe and B is found to 

be \fL<@.ater :tn ))'028 than FeB, in the f0111iel' the Fe -Fe and Fe-B interaction 

ls found to be predom1ncm'c. For J.lG's most Jrodels allSI1l\\9 that tha local , 
bonding niOdel remams tJ1C~ same. as :tn crystalline mated,ala. FiXrther Fe -8 

glassy coll1);101.ll1d.s shO'V1 similar trehO.s in theiJ:' elec..tronic structures to the 

cryatallID3 iron borides. '!here is enouo)1 evidence that the bonding and 

clo..qa range atoo1o order in iron-boron glasses is sim.i.lar to crystalline 

Fe2B and that the d states 'are modified by the presence of boron. Iron 

borides have also been shCil'rtI to be typical interstitial compounds \~ith 

boron occupying interst1.tial positions in a distorted iJ:'on latttce. 

In the same work [31] it .tEl shOl-m that the XPS J3IS binding ene~y for 

iron borides is found to be 188eV, It, is therefore'reas.<:>nable to consider 

the B I peak to be due to the bond.lng of iron and boron. 

For interstiUal soHd solution the atoms of added component rnur}t be 

small in diameter .i.f they are to occupy interstitiaJ, positions (32) Since 

the dial1l<'lter of boron is small, it is reasonable to consider that 8 I is in 

the interstitial regions. 

Boron COlI\.=unds usually resemble those of other nonmetals notably 

silicon in their properties and reactions. Despite the 2s22p elec..trol1ic 

structure of oox'6n"lt is always trivalent and never monovalent (33], and 

lts stronge."lt affinitie.s, that is its most strong links are with F, N, and , 

0. rfue lno..st comrnon cortlJ:XlUl1d boron forms with oxygen is BP3' In the study 

of the chemical bond.lng and electronic structure of B203 (34] the BIB peak 

has binding ener~ 193.4eVand 0ls peak 533.2eV. 

Hence the B II peak ,in ou.r case ~Iith binding energy 192.4eV corresponds 

to the BIS peak in the chemical compotmci H203 for l.v1O reaE',ons. First, the 



peale ClJf'-<lpper:n::s on spuU:er.ing on the top side, ~'Iith the decrease in the 

Oll}'gen concenb:ation on the surfaO'.3. 'Ihis (MOO peak lnol:(7.'\,96S after 5 

minutes "''Puttering on the wheel side \·lhkh is in agreement with the 
, 

increase in t.he oxygen concentration (table 3 a-d). Sooond, this peak 

sher.vs an inbrease ,in inten.<;;ity when the sa11'Ple is heated, agclin in 

agreement "lith the inc-cease jn oxygen concentration on heating. 

'In the XPS study of FellS! alloys [30] the B II peak was consl.dered to 

correspond to the bOlY.1ing state newly created between interstitial-like B2p 

and Fe3d which in our case is, not true. 

'Ihe splitting observed in B II pp..aks (fl.g 2, cand d) is observed only on 

the wheel side, which could be the result of the pl.'eparation techriique 

(effect of the wheel), or a different chemical form of boron. 

Boron also fOJ:l1\S COl1lpOUl'ldB ",ith Ni in the form Ni
2
B and Nl.B2 and I'lith 

silicon ill the form 8iB3 and SiB
6

• Boron has a peouJ.iai' behavior in its 

binaty cOl't1pounds \<lith metaJ.s. It is ill some wayan electropositive element 

and its metallic compounds are not usually l.onl.zed [35]. '!he peaks due to 

these COJ(~.00I.lJ.'rl9. of boron are not obser:ved in the XPS spectra •. 

Ii!ILICQN : 'l\-lO states of sHcon are observed, Si I (99.OeV) and sl. II 

(102.2eV). (f:Lg 3, a-d) 

'Ihe Si I . peale has a b:LlYling -t'9Y close to the value of :Lts single 
.", _ .t-.' 

substance, and 8i II peaks have higher binding energy than the value of 

their single substance and is clooe to the value of their~. After 

sputtering the 8i I peak increases while the s1 II peak decreases on the top 

side but sher,,>! an increase on the ~iheel side after 5 minutes sputtering. 

But on further sputtering this peak also di.E!ilppeari3 on both sides. 'Ihe 

illtensl.ty of this pe,ak agaill. increases on heatincJ. 'Ihe same argument as in 

boron 1s also applicable to eillcon. '!he si II peak is due to the four 



·, Yh 
valent oxide oi\ siHcon and the sInall diometer of silicon mokes it an 

int.erstit.lal elmnent and tile siJ.:i.con Si I peak is due to fJiliCOI1 atoms in 

the imerstltial sites and have a Btrong bonding t~ith ))'e 3d to stabilize 

the alriOrphOUS phase[30j • 

.I!lQN ,/lliD NIC1<EL : The Fe
2p 

and Ni
2p 

peaks in the as recieved ~le surfaces 

appear as weltk ill defined peaks. Two additional peaks are obserVed on the 

higher binding e.ne~ side of Fe2p peaks in the as recieved spectra of the 

top side and the as redeved and 5 minutes sputteredspootra of the wheel 

side. 'fuese peaks have binding energies of 111.5eV and 724eV. 'fue peak 

due to Fe
2P3

/ 2 in the oxide Fe203 is foura to be at the energy of 724eV [29] 

and the Fe2p1/2 peak in Fe203 is fourd to be at the energy of l1l.5eV, [29]. 

Hence these bro peaks correS)X>oo to the Fe
2p 

peaks in Fe
2
03• '!his confirms 

the existence of a separate iron oxide phase on the surlace [36]. '!his 

oxide forms disaPf">ear on sputtering and they do not s1IDl'1 up when the ~le 

is heated. The existance of this peak after 5 nUnutes sputtering on the 

wheel side is jn agreel'M'.nt '1ith the increase in o:KygE'n concentration on the 

wheel side after 5 nUnutoo spUttering. There is no evidence t.o indicate 

the existence of any oxide form of nickel. 

'fue difference in binding energy between the blO Fe
2 

peaks for the two 
. p 

detection c.ll"lgles 550 and 15° are 13.J.e.V and 13.6eV respectively and for 

Ni
2P 

peaks these'CiIfierence.9 ar-e 17. le.V and 17. 4eV. '!his indicates that 

the spin orbital splitting is lower on the j!rur·face (table 1, a-d). 

Study of the 2p x,·riiy photoelectron spectra of the 3d group transition 

metal ~ has shcMn satellite.q due to simultaneous excitation of 3d 

electron,s. 'lhasa satellites (shake up) in transition metal compounds are 

due to larger overlap of 3d and conduction band 11k\ve functions. [37] 

'Illese satellite st.J:Uc.tu.res are observed both on the top and wheel side 



Bpectra of 1<'<>'2p and Ni2p r~"ak8. '1\10 b, g for the Fe2p1/ 2 satellite is l3B V 

and D. g fOJ:: the F0
2P3

/ 2 Bah'.lLlte in ab::,ul: 5BV. ~ht>; satelLites of Ni2p/c\te 

observed at l'> Fr7 • 3eV and D. Fr5. 5eV. 

'!'he h"l:U1sition metal 3d billKls often sha~ (exhibit) b-IO peak.-Ldue to 

multiplet 6plittincj (29]. 'Ihi.~ splitting is not observed in out' spectra 

but \qe instead have the broadenjng of thB p"'...ak£l (fig 3, a-d and fig '5, a--d). 

The Fe3S peaks s..l1aQ a shift WI/axel higher binding energy on the surface 

(fig 3, a & c ) which .is II result of the oxidation of Fe. 

CXl!:lTAlrrNAN')~_ o,c. &lu;. There is a shift towa:tdEI l(Mer binding energy of 

CIS peaks on sputtering ,mel. the °113 pgaj;: is shifted toward higher binding 

energy when the sarrv1e is heated. Heating d09S not produce iron oxide but 

the oxlde.<> of boron and silkon shovi an increase in ·peak. inte1ll3ity \-Ihen the 

sarople is heated, 'Ihe.se elements have a strong affi\lity for oxygen and the 

shift in 016 peak on heating can only be due to the strong chemical corrq;>otmd 

it Cl."f>..ates \-d.th 51 atKl B. 

carbon also forms COl'l1P,OtllKlB ~1it11 bOl.."On in the :Conn B4C and B12C3 • The 

binding energy of CIS is higher. in the as recieved imd hE'.ated S811ples. The 

shift could be due to the chemical COl'I'q;>Ound carton f01:1119 with boron or 

oxygen. But the )?<".aks due to these COil1pOunds nre not resolved j11 the 

spc-ctra, and nothing could be sai.d about the c..l1emical forms of carbon. 

Sputtering i.ntnx'lucos 1Ir into the surface ~tnich almost disappears on 

heating. 

4-1.3. '1l1§.. Valence .. ~n(L~. 

Band structure caleulations in general make iroport.:mt cont.d.butions to 

the understanding of electron spiO'Ctroscopy data. HaqeVer, no electronic 

stJ:ucture calL'1.llations of the stru.ctu:t·aUy disorde:red alloys have been 



re.sults 19 re,stxici:(Kl to rX"l.nrl Bb:ucturo cal(;'ulations for ordered. alloys. 

V3rlous St.1K110S on the electronlo EltJ::uotur(ij ;:n"O\ll1d, 'ehe FeraD. level of 

crystalline and amor.photLs sarrples on diffeJ:'ent lon's are performed by 

photoelecb:.'::m s~troscopy [18). Fbr HG F€l82B12Si6 the ultr1wiolet 

photoelectron spectra from' amorphous and crystalline sa.rrples are 

distin<:-tly different in the ena't'gy range 0-3eV below the F'eoo lEWel [3B]. 

'l11e main band just uncler the Fem edge arises mai.l11y fran the 3d 

elee-trons of the transition metals and the peak of the main band is located 

about 1. 3eV under the Fermi level in the XPS spectra, in our case. 'l11is is 

true even after the sarrple ,,>as heated to 5BOoC. No slgnificant difference 

is observed bobloon the amorphous and crysalline phase in the valence band 

and the position of the peak 1,lit,h respect to the Fermi level. ~ison 

of the ValE.ll1Ce band sp9Ctra from amorphous and crystallme phases indicates 

that the gross features of the electronic structure are the Sart'la. In the 

valence band spE-'Ctr.a of the as recieved samples of the whool side the main 

peak is around 3. 2eV for 55° and 2. 5eV for. 150 and for 550 on the top side 

it is at about 1. 7eV. 'l11is shift in the main band' is due to the 

contantinants pragent on th.e swq;:>le in lts as reciEWed form. 

Host of the peal<s In .. the valanoe band spectra are not properly 

resolved. 'fuere are rr.ol"e peaks prTilSent in the spectra of the as recieved 
_ .... ,_'_I 

sample and heated E.'IDiP.le due to the contaminants. 

In Fe2B, boron binding states occur. at 4, 6.5 and 1O.5eV [31]. ~le 

attribute the peaks at 6.5eV and lO.5eV to boron. By corrparison with the 

data of Fe2B, the 10.5eV peak is at the same enel:'gy as t,he B2s peak of Fe2B. 

'l11is is due to the bondilY,1 state of metalloid S al),J. P electron states with 

transition metal Fe s,p,d electron states. 'Ihis is true because in 

transition met.c,l1oid alloys, the transi.tion met.c,l and metalloids form 



covalent 00111:1,9 by hyl:)l':idization br,tt:lBen ewerge'dCi"Uy 1011 Iyincj metallo1ds 

and highey:""lyirq xl oleotn)N.I r'lt.ates "11th transition metal s,p, and d 

Boron 29 M 2p contribution to the valen(J<e~ band withIn 5eV of the Forml 
, 

level ifl ovenlhelmed r~' 1:118 K'03d bands. The boron 2p peak ls not :resolved 

in the spectra'due to the Ie"" photo ionization cr009 section of B2p at"XJ?s 

energies. '.(h(~ F(~4r; and Ni4s peaJ{.'3 are of very low intensity and 

s\:.ruc..turJ.es9 and they a:re unresolved. 

An add1t1onal peak around" 25eV 1s observed in every valenoo band 

spectra ~Iith th~ highest intensH:y in the as recJ.eved and heated srorples 

spectra. This i.s the 02s peak in the chem.i.cal ca1\pOund of oxygen. This is 

the peak due to the CCf!(lj;>licated chemical cOl'rrpounds oxygen forms ~llth the 

matrix elernents. A peak around 22eV is also observed on the wheel slde as 

rooieved saxl1ple spectra. Since no such peok exists on the top side, ,~e 

attribute thls p!".-ak to be due the prep;!lJ:.<ition technique that: is , it could 

be the influence of the copper wheel. on the sar~le in the cool.ing prClCt'..Bs. 

An iroportant questlon is reqaxding the behavior of the density of 

states near the F:ermi level related to the stability model of Nagel and 

Tauc [39]. As roost XPS ey,perirr.ents have shO'NI1 [lB], the position of the 

Fermi level in the deep mininolln of the density of states is not a necessary 

condition for .the OCGuxence of the glassy phase. Our re.'3Ult affirms this 

fact once more. 

4-2. 1 QUtlirle.J?f CJ?ns::entratiglL calculatlQns: 

The con<::entratJ.on n for variou,g elements in the satlllle surface is 

r-arrled out using the formttla 
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Nand S are found on each l'l);>8Ctra, 'l',1e area a under the p:ealG."l j,s 

obtained using 1). planirr.eteL 1hB photoionJ.zatlon Cl":OBB section ClJ::e taken 

from the theoretkally calculated values by Bcof:i.eld (40]. 'Ine values of n 

used to calcuiitate ratio of concentrations of the elements on the top side 

and wheel slde for the. two do'cecHon angles and each s"1t~le treatinent are 

listed in table 3, a-d. 

'ilie concentrations of each e1eloont \~it..h respect to the co\1CentJ:'ation of 

Fe2p is carrled out uHing equation (28) for each sample trnabnent and for 

two detection angles and is listed in table 4, a&b. 'I'he per<.."'Gntage 

concentration of each element wJ.th respect. to the cone<m'cration of Fe 1s. 

calculated for each an!J1e and treatment and ls Hsted in 'table 5, a&b. 

Flnally the ratio of pm:amtage colY2ntrations for tht! blO angles is 

calculated and is listed in table 6. 

EaGh of these reBulte are plot.ed in )'.ig 9 a.-j in appfldJ.x A. 

4-2.2 ))iscussl,Qn of CQngmtJ:,:g.j;;j.Qn ~i'al?1'*l. 

'Ihe as recieved saTl\Ple is high.1.y contam.inated on both sides with carbon 

and oxygen. The amounts of c.arlxll1 for both angles on the top side are 

conq;Jarab1e, and there"I~' roughly two time..'l more oxygen on the top slde 

surface (detection angle 55°) than dew.Jt:ion at 15°. On the ~Iheel side the 

surface r;o..rbon concentratfon .is nearly twi("'..e for 55° and oxygen 

collcentration for 55° is !1P...arly f.ive times that of tilB concentration at 

1 •. 0 
!.) • 'ilie concentr.aHon of the other e1er~ents S~ to be high on the 

surface than the bulk. But the effect of the adsorbed species in tile 

process of transmission of photc.'£l1,eetrons thl:OUgh the SClillp1(3 is 110t 
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considered in t.hf calt.'ula.tiotlS, aIld this causao; the discrepancy. 

'After 5 mlnut€Ja the C [mel () concentrations she>\'1 a Shall) dr.op on the top 

side, and. on the vfneBl ~Jj_de there is It slw.rp decn~aeB in the car'OOB 

oonO'.ircration but the):e is still rllm:e oxygen on the wheel side surface. 

Its ~tration at 15° detection !mJle is doubled. '!he metastable 

conditions induced by sputterlm trigger re-oxldation and diffuslon 

processes [36], j and t.lw inct-east>...s in oxygen concentration on spUttering 

could be a result of this effect. But this effect should not be llmited on 

the wheBl side only , similar effects sh01.11d have been observed on the top 

side. So ,~a are inclined to consider this :!.ncx-ease in oxygen concentration 

to be a result of the preparation, La. the.re must .)jQ more oxygen in the 

bulk in the wliool side. '!tIe concentration of other el~nts also 

:Increases. 

After 15 minutes sputte:d.nc;f, the oxygen ClOl1CeI1trirtion-on bath sides and 

the carbon conr'...el'ltration on tl1.e top slcJ.e drops but, the concentration of 

carbon inoreas~ on the vt{leal side. This :!.ncrtaaEJe in carbon concentration 

is due to the fact that 'che sa!rq?le was left for one night in UHV chamber . 
which was continuously vacuated by diffugsion punws, and the 15. minutes 

sput'tP.xing and recordil'll;1 of the spectra ~ carried. out the next day. 

NeVerthles.q aft.ru:- 30 m:i..nutes S).)uttering' the C1OncentratiOl1£! of oxygen 

and carllon decr.ease signlf:lcantly, but, even after such <a prolonged 

sputtering', w-.a c6Uicfnot obtain a olean surface. '!he concentration of 

these hiO elements is still slgnificant,' ru1d men higher than the 

concentration of Ni and Si.· 'lllls is probably due to the h.igh concentration 

of 0 and C in the melt. '!his t</OUld T\1P,.an that the Sal1\Ple is not pure enough, 

and the contal'Oirumts, carbon and oxygen are not on.ly on the surface but are 

:I1!v;llanted in the ll1c'\tdx, '!he . reoxidation :U1duced by sputtering could also 

contribute to the continuous presence of oxygen. 



It .is ob3.exved thet tllE) cohcentratiQ'fl of: Fe and B on the surfaces 

increases draoticanly af\::er each f.,1?Uttedng vll'll.le the concent.rat1ons of Si 

and H1 remain It'''' in comparison to the (Oc'iyy.m>:ratiQYls of. Fe and n. 

In sp,tttering a l\\Ult:i.C(~vponent )J\,'\to.d.aJ. 1s f.oruV. in general that the 
, 

Erurface cx:m1pOsitin 1.8 <i1anged due t() prefenmtial sputtering. Enric.hment 

of the sur1?aoa is found jn the low sputte:c rate COl1Bt1.tuent prmr1.ded bOth 

~nen'cs have nearly the same t~il ene:t"9Y densities for the pure 

elelW'...nts. In this case (>-l1r1chll1('.nt is rnainly detexl1l.il1ed by the surf:ace 

binding' energ.tes of the alloy cons'dtuenW in t110 alloy [41]. 

In the llfG understudy the bulk concentrations of Ni and Fe are very W.<;Jh 

..mile t.l1ere L<J a very lew concentration of B and S:\.. But it is SeP...l1 flXil1l 

the tables that the surfaC;¢ is l1'tOrS em:iched by bor.cm and 1ron (and of 

OOUl:lilS CandO) and the concentrations of N1 and 81 remal.n very 10\,1. Ni has 

the lOltleSt surface concentr.ation. 

'lbis w due to preferential sputtedng "hen), Ni is ('!puttered off. !nOr.:e 

leaving the surface enriched by the other ~nents, or sputt..ering has 

enhanced the diffUslon of boron to the surface 01:' both. 

on tl1e fitv.\l treatment (heating) the OOlnple orystalliz9H, and once more 

the carlx>h and oxygenCOl')(;eli't:r.ati.on hlore<".se.~ arrl the concent.r.ation of an 

other elements dc-orw.w~l. Under St.:'fule condiHonB, ohemtcil potential. 1.s 

minimum and solubility is hl.gh. Hence the iooroooo 1n 0 and C 

concentratfion. 

In table 6 the ratio of percen'cage . concentrations for tv.'O angles is 

given. 'lbis table shows the relatl.ve values 'of concentrations of the 

ele:loonts for the two detection angles. In the as recisved samples on lxlth 

sides the surface is oovered ~lith carbon, and there is less oXygen on the . 
surf.ac.<e. After 5 minutes sputtering the carbon concentration decreases on 

'ehe 'cop surface and the oxyge)1 c.xmcentration on the top side surface 



· ',~ . 

DUrXaCEI, boron and. fJJJ.icon O)llCEmtrntions on tllH t>UL'face an~ highnY.' on the 

conCC>-l)'cJ:atloDfJ of nickel, lx-on and ooron OL'e larger on the \<Ihet~l .. side 

surface than. at 150 dei"-<'JCtion, hut on the top side Cl.'xlx>n or.::! o1.Y.ren 

concentrations are still Mgner on 'the eU1:faCt~ and t.he nickel concentration 
, 

is. also highO£' on the S11L'face tlmn at 15° det.ootion. After 30 minutes 

t;,l)utte:diY,J the Ni and Fe concentrations on the wheel side surface is higher 

than that det~tecl, at 15°, \>litHe on the 'cop side the concc>.l1'crations of C, 0 

and Ni are high~X; on the surface titan those detected, at 150 • when the 

sanv;>le ls heated the ~Iheel side S11L'face concentration of CandO ineJ:eaEes 

and is Mgher than 15° conC"..Xltration and so are the concentrations of Ni 

and 13, While on the top side the sux-face concentrati()n of C and 0 is higher 

than the col1C€'.ntx-atioYls at 15°. 'Ille concenu"ation of' an the other 

element-s is 10\1er on the surface. 

In the calcu1atioll."l of ooncentraHons there are certain f1.1l1dan1enta~ 

problems tlmt rr.ak~ Ih'llitaticms on Xl?S (24J. Attenuat.i.on of x-rays in tl1e 

scUd is not cons.i.dered. 'llla O:;:OOS swttons te.bulated by Scofield are good 

to about 10% accttracy at the best. Another difficult problem in treating 

data is connected with the handlint;1 of the backqr61.Ulcl., vlhm"e in principle 

the spectra are made up of la.r.ge series of peaks Nhich are due to secondary 

electron.'; in addit:l.on to the maln peaks. 'Ina final spectrum is thus a 

convolution of all the separate photooleGtron; peaksar.d their secondary 
,. 

structures. Further in integreting the pt"....a.ks areas W3 used a planl.meter 

Which is good to about 10% accuracy. Finally effects of the absorbed 

species in the process of electron tral1smission through tile sample are not 

considered. 



,. 

·~. 

'!M S1 I (9geV) pook ard ·the B:iL (lOBt'>V) pee>Jw aL<l du,~ to t:ha elements 

boron and silicon in the int ... :nrt::ltial sites, whi.ch have a strong lxm;l!ng 

with Fe3d electrons, ~Mle th<l 13 U (192.4eV) eM SilT.. (102.2eV) peaks are 

due to the boron and silicon (.'O~.nds ~lith oxygen. In particular the B II 

peak corresponds to the 13161 peak in B:P3' 

A sepa:rate oxide phase 01: iron exists on the aurfaO'a but there is no 

evidenoo to MO':'1 the ex.istMce of ox.i.de forms of nicl'..ru.. 

Sputtm'll1g ca\J.SeS the eni.'icbrrA~nt of the sample filUrfa.oo with :!.ron and 

boron. HOWlWet' too S<>1IP.le ls highly oontamlnated by· C ariJ. 0 ar.d it is not 

possible t.o obtain a clJ.ean surface even after 30 m:!.ntXOOB sputte:t:Jng. '1111900 . . 

Ctystallization of too Stll\1'Ple kJY heat:lnt;t inO',;'e~s the co~ration of 

CandO on the surface ariJ. only oxides of boron amsiHoon ~st: on the 
~---'-.il;(-~' 

'lha valence band sJ?-"'C'cra 811m, that the 91XJ1ijs featul:es of the 

clootronic stxuob.rr<l al"e the sallie in the sputtered &mOt'phous sa:rrq;>les and 

t.he aryatalUne S<l1lP.les around the FeLlll.i lev~l. ~.OO IllIlj,n peak,;! in the as . 

rooieved sanples aIY<l deproosed81Kl shifted due to the (X)f!\;am.inants. 



\ 

'!here is a diffe:rence in the SJ:~;tra of the wheel side and the top side. 

Additional peaks nonexistent on the top side are observed on the wheel 

side. me chru'lqoo in the concentrationkl of the el(.;ments on the wheel side 

ElIU'face and the, top side surface axe quite different. '1110. concentrations 

of the contaminants is higher at 19° detect:ion ar~le than at 55° detection 

aJ'lqle,on the wheal side Mule it is the opposite il1 the top side • 

. . . 
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APPENDIX B 

CONCENTRATION TABLES 
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~A.ELE Ie. 

COP..E 1..E2~ BIll"nING EliEBGIES OF TEE W';U:EL SDZ AT 1,,° IIi e i[. 

Fe '" ,.~ 

TRE.O\TMENT 2~_,:,. ___ A~_6:E~~~.,, ___ gl __ .6& ~~6at_",,_ '_3 __ ~3 ~_~s~~o __ 421_ 4£sa_t:~ __ 3z 

As rec a 70q,.7 _ _~~.~ ?20 .. Q 4~O 9; .. 0 852.4 8 .. 2 87_C .. 2 4 .. 9 :10",; 

+c:; ",' r.: - 0 ~ -, .. ....C? .. '"" - r. , l'" t;; l~ <'r.:i...... 706 .. 0 , .. 6 71;;0.( .?"'~ 9 ...... 6 0.#,,-,,;; 6.0 869.7 2 .. ( ........ u"'G 

u+15mir:.... 706 .. 4 5.1 719 .. 5. 12~O 91.0 852.2 5.7 869.9 6.0 3.10.5 

.1r~50min.. 706 .. 7 4 .. 6 213_"''9_______ 12~C _91.3 852~!.~ ?3 _269.6 7,.0 120,,8 

580°C heat. 705.6 ".9 Ll2-_a~__ 12.0 .2-l~Jl52.'L_Z.5 869.6 ,.8 :10,,0 

Si 3 A:;: c a 
T?.E..'; T11iEN T 21? 4 B ls .6.E 2].13 .?pI 13 10 

1..3 rec .. ';<8.6 2.7 lCi7.7 _,.8 28",6 550.5 

.u-.... ,5m.i::l.. 99 .. ~ 2 .. 0 167~4 4.6 241.' 245 .. 4 28".1 551.3 

kx~l.5:::dn,o 99 .. 1 2.2 la?~ 2 .. 6 240.9 2'1-2. '1. 28".2 521.6 

J>..r-\o30::J.i!!a 99 .. 0 187 .. 6 241,,1 242 .. 3 283.4 531 .. 4 

?eCOC heat", 99 .. 0 ;~4 187 .. 4 5 .. 0 2l!'1.1 24-3 .. 1 2$4,,0 532~2 

........, 

" .-,........-



TABLZ Id. 

COP..E LEVEL EIH:o:nm E~RGI.ES OF Ti:IE m-:EEL SIDE AT 550 iN s¥. 

:;:~ ~i 

TREATMEliT 2!i3 .6E 4~sat.. 2'91 .6 E _~~P_~~. __ ;5 212; LiEsat .. 
'<SE 2'01 sat .. 55 

As rae .. ;.6 8.5 4.2 13.1 93.0 552.2 8.2 110.; 

J.:'"5,uo&. 707.0 3.1 7.0 720.0 3." 9.7 92.1 852." 6.3 869.7 5.2 IJ.O .. _~ 

.Ar+15,ull.. . ,(06.0 5.2 Zl9.' . ______ 92.055?_4_~7.0 ___ §§~Z_.......5-,,3 111 .. 6 

.Ar+:;O,un. 706.5 ,., __ 719.6 ~!1.4 91.0_5~2'''_6.S ____ 89..9_.7-----.5.3 110 ... 8 

2§OOC heat. _206.4_ .5.2 719.6 91.0_852_.2 __ 7.1 ____ .....82.5).6 6.0 110~6 

• S5. B A::: c o 
TREAT~T .. 2p l>E la .6E 2;>:; 2»1 10 1. 

As rec.. lOle4 187.4 ;.7 4.8 284.6 531.1 

Ar+5r.ill. 99.6 2.4 167.0 4., 5'2 241'2 242.7 284.4 5;1.; 

Ar+l5min. 99.0 187.4 240.9 242.8 283'" 521.2 

Ar+ZOmin. 98.9 2" 187.6 240.9 24;.2 283.; 531.2 

280°0 heat. 98.8 ,.6 18?" 5.0 282.9 522.2 

t 
} ..... 
r"..) , ' 
'v 
; 



TAlltE 28. • 

. VALEIlOB BAND lll.NDINC7 ENEllGIES IN c"{ =s= WITE llESPECT ro EF 
WHEEL-SIDE 55° 

~1'JU':NT 
.Ep 

1 .' 2 3 ,. 5 6 , 
As rec. ..0.6 ;;.2 22.5 25.6 

Ar+5min. ..0.1 1.2 6.2 26.5 

k+15min. o 1.0 2 .... 1 

Ar+30min. .. ~-Q.3.. 1.5 24-.1 

580°0 heat. ..0.2 1'2 17.8 20.4 25.' 

WJiEKI,..SIDE 15° 

TREATMENT ~ 1 2 34-5 6 

As ree~ ..0.5 2.5 7.5 2; 26.1 .. . . 
Ar 5un. -0.4 1.2 8.9 26.1 .. . 
Ar lzun. ..0.2 1.6 24.7 .. 
Ar 20min. -0.1 1.1 24.8 

580°C heat. . 0 1.4 i8.0 20.9 25.4 

I 
i-' 
" ", 
'" i 

,. 



TABLE 2b. 

VALENCE BA..'i'D BIl'IDlllG ENERGI?:S III eV MEASURED UTa RESPECT TO E,. . . 
TOP-SIDE 55° 

T;lEATI!E!l< ~ ]. 2 ;; 4 5 6 

As rec .. o 1.7 .5.6 10.9 .... 1.B .. 5 .. 22_,5. 
! 
Ar+5znin~ -0 ... 5 1.4 6 .. 5 13.1 25.0 

J.r+15min. -0.1 1.4 24.6 

A.r"~!nin. 0 1.5 24.0 

580°0 heat. -0.5; 1.5 6.7 17.8 25.7 

TOP-SIDE l5° 

TREATlmlIT ~ 1 2 ? !> 5 ., 
As' --r.eo. -0.4 1.4 10.4 24.4 

/>.:r+ 5!nin. -0.6 1.; 1:;.4 24.6 .. " 

!..r 15D1n. -0.4 1.5 24.9 

u+;.omin. ..Q.2 1.2 24.2 

5;80°0 heat. ..Q.4 1.4 9.8 17.9' 20.6 25.6 

, 
~ 
(\) 
~ 
~ 



TABLE 3a; 

, '-- C~NCnlTllATION OF THE TCP-SIDE .l.T 15° 

As rec. 5l!l::1._nos~u~~. _ 15.m.in s--'Ql,l~j:;_~__ __;~A 6yutt_"' ____ -----.280oC heating 

EL"IIENT rs!1n 1S
2 

N3 " 8
4 ;.;5. n NSAr" NSAr" NSArll N S Ar n 

Fe2" 27.7 16.4 22 ± 2 0.19 20.5 8 4- 0.28 240.8 8 4 0.39 ;;34.0,. 4 0.24 414.0 8 2 0.27 116.6 

Ni2p 24.8 ,22.2 16 2 0.0; ;.7 8 4- 0.18 104,9 8 ,. 0.19 112.0" 2 0.26 149.0 8 2 0.14 41.; 

Fe3s ?~2_Q.25 52 0.5 _Q.~?".9 :52 1 0.18 287.7 16 0.5 0.22 ;56.5 8 0.50.1;' 470.0 16 0.2...Qd5...R?..l..4 

Nizs 27.2 0.89 320.5 0.p2 43.4 %2 1 '0.28372.5160.5.0.28279.28 0.50.17445.9160.50.19252.6 

51?? 37.2 0.82 ;2 0'2 0.20 147.2 32 1 0.06 82.1 16 0'2 0.07 102.0 8 O~ 0.05 145.8 16 0.5 0.08 120.9 

Bls 26.01 0.49 32 0.5 U.16 182.8 64 1 0.16 183.9 50 1, 0.26 400.6 16 0.5 0.18 426.0 16 0.5 0.;2 758.0 

CIs 24.7 1.00 4- 1 0.26 2321. 8 1 0.3;; 1445. 8 0.5 0'29 860.4 8 0.5 0.28 622.0 8 1 0.24 l(i670 

Ols ;0.8 2.92 4 2 0.21 1113. 8 1 0.3; 442.6 8 0.5 0.22 222., 4 0.5 0.18 247.2 ~ 1 0.;;8 906.0 

A:"2p ;;5.2 2.b4' '- 160.5 0.10 36.7 16 0.50.07 25.9 16 0.5 0.06 22.2;;2 D.? 0.04 C.? 

1.IE • ( eV )1> 

2 cr 1..'0 UZli ts o~ 20,,000 bs.rns 

~ is the swee1? x.:.1."z:~c:::" 

4S is the digital scale in kilooytes. lk.b .·102~ 
5Ar is the ~.& x 102 cm2 

I 
t,..) 

" .'V 
V­
i 



'-----z 
EUlo!= .r>iin. ,II 

As rec .. 

\;3 sll, 
~.----:;;: 

~ ;;0. 

COliCEl;TP~\TrOlI OF TRE: TO? SIDE AT 5;;0 

5ci~.B~Utt. l;;cin. sputt. 

~ n 1, S u.. D. Ii S As., n 

30mi~. sputt. 5aoochea~ing 

N S kr. :0. N S U. n 

l'e2p 27.7 16.4 ·16 4 0.351:>2.8 4 '" 0.21 5;53.64 4 0.34 580.22 2 0.40 686.0 8 80.27 4?3.C 

Ni2p 24~S 22.2 a 2 0.14 40.4 4 2 0.25 144.4 4 '" 0.22 130.1 2 1 O.~€ 161.6 4 2 0.20 116.9 

FeZ" 27.2 0.75 32 1 0.22 ;51.7 16 1 0.22 697.0 16 1 0.23 748.0 8 1 0.15 927.0 8 .5 0.20 629.0 

Ni2s 27.2 0.82;2 1 0.26 369.8 16 1 0'27 921'2 16 1 0.24 204.0 8 1 0.20 1068. 6 .5 0.29 785.0 

ru.2p 37.2; 0.89 22 1 0.26 ;;83.4 16 1 0.06 218.6 1'" 1 0.07 699.9 S 1 0.02 ~68.2 8 .5 c.O? 204.C 

Bis ;;6.01 0.49 22 1 0.22 523.9 22 1 0.18 414.9;2 2 0.15 725.; S 0.5 0.22 104-,. 8 .S 0,24- 111'>, 

Ole 34.7 1_00 ~~ 1 0.242161. 8 1 0.34 14~. 8 .5 0.44 980.5 8 0.5 0.2? 592.6".5 0.19 831.0 

OIs ;:;0.7 2.93 2 2 0.24 2527. 8 1 0.26 379.0 8 .5 0.28 190.8 8 0.5 0,36 239.9 4 1 0.34 900.6 

Ar2p 35.23.04 - 8 0.5 0.16 119.9 16.5 0.19 68.48 11 0.5 0.24 121.4 22 1 0.14 49.9 

1 ~E • ( 0V))l! 

2 IJ" in nni ts of 20,000 barns 

3N is the number ~Z .sweeps 

"6 13 the digital .eale 1" kilobytes, lk.b •• 1024 
5ar area. x 102 cm2 

,..., 
i\J 
C', 
1 



UBLS ""_ 

CONcENTRATIONS OE THE WHEEL-SIDE AT 550 

A.6 .rec .. ·mi!l..s"Outt~ 15cin. s'Qutt. Omin .. sputt .. soOc heatin 

=!T [Eki:t; (J 'i. N2 S" u 2 n N s ;.r n N s A:r n N s k:r !l N s lis " 
Fe210 p.? 16.4' 8 ,. 0.26 222.7 8 4 0.64 584.2 4 4 0.27 532.04 .4 0.29 682.0 4 4 0.;;0 519~8 , 
NI2? 2~·.8 22.2 15 4 C~12 42.9'" 2 0.24 128.1 8 4 0.25 144.4" 2 0.25 151.3 4 2 0.24 1;6.4 

Fe;s 37.2 C.75 16 1 0.11 351.7 16 1 0.19 504'2 8 1 0.12 799.0 4 0.5 0.17 869.6 8 0.5 0.26 815.3 

111;;5 27.2 0.82 16 1 0.10 280.4 16 1 0;26 .699.6 8 1 0.18 950.6,' 0.5 0.22 1158. 8 0.5 0.,;; 86100 

Si2p ;;7.2 0.89 16 1 0.12 549.9 15 1 0.12 379.0 8 1 O.ID;; 274.0 4 0.5 0.0;; 285.7 8 0.5 0.08 216.0 

Bla 36.0 0.4964 2 O.H 222.4 16 0.5 0.20 479.0 16 1 0.16 545.; 8 0.5 0.19 602.2 8 0.5 0.20 9'.&.0 

e1s 34.7 i.oo 8 2 0.32_2352. 8 0.5 0.24 529.0 4 1 0.22 1920. 4 0.5 0.19 844.88 1 0.19 8',Js. 

01s 30.7. 2.93 2 2 0.28- zen. 4 2 0'28- 2027. 6 1 0.;;1 422 '+ 1 0.21 ~56.1 4 1 0.20 80,.0 

i..r2p 35.2 ;.04 - 8 0.50.19126.9 16 1 0.07 49.6 8 0.50.77 57.0 16 0'2 0.11 39.E:· 

1£.(611')1.< 

2 If in . =i ts o~ 20, COO barns 

2N 12 the number ot $Weeps 

46 is the digital seal. in kilobTtea, lk.b.1024 

5._ . ~ 
4.l.- .. area .. x lO::cm2 

, 
1-' 
r0 
-..J 

:% 

.. 



TABLE 3d ... 

C01~CENTRATION OF THE ;VliEEL-SIDE A!J! 15° 

~1& ~e~. 5:n1n •.. sputt... .15.¢,!loJ?m:tt!O_.~. ____ 20min.sputt.. 580°C heati:l.g. 

:::LElliENT ~in. 6 2 N3 8 4 .;.:;5 " N S Ar n NSArn N S ;.r n N S ]..::: ZL 

Pe?? 27.2 16.4 64 ~ 0.29 21.4 8 2 0~51 218.8 8 4 0.;;1 4}8.6 8 4 0.40 340.0 8 2 0.29 128.2 

!li2" 24.8 22.1 64 ~. 0.05 4.'" 8 20.15 "'2.9 8 '" 0.25 142.7 8 2 0.2672.2 8 2 0.19 53.0 

Fe3s 22.2 0.75 64 1 0.07 55.3 16 0.5 0.15 239.8 16 0.5 0.29 455.6 16 0.5 0.14 182.8 32 D.' 0,27 215.8 

Iii,. ;;7.2 0.89 64 1 0.04 26.7 160.50.15 196., 16 ·0.5 0.35 508.7 16 0.5 0.18 239.0 22 0.5 0.29 190.2 

Si2"O 27.2 0.82 64 1 0.09 69.24 16 0.5 ·0.21 500.2 16 0.5 0.07 105.~· 16 0.5 0.05 65.6 52 C., 0.08 61.9 
, . 

31s 26.01 0.4964 0.;; 0.0849.9 16 0.;; 0.12 227.4 22 20 •. n 588.0 16 0.5 0.05 122.6 16 0.5 0.15 272.7 

CIs 27.7 .1.0 S 1 0.26117;. 16 1 0.2;; 500.2 8 1 0.21 922.0 16 0.50.21 227.816 0.5 0.21 275.0 

016 20.7 2.:H 8 1 0.3S 518.8 12 I;. 0.41 1269. B 0.50,25 252.216 0.5 0.20 67.2 ;;:6_0·,,5 0.26 542.0 

~r2p ;;5.17 ;;.04 - "!, .. - - __ 15().5 0.1762.93 22 0.5 0.17 42.e 52 0.50.02 12.2 - _ 

1 ,fE D (aV)p 

2 ir in 1.lni t. oJ: 20, OOOb= 

~N 1~ the ~umber of zweops 

4$ is th~ Iii$! tel scale itL kilobytes 

5 '02 2 JJ: "" area XJ,. C3Ii. 

llt.b D 1021;. 

e 
;~ 

["\) 
0:; , 



TABLE 4&. 

CONCENTRATICN WITJl RESPECT TO Pe CONCEl!TRATIOI1 OF T1l:E TOP-SIDE. 

'. 55° . _. __ . _______ ..1,20 

~?\iT As roc.. ;;'min.. 15ro:lll.. ;G:rdneo 580°c i>.J;. roc." 5rln. 15min.. :?Orrln.. 580°C 
Sputt., Sputt.. Spu'tt;~ heati:J.5 Sputt.. S'Outt.. Sputt". beati:lp; 

:Fe 1 1 1 1 2 1 1 1 1 1 

Wi p.lS _0.~·3 0.531' O.~5 0.35_ 0_ •. 26 .0.27 0.22_ 0.23 0.24 

St 7.18 0.3" 0.;;0 0.;;;5 1.03 2.:10 0.41 o.;? 0.79 0.':-2 

II 8.96 0.'16 1.191.C3_ 6.50 ".4·20.77 1.25 __ 1..52 2.;;5 

c 11;.20 6.00 2.57 1.50 9.15 14.14 2.79 1 .. 68 0.86 1~75 

o 54.29 L8ti· 0.67 0.59 'Z._'Z~ 16 • .50 0.71_0.;'2._ 0.;;5 L90 

J,:t: 0 .. 1.5 O~07 0,.05 0.06 0.22 0 .. 11 0 .. 19 0,,11 

i-' 
:-0 
'.C 

~' 



!.'ABLE 4b. 

CONCENTP.ATIOl< IIT!l:E RBSl'ECT TO Fe COIlCENTP.ATIOli OF THE l1iiEEL-SIDE. 

: 
550 ___ ~O 

Er:,-=T AJJ roc.. 5mi:l". l5:m.in" :;Omin.. 580°C As Z'GC.. 5cin~ 15min.. 30min 580°0 
S';)u:tt.. S-putt.. Spu'!:;"S;.. heD..tii __ ng_ . ___ .s~t.l"~t_. ___ ~i.l.tt.. Sputt .. __ ,:,-.aea~;I,,;tg 

Fe 1 1 1 1 1 1 1 1. 1 
;.:..:.: 
\)" 0 .. 26 
0 

:a 0.14 0 .. 19 0 .. 32 ·0.21_ 0 .. 41, ______ 0 .. 19 ___ ~~25 '0.22 0.22 

Si 2.20 1.58 0.24 0.19. 0.48 ___ 1.57 .0 •. 89. _0_"_43. 0.4.1 £.ill ; 

B lax>_ 1 .. 82_ 1~34 O.?6_ 2 .. SS 1 .. 44 0.87 0.86 0.88 b.,g 

c :27.3;; 2.28 2.12 0.67 2.69 1;;.20 0.96 ;.05 1.23 1.62 

o 16.52 6.25 0.50 0.19 2.66 12.89 '.71 0.66 0.81 1.54 

Ar 0.28 0.09_Q&? ___ -__ ~ _____ Q._24 _ .-9_.S!.L_ O.OS __ SJ..,O? 



ELEl,~ 

Fer 

Ni. 

Si 

E 

c 

c 
t;;:;, 

.~ 

[RiO. 

UilLE 5 ... 

CO!;CEIi:I'RATIo,'l IN % OF TIlE TO?-SIDE 

.~ ~ 

A!$ reo" ;:.t:in.. 15m:tn. 3O:tin.. 580c·C As .rae, ,SlUin .. 15min~ 30min~ 580°C 

SE~t;t~ ___ S1n~,t~~ ____ $;)_i..rtt_ .. __ J:1eatip.~ ________ sJ)_tl~t~ __ .s~~k_ ~pu.~'i;" __ be~~:;::.s_ 

0.54- ~ .. 9.;;0 16.50 20.;;;; ;;.87 2.60 16.20 20.20 22.00 12 .. 80 

o.o~ _"'-,_Qa __ 2.3S~_2.;8. ~1.2.5 _o.§!:> __ ".';'7 _. ,,"_46_;;.~ __ ;;.03 

~;;.§2_----.2.23 ,+.25' ___ 7 .18 ___ -.2.0'22. 6.60 5.60 7.09 3·5. 5 .. 5 
4~84 7.~22 19.40_ 21.24 :25.2 . 9.00 12.40 2.,.35 .33.;030.20 

61.22~-.5'i' • .99~_-,,_~.9(L 3().~ _25.4(J _~_ 37.40 "5.20 ,.,..00 18.90 22.20 

29 ';;()c __ 17 .5-9 lC~90 12 .. 10 29 .. 8a 4?¢60 11.,0 6 .. 40 7 .. 7 24 .. 4-0 

1 .. 42 1~14 L02 0.2, ;.;;6_ 2.23__ 4.10 1.;IC 

184 .. 81 10 • .52 , .-
'O .... ~ 4.87 2;;.79 37.82 6.17 4.93 ".5" 7.77 

• • Btl.: CP CONCE..9rUTIOHS "RITH .RES.?ECT ZO 1'e CONCENTP..!'r:rCN .. 
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ZABLE 5b. 

Cm;CE.'iTP.AT!OllIll % OF TEE ' • .mEL-SIDE. 

550 __ ),50 

j.'Tm~rnT i<rJ r.c. 5tin... 15m.in.. 3O!nin41 580'oC As roc.. 5mi:c... 15min" 30min. 580°C 
SPhl:'l;"" Snutt.. Spu.tt .. heating: Sputt. Sputt", Sputt. hea.ti:J.~ 

Fe 1.70 7.72 17.;;0 57.70 10.10 2.20 12.20 15.;;0 21.50 14.80 

Hi O.2~~.,-0_2.70 .7.92 4.12 0.63 ~.24 2.59 4.75 ;.80 

3t -' __ .74 10 .. 40 4<'27 7.16 4 .. 84 5.J8 ~. 8.90 . .h§O. _.13.85_ 6.10 

E 2.68_),3.79 2,.88 .15.50. 27.00 4.75 11.20 12.70 19.00 27.00 

c 

o 
h 

• <" • 
LEi 

63.53._12.;?L37.0C,._ g.?O _ .. 27.1g._4?i __ ,sO.I2.":9_.4S-,.?iQ .. 26.50 24 .. 10 

28.00 47.;50 .. 8.90 7.16 26.80 42.85 48.00 10.50 17.40 22.90 

2.12 1~60 1.2? 2 .. 10 1 .. 10 1.70 l.~ 

58.74 13.20 5.61 2.65 9.92 ;.11.29 7.72 G.?? 4.6:5 6.72 

: SUM OJ! C01~CE.:''l'BATIONS 'uVXTli RESPECT TO 1~ CONCENTRATION. 
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;\..J , 



'':''T~~:i: 
" 

!t"'i 

Fe 

5i 

II 

As rec .. 

TOP-S!DE 

!rAllLE 6-

CONCENTRATION IN % AT 550 

OOliC-LNTRATWN IN % aT 150 

M" U'" J.:r" 580°0 A. =ec. A 

W"rlE£L-S!DE 

..... u., 
5l:i.in.. 15cl~Ol:.in" heat.. 5min~ 15cln.. 3OmiIi.<> bea.t .. 

0 .. 1?___ _Q,,_~; 1 .. 20 1,,40 0 .. 43 .0 .. 33 0.44 1.62 1 .. 66 1,;08 

0.20 0.5ll 0.80 0.95 _0.30_0.53 0.58 1.11 1.75 0.&8 

0.58 0.4:8 0.69 0.84 .0.720.74 1.22 O.ER Q._1lO 0.79 

065.;$__ 9.' .. 5& 0_ .. 2.6 ~Q_;6.3 _____ Q ... 8}. _____ ~O .. S8___ lcr22__ J..._'2~__ j-;_~21 1.00 

.lL 1;.,6;:; 1.26 1.23 ~.62 .1.59 .. 1.50 1.;;8 0.76. _0.95 1 .. 12 

o 0.67 1.52 1.70 1.66 1.22 . D.Ge 0.98 0.84: 0 •. 41 1.17 

Ar 0.40 0.51 .. _0 .•. 24 .._0.17 0.68 1.45 0.66 
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