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ABTIRACT

X-xay photoelect:mn Spactroscopy i' applic‘d, Lo Lhe qtudy of & rrmtallic

glazs Fe 40Nl 4081 4{-31 6 prepared by mel'l* spmmrg ma;.n.od Spec:*‘ra -.)f the

and vheel side, in ite as recleved form, after sputtering for 5, 15 arxd 30
ninutes respectively amd when the sanple crystallizes by heating to 580‘0_(;‘.
These spectra were recorded for two detection angles 15? ard 55? from the
surface noxmal. The core level and valence band spectra are interpreted,
ardl the surface concentration of ﬁle top and the vheel sides are calcoulated
affer each sanple treatment. It is found that the surface is highly
contaminated with oxygen and Carbon and these contaminants form rather
complicated chemical compowndds with the wmatrix elements. Surface
conmposition after all treatments is discussed ami conclusion concerning
concentration changes are drawn, ed. 1t has besn observed that the surface
ig enriched by Boron and Iron after Sputterirn. The electronic étructures

of the amorphous and crystalline samples arve found to be similar.
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Metallic glasses (M3) are now-a-daye a subject of increasing ressarch
effort. They represent a newly’ vecognized and Interesting class of
netastable solids. MG's prepared on the base of transition metals ex{ﬁbit
technologically interesting properties quite wnewpacted for solid metals
[1]. | | |

© fhe théory of cxystalline matter based on crystal pericdicity emd
translational invariance is extensively studled, but no such theory is
daveloped for the disordered state.

The motivation o study MG's is two fold. From the technological point
of view thelr good corrosion resistance, high mechanical strength and
ductility, great stability against crystallization, superconductivity and
interestirkgy magnetic properties have mwade the study of these materials of
great technological importance. From the theoretical point of view they
offer the cpportunity to study alisy corpositions which may not be stable
in the crystalline form ard to study electronic band structure umder the
influence of lack of pericdicity. FEspecially }i’;'é formed from sinple
metales are the ldsal testing grourd for the wmicroscople theory of the
amorphous state, o ' |

Vaﬁm tec}miques are employed to study the propértles of MG's and
probe their structure. };’iu{ there are many interesting phenomena -re:l.ated to
the surface properties of Ma's like corrosion resistance, segregation,
catalysis and wear, for which electron spaatmfscépy being surface sensitive
could make inportant contributions.
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in el&qtrm{ g’[b@ﬁ‘t?fi‘#‘:ﬁt:&?iy &H{;‘%’L‘iﬁhﬁﬁfﬁ the electrong emitted from a solid
are detected In an electron ensrgy analyzer. In photcemission the
 electyons are emitted as a consequance of the excitation by bonbarding the

" sanple surface by plstons, For excitation erargles of tha oxder of 1=2 KeV
we have X-«réy vhotoelectron spectyoscopy (XPE) .

Electrons that contribute to the photoelectron line ave those that h;;ve :
not. wdergone any inelastic colledons , thay are effectively created within
a distance from the surface equal to the electron mesn free path. This so
called escape depth is generally within 10 o 50 A° for electron kinetic
enargles relevent in electron spactroscopy [2]. This makes ¥PS a surface
t:ecimiqua,. with high sensetivity to the datailled conditlons of the
cutermost atomlc layers,

In XPS experiments excitation energy is high enowgh to lonize inner
electron shells as well, and information about the core electrons may be
cbtained in addition to valence band amc%m. From aﬁaly&;j;éo of core line
XPS gpectra inportant information may ba obtained. Elemental carmposition
of the sample surface within the escape depth of the photoelectrons, can be
obtained from XP8 amince the binding energies of core electrons are
measﬁra.ble for each elemant. Uslng the energy dependence of the escape
depth of photoelectrong information about the concentration depth profiles
can be obtained by measuring the Iintensities of core electrons with
different binding ererxgles of the same element. . The cnangé, in surface
compoaition can be wmonitored, and from the knowledge of mionization
cross section absolute composition of alloy surfaces can be determined.
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By applying XPS with A jon bosbardnent on MG Fe, Nl 64B, o we shall
investigate the surface composition of the top-side and whesl-side of the
sale. Wa‘shlll ‘stuly and interprate the Xp3 spactra of the sample which
has ur{;iergone several treatments (sputtering and annealing) and finally we
shall study the electronic density arvouvrgdd the Fermi level of the andiphous
‘and crystalline sample.

The sarp.e of M3 was prepared in KOSTCE ™ and photoelectron fspectra were
recorded in Pragueﬂ. Alw of this thesis is to (a) determine surface and
urder surface concentration, of elements contained at the surface of MG.
(b) calculate and copare ‘tm concentrations betwesn the “wheel-slde" and
the “"top~ side" surface, (¢) interperate the changes in the chemical
coihposit:l.on and (d) determine concentration of elements for fi\'re sanple

surface treatments.

4+ Faculty of Sciences: P.J. Safarik university, Kosice, Czechoslovakia.
++ Center of Electron Spectroscopy, Czechoslovak Acadamy of Science,
Prague, Czechoslovakia,
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CHAPTER X

METALLIC GLASSES,

By definition a glass is & material obtained from the liquid walch doss
- not crystallize during solidification and it is there fore an amorphous
golid., The qléss 1s metallic when lt contalng encugh metal atong so that
its physical properties such as electrical and thermal comiwtivitieé are
- simllar to thoze of the crystalline material of the same composition {3].

Amrphﬁufs materials are prepaved hy different methods and mtal‘},ic
Jlasses (Mi's) are amorphcus materials prepared by repid quenching from the
liquid state. .

ﬁetallic glasses are characterized by the follouing proiéérti%. They
show strong similarite:é tw ordinary gless and liguid metals, hut in
Tcontrast to ordinary glagges, the volume of tha glass is nearly the sema in
the glassy and crystalline state, they show a rveversible glass-licuid
transition at the glass te?x@erature T.ér:. At a temperature 'f 8lightly highey
than Ty they undergo recrystallization. They arve metastable with respect to
the thermodynamic groumd state.

Most of the “_;‘r}g;ha_llic: gléss allays fall iInto {iwo groups. The
transition mtmgiti.on”m{:al alloya (-1 allﬁy‘s)’ and éilﬁys containing at
least one transition matal and a wetalloid. (T;ﬁ alloys) The metallold is
usually P, 81, cor E and they ave called glass foviterd.

The glass forming terdency (for a given rate of coolirg and for
substances of a given molecular typs) is greater the lower la the redvced
nelting tenperature Gi[4].
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M Thermodynamic crystallization temperature

H, = Molecular heat of vaporlzation.

1=). PRERARATION, | ‘
" Metallic glasses ave prepared by rapid quenching from the melt. The
licuid is conwverted rapidly firmn a Jet or a droplet into & thin layer in
contact with a thermal conductor. The cooling rate is usually 10° K/ sec,
Two methods of preparation are in common use [S]. |
a) Splat cooling: The liguid alloy is aqueezed between. a rapidly woving
piston and a fixgi arvil. - 7
b) Melt spinnjrg: A rapidly spnming coppar or steel is uged to corxduct
heat away from the melt. Tha ribbons produced by this technicque ave lom

wide and 104im thick.

LN o

1.2 SIRUCIURE OF METPALLIC GIASSES.

Tn spite of the absence of a long range order, an essential property
of a crystal, the structure of metallic glasses is defined by the local
oxder in a group of atoms involving the first, second and third neighbours
of any given atom. From diffraction studies it is accepted that there ig
no long vange order in these smolids, But there is a considerable short

range order (SRO) [6].
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The dense ryandom packbig (DRP) of havd sphaves 1g the wmost widely
_&mj‘tﬁi mmsl to desoribe wetallic olasses. Uhis modsl dlves quim
" _ amte dl!:f‘?"i@uiﬁﬂ of wetallic gladees contalnirg only one elemant, But

- omost mata},lic glaseas ave alloys of two or move elensnts, vandom pmkirq of

 atems is not Just possible to bulle up a edel. Sinca the properties of
MGta depem csn SRO 1t s very lwportant to ba caresxul in galesting the
initial cluster of & critical mmbeyr of atoms which then sarves as a motive
vhich repeates itself to £111 space without being systematically translated
in three directions. The cholcs of the packing in the oﬁigiml cluster ir_s
guided by the results of sc,attsrmg experimentg, OFf this methods EXAFS
(extended w-ray absorption fine structure) has & vnlgue capabllity of
probing the near neighbour ervivomment in milticomponeri-eutens where the
EXAFS for each elemant can ba Mieﬁ,

Tn the case of T alloys ewperiwentsl data of sséve&fal techniques
mygest two features about thelr lecal structure [9].

(&) ‘he fivst coordination shell mrﬁ tha metallold ig wall defined
with a narves dia‘tribu clon of bond lagtha, Durther there is ‘I_i,i,tj,e
evidence for csoordinatioﬁ nuher which departe slonificently from 8 or 3.

. (b} The environvent avound the watallold is shdlar to thet observed
in the cormeponding crystalline phasa.dhe distinctive prfjpeﬁ*jes of tvio
si.mj Jar crystalline structurces are cm"fmvable in g‘iafs*a»; 5180,

In mlusian, ﬁ?twﬂais ave corditionally acceptable ag models for
emorphous T~ alloys. aAnd present day koowledgée on the woddla of metallic
glasses show & atmng evidencs that the struchure of T+H alloys, requires
models with gr&atel complexity than that ::*et);uimd by LRP wedal.
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1=3. - EI.ECI‘RONIC STRUCIURE AND TRAMNSTORT.,
Knosrledge and information on the electronic transport properties cones
~ from measuyenents in e-].e(:trical resistivity, thermopower and the hall
coefficient,

MG 8 have two important charvacteristics of electyrical corniuctj‘:“.rity,
(a) their resistivity is relatively high, greater than 1001\111:::@ at oo
tenperature . (b) Thier terperature coefficient is very small and can be
zexo or negative. (10”4 | |

The high resistivity of anorphous alloys as compared to the
crystalline state is related to the increased séa‘tterhxy of the conduction
electrons due to a random atomic arrangement. In such a random structure
the phonon contribution to the scattering of electrons is very small
causing the small tewmperature cosfficlent of resis’ciyi’cy.

" fhe observation of small, zero or negative ten@eramfé coafficient of
resistivity depends on the concentration and it can be varied on alloying
continuously.

The Hall ceefficient of siwple MG & showa a nearly free electron metal
behavior, but the +4ve Hall ceefficilent of Tronsition metal based glassy
dlloy's is not yet explained.

Most MG s algo show superconductivity.

L

-4, MACGNETC PROPERITES,

T-M alloys are mostly ferromagnetic with curie temperatuyve T ., above
Yoom tewperature. They are extremely soft magnetic materials with very
-high initial and méx:hmm permeabilities and very low coercive flelds,
They have very low power loses ab 50-60 Ha.

In amorphous ferromagnetlc alloys the charvacteristic properties of
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mgﬁe;tizatiqn processes and the hysterisis loops are sensltvely affected
by fluctuvations of material properties and defect structure ({87.

It ie also shown that the processing condition doesnot affect
crystallization, Ty, saturatlon magnetization ard havdness, But the
coercive force varies greatly and increases nonotonically with an increase
in nelt temperature and decrease with rotating speed [9]. '

In the case of 1M alloys, the magnetic properties are dominated by the
transition metal elements [10].

The megnetic worent and Tc arve largely affected by structural disorder
vhen Fe content increages in Fe based VMG's, vhile the effects are small for
Ni based MG's .

Further an inhonogenous character of the appearance of magnetism hag
been evidenced in many MG's. And it has heen 1;>rcwes<:'lf that fluctuati&ﬁs in
ervirormental c:caﬁditiorm (coordination number, interatomic distances)
favour the inhomogencous nature of the onset of ;{ﬁgnetism in amorphous

alloys [11]. '

1-5, MECHANICAL PROHERTXES.

Ma's ave very sbtlff and stromg. They are capable of plastic
deforma’cicﬁn, Tl’l@}(.’ hax:c? high fracture toughness, high hardness and good wear
resistance. . They have lan ex?:eptiona,l],y high bend fatigue strené’ch ard very
high corrosion 'E’eﬁi:étance. 'l
1-6. APPLICATIONS,

The main interest on ¥G's is based on their possible technological
applications based on thelr magnmetic, electrical and wechanical

properties.




The mechanical properties suggest applications as strengthening fibers
in corr@osi:’ce materials, for structural ard aeronautical uses,
reinfoi‘cel’nent of concrete etc. Owing to thelr hardness they can be used as
cutting edges for cutting tools. ) :

Their interesting magnetic properties, as their small coercive force
vhich results in very low hysteresis loses makes them a good candidate iﬁ
power transformers. They can also be used as core material in inductive
éontponents for electronic circuits.

The high value of resist-ivity combined with very small £anperature
coefficient might be of interest in electrical circutery of neasuring
instruments requiring resistance components insensitive to temperature.

Their very high corrosion resistance suggest chemical,surgical ard
bionedical uses,

There axe other possible applications such as brazirng foils, emission

cathodes, electrical fusses and hydrogen storage.
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X-RAY PHOTOELECTRON SPECTROSCORY (XPS)

2.1, FPRINCIPIES OF H{GI‘(I)Bf[SSION.

In photoelectron spectroscopy photong in a more or less well defined
state (energy, direction of propogation,ete) implrges on the surface.
Given a sufficiently high energy photon, they excite electrons directly out
of the valence bard or core levels,

The basis of photoele;:’c:con‘ sp&ctmampy is thus the measurement of
energles of electrons emitted from a sanple in vacvum following lonization
by incident photbns. The binding energy of emitted electrons originating
from a particular state is obtained from the energy balanca eguation:

By = hw - By (1)
if energy 1s referred to the vacuum level and:
EB=13WwEkm¢ (2)

if referved from the fermi level wheve ¢ is the work function of the
sample and hw, energy of the incident particle.

L e LT L P T ]

* Sometimes the more general name i used, namely ESCA - electyon
spectroscopy for chemical analysis.
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Tn XPS XKeray photons are the incoming snd electrons /‘%:he outgoing
= ipartic:l@s t@bes analyzed, and in such an experiment tha sample g actually
' 'il,eft in an lonized state after the electron emission hence the sanple and
photoemitted electrons may. be viewed in a one electron picture vwhere the
electrons are considered to care from a one electron orbital within the
saple without suffering logs in the escape process, 2n analysls of the
.; energy distribution of photoemitied electrons ylelds informstion shout the
-- energles of occupled one electron states.
The binding energles in (1) and (2) represent the ona electron energy
" fevels of the core sholl n@g}.eoé.’mg the relaxation shift. So XPS allows a
divect chservation of core terms. This fact hamedlately provides chendcal
speclficity for the spectra (12). 1In an altered chemical enviroment,
the corve levels exhibit a small shift due to the different contributions of
the charge density of tha valence electrong at the core orbit. Thug the
chenical shift pamits conclusions on the binding of atoms involved.

For XP3, the escaps depth or penstration depths ave usually very short
ranging betwesn :4,»403 and hence chsaxvation of photoaniitted electrons
emphagizes surface contrilutlong and so one can obtaln information é.bou“c
surface propérties, adeorhed atong ardd molecules on surfaces. In the case
of adeorbed atoms and wolecules, the bindlny ensrgles of valencs electrons
can serve as a “cheiiddal fingarprint® of the adsorbed specles so that one
can use the ﬁhotoexnisssiozl gpectrum to follow chemical reactiong on the
surface [13]. When dealify with fmre surfaces, the experinents are very
gemgitive to surface cleaniiness and contamination. Thus rellable work

requlres ultrahigh vacuum and in situ prepaved surfaces .[ 147,
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2.2 | 'H"IEDBY OF PACIOIMISSION » 'THE THRES S1ER MODEL,

The theory of photoamission is quite complicated and highly involved.
A defy:cr.iption is needed of both the eguilibrium and excited electronic
structure of a ﬁa‘terial and its interaction with the ion array with the
driving electromagnetic fields, vhose form is wmodified by the interaction.
Both problems nust be solved in the vicinity of the surface thx’ouc:;fh which
all system properties change dramatically.

Various attempts ave made to incorporate all known phehomena in the
theory of photoemission.

Photoenission is a many body problem. In real solid the electrons ave
involved in several <{ypes of interactions like electron—electron,
electron—- Imnpurity, electron-phonon interaction., All these involve
inelastic processes and are very important in photoamission. A
microscopic fornﬁllation of photoemission process that includes inelastic
scatiering is developed by C.Caroli et al [15].

The significance of angular anisotropy in photoemission, and the
influence of bard structure in‘ the photoenission processes lg also studied
[16].

In thig thesis the interpi:etation of photoemiszsion spectyra is bazed on
the three step nmde;l developed by Berglurd and Spicer [17].

In this modei”photoem:i.ssion is enwisaged as three independent steps:~
photoabsorption, ﬁfépagation of excited electrons to the surface, and their
escape into the vacmwn.m

The energy distribution curve (EDC) of the photosmitted electrons
I{E,s) is thus a sun of the primary distribution of electrons that bhave not
suffered an inelastic collision and a backgrowxl of secondary electrons

which have suffered energy losses due to collisions.
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I(B,w) = TP(E,w) & IS(E,w) (3}

T line with the three step model, the primary distribution is a
product of three functions, the distribution of photoemitted electrons

P{E,w) the transmission function T(E), and an escape function D(E).
IP(E,\D) = P(Ew)¥T{E)=D(E) (4)

To determine the ensrgy distribution of photoamitted electrons, we
start by calaulating the prohebility of electron escape based on the
following assumptions.

a) the distrikution in direction of excited e].efftrcné 1s i=otropic,

b) probability of inelastic seatiering can be described In terms of a mean
free path vwhich is a function only of the electron energy.

) In oxder to egcape over the surface barrier, the electron mist have a
conponent of ite tobal crysﬁal momentim P operperviicular to the surface
vhich is greater then some critical value P

Choosing the sucface of the photoemitter to ba thsa plane ¥=0 with x
increasing iuto th_?_ ghotoeanittc—ar, avl 1f © is the amgle between the
directlon of electron wowentum upon exoitation, and the norfnal to the
photoenitting surface | ; then the electron must move a distance x/coseto
reach the surface,

The prehabllity of electron escaping without loss of energy following

excitation to enexgy & ls
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‘A 1s the wean free path for inelastic scattering.

Under the assunption that the inelastic scattering probability can be
characterized by an isctroplc mesn free path A(E) that depend only on the
energy B, the transmission function T(H) is given interns of A (Eyand the
attenuation length of the photon N, (F).

s

1+ ALE) fAp(E)D (6)

According to assumption (C) the escape from the solid is possible only
for those electrons with a kinetic ensrgy sufficient to surmount the
potential bavrier £, +¢ . Assuming the photoelectrons to be plane
waves with &: ‘«:»_1_1); | this condition defines an escape cone with an opening

A
angle relative to the surface normal.

- yzl
[

(7)




For an isotrople distvibution of elestronz Inside the =solld, the

fraction D(B) which escapes ls glven Ly

- }/L - .
P A - . .
b(p) = —,li [ﬁ] . (‘[‘FE-' 7 ) fJ , ko> E—*F + .

‘_:O , ;k‘:d Eap'%é X
(8)

D(E) lika T(E) is a emocth function of E bevond the low enavgy cut off,
and while both factors wmay distort the energy distribution ﬂf.lﬁlotc‘e}:cited
electrong, they ave not in themselves expected to glve rise to stiuctures
in Ip(E,w) .

The primary physical feature characterlzing the surface photoeffect
discribed by P(Ep) g the existence of a vector potential. The quantﬁm
mechanical interaction of an electromagnetic field of vector potential A

with an electron is glven by
3 oty
Hint = (A.P + P.A) (9)

Where P is the womentum operator of electron and temns of higher ordex
in A ave neglected. 1f ghis interaction appears as a small p@rtm“bat_ion in
a quantum mechanical s&étem, the elestyon twansition rate from an initial
stateli> to a final statelf> i governed by the matrix element M ot <ffiint]ip
..« 'The photoslectron current cbserved throuwgh an analyzer sel at the

Cenexgy B oand band width di and acoepting a solld argle d  is given by
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Where v is the observed electron velocity and - function insm:es
enexyy congervation. The current is expressed as a sum over all occupled
initial states. Thus' the observed photoslectron current is determined
esgentially by the Initial density of states |i> contributing as eneruy
conservation permits with an intensity glven by the square of the watriy
alement Mf 1

his mesns that tha cheerved spaotrunm willamflect the initial state
density provided sufficlent numser of final states ig available and the
matrix element may be reéaxded canstant.

Intensity of the emission current and so the spectral shape is
detarnined by ’r:he‘ coupling strength due to the operator in the matrix
alemant, |

Tn XPS heo » 1.5 keV) core levels become coservable. Final states are
frea electron like and the matvix element is not affected by the surface
conddtions. Density of frea electron final states is xegular and slowly
varying. ‘Then the spe::tm are exwpected to change gradually r@pregenting
the injtial density of states. Thus under constant mateix approvination
P(B,w) reduces to the e:r‘;argy distribution of Joint density of states.

(EDTDOS)

PLE ) ~ ZcPE \H{,L,chﬁ[ﬁ(@m Eg(t)m-p,_w]g[ge(mug]
4 | (11)
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It follows that photeclectron spectrun is egsentially a dlstorted
veplica of FRINOS in the framework of the thres step model.

Lm:pxm the nuabor of assupbions wade however, the three step model
has been quite succesgiul in -explai:nimy photosadssion spactra. ’I‘hé step
model totally neglects surfacs effects and uses stationary one electron
aigenfunctions in calculating transition matrix elements that involve
highly excited final states. Bub these can be neglected vihile dealing with

XP5,

2.3. BINDING ENERGY OF BIECTRONS i1 RELAYATION AND CHEMICAT, SHIFL,

Binding enerqgy of an electron is definsd as the work required to rmvé
the electron jrom its orbital to infinity with no kinetic energy. This
ionization process leaves the systam in an exclied 'sté‘i::a and the birﬁing
energy is essentially equal to the difference in ths total energy
imvediately after and bafore the lonization.

I'n vhe first approximation, the removal of an electron does not change
the £leld inside the atom and ona nmay assume thab the orbitalsg of the othar
electrons remain unchanged during the process.

This is a sirgle electron pictura, but when considering N electron
system, the removal of an electron by photosmission would leave (N-1)
electron system. TF'N is very large the effect would be negligible, and
the single electron picture could be employed, Howaver if N is small,-the
removal of a single electron would force the other electrons to adjust to
the new field leading to a relaxation to a lower encrgy. This extra encrgy
is picked by the emitted electron and it appsars at a higher final state
enexyy.

In a polarizable wediun the hole created by the photoamnission process
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sotg as a local positive dwrge and ativacts slectrons that tend to screen
i, Tha soveening lowers the total energy amd ths difference in energy is
soain carvied away by the photoeniitsd elsctron, This ls common in
adzorbed 'svons or molecules on purfaces.

é’s,f;z a result of this rearengement of abomlc erbitale, the total eﬂéxgy

1s lowered by the relaxation energy AR, Hence one weirld measure
- AW (12)

vhere P - is the binding enexgy for the case of "frozen" orbitals,

corresponding to the wave function values of ths wnparturbed system

The exact valve of ths binding ensrgy measued for a given elenent
depands on the chemleal enwlormment of that element. As a vesult core XPS
1ives show binding energy shifts, The binding energy ghift is the binding

energy difference [187.

A Ei;‘ o 20y | goure matal

2

(13)

hore RALL0Y . goure wetal

ave the binding energles of core electrons
rolated to sn atom in an alloy and in the corresponding pure metal. The
physical -origi:n of ©hif shift 18 xelstad to the change transfered on
forming a chemical bond betwesn two dleimilar atoms and the altered
soreening condition of tha positive nuclear c,{barqea Thig shift can be used
to identify the chemical envirvoment of an element by compavison with the
binding energies of a set of referencs compounds :wac;lvm; the sane

@l enant.

Varicus methods are uged in tha calowiatioa of binding energy shifts




theoretically [14].
¥
Thwa bivding ensvgy E‘f’; of the level L ig the difference in tota) ensrgy B
of tha gyestsn fn lte growsd sbtats and the stale wlth one electron nissing in

the orbival i

1:;;; a E,qi 0 1=l 2*’. “ < Erqi =n > (14}

»

Caleulation of the chemical ghift By irvolves ths calcaulation of 4
total ansrgles, & groud-state and a hole stats calevlatlon for each
aystem, This method uses the Hartree-Fock wmethod of Indespendent electron
approximation, where the electven is assumad to wmove In a potential
determined by the muelel and the avevage fleld of all other electrons.
Wave functions arve expressed ap Slater detarminants and no correlation
batueen ealec,t,mm, of different spin is coxts;i deved.

The other method treats velawatlion éezmxwgim; as pert:‘mbetions on binding
ensrgies derived fram ground stabe properties alona.

In the cass of alloys, several factors contribute to tha shift of the
¥B8 electron binding enscglen (M‘f for an atom in a solid [19].

These are diffevence in valance electron density H?:L orystal fleld
potential (Av) work function, (A«¢) and relaxation ensvyy (4B . This

2 3 b
18 expregasd ag

DYy = Agfe = BV - Ay o A (15)
Whan congldering natals and alloys, There seens o be a difference in
core level binding coeryles betwesn surface and ik atoms., Thig
difference is dus to the faot that suwrfece atons experience a potential

different from the bulk due to the lover coordination muber [19].
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2.4 BROONDARY VINCIRONG - BNERGY RESOLIMITON

Tdeslly thave svisess only s sliele peak due o electron ejechbion in
© photosmission. fbis corvesponds to the vemovel of & sirgle alectron which
yvields a single final slectionico stabte. Howgver, photoemission is a ma,rw
electron avent, and the remwoval of an alectron cavses the other electrons
to adjust to the new envivommant, and they can no longer be in the groumnd
state, These new states ave aocessible to final state electrons, glving
rige to sssymwetiic peak shapes, verious pesk widths, as well as peak
gplitting.

The asymmetries in the X8 corelines ave due to the creation of
electron hole palxs at the Farmd level during the photoemission process.

The width of core levels ('} is determined by (&) resolution of the
photoglection Eﬁiwﬁxm’mx; (r o p) . The energy regolution 9?_ analyzers is
usvally defined as the xatio AE/E. tha;v:e AE le the full width at half
maximm  (FHM) of the enevgy distribubion after the melysis of a
wonochromatio b%ﬁﬁ, and B ie the enengy st which the analyzer is tumed,
(pasy enavgy) . Ti calonlstions it is often easisr o daterming the base
regolution AL end for wall deslgnsd analyzer, AR AL, /2 (203, (b}
presence of ﬁ%ijtei.li{:e:s that ave not resolved and (¢) the intringice life
time width of core holes.

. Satellite brosdemisg can ba brought about by the influence of phonéns

vhose contribution to the Line width i proportional to the square root of
ER and the ratlo of the longliudinal apiiml phonon  energy T¢i.to {he

enargy equivalent of the tewperature T, 2KT [14] and is ewpreszed as

oMt e

pu) y '
- = Re3G (‘ha;mﬁa Cobh. Ao )L (“‘3)
24T
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(1.6)
Whore F:R 19 the relaxation ensagy

The intrinzic width of a line i detevnined by the 1ife tine of the
hole left hehind the photoamission process. ' and T ave related through
Helsenbarg's uneartainity relation

Com R
Pow = == (7
The width of the core line dstermined by all the thice factors is thus

expreseed ag

) a .
I \[‘ ak PP}\, i r'.sf’ (3-8)

B a yesuli of many elestion pm’&s&&zf geveral penk splititings appear

'in the spectra. As & result of coupling of elestich spin and engulay

momenton, spln-orbital a;,alii:tiréy eoours, and vhenaver on interaction takes

place betwaen the unpaived electzone Poviad by photoslectron ejection and

any m;,gmimci elwtmﬁ*ﬁreééiy'@;{j.sstin;; in the aton in seny of It incowplete
ghalle, .mzltipiet splitting avices. ) '

Apart from splittlngs, asymmetyies, p@ék wiiths, ad -eatellite
structuves are observed. The sudden removal of an electron from cne of the
innar shells of an aton, cavses a change in the affective charge
exparienced by the electroms in the outer shell wnich way lead to the

slnulianecus renoval of ona. of thess elestrons which 1f exoited to a
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discrete stete gives viee to shake up satellite awd 1£ it goes Into
contimnm we have a shake off satallite.

Fiomlly %‘;ﬁeﬁ oscvenca of  liwlastlo poattering events, -electyon-
'- al&i:fﬁmn; electron-impurity eand plamson  ewcltations, give =xlse to
gecondaxy eLectrond. -

A proper intexrpratation of ¥95 spectya Is poesible iF the effects
mentioned above ara pmmﬂy understood, end onas ghould ba avare of .thj,.s
thinges to avold misinterpretation.

2.5, CENRCONTIVE DEVERMINATIONS Y 305,
wes s widely used for qirentitative detevminatiors of elemental

carposition of surfaces. For the deterainations of conposition profiles
to greater depth XPS ié exihinad with insvt-ion borbaydment of the surface
arsd the erogion of tha surfecs layew would precesd i&;ﬁzar by layer. Tols
technigque lnvelves the mégrﬁing of geveral 4P spectya after every ion
bonbardrent. 7

Recently a new techimgu@ ig progozed [21) In walch :an@rmation on the
depth conposition 'igz excractnd from @ phigle P35 apectiu. This wethod
ralles on the fact that due to alastio o Inelastio electron scattering
the enexgy distrilution of the enltted photon exalted core elestrons depend
atrongly on theln depth of origin. Tn thisz mathed a cuentity is defined
vhich ig a ratj’,o of KP”?WJ& area o the fnovessge In ths bac:kg&wmd gignal
aggociated with the peak., This quantity is a strong Anotion of the depth
congosition for lnhoewgensous senples.

In this wérk: we fnall follow the fomer method. The counting rate
detected o Lﬁ‘lﬁfﬁél%tﬁén peak from an elemsnt In a thilck homogensous

panpla covered by a conteaninating edeorkd layer is given by [22).




o o= An £ Ty TAC

(19)
here
A= - gample area from which photoslestrons ave detected
n - . < ooncentration of atowg per c:zn3,

£ = . photen £lux in photon per cmz

& - cross section per atom for photolonization of the particular level
¢ = angular correction factor )
4t - fractlon of photoslectrlo transitione from the given level that
reslt in an lon in the groumd state and a photoslectron of |
appropriake enevgy ‘ ,
T - :hih,emrftéfifeci@zmy of dstection by the spectvomstar of slectrens
ordginating from the sanplae.
A - mean fres path of photosiestions in the sanple mecdiun
¢« fractional efficiency of eanafé;@mza through a contaminating adsorbed
layes,

A for a glven horegersous golld

I 2 b

M, = :H,M_,;i;_.‘.‘.m - J_ ’
' A (EFTACY S , (20)

Whare §. ApvropTACY

Thus for tuwo elements in =0lid

s ILE‘L .
W 1 T = - . (21)
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\_;ifn applying - thie :r:elaa.tic;;.;n,\ we ave Interested In  yatios of
concentrations snd harcs factors that are kept constant in the experimental
procedure cancal oub.

The factors that are Repl constant ave

A = area of the sanple, ¥ = photon flux in pimtc}n/cmz

¥, ¢, ¢, are also kept constant.

'i‘hus; ¥he ratio of concentyvations are dependent on §,A,T, and I. Tet's
conalder each of these separately. .
a) Photoionization Cross Section ¢

An exact knowledge off the subshell pho‘t:aiénization cross gection is a
prerequisite for the qzmn-ﬁi’fative amalysis of the swface Lcheanical
conposition by X¥S. | A

The partial crosg é@.ction depend on the angle B betwean the incomdng -

ray beam and the outgoing electrons according,

.

G- O, [; + B (ii 50 ‘)M\ : (22)

0o = s the total ai:unic; crosg-secclon

The parameter £ vavies from <L to 42 dependiiyg on the angular nomertum
of the atomnle orbitals and photoslectron kinetic énsrgy. For energles in
eycess of 100eV it levels off at the value g =2 (g ~shell) and £ =L.5 (p

shell). The correction is not wore than 10% for 8 =20°,




= ghe
h) Rle{,c;ﬁﬂ Inelastic Mean ¥ree Path, A
JAnalysis of experimental factors shows that the IMFP has a minivim
valua for energies arowyi 100eV and that at higner eneryies it varles
roughly as the sqguare root of the electron energy.

Thus if we neglect the depardence on sanmple maverial, we have [23]

AE) ~ EZ

(23)

¢) Transmission Punction of Electron aAnalyzer, 7.

T takes the energy deperdence of the analyzer tranamj.asiox? into
account.

For a comvonly enployed analyzer wlth preretardation and constant péss

energy,
TLEY (i)™ (24)

Trmg the rdatio of Gomentra"tions of two elements in a given sanmple is

oL :_[ ( 6; LIS

e Ny 1, a AT : (25)

Where the subgcoripts 1 and 2 stand for two different elements.
The intensity of a given line for a given element is related to the area
urder the spectra a corresponding to the appropriate peak, and the

instmumental. conditions,  Specifically




T~ ab
aryl (26)

; T~ 3N

vhere 8 - is the digital scale

N =~ is the nunber of swesps,

thus Eg (28) can be written ag

ﬂ‘ Q| 5.0} éimi;, N?

nl. ag_ S_z G—[ >‘I T: N;

(27)

Uging the explicit deperdence of T ard A on the kinetic energy of
pho‘ccemitted electrons from Fg (23) and By (24) we have

n - S504€ G, N,

n, S, 0, &, G, N, (28)

in this approach the following factors could contribute to the

varisbillty of the values of n, /1,

"a) Frd ted intensity of a particular photoionization line. is reduced by a
.factor {241 R

Ae) = exe [ e |

(29)

Cuireg to the a'ttenuat:i'.on off photoslectrons within the sanple .and by
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any adsovhed gag layer A(H) ad A(5) xepresent atternuation lengths for

electyonzg o the sample and overlayer respactively, vhile <d> is an

adsorbed gas layer bafore escaping into vacuum. We have neglected this
tem i the xatio n,/n, vhlch could cause an error if the contamination is
high.

There can be inaccuracy in  integrating the photoelectron peaks

(uncertainity in choosing the base line).

2.6, _TON SPUTTERING

Ton homardement gspuctering is widely used in cobination with surfaée
analysig to determine elemental conposition of golids as a function of
depth (composition profiling).

The surfacs composition of an alloy undergolixy sputtering will be
gignificantly different from its bulk composition 1f the sputter vield of
constitvents ave not equal. The species with the highest sputter yield
will be initial?l_y sputtersd preferentially and this causes the near surface
regiion to be enviched in the constituents with a lower sputter yield.
Since the concentration of the material sputtered from the surface must be
equal Lo ﬂm concentration of the bulk material, in the steady state the
‘surface é@x‘mxtrf{{:‘i&m of the constituent elemants must be proportional to
thelr bulk ‘concfant':;‘atiomz divided by their effective sputter yields [25].

Apart from creathy differences in concentyation on surfaces, lon

bonbavdient creates severe wmicroroughness which can  influence depth

of instruments are Influenced by topography.

Further Fon bombardment of a golid surface can cause motion of sample
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constituents in several ways. an atom in the =0lld can suffer a collision
with "the incomdrgg don arvd can be driven deepsy into the solid (vecoil
implantation or Jmock on process). Diffusion processes (both bulk and
Burfacaé) is  oreably enbhanced by dlon bonbardment. This expedites
segregation of w:fxstituents. ~

In the case of oxides, unless the partial pressures of all oxygen
c:sontainihg molecules are very low there ig the possibility that, an ion
bobardiment induced veduction of the oxygen concentration in the altered
layer will ba obdgoured by re- oxidation of the gas phase species, and
further more the sticking coefficient can be dramatically increased by ion
borbardment .

To determine the buik composition of an ion sputtered sarple from a
measurenant of surface concentration of altered 1a3}ez: reguires a knowledge
of the effective gputter vield of the various conponente in a
multiconponent solid.

Several factors are considered to be responsible for sputter yield.
Atoms of lower mans are considered to have a higher sputter yield in an
alloy. Sputter ‘yield alsgo depends on the birding energies (heat of
vaporization). The component with a lower binding energy will have a
higher sputter yield.

Usual Ly Ithe relative eputtering yields of componants  in a woltl
component system is given by the sputtering vields of the pure elemental
constituents

For a perpendicularangle of incidence, the sputter yleld of a pure

elenent ls shown to be glven by [26]

Y o. 004z ‘X(M‘/m,) S (8)

Us

{30}
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Where US = Hurface binling enavngy
{ Sublimation energy)
5, (8 = Nuclear stopblivy cross seccion
A ("42/&’(1) = energy irdependent function of mass ratio between target

masaM ., and lon mass M. . -
2 & e 1

BRI

Gongl =l
2 .2 £
A, =0-%855d (2,7 4 27>)

) n(f:) is the reduced nuclear stopping cross section for the Thomes

Ferml intaraction.

g = bohr radivs

%, ond 7, are atonic numbars,

’

8, (e) iz the xeduced ruclesr stopping cross gection and the values are
glven for thomas-ferml Intervaction.

The equation above only gives the deperdence of the sputtering yield
on the energy and mass:at a perpsndicular angle of incidence. Tt is also
showm that [27] the sputtering yield coefficlent ie proportioﬁal to Sec B
vhere 6, is the angle of . incldence of thé bonb8rding particle. As
increases the sputtering coefficlent is oheerved to increase not go rapidly
as Sec 0,and at B, >L;f . The spottering coef f:i.c:i.e.ﬁt reaches the

maximum and it starts to decvease afier this,
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Onca "c;hé;réfﬁ_ﬁ:ter yield is known, wo need Lo koo the awount of materisl
wnich HIVES be renoved from theviegin swefacs before stesdy state condition
is reached. Sinca the vate of lon stehirvyy ot a pacrticular point on the
surface profile deparkds on the corresponding arggle of incidenca (8). The
surface erosion generally takes place at different rates at different
points on a roigh surface.

Asauming that the sputiter rate i a function only of the bean speclinen

geometry, the erosion at a yiven point (3,y) is disoribad by [28].

Ao ® a(0)Cen

Dt SN (31)

Where 37 is the erosion rate along the direction.

Rormal to the surface at (x,y), € ig the jon flux (lons W™l
assumed constant over the ercded surface N is the surface atomic density,
5(¢) 1is the sputtering yield from the surface. The figura below shows the

sputtering geometty.

\(’!
;:? sorkoce

patad

Sputtring Geometry for a two-dimansional irceguwlarly-rough surface with
the ion beam incldent on any point on the surface at an angle to the

surface normal at that point.,
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e .I«"e 40N:i_, agi Big WS preparved by the nelt spinning method (us:ifi'ig one
vheel only). From the ribbon of 10mm wide and 10fn thick, there were cut
two samples. One was neasured on the "top wide" and the other .‘ on the
"wheel~sidel.

prior to inserting into the preparation chonber of the spectrometer
ESCA 3 MARK TI of Vacuum Generators, they were first washed in aceton and
then in a mixture of pure benzine and ethyl alcchol in ultra sound
frequency washer. Finally they were dried by fan in dried air and inserted
into the gpectrometer. We define this trealment of the semple as Yas
recieved". 2all other treatments webe done 0in situ® in UNV. Ton
bombardenent. of gémples vas done with argon ions of eﬁ@rqy 1.6KeV and ion
carrent density of 10 Acm 2 {n threa steps, that is, 5,15 and 30 winutes
respectively. 1The final treatwent consisted of pure heating of the sample
in UHV (in situl) to 580°C. |

Photoslectron spectra were obtained vpon excitation by Alml ins (photon
. enérgy =1486.6eV), The X-ray lanp conditiong were defined by 8kV

acceleration vélta.ge of electrons, and 20mA curzent of electrons. The
hemispherical analyzer of 10cm radive was set o 100aV pass eﬁezgy and the
slit width was 4mmﬁw'1‘he spectronster was caiibemtegl to the A 4£7/2 line
of binding energy 84ev, \’Biﬁding energies were determined with an accuracy
of 40.15eV.

After each treatment photoslectron spectra were recorded under two

detaction angles ( 15° and 550)1'neasurec1 from the sanple surface normal.




N CHAPTER 4

RESULIS AND DISCUSSION

In 'ﬁhe discussion 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 individual elements ave shown
for the two detection angles on the vheel-side and top-side of the sample.
The vheel-side refers to the ém@le gide in contact with the copper wheel
and the top-aide refers to the one open to the air, during the preg)aration
of the samplé. .

The intensity is given in arbitrary units where the intensity of each
spectrum is compared to the intensity of the es recleved mample and is
‘stated as multiples of the latta:r:r as indicated on the left side of the
figures. ‘The rhumbers on the right side corner indicate sanple treatments
m the nubers 1 to 5 refer to the spectra of (1) the as recleved sample
(2) to the 5 minutes sputtered sample (3) to the 15 -minutes sputtered
ssiple (4) 30 minutes sputtered and (5) to the sample heated to 580°C
yespectively., In-appedix B we have tables of the results of concentration
calculations for both angles and both sideg of the sanple and for each

4.1 QUALETATIVE INTERFRETATION

4-1.1 'The Wide Scan Spectra.

The wide scan spectra serve as a preliminary qualitative identification
of elements present within the surface, usually one can quickly judge the
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cleanlinesg of the surface or in other words to deteriing the contaminants
pregent,

Both the vheel-side and the top-side of the sanple surfaces are covered
with the contaminants. They ave contaminited with € and 0 and ‘o some
extent with N, “which, appears only on the as recived sanple. The c

1
O a0 Ny };.)éaks are observable. .The peaks due to the matrix elements in

“a
. red

the sample are not resolved, however after Smin é;puttexing these) are
obgervable., After 30minutes sputtering the C.ls and O:i_s paake are weak and
the NJ. " peak diséppmrs. The Fezp arxd Nizp peaks are sharp having high
intensity. Finally vhen the san@le ig heated, carbon and oxygen are once
more adsorbed and the Intensity of these peaks increases while there is a
decreaze in the intensity of the other peaks. Apart from the peaks due to
the photoexited electrons, Muger peaks of Ni, Fe, and O are obsexved in the
spectra recorded after sputtering (fig 8 a-k). The ’sspéctra ‘of individual

elements are discussed in the nexl section.

4-1.2 The Core Ievel Spectra.

The main source of information in core electron spactra is the leading
photoslectron peak. The core line spectrum of an element iz a unique
property, a "finger print® of the element which can be used for qualitative
and quantitativé chemical analysis [2].

G@nerélly core X% Tines show bindining energy shifts which depend on -
the chemical, en*'\/iromeﬁt of the atom. The core electron binding energy
shifts with respect to 't:h'e “pure alloy constituent of most intense core
lines show a relatively small binding energy shift (0.5ev). This indicates
that only a small charge transfer occurs on alloying.

The shifts in the core lavel biﬁding energy (chemical shift) are also

due to alterations in the electron density of the valence shell, ed. a more
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highiy oxj_dimﬂ spacies glves rise to a higher binding energy while a wore
reduced species shows the opposits effect. [25]

If‘u:;:"che_r, ginca surface atons experience a potential different from the
~ bulk due to the lower ccordination mmber, there is expectad a soa:mfhat
different core level binding energy shift for the surface atons as conpared
to the bulk atoms., Comparicon of the core level bindirg energles of both
sides of the sample for the two detection angles seens to be in aggreement
with this fact (table 1 a~d), allowance being made for the uncertainity in
meagurement ( ;-‘,;O.J.SeV) . &4, Fe2P  has binding ensrgles 107.1 and 706.7 eV
for two diffateht angles. CGenerally the binding energies of all the
elerents are slightly lowered after 30 minutes sputtering., The assignment
of peaks and chemical shifts of individual elements ave stated in the
di'smssicn that follows. | '

BORON ¢ In the XPS spectra two states of boron are obeerved. B I (187.8eV)
and B IX (192.4eV). (Flg 2 a=d). The thixd peak which was cbserved in the
spactra of FeBSi [30) is nobt obgerved in our case.

The binding enexrgy of B I peak s equal to it value for shyle
substance and the pea}: intensities are higher after sputtering than B II
peaks. . The B II p@alfs have higher binding energy than the value of their
single substance andisa close o the value of its compounds. The B II peak
disappears on prolc;z;ged sputtering indicating that it is more on thé
gurface than in the bulk:an& reappears on crystalllization. Wnilé this is
true on the top side the sane peak shows an increase in. intensity after 5
mimutes sputtering on the whesl side and as in the top-side, disappears on
prolonged sputtering., Ructher on the wheel side, the B II peak shows a
splitting of 1.leV in both the as xecleved samliple and after 5 minutes
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sputtering, The B I peak int}.amity g weaker for 55° and is strornger for
15% in the recteved sawpla.

In the study of ron Borides [31] the bond between Fe and B is found to
ba greater in Fe,B than FeB, in the fouver the Fe -Fe and Fe-B interaction
i found o ba pmdmﬁmnt. For M&'s most models assume that he. local
bording model remains the sane as in ccystalline materials. Further Fe -B
glassy compourds show similar trends in their eiéctrmic structures to the
crystalline iron borides. Theve is enough evidence that the bonding and
clese range atomlic order in iron-boron glasses is simllar to crystalline
Fe,B and that the d states ave modified by the presence of boron. Tron
borides have also been shown to ba typlcal interstitial compournds with
boron occupying interstitial positions in a distorted ixon lattice. '

In the seme work (31)] it is sheem that the XPg 1 o binding energy for

31
iron korides is found to be 188¢V, It is therefore: reasonable to consider
the B I peak to be due to the bonding of lron and boron.

Yor interstitial solid solution ‘Eha atons of added component must be
small in diaweter if they are to occupy interstitial positions  [32] Since
the diameter of horon is small, 1t 1s reasonable to conslder that B I is in
the interstitial reglons. |

Boron conpounds usually resemble thoge of other normetals notably
silicon in their properties and reactions. Despite the 26%2p electronic
strucﬁura of boxtn“it is always trlvalent and never monovalent [33], and
jts strongest affinities, that is its most strong links are with ¥, N, and
0. The most common c}o:mpourxi borén forms wiﬁh oxygen is 3203. In the study
of the chemical bonding and electronic structure of B,O, [34] the B, pesk
hag binding enexrgy 193.4eV and 015 peak 533.2eV. .

Hence the B IT peak in our case with binding energy 192.4eV corresponds

to the B, peak in the chezﬁical conmpond B,0, for two reasons. Flrst, the




peak disappears on sputtering on the top side, with the decrease in the
oxygen concentration on the surface. This same peak Increases after 5
mimxtefg; gputtering on the wheel side which i in agreement with the
increase In the oxygen concentration (table 3 a-d). Second, this peak
shows an inbrease In intensity when the sanple ls heatedq, again in
agreenent with the increass in oxuygen concentration on heating. |

"In the XPS study of FeRSi alloys [30] the B II peak wag comid’ered to
correspond to the borviing state newly created between interstitilal-like sz
ard Fe,, which in our case is not true.

’Iﬁe splitting coserved in B' 1L peaks (£ig 2, cand &) is observed only on
the wheel side, which could ba the result of the preparation technique
(effect of the wheel), or a different chemical form of boron, |

" Boron also foms compounds with N in the form Ni,B and NiB, and with
silicon in the form 51B; and Sijéﬁ. Boron hag a pecmiar behavior in its
binary compounds with metals. It is in somo way an electropositive element
and its metallic compounds are not usually lonized [35]. The peaks due to
these compounds of boron are not observed in the XP3 spectra.

SITICON : Two states of slloon are observed, 81 I (99.0eV) and 81 I1X
(102.2eV). (fig 3, a-d)

The i 1 peak has: a binding energy close to the value of its simgle
gubstance, and si:r:r. peaks have higher binding eneryy than the value of
their single substaiﬁearxi is cloze to the vaiue of their compounds, After
g;puttering thes8i I peakwiné:reases vhile the 81 II peak decreases on the top
side but shows an increase on the vheel side after 5 minutes sputtering.
But on further sputtering this pesk also dimappears on bhoth sides. The
Intensity of this peak again increases on heating. The same argunent ag in
boxen is also applicable to silicon., The si IT peak is due to the four
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valent. ouide ofy silicon and the swall diameter of silicon makes it an
interstitial elewent .a'r'si the silicon 81 1 peak is due to silicon atoms in
the Interstitial sites and have a atrong bonding with Fe 3d to stabilize
the aﬁmphr::us phase({30].

-

TROWN AND NICKEL : The Fez

| P and Nizp peaks in the a8 recieved samplé surfaces
appear as weak 111 defined peaks. Two additional peaks are observedl on the
higher binding energy side of F@Zp peaks in the ag recleved spectra of the
top side and the as vecieved and 5 mirutes sputtered spectra of the wheel
sida. ‘These peaks have birx:iinq energles of 711.5eV and 724eV. The peak

due to Fe -in the oxide Fe,0, is found to be at the eneryy of 724eV [29]

2p3/2
end the Fe, ; , peak in Fe,0, i found to be at the energy of 711.56V, [29].
Hence these two peaks ooxrespond to the Fezp paaks in Fe,0,. This confirms
the existence of a sepavate iron oxigde phase on the surface [36]. This
" oxide forms disagpear on sputtering and they do not shosr up when the sanple
is heated. The existance of this peak after 5 minutes sputtering on the
wheel side is in agrecment with the increase in oxygen concentration on the
wheal side aftér -5 minutes rap&ﬁ’ceri.m;. There Js no evidence to imdicate
tha existence of any oxide form of nickel.

The differenca in binding eneﬁgy between the two Fezp peaks for the two
datection angles 55° and 15° are 13.)eV and 13.66V respectively and for
Nizp peaks these dlfferences arve 17.leV and 17.éev. Thie ;lxiicates that: :
the spin orbital splitting ig lewsy on the purface (table 1, a-~d).

Study of the 2p x~;-r§y photoeiect:mn spectra of the 3d group transition
matal cmpcmxis hos shown satellites due to saimul‘éanews excitation of 3d
electrong. These satellltes (shake up) in transition wetal compounds are
due to larger overlap of 3d and conduction band wave functions. [37)

Thege satellite struchures are observed }xyi:h on the top. ard vheel side




spactra of W arel N . . The AR for tha B . bellite s 3
spactra of lezp Al Nizp peaks.  The A K for the Iezpl Z gatellite ig 13e Vv
and A B fork the Fezp's /2 satellite ig about S5aVv, Tho satellites of Nizpfai‘e

ohserved at AB=7,36V and AR=5,5eV.

The tm;msition matal. 3d bands often show (exhibit) two peaks due to
multiplet s@li,ttixag [28]. 'his splitting is not observed in our spectra
but we instead have the broadenjhg of the psaks (fig 3, a-d and £ig 5, a-d).
The Fe,  peaks show a shift toward higherr binding energy on the surface

(fig 3, a & ¢ ) which is a result of the oxidation of Fe,

CONTAMINANTS, 0,C &Ar. There ls a shift towards lower hinding enexqgy of

C, Poaks on gputtering and the 0y 4 Poak is shifted toward higher binding
enargy wﬁen the sample is heated. Heating does not produce ivon oxide but
the oxides of boron and silicon show an increase in peak intensity when the
sanple is heated. These elements have a strong affinity for oxygen and the
ghift in 0, Peak on heating can only be due to the strong chemical conpound
it creates with 51 and B,

Carbon also forms compounds with boren in the form B,C and B/ ,C,.  The
binding energy of Crg ig higher in the as recieved and heated sawples. The
shift could be due to the chemical compound carkon forms with boron or
oxygen. But the peaks due to these coipounds ave not resolved in the
spectra, and nothivg could be said about the chemical forms of carbon.

Spattering intvroduces Ar into the surf’ace vnich almost disappears on

heating . -

4-1.3. 'The Valence Bardd Spectra.

Band structure calculations in general nake important contrilbutions to
the understanding of electron spectroscopy data. However, no electronic

structure calculations of the structurally disorxdered alloys have been
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perforad so fak, Hence comparison of experimental data with theoretical.
reéultg in restricted to bard structure calculationz for ordered alloys.

Various studies on the electronic structure avound the Fermi level of
cryséalline and amorphous saples on different. 4's are performed by
photoel@;:‘_tmn spectroscopy [18}, For MG FeszBRSiG the ultraviolet
photoelectron  spectra  from amorphous and crystalline samples ove
distinctly different in the ensrgy range O-3eV below the Fermd le*:rel [38].

The main band just under the Ferml edge arises mainly fyom the 3d
electrons of the transition metals and the pea]c of the main band is located
about 1,36V under the Fermi level in the XPS spectra, in our case; ‘Ihis is
trus even after the sarple wag heated to 580°C. No signit‘icant differencaa
is observed between the amorphous and crysalline phase in the valence band
and the position of ‘w:herpeak with respect to the Fermi level. Conparison
of the valence band spactra from amorphous and crysﬁalliﬁé phases indicates
that the gross features of the electronic structure are the same. In the
valence band spectra of the as recieved samples of the wheel side the main
peak is axound 3.2eV for 557 and 2.56V for 15° and for 55° on the top side
it iz at about 1.7eV. 'Ihié shift in the main band iz due to the
contaninants present on the sample in its as recleved form.

Most of the peaks in . the valance band spectra are not properly
resolved. There are more peaks present in the gpectra of the as recleved
semple and heated sanple due o the contaminants.

In Fe,B, pom%i'bjmmg states ocowr at 4, 6.5 and 10.5eV  [31]. Ve
attribute the peaks at 6,56V and 10,56V to boron. By comparison with the
data of Fe,B, the 10.5eV peak 1s at the same enexyy as the B, peak of Fe,B.
This is due to the bonding s{:atce of metalloid s end p electron states with
transition metal Fe w,p,d electren states., Thiz is true because in

frangition metalloid alloys, the trangition metal and metalloids form




l38)..
covalent bords by hybridlzation betuwsen energetleally low lying wetalloids
and highar-lyinyg ﬁw olectrons states with transition wetal a,p, and d
elactron states respectively [18).

Boron 2¢ -~ 2p contribution o tha valence band within SaV of the Fermd
level is overvhelmed by the Ye,, bands. The boron 2p peak is not resolved
in the spactra’due to the los photolonization cross section of B, at xps

P

energles., The ¥Fe and Ni, peaks are of very low intensity and

A
structurless ard they are unresolved.

An additional peak around . 256V is observed in every valence band
spectra with the highest intensity in the as recieved and heated sanples
gpectra. 'This ié the Ops peak in the chemical conpound of oxygen, This is
the pesk due to the complicated chemical compounds oxygen forms with the
matrix elements. A peak arcund 22eV 1s also observed on the wheel side as
recleved smmple spectra. Since no such pesk exists on the top side, we
attribute this peak to ba due the preparvation tec:hniqﬁe that is , it could
be the influence of. the copper wheel on the sanple in the cooling process.

an lmportent cuestion ie regaxding the héhavior of the density of
states near the Fermi level velsted to the stability model of Nagel and
Taue [39]. As most ¥PS experiments have shovm [18], the position of the
Ferml level in the desp mindwm off the density of states is not a necessary
condition for the ocourence of the glassy phase. Our result affimms this
fact once wore. |

I LA

4-2. CUANITTATIVE TNTERPRETATION . ’

4-2,1 Outline of Concentration Calculations:

The concentration n for various elements in the sanmple suxface is

carried out using the formila
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L= 0 L:é ‘\!E

6N

N atﬁ 8 are found on each wpsctra. The area a under the peaks is
obtained using a planimster. The photoionizatlon crogs section are taken
from thea thsofetically caloulated valuss by Scofield {401, The values of n
used to calcﬁ?%%&te ratio of concentrations of the elements on the top ;sidé
and 'wheel gide for the two detection angles and each sample treabwent are
listed in table 3, a-d.

The concantrations of each elémsmt with respect to the concentration of
Fezp iz carried out using equation (28) for each sample treztment and for
two detection angles and is listed In table 4, asb. The percentage
concentration of éach elemeri_t wlth respect to the concentration of Fe is
calculated for each angle and treatmesnt and ig listed in tibla 5, asb.
Finally the ratio oF parcentage concentrations forr tha two angles is
calculated and is listed in table 6.

Each of these results are plated In Fig 2 s~ in appedix A,

4-2,2 Discussion of Concentration Tables.

The as recieved sawple is highly contaminated on both sides with carbon
and oxygen. ‘I‘hé amounts of carbon fm; both axjles on the top side are
conparable, and there Je roughly two times more oxyger on tha top side
surface (detection angle 55°) than detection at 15°, On the wheel. side the
surface carbon concentration ie nearly twice for 55° and oxygen
concentration for 55° is nearly five times that of the concentration at
152, The concentration of the other elements sesms to be high on the
sucface than the bulk., But the efiect of the adsorbed gpecies in the

process of transmission of photcelectrons through the sample is not
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considered in the calculstions, and this causes tha digcrepancy.

‘After 5 minutes the ¢ and O concentrations show a sharp drop on the top
@idé, and on the wisel Bide there lg a sharp decrease In the carbon
concencration but theve is still more oxygen on the vhesl side ﬁuriacza.

Tts congentration at 157 detection angle is doubled, 'he metastable
. conditions irmgjed by sputtering triguer re-oxidation and 'diffusion
process‘eé (363, ‘and the increases in oxygen concentration on eputtering
could he a result of this effect. But this effect ghould not be limited on
the wheel Bide only, similar affects should have baen observed on the top
eglde. 8o we arve inclined to éﬁnsider this Increaze in man concentration
to ba a yesult of the preparation, i.e. there mst be more oxygen infthe.
ulk in the vwhesl eﬁda. ’Iﬁé ‘concehtration of other - elements also
increases, ‘ |

After 15 nlnutes sputtering, the oxydgen concentration-on both sides.and
the carbon concentration on the top ‘wide. drops but, the concentration of
c:arbén increages on the vheel side. This increase in carbor concentyation
is due to the fact that the sample vas left for ona night in UHV chamber
vhich wag c:bntimrsusly vacuated by diffussion pmrtps, and the 15 mimttes
sputtering and recording of the spesc_:tra 'wem carrvied out the next day. |

Naverthlegs aﬁer 30 mimates sputtering the concentrations of oxygen
and cgrbcm | decrease significantly, but, even after such a prolonged
sputtering, we could not obtain a clean evxfacé. The concentration of
these tvwo element® is still significantl,’ and even hidher than the
concentration of Ni an;i 5i. This is probably due to the high concentration
of 0 and C in the welt. This would wean that the éangpleﬁa is not pure enough,
and the contaminanta, carion and oxygen ave not only on the surface hut ave
irplanted in the mateix. The ‘reouidation induced by sputtering could alrs:_o
coriribute to the contimuous presence of oxygen.‘
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It is observed that the concentratlon of Fe end B on the surfaces
inoreases drastically after each sputterirng vhile the concentrations of Si
B aﬁd i rmam lesr in \ccm;mﬂsan to the r;}z;nnf;:&ntréticms of Fe aixl B,

| n sputterjhg & nmlt:i.cﬁa@onen’ti material lg found in general that the

gurface cézrrgc_:c-s;itin ig cﬁ)amed dua to preferential sputtering., Eorichmwent
of the f_auxfacg 3 found in the low sputter vate constituent provided hoth
- cotiponents havé nearly the same tecoll energy densities for the puxre
elenents. fm this; case encichment ls wainly determined byl the mréace
birding energles of the alloy constituvents in the alloy {411,
o In the M& under study the bulk concentrations of Ni and Fe are very hi;gh
' v:hile theﬁé is a very Jewr concentration of B and Si Put it ig smeen from
the tables that the surfece 18 more enriched by boren and iron (ard of
cotae C and 0) and tha concentrations of N1 and 81 venajn very low. Ni has
the lowest surface c&:»—ncentraﬂam

This is due to preferential sputtering where, Ni is'sszmﬁtéreci off .msre
leaving the surface enriched by the other cm‘g;onenta-, oY smtm:r:ing has
eﬁhaméd tha diffuaion of bhoron to the surface or both,

on the £iral. treatment l(heatiﬁg) the sample crystallizes, and once more
the carbon and oxygen 'm@entxatieﬂ increases and the concentration of all
other elements decreages, Undey Stable conditions, chemical potential is
minﬁm and fa{alubility is high. Hence the Increase in 0 and C
concentration. | |

In tabié 6 the :atic; of ;ﬁercen’cage concentratlong for two angles is
given. This table shows the relative values -of concentrations of the
elamenta for the -i:wo deteci:fon- angles, .‘i:n‘ the as recieved aamplés on both -
sides the surface 18 covered with aaﬁw'n,r and there 18 less oXygen on the

surface., After 5 minutes sputtering the corbon concentration decreases on

the top surface and the oxygen concertration on the top side surface
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increasss, while on the whesl elde theve ds stl))l were carbon on the
Szur-'fa{%. : bﬁ‘iﬁ’:ﬁi’i s gllicon concentrations on the Lf;u;:f&m are higher on thae
:thel gide than the top slde, After 30 mimutes gputtering the surface
c@m&ﬂﬁﬁ%ti@ag of nickei, iron ardl boron sre larger on the whesl side
surface thaq'at,lsc datection, hut on the top side carbon and pﬁﬁé@ﬂ
eoncéntrati@ns are still higher on'the surface and the nickel concentration
is algo higharion_%he surface than at 15° detection. After 30 nﬁgutes
sputtering the N1 and Fe concentrations on the vheel pide surface is higher
than that detéﬁeci at 15@, while c:n' the top side the concentrations of ¢, O
and N1 aré Iﬂghérion the surfacs than those detected at 157, when the
éaﬁple ié heated’the'wheel.gida surface concentration of C and o'incréaﬂes
and is higher than.lsc concenﬁxatioh and mo are the concentrations of Ni
and B, while on the t@p ssidé the surface concentration of ¢ and 0 is higher
than the concentrations at 15%, fhe mncentxation' of "all the other
elements ls lower on the surfaca, |

In the calculations of concentrations tﬁera are certaln fundamental
p&oblems that makg 1imitaﬁimna onn XF3 {241, Attenuation of X~rays in the
solid is not considered. The Grcﬁé sections tabulated by Scofield are good
to about 10% accuﬁacy at the best, Austher difficult problen in txéating
data is connected with the handling of the background, vhere in principle
'&hs spactra arve made up of large eeries of peaks which are due to secondary
aelectrons in additi;;még the maln peaks. fthe final sgpectrum is thus a
coﬁﬁclution.of all thé geparate ﬁhgtoelectran/peaks'and their éecéndary
structures., Forther in iﬁ%eér@ting‘th@ peske aveas we used a planimeter
wﬁidh is good to about 10% accuracy.. Finally effecta of the absorbed
species in the process of electron transmiggion through the sanple are not

cormidered.
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CONCIIBIONS
"Ghe 81 T (896V) pesk and tha B (288eV) peaks ave dus to the alements
boron and silicon dn the intevetitial sites, which have a strong bording
with.Fan' eleac:treiﬁs, wnile the B I.'i: (192.4eV) end 8117 (102.2eV) pasks axe
- e to the baxtsh and sillcon é&mnda with oxygen. In partloular the B IT
pesk cxm*eépcxﬂa t:;: the By, peak in 52035

A mepavate oxide phese of i%pﬁ exists on the surface but there is no
evidence to show the existence of owide foxms of nidkel.

Sputtering cau&.%es ths eni‘-ic:hzréa’nt-g}f the sarple surface with lvon and
boron. However the sample is highly contamdnated by'C and 0 ard it s not
possible to chtaln a vlean surface even aiter 30 minutes sputtering. ‘There
wwas probably higher content of O afa:i ¢ in the malt.

crya‘talliza’i:i@n' of tha samplae by heating tncreases the concentration of
C ard O on the surface and only owldss of boron and sliicon ewlst on the
A
surfaca.

'
#

The valence bana:i apuﬂé‘gfé_ show that the gross festuxes of the
elestronic strusture are the same in the sputtered amrphws gamples arﬁ
the cxystalline samwples avound the Fermd level., 9be main paaks in the as .
recieved samples ave depresged snd ehifted due to the contaminanta.
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Thére is a diffeienca in the spectra of the wheel side and the top side.
'Mdiﬁianal peaks mnexisi:ent on- éhe top side are cbserved on the whesl
; --:_..éiﬂe's THe changes in the concentrations of the elements on the wheel mide
surface and the top side surface ave quit@ different, The mncentrat;ke:ﬁs
 of the cont,aritinanﬁs' is higher at 15° detection argle than at 55° detection
angle, i on tha wheel side vhile it is the opposite in the top side.
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APPENDIX 4

1. Valence Band Spectra
2. Bpectra of Individual Blewmeonts
5. The ¥ide Scan Spectra

4. Graphs of Concentrations.
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ic.

Fe Hd

CREATHENT 295 . AE “EFsar. 2ot AE “Bspy, 3z pez BEae.  oen AEL. 3
As Teca P06.7 4,0 220.0 4.0 95.0  852.4 8.2 8§PC.1  &.9 310,53
ArTopin, 706.8 3.8 719.7 3.4 1.6 852.3 6.3 BES.7 8.7 116.5
&rtl%min. P06 ..4% 5.1 19,5 . 12.0 9.0 8%52.5  §.7  369.9 6.0 110.5
At s0min, 906.7 4.6 719.9 13,0 91.3 552.4 9.3 889.6 5.8 1iC.5
550°C neat,  TO0B.E 4.9 719.8 12.0  91.1 B52.& 7.3 86%.6 5.8 1.8

S8 3 AX o] o]
TEEATMERT ~_2n AR iz AE 295 Zpi iz 1a
is rec. ©8.6 2.7 187.7 5. - - 284.6  530.5
$r”Spin, 95,0 5.0  1B7.4  &.6 ZH1.5 2434 2B4.1 533.3
ixvismin, 99.3 2.2 187.% .6 Z40.9 262.9 2842 531.6
Ar*20min, 59.0 187.6 S42,1 262.5  285.4 5314
5580°C nest.  99.0 3,4 387.4 5.0 26%.1 P43.1 284,0 $32.2

A

s L(




e i

TREATMENT fp3 __AE_ “Feer. 2m E %Fas, 3z 2p3 BEgpe,  2p1 SBegp, o xg
55 rec. : 3.6 8.5 4.2 3.1 93,0 852.2 5,2 110.3
Ax¥Smis, 707.0 3.1 7.0 720.0 3.4 9.7 92,1 B52.4 6.3 869.7 5.2 130.3
Artisnin, 705,90 2,2 718,35 92.G  B52.4 7.0 869.7 5.5 111.6
Ar*30mip.  706.5 5.5 719.5 1.4 91,0 852.% 6.5 86%.7 5.3 110.8
580°¢ peat. 706.4 5.2 719.6 1.0 852.2 7.1 869.5 6.0 110.5

23 B A o o
TREATHENT, 2o A8 1B AF 2p3 20l is la
AS rece 101.5 187.4 3.7 4.8 - - 28%.6  531.1
23551z, 99.6 2.4 187.0 4.3 5,3 243.3 242.7 2844 531.3
Ar¥iSmin,  99.C 187.4 240,59 242.8  283.5 531,2
Axt30min, 08,9 5.3 187.6 260.9  243.2  283.5 531.2
5809 heat. 98.8 3.6 187.4 5.0  ~ - 283.9 5,%2.2

AL




TAZLE Ze. -

 VALERGE BAND BINDING ENERGISS IN oV MEASURED WITH RESPECT TO Ep
YHEEL-SIDE 557

TREATMERT - Ex - 3___ 2 5 5
A rec. 0.6 3.2 22.5  25.6
astSmin, | . -0 1.2 6.2 26.5
sfr"lgm. o 1.0 26.1
Ar" 30min, 0.5 1.5 ' 24.3 hN
580°C neat.  ~0.2 1.3 17.8 _ 20.4  25.3 %

- WEEEL-SIDE 15°

PREATMENT % 2 2 3 s 5 &

A8 Tec. -0.5 2.5 7.5 25 26.1
uﬁ@n. ~0.4 1.2 8.9 26.1
ac*15min, 0.3 1.6 25.7
Ax’30min. ~0.1 1.1 24.8

580°¢ heat. -0 1.k 8.0 20.9  25.4




TABLE 2b.
FALENCE BAN¥D BINDING ENERGIES IN eV MEASURED WITH RESPECT? 70 Ej
TOP~SIDE 55°

'z'ammmi Z 3 2 3 & 5 &
As peca - O 1.7 5.6  10.9 __18.5 23.5
ar*smin, 0.5 1.4 6.5 13.1 '~ 25.0
2" 5utn, 0.1 1.4 ~ 24.6
Art30min, o 1.5 . - 26,0
580°¢C heat,  ~0.5 1.5 6.7 17.8 25.7

TOP-SIDE 15°

TREATHENT Sp 1 2 5 3 5 &

As mec. 0.8 1.4 10,4 24.8
Ar* Emin, 0.6 1.3 . 13.4 2.6
Ax¥3150dm, 0.8 1,8 24.9
Azt 30min, 0.2 1.2 - 24,2

580°¢ heat. 0.4 1.4 4.8 17,9 20.& 25,6

=R =



TABLE 3e;
‘.o = CONCENTRATION OF THE TOP-SIDE AT 15°

AS pec. 15min spubts 30min sputt.

Suin.sputt.
w?, 5% & 8 ® & Ar 2 K S & n X S A =

580°C heating

¥ s A 3

ZLEMENT giiin Gﬁ

Fe2p_ 27.7 16.4 3212 0.1 20.5 8 0,28 260.8 8 & ©,39 334,0 & & 0,28 414,08 2 0.27 116.6
§i2p  24.8 ,22.2 16 2 0.03 3.7 0.i8 108.9 8 4 0,19 112.0 4% 2 0.26 180.08 2 0.34 43.3
Fe3s  37.2 0.75 32 0.5 0.11 83.9 32 1 0.18 287.7 16 0.5 0.22 356.5 & 0.5 0.15 470.0 16 0.5 0.15 233.4
Ni3s  37.2 0.8G 52 0.5 0.02 43.% 32 1 C.28 372.5 16 0.5.0.28 379.2 8_ 0.5 0.17 &45.9 16 C.5 0,19 253.5
S12p  37.2 0.82 32 0.5 0.20 147.2 32 1 G.C5_83.1 16 0.5 0.07 102.0 8 0.5 0.05 145.8 16 0.5 0.08 120.3
Bls 36.01L 0.49 32 0.5 0.16 183.8 84 1 0.16 183.9 50 1 0.26 %00.6 16 0.5 0.18 +26.0 16 0.5 0.32 758.0
Cis 34,7 1.00 & 1 0.26 2321, 8 1 0.33 1445. 8 0.5 0.39 850.4 & 0.5 0.28 €22.0. 8 1 ©.24 10670
la__ 30.8 2,95 & 2 0.21 1133. 8 1 0.53 543.6 & 0.5 0.3% 222.5 & 0.5 0.18 247.3 4 1 0.38 306.0
r2p  35.2 3.0 - w = = 36 0.5 0,10 36.7 16 0.5 0,07 25.0 15 0.5 0.06  22.2 3Z 0.5 0,04 7.7

1@ = { sV }ﬁ
2 @ in units of 20,000 barns

53 is the swetp oumbed
#S te the digitel seale in kilodytes. lk.b = 1026

: 5Ar ieg the area x 102 cma

-e.sg z T




TABLE 3b.
- CONCENTRATION OF THE TOF BIIE AT 55°

_ 48 rec. Solz, soubt. 15min. sputt. 30min. sputt.  580%C hestinog
mmfnnwﬁfaﬁas’*m?n 5 S 4r. n  § S _av. n N S 4r. p W S se. o n
Pe2p _ 27.7 16.4 36 4 8.35 152.8 & & 0.31 533.6 4 & 0.34580.22 2 0.40686.08 8 C.27 473.C
¥igp  24i8 22.2 8 2 O.ih 404 4 2 0,25 W44 8 & 0,25 1%0,1 2 1 C.2E 161,64 2 .20 116.9
Fede  37.2 0.5 32 1 0.22 3%1.7 161 0.22 697.016 1 ©0.23 748.0 8 1 0.15 927.0 & .5 0.20 £39.0
¥i%s __ 37.2  0.82 32 1 0,25 369.6 16 1 0.3% 921.3 16 1 0,34 2050 & 1 0.2C 1068. & .5 0.29 785.C
§i2p _ 37.2: 0.69 32 i 0.26 38%.4 161 0.06 218.6 16 1 ©.07 899.98 1 0.03 £68.2 & .5 0.07 204.C
Bls 36,01 ©.40 32 1 0,22 523,92 33 1 0.18 £14.9 32 2 0.15 725.5 8_ 0.5 C.22 1043. & 5 0,24 11Ié.
Cig 34,7 1.00 &7 1 0.24 2161, 8 1 0.3% 14%%. 8 .5 0.44 980.5 8 0.5 0.27 593.6 & .S 0.1% 831.0
Ciz 30.7 2,952 2 0.242329. 8 1 0.28 379.08 .5 0.28 190.8 8 0.5 0.%5 £39.9 4 1 0.34 600.5

AP2p 35,2 T 3.0% - - - - 8 0.5 0.16 119.9 16 .5 0.10 66.48 11 0.5 0.2% 131.4 32 1 0,14 49,9
E . ()
2 F jp wmits of 20,000 barns
5% is the mumber of gweeps

%5 18 the digital =zeals In kilobytes, lk.b.- 1024
S mrea., ¥ 102 cn® |

=R




TABLE 3c.

CONCENTRATIONS OF THE THEEL~BIDE AT 550

=

_Ap _rec, Smin, gputt. 15pin,sputt. Z0min. 5putt. 580°C heatins
g&mwfﬁ,:in:@'ﬁﬁ5s““m5'nm 8 4r = N S Ar m N S 4r n K S Ar =2
Te2p _ 27.7 16,4 B 4 D.96.222.7 8 & 0,60 5B8.2 & & 0.37 632,04 & 0.39683.0 & & 0.30 519.8
NI2p 21;-,3 22,216 & 0,15 42.94 2 02513818 & 0.25184.46& 2 0.26151.34 2 0.2 136,
Re3s  37.2 0.7516 1 0,11 351.7 36 1 0.19 804,38 3 0.15 799.0 % 0.5 0,17 269.6 §_0.5 0,26 815.3
Bi3s 37,2 0.82 16 1 C.10 260.4 16 1 0.25699.6 5 1 0.18 950.6 & 0.5 0.Z2 1158. & 0.5 .33 881,0
$42p  37.2 0.89 36 1 G.12 349.9 36 1 0.13 379.0 8 1 0.05 274.0 5 0.5 0.05 285.7 8 0.5 0.08 218.0
Ble 36,0 G.49 64 2 0.14 320.& 26 0.5 0,20 479.0 16 1 0.16 5845.3 8 0.5 0,13 602.2 8 0.5 C.20 945.0
Cls 34,7 1.00 8 2 0.33 2952. & 0.5 0,25 526,0 & 1 0.22 1920. 4 0.5 0,10 S44.8 8 1 0,19 8s
Ois 30.7. 2.932 2 0.8 28YI. & 2 0.36 2037. & 1 0.3L 422 & 1 0.2k $56.1 4 1 0.30 803.0
ix2p  35.2 3.0b - - - . 8 0,50.15 136,926 1 0.07 49.6 8 0.5 0.77 57.0.16 0.5 .11 35.

el R

2 § sn ‘unite of 20,000 baxas

31}7 L2 the number of gweeps

“s 15 the aigitel scele in kilobytes, lk.ba1024
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TABLE 344
.. GONCENTRATION CF TEE WMEEL-SIDE aT 15°

L

2% rec. Smin.. sputt. 15min, sputt 3014 Do EPUTE n 580°C nesting

b

S1EvERT Misn. B 82 S° 42 n K S sr n S AT 3@ ¥ 8 AP n S 4r =
2 0.2% 128.2

2 Q.19 5%.0

-1

-

Fedp 2767 I8 G4 & 0,70 31,4 8 2 0.5 218.8 8 4 G.B) 438,686 8 4 0,40 5&40.0

@® m

Kilp 24,8 22.1 &% 4 0,05 4.6 g 2 0,15 42,98 & 0.25 14278 2 0.26 73.3
Feds  37.2 0.75 64 1 0.07 5.8 16 0.5 0.1% 239.8 16 0.5 0.29 455.6 16 0.5 O.14 183.8 32 0.5 0.27 215.3

g 39.2  0.89 6& G.0% 26,7 16 0.5 0.15 196.3 16 0.5 0.35 508.7 16 0.5 0.18 239.0 52 C.S 0.29 19C,
S$Zp  37.2 0.82 &6 L 0.00 69.2% 26 0.5 U.2% 300.3 16 0.5 0.07 106.4 16 0.3 0.05 65.6 32 C.5 0.08 1.9

=

n
~QIT

s 56,00 0.59 6% 0.5 0.08 49.9 16 0.5 0,32 277.% 32 2 10.T3 588,0 16 Q.5 0.05 125.6 16 0.5 0.13 343.7
cls 54,97 3.0 8 1 0,26 1175, 16_1 0,25 500.2 8 1 0.2ZL 953.0 16 0.5 0.Z1 227.8 16 0.5 C.31 385.0
Cie 30,7 2,958 1  0.38528.813 & 0.4 1%69. 8 0.5 0,35 235.2 16 0.5 0,20 67.2 160,85 0.26 42,0
§X2p 35.17 3.0% = T o o - 16 0.5 0.17 62.93 25 0,5 0,17 45.8 32 0.5 0,07 32.2 » - -

TR enE

2 § sz units of 20,000barma

aﬁ lo the number of sweeps

*s ie the aigitel scele in kilobytes 1K.b = 102%

SAI' s pIea Ilﬂa cmE




TABLE #&.
COWCENTRATICN RITH RESFECT TC Fe CONCENTRATION OF THE TCP-SIDE.

= -
BIEEENT = As pec. Smim. 2Smim. 3Cmim, 580°C A5 vec.  Smizm. 15mime 30mim. 580°¢
¢ Sputt. Sputt. Sputh, Dheabing Sputt. Soubtt. Sputt. bhestin
Fo 1 i 3 3 1 % 1 i 1 1
i 2.18  0.535  0.35 - 035 0,35 0.26 . 0.27 0,22 0.23  Q.2%
o 2,16 C.34  0.30_ 0,35 1.03 2,50 0.41  0.35  0.33 0.43
7 8.56 0.9 32,38  3.03  5.50 3,42 0.77 ___1.25  1.52 2,35
c 133,20 6.00  2.57 __ 1.50 .16 1&.3%  2.79  1.68 0.8 1.75
5 54,26 1,85 0.67  0.59  7.90 186,50 0,73 0.32___ 0,35 2,90
ar . - 0,35 0,07  £.05 0,08 - 0.22 __ C.1%_ 0.1¢ 0.1

T

'
.

=6




_ TABLE 4b.
CONCEWTRATION WITE MESPECT TO Pe COBCENTRATICY OF THE 7ABIL-SIDE.

; 55° 257
4% Tec. Smin. 15mim. 30mim. 580°C 48 mec.  Smis. 1Smia. 30min  530%C
Sputt.  Sputt. Sputt. hesbing ' Spubt. Spubtd. Bputt. Jheatinz
2 1 1 1 1 T 1 i 3 L
0.34%  ©,18  0.%2 0.2k 0.4 0.19 0.85 0,22  0.22 0,26
2,20 1.38  0.2h 0.1 0.4B 1.57 0.62  0.43  0.81 0.4l
1,58 1.82. 1,36 0.36 288  1.%4  ©0.87  0.86  0.88  1.52
37.35  2.28 2,12 0,67 2.6  13.20 0.96 _ 3.05  1.2%  1.82

16.52 . 2% .50 C.19 2.65 12.89 2,71 C.66 .81 R
C.z8 .09 0.03 - - O, 28 .07 0.08 0.07




TARLE Sme
CONCENTRATION IN % OF TEE TOP-SIDE

. 556 150

* 4% Tes. tmine. iSmizm. 30mim. 580%¢ As rec, Smin. 15npin. 30min., 580°0

-~

° Sputt. Sputt. Sputt., heating Sputt. 3pubt. Spudt. beating
.54 9.80 156,30 20,53 3,87 2,60 18.20  20.20  22.00  12.80
0.09  2.08 5.8 7.18 1,35 0,88 &.37 4,46 5.0 3.08 kS
3_85 5,23 4.8G 7,18 5,99 6.80  £,80 7.0% 8.5, 5.5 ﬁ:’
3455 7o 22 19;40 21.1% - 28.2 9,00 12,40 25,25 33,80 25,20 &
B8L.2% 57,00 41,90 50.8 35,40 3940  &5.20 34,00  1B.8¢  22.20
20,30 17.49 10.90  32.1C 29,80 43,60  311.5C 6. 40 7.7 2 45
- 1,42 1.14 1.02 0.23 - 3,56 2,23 4,30 1,30
184,81 20,52 G.13 4.87 25.79 37.82 6.17 5,93 L, 55 7T

v SUK CF CONCENTRLTIONS FITH RESFECT 20 Fe CONCENTRATICH,




P4BIE Sbe
COBCEWTRATION IN % OF TEE WEEEI~SIDE.

55° 15°
ELEMFENT ﬁts rat. Smin. . 15mir. 30mime 580°C  As rec. Smin. 15mime 3Omim. 580°C
N Shulbt.  Spubt. Sputt. bestioe Sputt. Svutt. Sputt, heatinz.

e ! 1.7G Tads . 17.50 37.7¢ 10.10 3.30 12,90 35,80 21.50 14.80
i 0.25 .83 5,90 %.92 5,33 0.33 5.2¢ 3,50 - 5.75 3,80
gL 2,784 10.40 4. 27 7218 . B4 5,18 g.50 .80 B8.85 D400
B 2.8 15,78 23,38 13,80 27,00 75 11.20 13%,7C 12,00 27.00
c £3.57 17,20 57,00 35;30 29,00 43.50 12,40 48.%0 25.50 ZL.10
(] 28.60  &7.30 8.60 .16 26..8C 42,85 48.00 10.50 17,40 22,90
Am . - 2.52 1.60 1.1% - - 5,20 PpLe] 1.70 p e

2z z S58.76  13.20 S.81 2.65  9.92 31.89 .72 G297 4.53 6,72

3 S OF CONCENTRATIONS WITH RESPECT T0 Fo CUNCEDHTEATION.

G

i




DABIE 6
CONCENTRATION I % am 55°
COWCENTRATION IN % 47 15°

x TCF-SIDE WHESL~SIDE

ELEMENT  As zee. AT 4z ar® 520% 4s mec. axt st ™ sa0%
Srin. 1Smin.  %omin,  heab. Sl e 15gin, R0nim. beat.
o 0,13 0,95 1.80 1.8 O.43 0,38 O.a4  1.62  :.65 1,08 _
Pe 0,20 c.58  ©0.80 0.93 0,30 0,53 0,58 1.21 1.58 0.68 \:"
si Q.58 0u48 0,58 0,88 0,72 Q.7% 1,22  0.62 0,80 0.7% _ Y
0.55 _ 0.38 ©,76 _ D.63 _ 0.83 0,58 _ 3.82 1.7 _ C.7%  1.00

1.6% 1,26 1,23, 1.82 1.59 1.50 1.2 Q. 7G 0,85 2.12
0.57 1,52 %2aZO 1,56 ie22 0.8 0. 98 C.E4 Coll iedt7
4z - Q.40 C. 5L .24 C.17 - 0,568 1.%5 0.6 -

o {0 ke




