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where Iz:x = 4rtersity of » clear copper Auger peak; do z mear. {ree path of
copper Auger electrors at 320 eV ir the iror filo ard £ = pathlergth traversed

by the detected electrors. 2 is related to the thickress of the {ror over-
layer, dp . DY Lcose = d;,, vhere @ i3 the CHA acceptarce argle (42.3%)

relative to the surface roro3l, Ir Figure 2, we have also pletted the theo-

retical curve for the decrease ir the irtersity of the substrate Auger peak
with depositior time. Here we took dp, = kt. where t = depesitiorn time ard
k = proportiorality corstart. k was deteroired by plottirg 1“‘%%%3‘ VEersus
u

depositior time, The agreemert betweer the theoretical ard experimertal
curves suggests that i{ror grows approximately Iayer—byllayer or. Cu(100) ir
spite of the abserce of well defired lirear segmerts observed ir some cases of
layer=-by~layer growth [2,3].

The iror coverage ir this study was estinated by the atteruatiorn of the
920 eV copper Auger peak with iror depositior acecordirg to Equation (1),

The Auger spectra betweer. 30 ard 130 eV for various iror coverages are
showr: ir Figure 3. The copper H2.3VV ard the M VYV Auger trarsitiors are

1
observed to decrease ir irtersity with iron depositior.

3.2. LEED Patterrs

With a few layers of iror deposited or Cu(100), a elear (1X1) LEED
patterr: was observed (Figure Ra). For higher iror coverages, fairt half
order (2172, 21/2) spots sppeared (Figure §b), probably due to a slight
amourit of oxyger cortamiratior,

The (1X1) LEED patterr observed for low coverage of iror deposited or
cu(100) iz irdicative of epitaxial growth of iror or Cu(100) to form f.c.c.

Y

jror ir agreemert with previous works [4,5].
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Usirg the graphite irstead of the alumiras deat for iror depositior, 8
p{2X2) LEED patterr was odserved wher more thar two layers of iror were
geposited (Figure 8c¢)., The p(2X2) structure could be due to carbor cortasira-
tior. sirce Auger spectroscopy showed that there was wmore carbor ir the depo-
sited iror together with a smzll]l amourt of oxyger., Heatirg the surface with
deposited iror to 500°C resulted ir the disappeararce of both carbor ard
oxyger. Auger sigrals ard loss of the p(2X2) patterri. The iror Auger irter-
sities were observed to decrease duve to diffusior of iror irto the bulk or
evaporatior froo the surface. After this surface was heated with 2x1o‘3 torr
of czﬂn for S mir, carbor depositior was cobserved with Auger spectroscopy ard
the p(2X2) LEED patterr reappeared. This shows that the p{2X2) structure is
due to carbor cortamliratior. .

Compared with a previous LEED measuremert of iror or Ni(100) [6] we rote
that a relatively thicker layer of f.c.e. iron car be formed or Cu(100), This
i{s due to the fact that y-iror has a lattice corstart (3.588 % at room tem-
perature [7]) closer to that of bulk copper (3.61 %) thar that of bulk rickel
(3.52 £3.

Figure 44 shows the LEED patterrn for a thick layer of iror or Cu(100)
{the copper Auger peaks were rot observed with Auger spectroscopy). The half=
order spots are due to cortamiratiorn, At such high iror coverages, b.c.c.
iror. formatior has beer observed [&4) although ir the LEED patterns we carrnot
distirguish b,e.ec, (100) iror from f.c.c. iron (both have four-fold symmetry).
3.3. EELS Measuremerts

Auger spectroscopy showed a small amourt of carbor ard oxyger cortami-
rarts ir the deposited iror., However, the EEL spectra obtaired for the
Cu(100) surface with ar iror overlayer after heating to 500°¢ (to elimirate

carbor. ard oxyger) did rot show gry observable differerces from those taker ir



ir the preserce of a s=3ll a=curt of carbor ard oxyger, Thus, we do rot

attribute the electror erergy 1033 features to cardor or oxyger corlamirarts.

3.3.1. Clean Cu{100) - The electror erergy loss spectra of clean Cu(100)
obtained with Ep s 50, 150 and 300 eV are showr in Figure 5. The energy
Josses labeled a to Kk are 1isted in Table 1. They are compared with those
obtained for cuf{100), (111}, (311), polycrystalline copper and evaperated
copper films obtained by other investigators {8=~17]). The assigrments of the
loss peaks by various authors are indicated.

Peak a has been observed in all previous studies. It has beer invariabdly
described 5s an irterbanrd transition from the copper d-band to enpty states
atvve the Ferai level [8,9,11=13,15). Peak b has deen ascribed as a volume
plasmon [9-11), a surface plasmon [8,12,13,15] or an irterband trarsition
[12). Peak ¢ has been attributed to an irterband trarsitiur {p agreement with
theoretical calculations [18,19]. Peak ¢ was observed by Jenkins et ai. [14]
for a Cu{111)} erystal ard by Mortano et al. [17] for a thick copper film on
Ni(100). No assigrmert for this peak has beer made, Peak e has been shown to
be a volume plasmor after Powell's investigation [20] of the Al-Cu alloy filas
. for various corcentrations of alumirum ard copper. The loss energy was
coserved to shift cortiruously froom 20 eV in pure copper to 15 eV ir pure
alumirum. The contirvocus shift in loss energy was explaired by the charge 1n
electron density which participates in the plasma oscillations as the alumirus
concentration was increased, At Ep = 50eV, Fig. 4 shows that peak e is
relatively weak and it appears that it has shifted to 23.9eV, This can be due
to the disappearance of the volume plasoon peak at 20¢V but the contributior
from an interband transition remains at 23.9eV. The assigrment of peax e
partially or entirely to an interband transition hast beer made previously

[8,10,12,13,16). Peak f has been identified as ar ihterband trarsitiorn [9-



13,%] or multiple leoases [12,13). The observatior that this peax is quite

strorg evern at EP = S0eV supports the sssigrmert that peak [ 1is ir irterbard
trarsitior. Peaks g, h ard { are rot visidble ir our spectra. The weak peaks
J ard k obtaired with EP = 300 eV are due to Cu M iorizatior, Peaks & ard

2,3

B are the "2 va copper Auger trarsitiors.
v

3.3.2. Low Ironi Coverage (@ < & ML} - The charges ir the EEL spectra ob-
taired with Ej = 150 eV for less thar & ML Fe are showr ir Figure 6. At these
coverages, the electror erergy loss peaks of the Cull00) substrate are distir-
guishable although there may be dimirutior ir irtersities and/or charnges irn
peak widths, With {ror depositior, there i3 a large decrease ir the irtersity
of peak a. Peaks b ard ¢ are also observed to decreas; ir amplitude but to a
smaller extert. Peak d appears as a shoulder ir clear Cu{100) ard remairs
with a small amourt of iror deposited irdicatirg that it 1s rot a surface
plasmor.., Sirce a peak of about the same erergy iIs observed at high iror
coverages, this peak car also be attributed to the iror overlayer. Peaks e
ard [ decrease ir irternsity ard broader, At 3.3 ML Fe, peak c appears to
ircrease ir intersity ard shifts to lower erergy. This is due to the exer-
gerce of a loss peak of the iror film with Jloss erergy of about § eV, At
this coversge, peak f is relatively weak ard has lower loss erergy.

The electror erergy loss features observed with EP = 150 eV are dye to
the Cu(100) substrate as well as the iror overlayer sirce at these coverages
the copper Hz' VYV Auger peaks are presert ir the EEL spectra, The decrease Ir
irtersity of peak a with iror coverage is ir qualitative agreeaert with the
icterpretatiorn that this peak is due to a trarsitiorn from the Cu 3d band to
eopty states above the Fermi level., The decrease ir irtensity 1s due partly

to the perturbatior of the Cu 3d bard ard partly to the charge ir the dersity
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of enpty states irvolved ir the trarsitiors ir the preserce of adscrbel iror
atoms,

At 1.2 ML Fe, peak b remairs relatively strorng with ro =hift ir lesa
erergy. This observatior does rot support the irterpretatior that this peak
is a surface plasaor [8,12,13,15].

Figure 6 sﬁous the charges ir the Fe 3p iornizatior losa with iror cov-
erage. This loss appears as a doudlet due to the Fe 3p3/2 ard Fe 31:»”z levels
produced by spin-orbit splittirg. There i3 a downward shift irn erergles

(about 0.5 eV) for a few iror layers. 7This is attributed to the charge ir the

dersity of states of the d-bard ir the presence of fror.

3.3.3. High Iror Coverage (@ > & ML) « At greater thar 4 ML Fe, rew
features appear ir the EEL spectra as showr ir Flgure 7. 'Peaks at 3.0 {peak
1), 4.3 (peak 2), ard B.¥ (peak 3) eV are irterpreted as irterbard trarsitiors
of the f.c.c, iror film produced by the epitaxial growth eof iron or Cu{100).
The peaks at 16.5 ard 23.5 eV correspord to erergy losses that appear ir g-
iron, The peaks at 18,8 ard 26,) eV appear to correspord to peaks e and f of
Cu{100). Sirce they remairn at relatively high iror coverages (greater thar
7ML}, they must come from the iror overlayer. The erergy losses at 16.5 and
23.5 eV have beer showr to be due to volume plasmors of a-iror [6]., Ore may ¢
cor jecture that the erergy losses at 18,8 ard 26,1 eV are due to the volupe
plasmors of the f.c¢.¢. iror layer, sirce f.c.c. iror has a higher dersity
(B.03 gn/c.c. at room temperature} thar G-iron (7.87 gm/c.c.) ard it is krown
that volume plasmor erergy ircreases with the dernsity of the electreons irn=-
volved ir the oscillatiorns, If this is true, we would expect that there would
be a cortiruous shift ir volume plasmor ererglies from those of f.c.e. iror to
those of b.c.c. iror as the average electror dernsity irvolved ir the plasomor

oscillatiors charges with the appeararce of b.e.c. irorn. The absence of ary
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eviderce of erergy shifts does reot support the interpretatior that the peaxs
st 18.8 ard é5.1 eV are velume plasmors of the f.c.c. iron film, Horeover, if
ore associates the peaks at 16.5 ard 23.5 eV with b.c,c. iror, our EEL spectra
would suggest that b.e.c, iror should appear at about & ML (7 f) Fe, but ro
b.c.¢. iror has beern observed usirg electror dgiffractior for 20 2 of iror ot
Cul100) [4), Herce, we associate the erergy losses at 16.5, 8.8, 23.5, ard
26.1 eV with the f.c,c. iror film,

With cortirued depositior of irorn, the peak at S5 eV decreases ir irter=-
=ity ard the peaks at 19 ard 26 eV are gradually replaced by peaks at 16,3 ard
23.3 &Y of the thiek iror filw. The EEL spectrum of the thick iror film
resenbles that of a-iror reported previously [5], We rote the appearance of
the irterse peak'at S eV ard the weaker peak at 8.4 eV attributed to irterbard
trarsitiors from the Fe 3d §ard of a-iror to empty states above the Fermi

level.

The erergy losses for various iror coverages are sumsarized ir Table 2.

4, CONCLUSIONS

We have studied the growth of 1rbn or: Cu{100) usirg Auger spectroscopy,
LEED ard Electror Erergy Loss Spectroscopy. The LEED patterr showed that irern
grows epitaxially ir ar approximately layer-by=layer fashior or Cu(100) ﬁo
form f.c.c. iror. The existerce of the LEED patterr to a thick layer of iror
or. Cu(100) suggests that iror grows ir ar orderly by fashion for all iror
coverages although the ue carrot distirguish betweer f.c.c, iron and b.c.c.
iror ir the LEED patterrs, EELS measuremerts showed charges ir the electroric
structure from that of bulk copper to that of bulk iror, Erergy losses at
3.0, 4.3, ard 8.1 eV are attributed to irterband trarsitior sof the f.c.c.

iror film. We also associate the erergy losses at 56.5. 18.8, 23.5, ard 26.1
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eV with the f.c.¢. iror cverlayer, For a thick irer £1im or. Cul100), the

spectrum ~esembles that of Q-iror.
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of Erergy.



REFERENCES
1. HK.P. Seah, Surf. Sci, 32(1972)703,
2, C. Binns and C, Norris, Surf, Sci. 115(1982)395.
3. B.C. DeCooman, V.D. VYanker ang R.W. Vook, Surf. Sei, 12B(1983)128,
N. W.A, Jesser and J.W. Metthews, Pnil, Mag. 15(1967)1097,

5. W, Wiartolls, W. Becker, W. Keune and H.D, Pfannes, J. Phys.
A5(C5) (18841461,

6. Y.C. Lee, M. Abu-Joudeh and P.A. Montano, Surf, Sei, 183(19B4)U6S.

7. M. Xeune, R. Baldbaver, U, Gonser, J, Lsuer and D.L. Williamson, J, Appl.
Phys. 88 (7) (1977) 2976,

8. J.L. Robins and J.B. Swan, Proc. Phys. Soc. T76(1960)857.

9. D.L. Misell and A.J. Atkins, Phil, Mag. 27(1973)95, -

10. E.J. Scheibner and L.K. Tharp, Surf. Sci, B(1967)247.

11. 1I. Marklund, S. Andersson and J. Martinson, Arkiv Fysik 37(19681127.
12. L.K. Jordan and E.T. Scheibner, Surf, Sci. 10(1968)373.

13. A.R.L. Hoss and B.H. Blott, Surf, Sci, 17 (19693240,

18, L.H, Jenkins and M.F. Chung, Surf, Seci. 63(1977)182.

15. H. Papp, Surf. Sci. 63(1977)182.

16. C. Benndorf, B. Egert, G. Xeller and F, Thieme, Surf. Sci, TU(1978)216,
17. P.A. ¥ontano, PP, Vaishnava sand E. Boling, Surf. Sei. 130(1983)0191,
18. B. Segall, Phys. Rev, 1_2_2(1962)109.

19. A. la, Viatskin, J. Techn. Phys. (USSR) 3{1958)2038,2252.

20, C.J. Powell, Australian J, Phys, 130(1960)145,



Lol

98]
1s1}
191}

jctl
(zv)
()
{ol1)

I6)

qiun SIYL A

———————

suuddd) i

- - - - L ol | 9l vl L gr | (sl wild
St 8s 9% 11 ( 611 91 o1 L p | (3) 00 [paawioduad
ISR - 188 - - Eﬂ..:_ PILE A3 B 1'6 e | 6'c] (¥ 00y (001)
. - - -1 @ (n5* § Lt U B S0t @t Tk (9 0SY (11€)
- - - gs| @'9u| 0% 992 | o'6rfocct| 9°11 9L ] 0y KN §°061 (i
_ . _“_::
SR I PNTY T8 LA TSR (T2 S I T i B A U,
d . ) ) . . .A::
] 1T - = [(9)0 6 f(ye S E st lans s ( 2)05€-0¢ (001)
I e - o T N B (UL Ll fRon-o ()
- - - -_ - (0¥ s - -l e O (2) 061 (oov)
i | wyvd
- - - - . . - L] L] L] ]

- Aﬂvﬂ Ll ﬁﬂuﬂ 61 nﬂuo 14 ) nnuﬂ g ﬁnue 9 nuvgo 09 quﬂ.—ehabm
_ _ “E
ﬁﬂVC-hh “ - I— - Aa-.ﬂwn i Aﬂ.ﬂvﬁ 61 - - nﬂvﬂ 4 Aﬁvﬁ ] ﬁhw 0021 —uUuU._—O | L]

6L _ - -l - giz| « Vel - - ¢ee| 15| la) oot “

- N - - - 0L vttt ol cel cw| (a) 08V "
- - - - - - A1/ I AE M (L vy el @) o8 (oot)
. - o

3 ( ¥ Ul 3 ) LI § > q e {(aA9) 3

r————— ——

{(a9) 29ddo) UWITD

Jo 9aEe07 Adaeug ueaddI 1 a1avd



o =126-

TABLE 2, Electron Energy Losses of Cu{100) for Various Iron Coverages (eV).
(Ep £ 150 eV)

(a) Low &ron coverages

Fe (ML) a b - d e f
0 4.3 7.3 10.1% 16.7 19.7 27.0
1.2 3.8 7.5 10.0 16.7 19.3 7.2
2.2 3.9 7.5 g.4 15.8 19.4 27.1
3.3 3.9 7.5 9.3 15.5 19,5 26.7

(b) High iron coverage

Fe (ML) 1 2 3 4 5 6 7
7 3.0 4.3 8.1 16.5 18.8 23.5 26.1
11 - 8.5 7.9 16,4 19,0 23.7 26.3
25 - 5.1 7-9 17.8 - 25.5 25-5 -
thick 5.0 8.8 16,3 - 23.3 -

iron overlayer
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FIGURE CAFTIONS
Auger spectra for Cu(100) for various fror coverages: (a) O ML;

(b) 0.3 ML; ard (c) 1.6 ML,

Variatior of the irtersities of the 920 eV copper Auger
peak ard the 651 eV iror Auger peak versus depositior time, The
theoretical curve for dimirutior of the irtersilty of the copper

Auger sigral for a layer-by-layer growth is also showr,

Low erergy Auger spectra (0 to 130 eV) of Cu(100) for variocus firor
coverages: {a) 0 ML; (b) 1 ML; (e¢) 2 MLj ard {d) & HL.

LEED Patterrs for Fe or Cu(100):(a) 4.2 ML (Ep = 113 eV), (b} § ML

H

(Ep 125 eV), (e) 5 ML (Ep = 119 eV} ard (&) Thick iror layer

(Ep

EEL spectra of clear Cu(100): (a) Ep=300 eV, (b} Ep=150 eV, ard

123 e¥).

=50 eV.
() Ep SO e

EEL spectra of Cu(100) deposited with (a) 1.2 ML, (b} 2.2 ML ard

3.3 ML Fe (Ep=150 eV),

Fe 3p tforizatior at (a) 1.2 ML, (b) 2.2 ML, ard {(ec)

3.2 ML Fe (Ep = 150 ev).

EEL spectra of Cu(100) deposited with Ca)Y 7 ML, (B) 11 ML, (e) 25

ML iror, ard (d) thick iror layer (£p=150 ev).
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7. LEED MEASUREMENTS OF ONE MONOLAYER OF IRON OK Cu(1ll)

(Quarterly REport April 16, 1987 - July 15, 1987)





