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Using the methods of ultraviolet photoelectron spectroscopy, light absorption spectroscopy, and true
secondary electrons, the effects of deposition of Cs atoms with a thickness of §< 1 monolayer on the density
of electronic states in the valence and conduction bands, energy band parameters, and quantum yield of
photoelectrons have been studied for the first time. It has been established that when cesium is deposited
on the surface of cobalt disilicide with a thickness of < 1 monolayer, the value of E; and the positions of
the maxima of the density of states of valence electrons practically do not change, the work function of pho-
toelectrons decreases to 3 eV, and the quantum yield of photoelectrons increases by a factor of 3 or more.
After deposition of Cs on the surface of CoSio/Si (111) with a thickness of d = 500 A, the yield of true sec-
ondary electrons into vacuum increases, and the beginning of the spectrum shifts towards lower energies
by ~ 2.4 eV, i.e., the potential barrier (electron affinity y) decreases by 2.4 eV. The decrease in @ is mainly
due to the decrease in the width of the conduction band y. In this work, for the first time, the positions of
the maxima of the density of free electron states in the conduction band of CoSiz are experimentally de-
termined. It is shown that the maxima are located at energies of 0.8 and 1.9 eV below the vacuum level.
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1. INTRODUCTION

In recent years, a large number of works have been
devoted to the preparation and study of the composition,
structure, and properties of thin films of silicides, espe-
cially CoSiz [1-8]. This is mainly due to their wide appli-
cation in the creation of SDS and MDS structures for
microwave transistors and integrated circuits, as well
as in the creation of microwaves, radiation detectors,
and other optical and electronic devices [9-17]. It 1s
known that the deposition of submonolayer coatings of
metal and gas atoms (Cs, Rb, Ba, O, H, etc.) on the sur-
face of metals, semiconductors, and dielectrics leads to a
significant change in their composition and physico-
chemical properties [18-21]. In particular, it was shown
[18] that during the deposition of barium atoms with a
thickness of <1 monolayer on the CdTe surface, the
work function decreases and the depth of the exit zone
of true secondary and photoelectrons increases. In the
case of Si, the deposition of Al, Ga, Pd, and Cr atoms led
to the formation of a chemical bond of the Me-Si type
and a shift in the band gap [19], while in the case of
GaAs, the deposition of thin films of metals and gases
(Cs, Ca, Se, O and H) led to the stabilization of the posi-
tion of the Fermi level, regardless of the type of deposit-
ed material. However, until now, such studies for CoSi2
films have practically not been carried out.

2. METHODOLOGY

The experiments were carried out in an ultrahigh-
vacuum device with a three-grid spherical energy ana-
lyzer with a retarding field, which makes it possible to
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study the state of the film surface using the following
methods: Auger electron spectroscopy (AES), ultravio-
let photoelectron spectroscopy (UPS), true secondary
electron spectroscopy (TSES), and light absorption
spectroscopy, as well as to carry out various technologi-
cal operations: thermal heating, electron bombardment,
ion etching of the surface, ion implantation. The pres-
sure of residual gases in the device did not exceed
10-7 Pa. The implantation of ions into silicon was car-
ried out by us at room temperature of the target.
Molecular beam epitaxy (MBE) of CoSi2/Si(111) film
with a thickness d =500 A was used as the object of
study. Before Cs deposition, the samples were cleaned
by heating to 7'~ 950 K for 2-3 h at a vacuum of 107 Pa.
Target heating, Cs deposition, and the entire study
were carried out in the same ultrahigh vacuum instru-
ment. The surface composition was controlled by AES.
For one monolayer, the thickness of Cs layer is taken at
which the value of the work function has a minimum.

3. RESULTS AND ITS DISCUSSION

Fig. 1 shows the photoelectron spectra of CoSi2/Si
(111) film with submonolayer Cs coatings in the range
6= 0.2-1 monolayer. The photon energy hv was 10.8 eV.
The abscissa shows the binding energy Es of electrons,
measured relative to the level of the top of the valence
band Ev. Here, on all curves of the energy distribution
of photoelectrons, the same vertical scale is used, cho-
sen in such a way that the area under the curve is pro-
portional to the value of the photoelectron quantum
yield Y. It can be seen that all curves have a pro-
nounced fine structure.
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Fig. 1 — Normalized energy distribution of photoelectrons for
CoSi2/Si film with Cs coatings with a thickness (in monolay-
ers):1-0;2-0.2;3-0.6;4—-1.0

The spectrum of a pure CoSiz film shows peaks at
Esw=—-0.8, —2.1, and — 4.6 eV, as well as a feature at
Ew~—-0.4eV. An analysis of this spectrum and its
comparison with the spectra of Si and Co suggests that
peak A is formed due to the hybridization of the Maz3
state of silicon and the N1 state of cobalt, and peak B is
due to the hybridization of the Ma3 state of silicon and
the Ms state of cobalt, while peak C is formed due to
the hybridization of the M state of silicon and the M4
state of cobalt. The appearance of a feature at
Es~— 0.4 eV is explained by the presence of a surface
state (SS). With Cs deposition, with increasing € in the
range 6= 0.2-1 monolayer, the intensity of these peaks
increases without a noticeable change in their energy
positions, and the feature at Esy = — 0.4 eV disappears.

In this case, the width of the spectrum AE and the
area under the energy distribution of photoelectrons
increase, i.e., the photoelectronic work function @ de-
creases, and the quantum yield of photoelectrons Y
increases. At 6> 0.6, an intense peak D appears on the
energy distribution of the photoelectron monolayer at
Esy=—17.2 eV, apparently associated with the excitation
of electrons from the M1 state of silicon. The greatest
change in the spectrum is observed at #~ 1 monolayer.
A further increase in 8 leads to some increase in the
work function (energy distribution of photoelectrons
taken at #> 1 monolayer is not given here). The value
of E; was determined using the method of light absorp-
tion spectroscopy.
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Fig. 2 shows the light absorption spectra (curves of
Icosio/Isi versus hv) for Si (111), CoSie/Si, and CoSia/Si
with a Cs monolayer coating. Extrapolation of the right
side of the curve Icosio/Isi to the Av axis (Fig. 2) gives the
E; value of the sample under study.
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Fig. 2 — Light absorption spectra: 1 — pure Si(111); 2 — Co-
Si2/Si(111) films; 3 — CoSiz with Cs film 1 monolayer thick

Here Isi and Icosiz are the intensities of light trans-
mitted through Si(111) without and with CoSiz film,
respectively. Fig. 2 shows that the Eg; of pure Si is
1.1 eV, while that of CoSiz is 0.6 eV. Upon deposition of
Cs with a thickness of 1 monolayer, the intensity of the
transmitted light slightly decreases in the entire inves-
tigated region hv, while the value of E; practically does
not change.

Based on the data of Fig. 1 and Fig. 2, we determi-
ned the main parameters of the energy bands of the
Cs/CoSi2 system (see Table 1). Table 1 also shows the
values of Y. Here, the value of @ was determined by the
formula E,=®=hv-AE, and the value of electron
affinity was determined by the formula y = Ev — Eg. The
value of E, relative to the vacuum level is equal to the
photoelectron work function.

It can be seen from the table that the decrease in @
of the CoSiz film during the deposition of Cs mainly
occurs due to a decrease in the electron affinity y.

Thus, the spectra of photoelectrons obtained at
hv ~10-15 eV reflect well the density of states of va-
lence electrons of the surface layers of the samples
under study. However, until now there are no direct
methods for estimating the density of electronic states
in the conduction band. At the same time, obtaining
information about the position of the maxima of the
density of electronic states in the conduction band is of
great scientific and practical importance.

Table 1 — Band parameters and Y values for CoSi2/Si(111) with Cs submonolayer coatings

. Zone parameters, eV
6cs in monolayers Y (at hv=10.8 eV)
EU Eg Z
0 4.9 0.6 4.4 4104
0.2 3.6 0.6 3.1 -
0.6 2.5 0.6 2 9-10-4
1 1.9 0.6 1.4 1.1-10-3
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Fig. 3 — TSE spectra of CoSiz and CoSiz films coated with Cs
with a thickness of @~ 0.6 monolayer, measured at E, ~ 5 eV

Experimentally, this can be done by recording the
energy spectra of TSE N(E2) at low energies of primary
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Boius ocansxenns cyoOmononmapoBux nmokpurrtie Cs Ha MIIIBHICTE €JIEKTPOHHUX CTAHIB
Ta mapaMmerpu eHeprerudnoi 3oHu CoSia/Si(111)

B.E. Umirzakov, I.LR. Bekpulatov, I.Kh. Turapov, B.D. Igamov

Tashkent State Technical University, Tashkent 100095, Uzbekistan

3a IomoMoron MeTomiB yabTpadioIeToBoi (hOTOEIEKTPOHHOI CIIEKTPOCKOIII], CIIEKTPOCKOMI] IO IMHAHHSA
CBITJIA TA4 BTOPMHHUX EJIEKTPOHIB OyJI0 BIeEpIe IOC/IKeHO BILUIMB ocapkeHHs aToMmiB Cs TOBIIMHOIO
6 < 1 MoHOIIIAp HA I'yCTUHY €JIEKTPOHHUX CTAHIB y BAJEHTHIN 30HI TA 30HI IIPOBIAHOCTI, HapaMeTpHu eHepre-
THUYHOI 30HM Ta KBAHTOBUI BHUXIiJ (POTOEJIEKTPOHIB. BeTaHOBIIEHO, IO IPH OCAMMKEHHI 11e3110 HA IOBEPXHIO
IUCHJIILIAY KOOAIBTY TOBIIMHOI €< 1 MoHOLIAp, 3HAYEHHA Ky 1 IMOJI0MKEHHS MAKCUMYMIB I'YCTHHM CTAHIB
BAJICHTHUX €JIEKTPOHIB IIPAKTUYHO He 3MIHIOIOThCH, POOOTa BUXOAY (POTOEIEKTPOHIB 3MEHIIyeThea 10 3 eB,
a KBAHTOBUU BUXiJ (POTOEIEKTPOHIB 30LIbInyeThes B 3 1 Olabine pasis. Ilicisa ocamxenuss Cs HA TOBEPXHIO
CoSi2/Si(111) ToBuuHowL d = 500 A Buxin BTOPUHHUX €JIEKTPOHIB y BAKYYM 30LJIBIIYETHCS, a IOYATOK CIEKT-
py 3MiIryeTbea B OlK MEHIINX eHeprii Ha ~ 2,4 eB, To0To moTeHIianbHuit 6ap'ep (CIIOPITHEHICTD 0 €JIeKT-
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POHIB y) 3meHuIyeTbes Ha 2,4 eB. Smennrenas @ Bi0yBa€eTHCS IIEPEBAKHO 32 PAXYHOK 3MEHIIEHHS IIIHPUHA
30HHM IPOBLAHOCTI . Y pobOTI BIepIle eKCIIepUMEHTAIbHO BU3HAYEH] [I0JI0KeHHS MAKCUMYMIB I'YCTHHU CTa-
HIB BIIBHUX eJIEKTPOHIB y 30HI mposiguocTi CoSie. ITorazano, 110 MakCuMyMu PO3TAIIOBAHI P €HEPTisx
0,8 Ta 1,9 eB HuKUe piBHA BAKyyMy.

Kmrouosi ciosa: Enexrponni Biacrusocti, Oske-eJIeKTPOHHA CHEKTPOCKOITis, lonHa iMmanTaris, Hamormap,
Cunitma, I'erepocucrema.
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