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SILISTUMUN ENERGETIK STRUTURUNA METAL TOBOQONIN TOSIRININ
FOTOLUMINESSENSiYA USULU iLO OYRONILMOSI

XULASO

Silisium althq-miixtslif metal tabaqgalar kontaktlari asasinda Sottki diodlarinin struktur ve optik xasselarinin
Oyranilmesi ticiin infraqirmizi Q) fotoliiminessensiya totbiq edilmisdir. Sottki diodunun xassslarins, ayrilma
sorhaddinin elektron strukturuna ve yiikdasinma mexanizmine metal tebaqgenin tesirini dyranmak magqsadile
773K temperaturunda 10 daq. arzinds tavlanmis Sottki diodlar1 tadqiq olunmusdur. Bu magsadls silisium altliq
ve miixtalif metal-yarimkecirici kontaktlarin fotoliiminessensiya spektrlori alinmis ve miiqayise edilmisdir.
Fotoliiminessensiya spektrlari silisium altligin elektron strukturuna metal tabaqgnin tasirini agkar etmisdirlar.

Acar sozlar. Metal-yarimkecirici kontaktlary; Qeyri-bircinsliklar; Fotoliiminessensiya.

VICCAEAOBAHUE METOAOM ®OTOAIOMUHECIHEHIIUM BAVSIHUSI METAAAUYECKONM
INAEHKW HA DHEPTETUYECKYIO CTPYKTYPY KPEMHMUSI

ABCTPAKT

AAs MccAeA0BaHUA CTPYKTYPBI M OIITMYECKUX CBOVICTB AMoA0B IIIOTTKM Ha OCHOBe KOHTaKTOB KpeMHIeBas
IT0AA0>KKa-pa3ANIHbIe MeTaAAuJecKre IAeHK! O TTpuMeHeH MeTo nH$pakpacHoit (MIK) ¢poroaiommHectien-
. AAs M3ydeHus BAVSHNA MeTaAANdecKoil IAeHKM Ha CBOMCTBa, DAEKTPOHHYIO CTPYKTYPY UM MeXaHU3MBI
TOKoItepeHoca AnoAos IIoTTku GBLAM McCAeAO0BaHBI AVOABI, ITOABEPIIIINECS OTXKUTY Ipu Temieparype 773K B
Teyenne 10 MuHYT. Bblayu MOAy4YeHLI M CpaBHEHBI CIIEKTPHI (POTOAIOMUHECHEHITNM KPeMHMEeBO MOAAOXKKM U
KOHTaKTOB MeTaAA-II0AYIIPOBOAHMK C Pa3AMIHBIMY MeTaAAndecKuMy rnieHkamu. [loaydeHHbIe CTIEKTPLI BLLBU-
AU BAUSHIUE MeTaAANYeCKO IA€HKY Ha 9AeKTPOHHYIO CTPYKTYPy KpeMHM.

Karouessle caoBa. KoHTakTsl MeTaaAa-1moaynposognuk, Heognopoanocru, ®oroaroMmuHecHieHINSL.

) ductor. In this cases, metal and process of
L.Introduction . .
fabrication of contact structure influence on

Metal-semiconductor contacts (MSC) are the surface of the semiconductor does not
an essential part of virtually all semicon-

ductor electronic and optoelectronic devices.

take into account [1]. The aim of our
researches is to reveal the metal impact on

Traditionally, investigating the properties
of metal-semiconductor contact the basic
attention has been gave to the semicon-
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the energetic structure of the semiconduc-
tor and opportunity of use of researched
structures as light-emitting diodes.
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Being based on above us investigated a
photoluminescence of a silicon wafer and
metal-semiconductor contacts as Al/n-Si,
Al-TiW/n-Si  Al-TiW-Pd:Si/n-Si and Al-
PdAl/n-Si.

II. Experimental procedure

Metal-semiconductor contacts have been
fabricated on the surface of n-type (P
doped) single crystal silicon wafer 3 inc
diameter and 313.5 um thickness [2-5] with
(111) surface orientation. Diodes structures
have been fabricated by a method of a
standard photolithography. Al/n-Si and Al-
PdAl/n-Si  metal-semiconductor contact
structures have been fabricated by using
electron-beam evaporation method. At the
fabrication Al-PdAl/n-Si structure the metal
film PdAl has been deposited by simulta-
neous thermal evaporation of aluminium
(Al) and palladium (Pd). To fabricate
Pd2Si/n-Si layer of Al-TiW-Pd:Si/n-Si diodes,
palladium was deposited on Si wafer by
using thermal evaporation method until
the thickness of Pd film was about 0.6um,
subsequently annealed at 773K for 15min.
To prevent the disadvantage of Al to
PdaSi/n-Si interface the TiW alloy played
the role of the diffusion barrier between
Pd2Si and Al was deposited on Pd:Si layer
[2-4]. Metal-semiconductor contacts Al-
TiW/n-Si has been fabricated by the
magnetron sputtering method [5].

The photoluminescence spectrum measure-
ments were performed at room tempera-
ture by use of an Ar-lazer (488nm). At the
investigations uniform method has been
used. Radiation has been directed onto
whole backside of wafer.

IT1. Result and discussion

In present investigation firs a photolumi-
nescence spectrum of a silicon wafer has
been obtained (Fig. 1). The silicon band-
edge radiation is always accompanied with
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an additional low energy peak, which we
regard as a phonon replication of the band-
edge peak. The energy of observed wide
peak (1.11eV) corresponds to width of the
band gap of silicon at room temperature.
Fig.2, Fig.3 , Fig.4 and Fig.5 show PL spectra
of Al/n-Si, Al-PdAl/n-Si, Al-TiW-Pd2Si/n-Si
and Al-TiW/n-Si
contact structures. On all spectra the peak
corresponding to width of the silicon band
gap is observed. However, its intensity and
width differ for various structures.

metal-semiconductor

PL Intensity (a.u.)

0.75 0.95 1.15 1.35 1.55
Photon Energy (eV)

Fig.1. PL spectrum of silicon wafer

As shows Fig. 1 on a PL spectrum of silicon
wafer there is the wide peak, correspon-
ding to direct recombination

PL Intensity (a.u.)

075 085 1.15 1.35 155
Photon energy (eV)

Fig.2. PL spectra of Al/n-Si metal-semiconductor
contact

of the carriers through the band gap and
weak features, maxima intensity of which
correspond to energy value 0,955eV, 0,975eV
and 1,02eV, respectively. Probably, these
features are the result of technological
processing.
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The PL spectrum of Al/n-Si structure (Fig.2)
is characterized by two split peaks with
high intensity: at the energy 0,87eV and
0,97eV - 0,99¢eV. Besides, some features and
weak wide peak are observed at 0,79V,
0,93eV, 1,07eV and 1,26-1,33eV, respectively.

Recently, dislocation-related luminescence
of silicon, caused by radiation of extended
defects, presents great interest [6-10]. In
these researches the structural defects
entered by various methods on the area of
a sample in a range of waves lengths 1,1 -
1,6 um radiated a series of the lines named
D1-D15. In this case, intensity of line D1
(1,54pm) and D2(1,42pm) dominates and
grows with increase in annealing time from
15 till 60 minutes [6,7]. Preliminary heat
treatment does not prevent occurrence of
dislocation luminescence but influences
position of their maxima and intensity.

In the PL spectrum of Al/n-Si MSC the
peak (0,87eV) probably caused dislocation
PL of D2 (Fig.2). The second peak (0,98eV)
corresponds to transition from a level of
aluminum with the participation of cross-
section optical phonon TO (Epr=0,055eV).

The radiation corresponding to transition
through the band gap has very weak inten-
sity. The similar situation was observed in
works [11], where occurrence of dislocation
lines was accompanied by disappearance
of a signal from silicon at 1,11eV. Peaks are
displaced aside small values of energy.
Probably, features (1,26eV- 1,55eV) are
caused by defects created by the contact
fabrication processing [1, 12].

From PL spectrum of Al-PdAl/n-Si struc-
ture has revealed 5 peaks:

1) at 0,79eV caused by D1, 2) at 0,87eV
caused by palladium or D2, 3) at 0,97-
0,99eV, caused by aluminium, 4) at 1.15eV
caused by recombination of the carriers
through the band gap, 5) a wide weak peak
at 1,4eV- observed at the all spectra (Fig.3).
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Fig.3. PL spectrum of Al-PdAl/nSi metal-
semiconductor contact
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Fig.4. PL spectra of Al-TiW-Pd2Si/n-Si metal-
semiconductor contact

PL spectrum of Al-TiW-Pd:Si/n-Si MSC
(Fig.4) is characterized by four peaks: the
first peak (0.81-0.828 eV) characteristic for
structures with a D1, the second peak (0.96)
is caused by ionization of silicon, the third
peak caused by a straight line transition
1,11eV. The fourth peak (1.4-1.455 eV)
possessing the big intensity is found out on
all contact structures, actually.

PL spectrum of Al-TiW/n-Si (Fig.5) structure
is characterized by three basic peaks with
high intensity of radiation: 0,856eV, 1,11eV
and 1,43eV, respectively. The first peak is
identified as radiation from a level of
tungsten. The second peak is caused by
direct transition through the bang gap of
silicon. The weak peak at 0,985eV is similar
to dislocation feature D4 [10]. The third
wide peak (energy of a photon about
1,43eV) is caused by extended defects as it
has been specified in [8,12]. Insignificant
displacement of peaks in low-energy area,
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reduction of the intensity, degradation of
maxima is typical of defective formations.

Insignificant displacement of peaks in the
field of low energy, reduction of intensity
and degradation of maxima are typically
for defective formations. In the paper [12]
devoted to PL at an ionic irradiation the
peak is
amorphous silicon and short-wave peak
connected with residual nano-patch of
crystal phase of Si. The degree of PL
stability of the irradiated silicon is of
interest at the room temperature storage.
Recently, a lot of investigations are devoted
to PL study of silicon nanostructures.

long-wave connected  with

PL Intensity {a.u.)

0.75 095 1.15 135 155
Photon energy (eV)

Fig.5. PL spectra of Al-TiW/n-Si metal-

semiconductor contact
Were revealed, that intensive luminescence
of amorphous -nanocrystalline structure
observed at the room temperature, which
strips are displaced to high energy area.
The photoluminescence in a range of
wavelengths 0,7-Imkm at an irradiation of
silicon by ions of inert gas (Ne) has been
found out. These spectrum specified for-
mation of nanocrystalline structures, which
promotes formation of extended defects at
annealing. The similar structure has been
generated at implantation of ions of silicon
also [12].

Thus, our investigation has revealed metal
film impact on structure of semiconductor.
Due to technological process of metal-semi-
conductor contact fabrication the disloca-
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tions and nano-crystallynes have been
created in semiconductor [1,12].

IV. Conclusion

PL spectrum of silicon wafer and Al/nSi,
Al-TiW/nSi Al-TiW-Pd:Si/nSi, Al-PdAl/nSi
metal — semiconductor contacts demonstrate
impact of metal film on energetic structure
of silicon wafer. On the interface there are
following changes: 1) Sedimentation of a
metal film and the subsequent annealing
lead to introduction of extended structures,
which form the optical active centers or
promote their formation. 2) Owing to
diffusion of metal in silicon the effective
doping degree can be differ than in volume
in comparison. 3) Metal-semiconductor
interface is dim. Its thickness many times
over exceeds internuclear distance. 4)
Vacancies can be electrical active. These
physical changes result in significant
disorder of electric parameters of contacts.
5) Such metal-semiconductor contacts one
can use as structure radiating in IR
diapason, simultaneously. 6) Intensity of
lines eventually does not change, that
testifies to stability of devices.
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