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CVC STRUCTURE OF PtSi - Si<Pt>-M IN A WIDE RANGE OF TEMPERATURES
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In this work the mechanism of current flow during illumination with hv>E; in the temperature range of 77+300 K is considered. It
is established that in the PtSi — Si<Pt>-M structure in the temperature range of 77+270 K the regime of space charge limited currents
(SCLCQ) is realized. The current-voltage characteristics of the structures show areas of linear and quadratic dependences of current
on voltage, as well as areas of a sharp increase in current. These features of the current-voltage characteristic are explained by the
presence of deep level structures and sticking levels for charge carriers in the base region. From the temperature dependence of the
SCLC, the concentration of adhesion levels was determined to be equal to (1.8+3) 10'> cm™ and the adhesion factor to be equal to
6.32-102. In the temperature range 77+115 K at voltages 0.2+1 V, the current-voltage characteristic obeys the law J ~ U"(n=3+4), and
above U — the law J ~ US, followed by a transition to the quadratic law.
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INTRODUCTION

Currently, complex theoretical and practical work is being carried out on the research of optical and electro-optical
properties of various wide bandgap materials [1-3].

The world's leading research institutes are studying the physical processes occurring in the bulk of monocrystalline
silicon after doping with impurities, creating deep levels [4-9]. In such crystals, the surface layer with a thickness of
150-200 microns were considered to be damaged and of no practical interest.

However, for an in-depth study of the process of diffusion doping of silicon with metals and atoms of rare earth
elements [10,11], it is relevant to consider such important issues as the physics of the formation of a heavily doped surface and
near-surface region, the nature of the formation of metal silicides, which are very different from the metal and semiconductor,
as well as the mechanism of current flow through the near-surface region and the bulk part of the crystal [12,13].

Therefore, in this work, the current-voltage characteristics (CVC) were studied through a structure consisting
of a near-surface and bulk part of diffusion-doped silicon with platinum atoms.

EXPERIMENTAL PART

To dope silicon with platinum, single-crystal silicon ingots of p-type KDB-10 grade, grown by the Czochralski
method, were used. Their initial parameters are as follows: for p-type silicon, resistivity p = 10 Ohm-cm, hole mobility
Hp =430 cm*/ Vs, hole concentration n, = 1.5-10'* cm™, oxygen concentration <1-10'* cm™.

Samples in the form of a parallelepiped with dimensions of 1.5%5x12 mm? were cut from single-crystal silicon
ingots using a diamond disk. The samples were ground using silicon carbide micropowder M-5, M-10. In order to remove
the surface layer damaged during grinding, the samples were degreased in toluene at a temperature 40-50 °C and subjected
to chemical etching in a solution of 1HF:5HNOs for 1+2 minutes, washed in deionized water and dried at a temperature
of no more than 100 °C. Silicon samples were placed in quantities of 3 in quartz ampoules, previously washed in a solution
of HNOs+3HCI and boiled in distilled water [14].

Metal powder of 99.999 purity in an amount of 3+5 mg was placed into the ampoule. Ampoules with samples and
diffusant were evacuated to a vacuum of ~10 mm Hg (1.33-10"" Pa) and sealed. Then the ampoules were placed in a
horizontal oven and annealed at a temperature of 9501000 °C for 50 minutes up to 2 hours. Temperature fluctuations in
the working area of the furnace did not exceed +5 °C. After annealing, the samples were quenched by cooling at a rate of
100-150 degrees/s by dropping the ampoules into water and kept to a crystal temperature of T = 15-20 °C. After opening
the ampoules, the surface of the samples had p-type conductivity.

Due to the fact that the samples had a surface layer with high conductivity, to eliminate its shunting effect, the
samples were ground off on three sides to a depth of about 40-50 um. Electrical contacts were connected to two opposing
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unpolished highlanders, and measurements were taken on the unpolished surface lying between them while successively
removing thin layers. It turned out that the conductivity profiles have two sections: the near-surface area with increased
conductivity and the volume area with conductivity close to its own. Parallel measurements of conductivity and the Hall
effect [15] at temperatures T=77+300 K showed that the near-surface layer has p-type conductivity, with a carrier
concentration of ~102°+10%! cm™ and Hall mobility py=2+6 cm?/V-s and volumetric — i-type conductivity, with carrier
concentration 10'°+10'2 cm™ and mobility p;=300+400 cm?/V's.

The measurement results showed that the near-surface anomalous layer has a carrier concentration
of ~10%+10%' cm™ and a Hall mobility of 1+17 cm?/V-s. Calculations have shown that the surface layers of Si<Pt> with
a thickness of 1+-5 um have a specific conductivity of (1.6+9.9)-10° (Ohm-cm).

RESULTS AND DISCUSSION

PtSi-Si<Pt>-M structures were fabricated based on diffusion-doped silicon with platinum. The blocking contact
was created by applying NiGa or AlGa alloys to the side surface of the base area of the structures or by pressing a metal
contact on the same surface. When this structure is formed, the Longini-Green mechanism occurs, which consists in the
fact that the base region becomes highly resistive. Therefore, at low temperatures, when the level of thermal generation
is low, an analogue of the structure is a dielectric diode.

The current-voltage characteristics of the structure were studied at different temperatures. Carriers injected from
the contacts will fill stationary charged centers (SCCs) in the space charge region (SCR) [12]. From the solution of the
equation, it follows that the length of the SCR is proportional to /Ngc¢, i.e. with a decrease in the concentration of
immobile charged centers (Nsq¢), the length of the SCR increases and, ultimately, the length of the high-resistivity region
W decreases. At sufficiently small W, when the base is considered thin, the regime of space charge limited currents
(SCLC) will be realized in the structure.

The dark current-voltage characteristic of structures at T = 300 K is linear (Ohm’s law is satisfied) throughout the
entire range of applied voltage. However, when the temperature of the samples is lowered to T =77 K in the dark at biases
U > 10V, the value of the dark current decreases to 10+12 A, which makes it impossible to measure the current-voltage
characteristic [13-16]. Therefore, in order to study the injecting properties of contacts, current-voltage characteristics were
measured by photoexcitation with hv = 1.4 eV both in the near-contact and in the middle parts of the base region of the
structures. In this case, the power of the incident local radiation did not exceed 1+2 mW.

Figure 1 (curve 1) shows the direct current-voltage characteristic curve and curves 2—5 show a family of reverse
current-voltage characteristics in the temperature range T=77+145 K, and Figure 2 shows the direct current-voltage
characteristic (curve 1) and the reverse one (curve 2—6) in the temperature range from 160 K to 300 K. As can be seen
from the curves above, at U = 10 V the photocurrent increases with decreasing temperature.
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Figure 1. Current-voltage characteristics of the PtSi — Si<Pt>- Figure 2. Current-voltage characteristics of the PtSi — Si<Pt>-
M structure in the temperature range 77+145 K. 1 - 77145 K, M structure in the temperature range 160300 K. 1 - 160+300
“plus” voltage on PtSi, 2 — 77 K; 3-115 K; 4-125 K; 5-145 K; K, “Plus” voltage on PtSi, 2 — 160 K, 3 — 180 K, 4 — 250 K,
2+5 — “Plus” voltage on the metal 5-270K, 6-300K

Starting from a temperature of 250 K and below, a change in the course of the current-voltage characteristic curves
is observed: for the curve at T =250 K, a section J ~ V33 is observed, followed by a section with a quadratic dependence,
and for temperatures below 180 K on the current-voltage characteristic there are sections of a sharp increase in current
and quadratic dependence of current on applied voltage. The transition voltage, starting from which the section of sharp
increase in current turns into a quadratic section, does not depend on the temperature in the region T = 77250 K.
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The current-voltage characteristics at T=300 K were almost symmetrical and linear. Under illumination with
hv>1.2 eV, an increase in the photocurrent by 5—6 times relative to the dark current is observed in the case when a positive
bias is applied to the silicide contact, and approximately 2 times with reverse polarity.

At low temperatures, a current-voltage characteristic characteristic of an SCLC with ohmic, quadratic sections and
sections of a sharp increase in current is observed, followed by a transition again to quadratic sections. Another proof of
the SCLC mode in such structures is that the electric field with a physical base length of 45 um (determined from
capacitance measurements) at biases of 10+-15 V has a value characteristic of this mode of ~10° V/cm.

The presence of a vertical section preceding the quadratic section gives grounds to believe that there are
monoenergetic levels of attachment for holes located significantly below the quasi-Fermi level F, i.e. condition is met
(F-E)/kT>>1, because up to the voltage of completely filled traps (Ucrr), all attachment levels for holes are occupied by
electrons. In hole high-resistivity silicon, levels below the equilibrium Fermi level are occupied by electrons, i.e. “empty”
for holes, so Pi,=N;.

In this case, the concentration of adhesion levels is equal to (1.8+3)-10" c¢m™, the adhesion factor is equal to
6.32-10°2. Traps are sticking levels for holes, and the presence of such sticking levels is evidenced by the fact that long-
term relaxation of photoconductivity and residual conductivity, as well as thermally stimulated conductivity, are observed
in these structures.o dope silicon with platinum, single-crystal silicon ingots of p-type KDB-10 grade, grown by the
Czochralski method, were used. Their initial parameters are as follows: for p-type silicon, resistivity p = 10 Ohm-cm,
hole mobility p1,, =430 cm* / Vs, hole concentration n, = 1.5-10'* cm™, oxygen concentration <1-10'* cm.

CONCLUSION
As a result of the scientific research, we came to the following important scientific conclusions:
1. The current-voltage characteristics of PtSi — Si<Pt>-M structures in the temperature range 77+300 K were studied.
2. In the range T = 125+160 K in the voltage range above 1V, J ~ U® is observed.
3. In the range T=160 + 250 K, the power-law dependence J ~ U® turns into J ~ U? in the voltage range 0.1 — 1 V; in
this case, U > 1V, the quadratic dependence remains.
4. Above 250 K, the direct and reverse branches of the current-voltage characteristic transition to a linear law.
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CTPYKTYPA BAX PtSi - Si<Pt>-M B IIUPOKOMY AIAITA3OHI TEMIIEPATYP
Adayragyp T. Mamananimos?, Maxmyaxoxzka L. Icaes®, Toxipaxon Y. Aramip3aes®,
Iamcuanin H. Epuasapor?, Myxrop K. Kapimos®
“Incmumym ¢hizuxu nanienposionuxie i mikpoenexmpouixu Hayionanvnozo ynieepcumemy Yzoexucmany, eyi. Aneu Anmaszapa, 20,
bHayionanonuii ynisepcumem Ysbexucmany, Tawkenm, Ysb6exucmar
‘Hamaneancvxuil inscenepro-oyoisensrutl incmumym, Hamanean, Y30exucman
ITawkenmcoKuil XiMiKo-mexHono2iuHuLl incmumym, Tawkenm, Y30exucman
¢Ypeenucwruil deparcasnuil ynisepcumem, kageopa gisuku, Ypeenu, ¥Y3bexucman
Y po6oTi po3mITHYTO MEXaHi3M NPOTiKaHHS CTPyMy Ipu ocBimiieHHi 3 hv>Eg B inTepBani Temneparyp 77+300 K. Bcranosneno, mo B
cTpykTypi PtSi — Si<Pt>-M B intepBaii temmeparyp 77+270 K peanizyeTbcst pesxxuM 00MeXeHUX cTpyMiB 00’ eMHoro 3apsny (CK3).
Ha BonbT-aMIlepHHUX XapaKTepPUCTUKAX KOHCTPYKIIH CIOCTEpIraloThesl AUISHKY JIIHIHHOI Ta KBaJApaTHYHOI 3aJISKHOCTI CTPYMY BiJ
HAIpPYTH, a TAKOX 00JACTi Pi3koro 3poctanHs cTpyMy. Lli 0cOOIMBOCTI BOMBT-aMIIEpHOT XapaKTEPUCTHUKH ITOSCHIOIOTHCS HAsIBHICTIO
CTPYKTYp DNIMOOKOTO PiBHS Ta PiBHIB IPHIMNIAHHS HOCIIB 3apsiy B 6a30Biii obmacri. 3a remmneparypHoro 3anexnicTio CKJIK BuzHaueHo
KOHIeHTpalito piBHIB anresii (1,8+3) 1015 cm-3 i xoedimienT aaresii 6,32-10-2. B inrepBani temneparyp 77+115 K npu Hanmpyrax
0,2+1 B BonBT-aMIepHa XapaKTEPUCTHKA MiIKOPAEThCA 3aKkoHy J ~ Un(n=3+4), a Bume U — 3akony J ~ U6 3 HaCTyTHUM HIEpeX00M 110
KBa/IpaTHYHUH 3aKOH.
KunrouoBi cinoBa: cmpyxkmypa; oughysis, konyenmpayis,; pieens aoeesii; ¢pomonpogionicmv; nacmxa; in'ekyis,; cuniyud; Kpemuii,
naamuna



