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The paper deds with an investigation of conductance of recrystallized p-type polysilicon-on-insulator layers
irradiated with eectrons of high energiesin temperature range 4,2 - 300 K and high magnetic fields (upto 14 T). The
aim of paper isto obtain materia with properties appropriated for design of sensors operating in harsh employment
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I ntr oduction

Polycrystalline dlicon layers on the surface of
oxidized slicon plate, i.e. SOI-structures, are widely
used in modern microelectronics. Generally chemical
deposition from vapor phase is used to form such layers.
In contrast to monocrystalline silicon in polycrystalline
layers the low mohility of dectrons and holes, as well as
the short lifetime of charge carriers, is observed due to a
big amount of structure defects, which are known to be
scattering and recombination centers [1, 2]. Structure
defects decreasing by laser recrystalization of initial
poly-Si makes it possible to substantidly increase the
mobility of charge carriers in a layer. This gives
prospects to create a high performance and highly
integrated microelectronic devices and physical sensors
on their basis, and to create microchips with three-
dimensional elements integration for signal processing in
smart sensors|[2, 3].

The microeectronic sensors of mechanical and
therma  values for environmenta and devated
temperatures are known to be created on the basis of
poly-Si [3,4]. Our previous researches [5-8] have
shown the possibility of creation of mechanica and
thermal sensors on the basis of laser recrystallized poly-
S layers on insulator, operable in a wide temperature
range (42-300K). A sat of low temperature
investigations of doped polysilicon layers properties has
to be conducted in order to estimate the irradiation
stability of such sensors on the basis of SOI-structures,
irradiated with high energy electrons, and to estimate the
magnetic field effect on these characteristics.

The aim of this paper isto estimate the possibility of
SOl-structures application in sensors of physical values
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operating a harsh  conditions—at  cryogenic
temperatures, high magnetic fields and at the influence of
electron irradiation.

|. Experimental procedure and objects
of research

Specialy designed test structures were used for
electric properties measurement of polysilicon layers.
The dimensions of polysilicon resistor in SOI-dructure
were 80 nm” 8 mm = 0,5 nm. Two groups of samples
have been investigated — with initial boron concentration
of 247 10%m?® and 39  10cm® respectively.
Improvement (stabilization) of technical performances of
SOI-gructure is approached due to laser recrystallization
of their layers. After the laser recrystalization the charge
carriers concentration evaluated from the Hall coefficient
studies consisted of 4,8 10%cm™ for the first group of
polysilicon samples and 1,7 10®°cm™ for the second
one.

An ion beam implantation method has been used for
doping of polysilicon. The polysilicon layers have been
recrystalized by laser beam scanning (wavelength
| =1,06 mm) of the surface of silicon plates oriented
aong the (100) direction, which were previousy
thermally oxidized to thickness of 1 mm. The poly-Si
layers 0,5 mm thick have been deposited from a vapor
phase in a low pressure reactor at 625 °C. In order to
provide a specified thermal profile in an area of radiation
therma influence a SO, and SizN, coating have been
used. By contralling the efficiency of absorption of
irradiated structure using antireflecting surfaces the
temperature profile of process can be controlled (Fig. 2).
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1
Fig. 1. Schematic illustration of experimenta
sample on the basis of SOl-structure; 1-

monosilicon substrate, 2 — polysilicon resistor, 3 —
contact plates.
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Fig.2. The modulation of a temperature profile in
melt area during the recrystalization of polysilicon
layer on insulator substrates[9].

Besides antireflecting covering prevents the diffluence of
the molten material which can negatively influence on
the film orientation. At optimum conditions of laser
recrystalization the polysilicon layers with grain sizes of
up to 20" 500 mm have been obtained [9].

The low temperature studies of SOIl-structures have
been carried out in a temperature range of 4,2 - 300K at
magnetic fields up to 14T. The measurements of the
samples resistance at cryogenic temperatures have been
held in Internationa Laboratory of Strong Magnetic
Fields and Low Temperatures (Wroclaw, Poland). The
samples have been cooled down to 4,2 K in the helium
cryostat (I'KOIT). A special inset with the bifilar winding
heater has been used for the heating-up of samples to
room temperature. The stabilized electrical current of 1 —
100 mA depending on the resistance of the sample being
investigated has been generated by Keithley 224 current
source. The Keithley 2000 and Keithley 2010 digital
voltmeters with the simultaneous automatic indications
registration via the parallel port of PC, the vizualization
and saving the data arrays into files have been used to
measure the voltage at the potential contacts of samples,
the output of thermocouple and of the sensor of magnetic
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field with the accuracy of upto 1 10°V.

The Bitter-magnet based setup has been used for
investigations of the strong magnetic fields effect on the
samples. The induction of a magnet was 14 T, deflection
time was 1,75 T/min and 3,5 T/min for 4,2 K and higher
temperature range respectively. The investigated samples
have been irradiated in the e ectron accelerator Microtron
M-30 in the Institute of eectron physics of National
Academy of Sciences of Ukraine (Uzhgorod). The
irradiation with high energy eectrons of 10 MeV and
fluence of ® = 1 x 10" el/cm® and 1 x 10" e/om® has
been conducted using the standard technique.

1. Results and discussion

Similarly to our previous investigations a typical
features of polysilicon have been observed and the
possibility of  SOIl-structures  application  in
microelectronic sensors has been shown [6, 10]. For
unrecrystalized poly-Si layers with charge cariers
concentration of 2,4° 10®cm® the phenomena of
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Fig. 3. Longitudinal magnetoresitance of
unrecrystallized poly-Si layers with
Paook= 2,4~ 10" cm™® at various temperatures. 1—
42K, 2-9K, 3-103K, 4-192K. Inset:

temperature dependence of magnetoresistance.

negative magnetoresistance has been observed (Fig. 3).
Together with the results of resigtivity investigations this
evidences the hopping conductivity of polysilicon at low
temperatures. Indeed the conductivity of such samplesin
low temperature range changes in accordance to Mott
law (Inr ~T™) asit isobvious from Fig. 4.

In general the dectricad conductivity of
polycrystalline material is similar to the conductivity of
disordered semiconductors and in a case of liquid helium
temperatures it can be described by a percolation theory
[11]. Let us discuss how magnetic field affects the
conductivity of disordered systems. This influence is
different depending on conductivity type.

According to [11, 12] the conductivity of polycrystal
material is very similar to the conductivity of disordered
semiconductors. Depending on the average grain size, the
doping level and some other factors different
mechanisms of charge carriers transfer become dominant
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If the grain is fully or aimost fully depleted with
charge carriers the eectrical conductivity is realized by
the charge carriers transfer over the localized states at
grain boundaries. This conductivity can be observed only
for low doping levels and small grain sizes independently
on the temperature.

At cryogenic temperatures, at which a substantional
freezing-out of charge carriersis expected, the amount of
carriers in the grain volume becomes very small, except
the case of very high doping level corresponding to
metallic type of dectricd conductivity. Thus the
guantum mechanism of charge carriers transfer via the
grain boundaries states should be dominant. The
difference in barriersheight at grain boundaries resultsin
the random potential profile, caused by the distortion of
bands. That is why such a system should be considered
as a very heavily doped and compensated semiconductor
in which grain boundaries states play the role of
counterdopant. As the temperature decreases the
contribution of quantum mechanism of transfer increases
and it can be described with the theory of charge carriers
percolation [12, 13].

In order to confirm the Mott law the measurements
of megnetoresistance in the range of hopping
conductivity have been conducted.

As for now, there are experimental results that have
proven the satisfaction of the Mott law in heavily doped
semiconductors. It has been shown [14] that the increase
of compensation level in n-Ge causes the
magnetoresistance does not saturate in strong magnetic
fields. In that paper the observation of negative
magnetoresistance, which in sufficiently strong magnetic
fields converts into positive, has been pointed out. The
lowest the temperature is the lower is the induction of
magnetic field (B) at which positive magnetoresistance
occurs.

It has been shown in [15] that the following
expression isvalid for two different temperatures:
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where Hy is magnetic field, at which magnetoresistance
is equal to zero. According to theoretical assumptions
presented in [15] this magnetic field is proportional to the
temperature of observation (Ho ~ T*®), what has been
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Fig. 5. Temperature dependency of magnetic field
induction for unrecrystalized polysilicon layers with
charge carriers concentration of
Paook = 2,4 10" cm?®,
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evidenced during the experimental investigations (Fig.
5). This fact confirms the Mott hopping conductivity at
B=0.

Studies of [16] show that the model of charge
carriers capturing by traps on grain boundaries,
introduced by Seto [17], is the most proper for
accounting of grain boundaries influence on eectronic
properties of polycrystalline material. Thismode suggest
that due to defective structure the charge carriers traps
appear in grain boundaries. This structure consists of
disordered atoms of the main material, that are dangling
bonded to surroundings. Energetic states of traps capture
the part of charge carriers from ionized impurities,
distributed in grain boundaries surroundings. Due to this
process the average amount of free charge carriers in
polycrystalline material decreases and the potentia
barrier in space-charge region arises. Dueto this barrier a
free motion of charge carriers between separate grainsis
sufficiently reduced. That is why the laser
recrystallization of fine-grained polysilicon is used in
order to increase the average grain size and
simultaneoudly reduce the total area of grain boundaries,
at which a capturing of free charge carriers occurs.
Besides, due to increased grain size and reduced grain
boundaries contribution the laser recrystallization leads
to the reduced poly-Si resigtivity if compared to the
initial unrecrystallized polysilicon. Thus, recrystallized
polysilicon layers can be recommended for creation of
microel ectronic sensors on the basis of SOI-structures.

For example, it has been shown in [10], that heavily
doped recrystallized polysilicon layers
(Psook = 1,7 10%° em®) are the most stable in magnetic
fidld a 4,2K. Such polysilicon layers can be
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recommended for creation of piezoresistive mechanica
sensors, operable at cryogenic temperatures and at the
influence of strong magnetic fields. At the same time the
laser recrystallized polysilicon layers with carriers
concentration of paoox =4,8° 10  cmare  better
candidates for more accurate mechanica sensors for
cryogenic temperatures below 4,2 K [6].

Taking into account a harsh conditions of SOI-based
sensor application, recrystallized poly-Si layers with
concentrations Paook = 4,8 108 cm® and
Paook = 1,7 10%° cm™® have been irradiated by e ectrons
with energy of 10 MeV and fluence
®=1x10", 1x 10" el/lcm?® using a Microtron M-30
accelerator.

The studies of samples’ conduction before and after
the irradiation have been carried out in the temperature
range of 4,2 K to 300 K. The temperature dependencies
of resistance for laser recrystalized polysilicon layers
with  carrier  concentration  4,8” 10®cm®  and
1,7 10% cm™ before and after the electron irradiation
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are shown at Fig. 6.

Asit is obvious from Fig.6, the resistance of poly-Si
layers increases after the irradiation with high energy
electrons. The most clearly this tendence reveals in
samples with carrier concentration of 4,8 10%cm?
(Fig. 6,a), while in heavily doped samples (Fig. 6,b) this
dependency isless clear, asit isillustrated in table.

The dectron irradiation influence on latera
magnetoresistance of polysilicon samples has been aso
studied in strong magnetic fields up to 14T at the
temperature of liquid helium. The results of
magnetoresi stance measurements are depicted on Fig. 7.

As it is seen on Figures 6 and 7, the cordllation is
observed between the eectron irradiation influence on
conductivity and on the magnetoresistance of polysilicon
layers at low temperatures. Due to the irradiation with
high energy dectrons the carrier mobility decrease in
irradiated samples leads to the decrease of conductivity
(Fig.6) and of the magnetoresistance (Fig.7) of
polysilicon layers respectively, if compared to non-
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Fig. 6. Temperature dependencies of resistance of poly-Si layers with psok = 4,8~ 10%ecm?®(a) and 1,7~ 10®°cm™
(6) before (1) and after high energy eectron irradiation with fluence of ® = 10™ d/cm? (2) and @ = 10"el/cm?(3).

ARIR %

Fig. 7. Transversal magnetoresitance of recrystallized poly-Si layerswith pagok = 4,8~ 10%cm™(a) 11,7

ARIR %

16

b)

10%cm

3(b) before (1) and after high energy electron irradiation with fluence of ® = 10 el/cm? (2) and @ = 10"d/cm? (3).

233



Y u.N. Khoverko

Tablel
Experimental results for samples, irradiated with high energy eectrons
(Rirr.' Rnonirr.)/Rnonirr, 102, %
poly-S @ =1x 10 d/am? @ =1x 107 d/am?
TK 2 2
Paook = 4,8 10%cm™ | pagok = 1,7 10%%m™ | paook = 4,8 10%cm® | paoox = 1,7° 10¥cm’®
42 18 0,1 01 19
v 34 0,4 39 20
300 28 0,9 32 22
irradiated.
As it is known, the magnetoresistance for such i
material is expressed by the following equation [18]: Conclusions
DR _ 2
R a (mB ) (2) B pesyabraTi IpoBEHEHHS EKCHEPUMEHTAIBHHX

where g¢- stands for a coefficient accounting the charge
carriers scattering, mis mobility and B designates the
induction of magnetic field.

Taking into account the equation (2), one can
conclude that the magneoresistance decrease in
experimental results for charge carriers concentration of

JOCTIPKCHb BHBUCHO XapakKTep XIMIYHOTO PO3UHMHEHHS
moHokpuctaiie CdTe i TBepaux posuuniB CdygsZNgosTE
ta CdggZng,Te B TpaBumbHUX cymimiax cucteMu HpOp-
HBr, gnociikeHO KIHETHKY TIpolLeCcY pO3UYMHEHHS,
oOY0BaHO rpadiku 3aJICKHOCTI IIBUIKOCTI
PO3UMHEHHS BKA3aHUX HAIiBIPOBIIHUKOBUX MaTepiaiB

. & . & . B1 KOHICHTpaIll adBHHUKA, IIBHAKOCT1 obepraHHs

48" 10%cm® and 1,7 ~ 10° cm® is caused by the AL KOHHeHTpauil —1p A pTaH
. . , . . T JUCKY 1 TeEMIIEpaTypu Ta BHU3HAYCHO MCXaH13M
decreasion of charge carriers mohility in polysilicon o .
PO3YUHCHHH. Bcranosneno KOHICHTpAaIl1H1 MEX1

layers.

The results of investigations have shown that heavily
doped laser recrystallized poly-Si layers with charge
carrier concentration 1,7 10°cm™ demonstrate a high
radiation stability up to electron irradiations with energy
10 MeV and fluence @ = 1 x 10™ el/cm? Thus, they can
be used for creation of radiation-resistant microelectronic
Sensors.

PO3uHHIB, sKi MOXKHA BUKoprcToByBaTH st X/I1 CdTe,
CdpgsZnppsTe Ta CdpgZng,Te. TlokazaHo B3a€MO3B’ SI30K
yABHOI eHeprii axTuBamii i3 IIBUIKICTIO 0OepTaHHS
JMUCKY TPU PO3YMHCHHI BKa3aHWX HAIliBIIPOBITHUKIB B
OpOMBHIUIAIOYMX TPABHIBHUX KOMITO3HUINSIX HA OCHOBI
TiPOreH MepOKCUY.

Hoverko Y.M. — senior researcher, Ph.D. research center
"Crystal", department of semiconductor electronics,
Nationa University "Lviv Polytechnic".

[1]
[2]

(3]
[4]
(5]

6]

[7]

A.A. Druzhinin, E.N. Lavitskaya, I.I. Maryamova, Y .L. Deshchinsky. Grain boundary effect on the conductivity
and piezoresistance of the polycrystalline silicon layers // Functional Materials, 3(1), pp. 58-61 (1996).

A. Druzhinin, E. Lavitska, 1. Maryamova, |. Kogut. Laser recrystallization of polysilicon in sensor technology:
possihilities and restrictions // Slicon-on-Insulator Technology and Devices. Ed.S.Cristol oveanu. Electrochemical
Soc.Proc. 23, Pennington, NJ. PP. 92-97. (1997).

V. Mosser, J. Suski, J. Goss, E. Obermeier. Piezoresistive pressure sensors based on polycrystalline silicon //
Sensors and Actuators, A28, pp. 113132 (1991).

A. Druzhinin, E. Lavitska, |. Maryamova, et al. Mechanical sensors based on laser-recrystallized SOI structures //
Sensors and Actuators A.Physical. A61, pp. 400-404 (1997).

A. Druzhinin, 1. Maryamova, E. Lavitska, et al. Laser recrystallized polysilicon layers for sensor application:
electrical and piezoresistive characterization // In Perspectives, Science and Technologies for Novel Slicon on
Insulator Devices, Eds. P.L.F.Hemment et a., Kluwer Acad. Publ. Dordrecht. pp. 127-135. (2000).

A. Druzhinin, E. Lavitska, |. Maryamova, Y. Khoverko. Laser recrystallized SOI layers for sensor applications at
cryogenic temperatures. F. Balestra et a. (eds.) Progress in SOl structures and Devices Operating at Extreme
Conditions. Kluwer Acad. Publishers. Printed in the Netherlands. pp. 233-237. (2002).

A. Druzhinin, E.Lavitska, |. Maryamova, 1. Kogut, Y.Khoverko. On possibility to extend the operation
temperature range of SOI sensors with polysilicon piezoresigors. // Journal of Telecomunications and Information
Technology, (1), pp.40-45 (2001).

234



Polysilicon on Insulator Structures for Sensor Application at Harsh Conditions

[8] A.A.Druzhinin, I.J. Maryamova, |.T. Kogut, Ju.M. Khoverko. Physic sensors on the basis of structures “silicon
on insulator” with recrystallized polysilicon layer”// Sensor electronics and micro systemtechnologies, (4), pp.17-
26. (in Ukrainian) .(2008).

[9] A.A.Druzhinin, V.G. Kostur, I.T. Kogut, I.M.Pankevich, Y.L.Deschinsky. Microzone laser recrystallized
polysilicon layers on insulator // Phys. and Tech. Probl. of SOI Sruct. and Devices. JP.Collinge et a. (eds)
NATO ASl Series. Kluwer Acad. Publishers, Netherlands. pp. 101-105. (1995).

[10] A. Druzhinin, I. Maryamova, 1. Kogut et al. Polysilicon-on-insulator layers at cryogenic temperatures and high
magnetic fields // Science and Technology of SOI Sructures and Devices Operating in a Harsh Environment: ed.
by D. Flandre et d. — Dordrecht: Kluwer Academic Publishers. pp. 297-302 (2005).

[11] B.I. Shklovskii, A.L. Efros. Electronic properties of doped semiconductors. Nauka, M. 416 p. (in Russian) (1979).

[12] V.G. Kobka, R.P. Komirenko, Ju.V. Konushin et a. About conductivity of polycrystalline semiconductors //
Solid-gtate physics, 16, pp. 2176-2178. (in Russian) (1982).

[13] B.I. Shklovskii. Percolation theory and conductivity of heavily inhomogeneous mediums // UFN, 117(3), pp.401-
435 (in Russian). (1975).

[14] A.G. Zabrodskii. Hopping conductivity and density step of localization states in the vicinity to Fermi level // FTP,
11(3), pp. 595-597 (in Russian). (1977).

[15] R.F. Konopleva. Galvanomagnetic properties of disordered semiconductors. Preprint LIJF, Leningrad. 25 p. (in
Russian) (1980).

[16] N.C-C. Lu, L. Gerzberg, C.~Y. Lu, J.D. Meindl. Modeling and optimization of monolithic polycrystalline silicon
resistors// IEEE Trans. Electron Devices, ED-28(7), pp. 818-830 (1981).

[17] J. Seto. The éectrical properties of polycrystalline silicon films // J.Appl.Phys., 46, (12), pp. 5247-5254 (1975).

[18] N.G. Zhdanova, M.S. Kagan, E.G. Landsberg. Electron localization in non degenerate semiconductor with
random potentia of chargeimpurities// JETF, 117(4), pp. 761-770. (in Russian) (2000).

IO .M.XOE.epKol’2

IHonikpeMHii Ha i30JATOPI VI 32CTOCYBAHHS B CEHCOPAX, NPane3JaTHUX B
CKJIAJJTHUX YMOBAX €KCILIyaTamil

1 . o . . . .
Hayionanvnuii ynisepcumem “ Jlvgiscoka nonimexuixa” , HAL[ “ Kpucman'
2 . . . ..
Midicnapoona nabopamopis cunbHux MazHimHuX noaie i Hu3bKux memnepamyp, Bpoynas, Ilonvwa

B po6oTi 1OCHIKEHO €JICKTPOIPOBIIHICTE PEKPUCTANI30BAHUX —IIApIB MOJIKPEMHII0 Ha 130/14TOpi p-THILY
IIPOBITHOCTI, ONIPOMIHEHUX €JIEKTPOHAMH BHCOKHMX €HEpriii B TemneparypHoMy aianasoni 4,2+ 300 K 1 B cunbHHX
MarHiTHUX noisx 10 14 T 3 MeToro NMpOrHO3yBaHHS BIACTUBOCTEH MaTtepiaiy Ul CTBOPEHHS CEHCOpPIB (i3MYHUX
BEJIMYMH, NPaLe31aTHUX B )KOPCTKUX YMOBaX eKCILTyaTallii.

KurouoBi ci10Ba: nonikpemHiii Ha i3ossTopi, ceHeop, Margitoomnip, KHI-crpykrypu.
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