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Irradiation of materials by easy particles with energy 0.1-10 MeV plays an important role at creation of
semiconductor devices. Exactly defects in undoped films of lead chalcogenides and tin are responsible for their

semiconductor properties.

For analysis of damages profile it is possible to use the method which is based on the change of electrical
resistance of thin sample. Thus, to define the degree of damages with depth for weakening of flood foils of different

thickness are putted.

The calculation of profiles of ionization loss and damages of crystalline lattice under the action of monoenergetic
a-particle beam is actua for the tasks of modification of properties of semiconductor materias; for development,
choice of the regimes of exploitation and radiation firmness of detectors of ionizing radiation.

For the purpose of reception of a primary information about the distribution of electrically active defects in
samples is applied the method witch connected with measuring of bulk resistance of films of different thickness. The
spatia distribution of ionization and nuclear loss of energy by fast a-particles in A'"BY' semiconductors was

calculated.
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Introduction

An ionization loss of charged particles in
semiconductor is mainly spent for formation electron-
hole pairs. Knowledge of size of concentration of
generating non-equilibrium charge carriers is necessary
at use of semiconductors for the detectors of radiation
[1,2]. Also ionization loss are mainly determine free path
of a charged particle. Such data, especialy for
compounds, are often absent or them theoretical
estimation is rather rough, or for a calculation are needed
a difficult programs which use the method of Monte
Carlo.

I. Experimental dependences of electro-
physical values from the thickness of
PbTefilm

Experimental dependences of relative specific
electrical conductivity of PbTe films from thickness at
different floods of irradiation are shown in Fig.1. The
genera law isthat on curves in region of films thickness
about 20-25 microns are observed considerable
sensitivity of conductivity to an irradiation. The increase

889

G/Gn
1 a o— 1
2
3
4
0,9 | 5
0,8 ‘
8 12 16 20 h, mkm

Fig. 1. Experimental dependence of relative specific
conductivity s/sg of p-PbTe films from thickness h: 1
— initial data and after irradiation by a-particles flood
of ®x10% cm* 2 -0.3; 3 - 0.6; 4 - 09; 5 - 1.2.
Points — experiment, lines — calculation.

of integral flood of irradiation causes to more noticeable
change of relative conductivity from thickness.

Obtained experimental data can be explained by
Gaussian distribution of defects in materia at plane-
parale flood of a-particles with taken into account
isotropy of radiation of plane source. As a specific
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resistance is measured at transmission of current in
paralle afilm surface, then

r(X) =rg+tk ® F(x), Q)
where r, — initial specific resistance, ® — flood of
particles, k — coefficient of change of specific resistance
on unit of size of flood, F(x) — distribution of defects on

depth.
For chosen geometry of experiment F(x) will be:
2 1 (x/cosq- %)
F(x) =———¢ d dcosq , (2
Vpd &

where g — angle of incidence of particles on surface of
sample: xo and d — average depth and standard deviation
for Gaussian profile of defects distribution.

Unknown  parameters were found  from
approximation of experimental values of conductivity
(Fig.1.) by dependence:
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by least squares method.
As a result were obtained such values xo = 18 mkm,
d= 2 mkm, k=10"0m x cm®. Distribution F(x) on

F(h)
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Fig. 2. Caculated profile of distribution of defectson
depth of afilm at a-irradiation by isotropic floods.

depth of afilm at a-irradiation with obtained parameters
is shown in Fig. 2. Notice that curves of approximation
are in good agreement with experimental data. It testifies
about possibility of definition of profile of radiation
defectsin offered way.

[1. lonization and nuclear energy loss of
a-particlesin A''BY'

2.1. Path of a-particlesin A'B"'

In [3] is shown empirical calculation formula of path
of a-particles:

Ry = 0.1EL(E,A), (4)
where R, measure in mg/cm?, E, - MeV, A — atomic
number. In Fig. 3. is shown plots of dependence of free
path from energy of particlein Pb, Te, Sn, Se. Path of a-
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particles with energy 5.5 MeV, that also were presented
in Fig.3., were taken from tables [4]. Deviations in data
from two sources are less then 5%.

Path of particle in compound AB find from formula

[4]:
Rag = (AatAg)/(As/Ra+Ap/Rg). )
Dependences of path values from energy of particles
with taken into account densities of compounds are
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Fig. 3. Path of a-particles calculated from empirical
formula and that taken from tables in dependence
frominitial energyinSe—1,Sn-2, Te—3iPb—-4.

shown in Fig.4.
To confirm shown above path of a-particles R, with
energy E, in dense condensed medium use another
empirical formula[5]:
1-n
E, = a(m“) Z2nRn,

mp

(6)
where parameters of dependence, for photoemulsion a =
0.25, n = 0.58, my/m, = 4, z, = 2 —characteristics of
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Fig. 4. Path of a-particles in dependence from initial
energy of particles in SnTe— 1, PbSe — 2, PbTe — 3
and photoemulsion — 4.

particle. Path expresses by the formula:
1
R, = (22)", mkm (7)
This dependence aso is shown in Fig.4. We can see
similarity of dependences and calculated values.

2.2. lonization loss of a-particlesin A'VBY'

In range of energies, when speeds of ions are
compared to speeds of atomic electrons, theoretical
consideration of ionization loss is absent. In this range of
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Fig. 5. Energies and ionization loss of a-particles
along path for initial energy of particles 5.5 MeV of
source Pu”® in PbSe — 1, PbTe— 2 and SnTe— 3.

S, =0.235Z Z2 T%¢ In(b(T? + 0.01Z + 0.08)/(T + 0.003 Z + 0.024))/(T*® + a),

25“ =S,N (10)
where Z — order number of atom, T = E,/4, E, energy of
a-particlesin MeV; a, b — changeable parameters, that in
[8] selected so to provide optimal agreement with
experiment. Cross section of stopping of a-particles in
materials S, is expressed in units 10™ eV x cm?/atom.
Fitting parameters a and b for components of compounds
are represented in table 1. Calculated (with using (7))
energies of a-particles and ionization loss along path for
initial energy of particles 5.5 MeV are represented in
Fig.5. From figure we see, that maximum of lossisin the
end of path and in about 2 times exceeds loss in the
beginning.

2.3. Nuclear loss of a- particlesin A''B"'

For normalized nuclear stopping power is used
analytical expression from works[6, 9]:
S’ =05 In (1+1.1383 ¢)
n T P e 40.01321 £0-2122640,1959 €05
where

(11)

EqapM

E= (12

1 ’
113 224(25/*+2%/3)2e2 (Mo + M)
where &, — Bohr radius. Value of stopping power in
maximum is equal

[1]
[2]

[3]
[4]
[5]

— Energyatompublish, M. 432 c. (1986).
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speeds inelastic loss of energy have maximum. At
calculations of transport of ions of intermediate energy in
material often use cross-linking of values obtained from
Linhard-Sharf formula [6] for low energies and Bethe-
Bloch formula[7] for high energies.

However, loss of energy that calculated from
formula (1)
1
—-dEq _ 2(A\2 N
L E(E) A Mev/mikam, @®)
is monotone decreasing function of energy , where N —

atom concentration. For a-particles maximum of
stopping power is in range of energies, that intensively
use experimentally, ~1 MeV. On base of a big amount
of experimental data interpolation dependence [8]:

(9)

62
(22/3 +ZZ/3)1/2(M,Z+M)

In Fig.6. are represented nuclear loss in sublattices of
metal and chalcogen for PbSe, PbTe and SnTe. From
picture we see, that maximums of loss are in order bigger
than loss along all trajectory and that loss on more heavy
elements of compound are closer to surface of sample.

Thus, ionization loss of a-particles in AVBY' are
featured with using the dependence, that was presented in
[8], with parameters selected by us, also was calculated
nuclear loss. Nuclear loss, that responds for defect
formation, on three orders less than ionization loss.

Was shown, that profile of distribution of radiation
defects is the sum of Gaussian distributions for plane-
parallel floods, which give isotropic flood. Parameters of
Gaussian distribution are: average depth xo = 18 mkm,
standard deviation d = 2 mkm.

S, =362Na,ZZ, M, , erg/cm(13)
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Po3noain pagianiiinux gedekTiB M0 TOBIUIUHI TOHKUX IUIIBOK | V-V npu a-
OIPOMiHEHHI

1 o . o . . .
Tpuxapnamcokuil hayionanvhuil yrieepcumem imeni Bacunsi Cmeganuxa, eyn. lllesuenxa, 57,
M. Isano-®panxiscok, 76018, Vrpaina
2 . o . . o . .
JIroonincokutl nonimexuiynutl incmumym, Jloonin, Ionvwa

OnpoMiHeHHsI MaTepianiB JerkuMu 4acTuHkaMu 3 eHepriero 0,1-10 MeB Binirpae BaxxiamuBy poib IPH CTBOPEHHI
HaTIBIPOBITHUKOBHX MPHIaLiB. BupimeHnas mpobieMu KepyBaHHS BIACTHBOCTSIMH HAIIBIPOBITHHKOBOTO MaTepiary
a-ONMPOMIHCHHSIM HEMOXJIMBE Oe3 PO3YMiHHS MeXaHi3My B3a€MOJil ONPOMIHEHHS 3 TBEPAUM TIIOM 1 BIUIMUBY
nedektiB Ha i#oro BrmactUBOCTi. CaMe AeeKTH B HEJICTOBAHMX IUTIBKAX XaJIBKOTEHIOIB CBHHIMIO 1 OJOBa
BIJIMOBiANIbHI 3a 1X HAMiBIPOBIAHUKOBI BIIACTHBOCTI.

Ipy 1OCHUTH BENHKHUX CHEpPrisX MaJalouuXx a- YaCTHHOK, KOJU MaKCUMyM MPO(QIN0 MOIIKOKEHb 3HAXOUTHCS
Ha TIyOMHI KIIBKOX MIKpPOH, MU HOTrO aHaiizy MO)KHA BUKOPHCTATH METOJ, 0 0a3yeThcsl Ha 3MiHI €IEKTPOOIOpY
TOHKOTO 3pa3ka. [Ipy npoMy Ut TOro, 00 BU3HAYUTHU CTYIIHb MTOLUIKOXKEHb 3 TITyOHHOIO CTaBIISTh JUTS OCNIA0ICHHS
HOTOKY (OJIBTH Pi3HOT TOBIIMHH.

Oo6uncnenHs npo¢iniB iOHI3aIHHIX BTPAT Ta MOIMIKO/PKCHb KPUCTATIYHOT IPATKH Mij Ai€I0 MOHOSHEPTeTHYHOTO
MydYKa a-4aCTHHOK aKTyajbHe JUIi 3amad Mojudikamii BIaCTHBOCTEH HaIiBIPOBITHUKOBUX MarepialiB; po3poOKy,
BHOOPY PEKUMIB EKCILTyaTallii Ta pajialiifHol CTIHKOCTI JETEKTOPIB i0HI3YI0UOTO BUIIPOMIHIOBAHHSI.

3 MeTOI OfepKaHHsS IMEpPBHHHOI iH(opMamii Mpo pO3MOAIT EIECKTPUIHOAKTUBHHX AE(EKTiB y 3pa3kax
3aCTOCOBAaHO METOJ, 3BS 3aHMH 3 BHMIPIOBaHHSIM OO0 €MHOTO ONOpY IUTIBOK pi3HOI TOBIIWHH. Po3paxoBaHo
HNPOCTOPOBUI PO3MOJIN 1OHI3AIWHKMX 1 SAEPHUX BTpAT CSHEprii MIBHIKMMH &-YaCTUHKaMH B HaIiBIPOBiTHUKAX
AVBY!.

KuawuoBi cioBa: TOHKI IUTIBKH, pafiamiiiHi AepeKTH, 0-ONMPOMIHEHHS, XalbKOTEHIAW CBUHIO, Npodimi
iOHI3aliHHKUX BTpaT.
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