ISSN 1818-331X AJIEPHA ®I3UKA TA EHEPI'ETUKA 2014 T. 15 Nel

PAJIAIINHA ®I3UKA

VK 537.312.5:537.311.322
D. A. Zakharchuk', Y. V. Koval', L. V. Yashchynskiy', S. A. Fedosov*

" Lutsk National Technical University, Lutsk
? Lesya Ukrainka East European National University, Lutsk

CHANGING OF THE ANISOTROPY PARAMETER OF MOBILITY IN n-Ge SINGLE
CRYSTALS WITH HETEROGENEOUS DISTRIBUTION OF DOPING IMPURITY

The influence of illumination with different intensity on changing parameter’s anisotropy of mobility

my (H)

K =M—L=—-W in y-irradiated by the chosen dose examples n-Ge with heterogeneous distribution of doping
MH m TH

impurity in crystal volume is analyzed. On the basis of experimental and theoretical calculations it is shown that in
y-irradiated n-Ge the longitudinal component of mobility L, in the separate isoenergetic ellipsoid does not practically

depend on illumination intensity. The essential change of transversal mobility component W, at the increase of

illumination intensity is defined by the change in anisotropy parameter of relaxation times K_= < .
T >
I

Keywords: semiconductor, irradiated, anisotropy, mobility.

Introduction

The presence of the periodic distribution of
impurity in semiconductor crystals under research of
the transfer phenomena leads to the appearance
(under the definite conditions) of several specific
effects. The directed appearance of heterogeneities
in crystal volume makes it possible to create the
samples with the new properties, for example, with
the given stage of anisotropic mobility. Recently
there were a number of publications on studying the
influence of doping impurity concentration and the
dose of vy-irradiated to the exchange of the

anisotropy parameter of mobility K TN

Ky
single crystals with heterogeneous distribution of
doping impurity [1 - 5]. A great interest has arisen to
make a research on light influence of different
intensity to the exchange of K parameter for these
single crystals.

in n-Ge

Problem statement

During the analysis of possibilities to control the
influence of layered periodic heterogeneities on
electro-physical effects in n-Ge samples, irradiated
by the chosen dose, in particular by action of the
different intensity illumination, the changing of

anisotropy parameter of mobility K= LT
My
m, (1 m
= < L> was observed, where K, = 1
m, <T\ \> m,

parameter of the effective masses anisotropy;

K = (1,)

C )

relaxation times tensor.

— parameter of the anisotropy for

Main results of the research

For measurements of n-Ge single crystals, two
groups of samples were cut out along the
crystallographic direction [111] (in which the
maximum strain-sensing for the germanium was
realized) that growth layers were placed differently
in the relation to current direction J and mechanical
tension X : samples of group I are cut out along the
crystal growth in the direction [111] (thus growth
layers are perpendicular J || X ); samples of group II

are oriented under the angle 70° concerning the
growth axis, but also in the direction [111] (thus

growth layers are approximately parallel.J || X ). The

measurements of piezoresistance and piezo-hall-
effect for the different illumination intensities were
realized at T = 77 K on the primary samples n-Ge
(p300xk= 0,42 Om'm) and on the samples irradiated
with Co® by the dose 1,1 - 10*! quantum/m?. The
lightning of the explored crystals was carried out
through the filters CdSb to break band-to-band
transitions. Experimental results for the longitudinal
piezoresistance and piezo-hall-effect measurements
are presented in Table 1. As shown in the Table, for
the samples from different groups with the increase
of lighting intensity, the parameter of anisotropic

mobility increases K = B , which is defined by the
Ky

ratio
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Table 1. Basic characteristics of explored crystals n-Ge at the different levels of lightning

Samples of group I (at J || X L[111])

p,/p,, arb. units p../p,, arb. units Py, Om-m K, arb. units n,m> (X =0,8 GPa)
1 5,6 2,63 7.9 2,34-10"
1,5 7,7 1,76 11,05 2,65-10"
2 8,7 1,32 12,55 3,25-10"
3 13,5 0,88 19,75 3,38-10"
5 15,3 0,53 22,45 5,02:10"
10 22,58 0,26 33,37 6,87-10"

Samples of group II (at J || X ||[111])

P,/P, »arb. units p../P, , arb. units 0o, Om'm K , arb. units n, m> (X = 0,8 GPa)
1 8 0,18 11,5 2,1-10"
1,5 11,5 0,12 16,75 2,25-10"
2 13 0,09 19 2,410
3 14,5 0.06 21,25 3,01-1019
P 3 p[i,”] 1 M the conduction band energy, the longitudinal u,; and
2 p, 2 ’ transversal |, mobility component in the separate

(]

oo

where p,— specific resistance at X =0; p at

X =0,8GPa when piezoresistance gets to the

satiation.

It is significant, that for the samples of group I
the change of values K, specific crystal resistance
and concentration of charge carriers essentially
differ then for samples of group II. It can be
explained by the sharp increase of layered periodic
heterogeneities amplitude in the group I of samples,
where the current direction and strain (J || X) is

perpendicular to the crystal growth layers [3].
In the case of deformations, which provide the
full migration of charge carriers into minimums of

W, ,m’ /V-s uH,mz/V-s

rl
i
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at T= 77K in irradiated n-Ge with Co® by the dose
1,1:10*' quantum/m” for the samples at J || X L[111].

isoenergetic ellipsoid are defined according to:

1

W=
I enep[m]

2)

oo

3)

Based on the experimental data and using the
correlations (2) and (3), the dependence 1, and

uy =Ky,

on the level of lighting p, /p, (where p, and p,

are the values of specific resistance in darkness and
under illumination) for samples oriented differently
in the relation to the growth layers are constructed
(Figs. 1 and 2) [6, 7].
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at T=77K in irradiated n-Ge with Co® by the dose
1,1:10*' quantum/m” for the samples at.J | X [|[[111] .
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By the dependences W, = f(p,/p,) (see curves

1 and [’ in Figs. 1 and 2) for two samples groups
almost the invariability of mobility component

from illumination value is observed. As to mobility
component [, (see curves 2 and 2’ in Figs. 1 and 2),

it can increase sharply for the indicated current
direction and strain in the relation to the crystal
growth layers at the illumination intensity increase.
As the data of cyclotron resonance show for the
m
effective masses, the electron size K, = 19.3,
m,
as far as m, =0.082m, and m =1.58m,. From the
independence L, of the illumination intensity it is

possible to conclude that the obtained increase of
i, at the illumination intensity rise can be defined

by the decrease in anisotropy parameter of relaxation
times K_, because u, K =y, K, = const.

Besides the mass m; is «more» inert to the
different type of crystal changes, and that is why
<’CH> practically does not change that follows from

the equation

W :mi<'fu>- 4)

Accordingly m, in 19,3 times less than m, . This

indicates that the perpendicular constituent is
considerably sensitive to the different influence
types. In accordance to the ratio

My :i<r¢> (5)

the relaxation time <T ¢>, which describes the

impulse relaxation for m,, will change more
essentially  than <TH> that is  confirmed

experimentally. In is necessary to note, that the
observed anisotropy of mobility for n-Ge agrees
with the results of theoretical and experimental
works [4], where in the diffusive approach the
theoretical model of the free heterogeneous
semiconductor is constructed, which describes the
experimental results and takes into account thin
layered periodic heterogeneities structure.

Conclusion

On the basis of experimental and theoretical
calculations it is shown that in y-irradiated n-Ge the
longitudinal component of mobility W, in the

separate isoenergetic ellipsoid does not practically
depend on illumination intensity. The essential
change of transversal mobility component |, at the

increase of illumination intensity is defined by the
change in anisotropy parameter of relaxation times
K. .The study of the given features creates the pre-

conditions to consider the mentioned effects in
different construction types of semiconductor
sensors, and also will secure real ways of the
displays minimization of these effects where they
can turn out enough undesirable.
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b o . o . o .
, Jlyyvxuil HayionaneHull mexuiynuil ynieepcumem, JIyyvk
Cxionoesponeticokuii HayionanbHull yHieepcumem imeni Jleci Yxpainku, JIyyvk

3MIHA ITAPAMETPA AHI3OTPOIIIi PYXJUBOCTI B MOHOKPUCTAJIAX n-Ge
3 HEOJJHOPIJTHUM PO3MOILJIOM JIET'YIOUOI JOMIIIKHA

AHami3yeTbcs BIUIMB OCBITIICHHS pi3HOI IHTEHCHBHOCTI Ha 3MiHY IIapaMeTpa aHi30TpOIi pyXJIHBOCTI

m T
I
K= My — . < J—>
W my <T\ | >
00'emi kprcTana. Ha oCHOBI eKCIIEpUMEHTAIEHUX 1 TEOPETHIHHUX PO3PAXyHKIB ITOKa3aHO, IO B Y - ONpoMiHeHOMY n-Ge
TIO3JIOBXKHA CKJIAJ0Ba DPYXJIMBOCTI |l B OKPEMHMX i30€HEPTETHYHHMX €JIICOiNax MNPaKTHYHO HE 3aleKHTh BiJ

B Y-ONpPOMIHEHHX MOHOKpHcTaiaXx n-Ge 3 HEOTHOPIAHWM PpO3MIOMIIOM JIETYIOUOi JOMIIIKHA B

IHTEHCUBHOCTI OCBITIE€HHs. IcTOTHA 3MiHAa IONEpeYHOI CKIa0BOI PYXJIHMBOCTL [, IpU 30LIbIIEHH] IHTEHCHBHOCTI

(t.)

CBiTJIa BU3HAYAETHCS 3MIHOIO NTapaMeTpa aHi30Tpolil yaciB penakcauii K, = < .
W)
I

Kntouosi cro6a: HaniBOPOBITHUK, ONIPOMIHEHHS, aHI30TPOIIis, PyXJIUBICTh.

JI. A. 3axapuyk', ¥O. B. Kosaas', JI. B. Slmuncknii', C. A. ®exocos’

1 . . .
JIyykuti HayuoHabHbIN MexHuYecKull yHusepcumem, Jhyyx
? Bocmounoesponeiickuii nayuonansublii ynusepcumem umenu Jlecu Yipaunxu, JTyyx

W3MEHEHUE ITAPAMETPA AHHA3O0TPOIIMU ITOABMKHOCTH B MOHOKPUCTAJUIAX n-Ge
C HEOJHOPOJHBIM PACHPEJAEJEHUEM JIETUPYIOIIEN IMTPUMECHU

AHannspIpyeTca BJIMAHHUEC OCBCHICHUSA paSJ’IPI‘lHOﬁ HMHTCHCUBHOCTU Ha HW3MCHCHHUE IapaMeTpa aHU30TPOIINH

noaBmwxkHocTH K = o = ﬂ <TL>
Wy omy <TH>

nernpy}omeﬁ IMpUMECH B o0bemMe KpucTajia. Ha ocnoBe OKCIICPUMCHTAJIbHBIX U TCOPCTUYCCKUX PACYETOB IOKAa3aHO,
4TO B Y-OGJ’Iy‘IeHHOM n-Ge MpoJaoJibHasA COCTaBJiAOIIasA MOABUKHOCTH MH B OTACJIBbHBIX H30OHEPTECTHUUCCKUX

B y-00Iyd4eHHBIX MOHOKpHcTaiax n-Ge ¢ HEOAHOPOIHBIM pacrpeleieHHeM

SJumMncongax MPaKTUYECKW HE 3aBUCUT OT HMHTEHCUBHOCTHU OCBEIICHUSA. CyH.IeCTBeHHOC HN3MCHCHUC HOHepe‘IHOﬁ
COCTaBJ’ISIIOHIeﬁ MNOABW)KHOCTH |, [pPU YBEJIUYCHUU HWHTEHCHUBHOCTU CBETa OIIPECHACIIICTCA M3MEHEHHUEM IapameTpa

(t.)

AHU30TPOINH BPEMCH pEJIaKCallun K,[ = < .
w)
I

Kniouesvie crnosa: monynpoBOIHHK, 00TyIeHUE, aHIH30TPOTIHS, TIOBIKHOCTb.
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