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INFLUENCE OF Ge ISOVALENT IMPURITY ON ANISOTROPIC
PARAMETERS OF n-Si SINGLE CRYSTALS

The summary. The paper presents results of influence Ge Isovalent Impurity on anisotropic parameters
of n-Si single crystals. The experimental results for investigated single crystals are shown that introduction Ge
Isovalent Impurity into n-Si significantly reduce relaxation time <t,> and electron mobilityy,; brings to a
reduction piezoresistance effect. Increasing of Ge Isovalent Impurity is changing the corresponding anisotropy
parameters. Electron collision with Isovalent Impurity is close to isotropy scattering. Zone characteristic of
single crystals n-Si with Ge Isovalent Impurity doesn’t change up to Ng.< 20-10"° cm™.
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parameter of relaxation times anisotropy.

C. Micwok

BIIJIUB I30BAJIEHTHOI JOMIIIKH Ge HA AHI3OTPOITHI
ITAPAMETPHU KPUCTAUJIIB n-Si

Pe3rome. Ilpeocmasneno pesyrbmamu 00ciodcensb 6naugy izosanenmnoi domiwiku Ge Ha aHi3omponHi
napamempu xpucmanie n-Si. ExcnepumenmanvHi pe3yiomamu OAs OOCHIONCEHUX KPUCMANI8 NOKA3AMU, WO
66edens iz08anenmuoi domiwku Ge 8 Kpucmanu n-Si cymmeeo 3meHuilye yac penaxcayii <t,>, pyxaugicme
eeKMPOHI8 [I, MaA Npu3800ums 00 3MeHueHHs n’e€30nopy. Poscitosanus enekmpoHie i308anieHmMHUMU
OOMIUKAMU 2EPMAHII0 € OAU3LKUM 00 I30MPONHO20. 30HHI XAPAKMePUCMUKU Kpucmanié n-Si 3 ymicmom
i306anenmuoi Omiwku Ge 3 konyenmpayiero Ng,<20-1 0" em™ ne sminoromocs.

Kniouosi cnoea: izoeanenmua domiwika, n’€300nip, KpUCMAl, 4ac peiaxkcayii, pyxaugicmus eeKmponis,
napamemp ani3omponii 4acie penakcayii.

Introduction. Modern engineering development demands the new materials
investigations. That’s why n-Si single crystals with Ge Isovalent Impurity (Gell)
investigations are very actual [1]. Inner local stresses arise during doping silicon crystals by
germanium atoms as a result of difference between the covalent radius of Si (1.17 A) and Ge
isovalent impurity, deforming the crystal lattice, changing its constant and, thus, influencing
upon electrophysical and anisotropic properties of the crystal [2].

Objective. This paper presents results of piezo-resistanse effects and anisotropic
parameters investigations of in n-Si single crystals with Gell with concentrations of
Germanium Ng=2-10"+20-10"cm™. The investigated crystals were grown by Chokhralsky
method with oxygen content ~10'"cm™. The control samples without Gell were performed for
comparison.

Results and discussion. Crystals of n-Si manifest maximal piezosensitivity in case
when current J and stress P are directed along [100], that is P||J||[100]. Figure 1 presents the
dependencies of longitudinal piezoresistance on pressure P||J||[[100] at temperatures 7=77K
and 7=300K. The common feature of plots pp/py=f(P) is the decrease of piezoresistance
coupled with the increase of Gell concentration. As tensoeffect is caused by anisotropy of the
crystal, the presented results testify to the fact that doping the crystal with isovalent impurity
changes the corresponding anisotropy parameters.
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Figure 1. Longitudinal piezoresistance of n-Si crystals and n-Si with different content of Gell for the
case P || J || [100] at 7=77K [3]: 1 —n-Si without Gell, 2 — n-Si with Ng.=2:10""cm™. 3 — n-Si with
Ng=4-10"cm”, 4 — n-Si with Ng=7-10"cm™, 5 — n-Si with N;,=20-10""cm™ and 7=300K: 1' - n-Si

without Gell, 3' - n-Si with Ng,=4-10"cm™, 5' — n-Si with Ng.=20-10"cm™

For crystals of n-Si piezoresistance pp/pp=f(P), which is brought about at P||J||[100] is

determined as [4]:
1+2C)(1+2K)
= , 1
Ppr = Po 3(1+20) (1)
nAE
C=-2=¢ ', (2)

where n; is the concentration of current carriers in lowering ellipsoids, 7 is the concentration
of current carriers in rising ellipsoids, K is the parameter of mobility anisotropy [4]:

3 000 ] 1
K =P o ®
2 p, 2

Thus, the dependence pp=f(P) can be determined by expression (1) and experimental

data of pp and p!'*.
For deformations which afford the complete migration of the carriers into energy

minima, we may write:
L 4
[100] — en,u” ’ ( )

0

where 7 is a carriers concentration, £ is a current carriers mobility along the main axis of

ellipsoid.
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As it is known, the parameter of mobility anisotropy is [4]:

k=% (5)
Hy

where x4, is the current carriers mobility in perpendicular to the main axis of ellipsoid
direction.

The parameter of mobility anisotropy K can be defined from experimental data (Figure
1). In accordance to (3) and usage the expression (5) let’s plot a dependence 1,=/Ng.). It is
shown on Figure 2.

Magnitude 44, characterizes the mobility along the main axis of isoenergetic ellipsoid.
For 4

Hy = i<Tn> g (6)

m,
where m| is a longitudinal component of effective masses tensor, <7,> is a relaxation time
along the main axis of ellipsoid.

The analysis of the obtained results shows that 44 practically does not depend (accurate
up to 4%) on the concentration of isovalent impurity. So, <7;,> also practically does not
change.

Let us consider the expression for z:

Hy :i<ﬂ>s (7)

m,
where m is a transversal component of effective masses tensor, <z,> is relaxation time
transversal to the leading axis of ellipsoid.

As can be seen from Figure 2 y, sufficiently depends on the Gell content in n-Si. There
are grounds to consider that such behavior of 44, 11 and, hence, times of relaxation <gz>, <7,>
is provoked by corresponding effective masses my, m,. It was determined by method of
cyclotron resonance that m=0.9163m and m,=0.1905m, [4]. So, we may affirm that mass m;
is more “inert” to various changes in the crystal and, therefore, <7> practically does not
change. As to mj, it is about one fifth as large as mj and, therefore, its perpendicular
component is more ‘“sensitive” to various influences. So, time <z,>, describing pulse
relaxation for m,, will change more substantially than <z>, which has been confirmed by the
experiment.
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Figure 2. 1,=/(Ng.), 14,=/{Ng.) dependences for n-Si crystals with different content of Gell

Plots 1-5 on Fig. 1 furnish to determine the parameter of relaxation times anisotropy as:

K = > (8)

here K, =30k ™ _gg)
where K_ = , K, =4.81.
(7)) "m,

Values of K and K, for n-Si crystals without Gell agree with paper data [4]. Figure 3
shows K, dependence on Gell concentration. The graph of parameter K, tends to 1 with the
increase of Ng,.. The obtained result shows that scattering on Gell in silicon crystals is rather
close to isotropic one.
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Figure 3. Dependence K,=f(Ng,) for n-Si crystals with different content of Gell. 1 — theoretical curve
by taking into account of anisotropy scattering on ionized donors [4], xe - experimental data from
[4,5]; 2 — (A) experimental data for investigated crystals
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Usage experimental data (Figure 1) we may determine the constant of deformation
potential =, for n-Si crystals with different concentration of Gell. For temperature 7=77K we

have [6]:
4
=, =1.63-10° & Cplo , 9)

where C is determined from (2), P is expressed in Bar.

1g(C10%)

4.5 oot b YRR S S— .

0 1 2 3 4 5 6 7 8 P10 Bar

Figure 4. Dependences Ig(C-10°)=f(P) for determination of Z, - constants of deformation potential: 1
- n-Si with Ng,=20-10"cm™ ; 2 — for crystals — n-Si without Gell, and with Ng<7-10"cm’

Thus, in the case of the dominating contribution of the electrons inter-valley
redistribution mechanism to the piezoresistance we obtain a linear dependence Ig(C-1 0%) =f(P)
(Figure 4). We find the constant of deformation potential =,=9.3eV from the slopes of
dependences for pure n-Si and for crystals with Gell up to Ng=7-10"cm™. The decrease of
deformation potential constant down to ZE,=9.0eV is observed for concentration
Nge=20-10""cm™. The obtained data testify to the fact that band and elastic characteristics of
n-Si with Gell do not practically change at concentrations Ng<20-10"cm™.

Conclusions. Summarizing our investigations of inisotropic parameters and uniaxial
piezoresistanse for n-Si with Gell we can make the following conclusions:

- introduction Gell into n-Si crystals actually don’t influence on the values of <7z> and g,
but significantly reduce <z,> and ;. This reduction can be justified because the
increasing of Ge concentration reduces quantity of the scattering centres and
therefore increases the probability of impulse scattering. Herewith electron moves faster in
equilibrium, and therefore the corresponding relaxation time decreases.

- introduction Gell into n-Si crystals brings to a reduction piezoresistance effect;

- increasing of Gell is changing the corresponding anisotropy parameters;

- electron collision with isovalent impurity is close to isotropy scattering;

- zone characteristic of investigated crystals doesn’t change up to Gell N.<20-10"cm™.
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