A.V. FEDOSOV, S.V. LUNIOV, S.A. FEDOSOV

PECULIARITIES OF PIEZORESISTANCE

OF ~-IRRADIATED N-SI CRYSTALS IN THE CASE
OF SYMMETRIC POSITION OF THE DEFORMATION
AXIS RELATIVE TO ALL ISOENERGETIC ELLIPSOIDS

A.V. FEDOSOV,! S.V. LUNIOV,' S.A. FEDOSOV?

1Lutsk National Technical University
(75, Lvivska Str., Lutsk 43018, Ukraine; e-mail: luniovser@mail. ru)

PACS 72.20.Fr
©2010

2Lesya Ukrainka Volyn National University
(13, Voli Ave., Lutsk 43025, Ukraine; e-mail: ftt@univer. lutsk. ua )

The piezoresistance of y-irradiated n-Si crystals is studied in the
case where X||J|[[111]. A change of the energy gap between the
deep energy level Ec — 0.17 eV and the conduction band valleys
in n-Si arising due to a uniaxial deformation along the crystallo-
graphic direction [111] is determined. It is shown that, for this
crystallographic direction, the baric coefficient of a change of the
energy gap is insignificant, since the shifts of the deepest level E¢
—0.17 eV and the conduction band valleys in n-Si under deforma-
tion are practically identical.

The study of peculiarities of the piezoresistance of ~-
irradiated n-Si crystals in the case of a symmetric posi-
tion of the deformation axis relative to all isoenergetic
ellipsoids is interesting from both theoretical and cogni-
tive viewpoints. A nonlinear, considerable in magnitude
dependence 2% = f(X) was obtained for n-Si in [1] in
the case of large mechanical stresses at X||J||[111]. As
the application of the mechanical stress X does not result
in a relative shift of valleys in n-Si under conditions of
these investigations, the presence of the piezoresistance
in nonirradiated crystals at a constant concentration of
charge carriers in the conduction band is explained by a
change of the mobility due to an increase of the trans-
verse effective mass m | under the simultaneous manifes-
tation of the deformation-induced nonparabolicity of the
C-band [1,2]. With regard for the fact that m, ~ X,
the authors of work [1] obtained the expression

p—X—1:a0X27 (1)
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where ag is some constant depending on the mechanisms
of scattering of charge carriers.
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Taking the expressions for the resistivity of deformed
and undeformed n-Si samples into account, we obtain

1 1
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px = (2)
where pux and pg stand for the mobilities of charge car-
riers in deformed and undeformed n-Si, respectively, and
n. is the electron concentration in the conduction band.
With regard for (2), relation (1) takes the form

KO 9+ apx?. (3)
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The effect of radiation-induced defects on the piezore-
sistance of n-Si under the condition X||.J||[111] was in-
vestigated, by using n-Si crystals grown by the Czochral-
ski method with the resistivity pzp0 k =30 Ohm-cm
and the initial concentration of charge carriers n =
1.24 x 10" cm ™3 and irradiated by y-quanta from Co%
with a dose of 3.8 x 107 quanta/cm? (Fig. 1).

As is known, ~v-irradiation of silicon crystals with a
high content of oxygen impurity results in the formation
of radiation-induced defects having deep energy levels
in the forbidden band (E¢ — 0.17 €V) belonging to A-
centers (“vacancy — interstitial oxygen” complex) [3].

In the case of y-irradiated n-Si crystals with a deep
energy level Ec — 0.17 €V, we have

— eny), (4)
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where 0%, p%, o0, 08, 1%, ©d, ne, and n stand for
the conductivity, resistivity, mobility, and concentration
of charge carriers for y-irradiated n-Si crystals, respec-
tively; and the indices “X” and “0” denote deformed and
undeformed semiconductors, respectively. According to
[4], the electron concentration in the conduction band of
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a semiconductor with deep energy levels depends on the
deformation in the following way:

>

_AE
Ne = ne okT .

(5)

Here, AFE is a change of the energy gap between the
deep energy level and the conduction-band bottom, and
« is the coefficient varying from 1 to 2 depending on the
degree of occupation of the deep level.

With regard for (3), (4), and expression (5) for the
electron concentration in a deformed semiconductor with
deep levels, we obtain

0
EX — (1 4 aX?)ed¥T = f(X), (6)
Po
_ d(AE)
where AE = 5 X.

Let us expand the function f(X) in a Taylor series in
the neighborhood of some point X in the linear approx-
imation:

f(X) = f(X)+

2aX1f(X1)
1+aX?

f(X1) d(AE)
a kT dX

(X —Xy). (7)

In this approximation, the values of the coefficients «
for two close points X; and Xs, for which X, = Xy +
AX, where AX < X, can be considered equal. Then
we can write

f(X2) = f(Xq)+

20X f(X1)
1+aX?

f(X1) d(AE)
a kT dX

(X2 — X7). (8)

According to (6), we have

d(AE) f(X1)
adx _ 1+aX12
OélkT X1 '

This substitution yields the expression allowing one to
determine the constant a (at some fixed temperature T'):

f(X2) = f(Xq)+

f(X1)
20X f(X1) In 1+a)1<12

X
1+aX12 +f( 1) X1

(X2 — X1). (9)

Taking (5) and (6) into account, we can write down
the expression for the concentration of charge carriers in
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X||J||[111] at different temperatures T: 1 — 150, 2—- 130, 3— 77 K

Fig. 1. Dependences f(X) after y-irradiation of n-Si crys-

n-Si under the condition X ||J||[111] in the presence of
deep energy levels in the forbidden band:

1+ aX?
fx)

Let us differentiate (5) with respect to X:

(10)

Ne=n

dne n _ar d(AE)

= — e okT
dX akT dX

(11)

According to the data of works [5-7],

d(AE
(dX ) = const. (12)
The value of the derivative ”Clg; at some point X; is

equal to the tangent of the tangent slope angle for the
plot of the function n. = f(X). Then the derivative flnf
at the point X; can be presented as

dne|
According to (5), (11), and (12),
d(AE) _ aikT
aX T no(xy) Eor (14)
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Fig. 2. Temperature dependence of the concentration of charge
carriers in m-Si irradiated by ~-quanta with a dose of 3.8 X
10'7 quanta/cm?

Then, for two different values X; andXs,, expression
(14) yields

a1tgB _ antg By
nE(Xl) ’I’LE(XQ).

(15)

It is shown in [6, 8] that the dependence of the con-
centration at temperatures T° > T, has the form n ~
exp (_%) In the case of low temperatures T < T,
the energy in the exponent is the total activation energy
of a level, and T, stands for some characteristic temper-
ature determined experimentally from the temperature
dependence of the concentration of charge carriers. Then

a=1atT <T,. According to (15),

aq
ng(Xl)

€(X2)

where tg[; is the tangent of the tangent slope angle for
the plot of the function n. = f(X) at the point X,
where n.(Xo) = n(T,). In accordance with (14) and
(15), the variation of the energy gap between the deep
level E. and the lower valleys of the conduction band
under deformation (7" = const) is equal to

tgfh = — tg0s, (16)

aq tgfo
Ne (Xl) Ne (Xo) ( )
As one can see from Fig. 2, the peculiarity of the de-
pendence n = f (%) consists in the transition from the
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Fig. 3. Dependences n. = f(X) after y-irradiation of n-Si crystals
with the dose ® = 3.8 x 1017 quanta/cm? under the condition
X || J ||[111] at different temperatures T: 1 — 150, 2 — 130, & —
77T K

“complete” slope of the level F¢ — 0.17 eV at tempera-
tures T < T, to the “half” one at T > T,. According
to Fig. 2, the characteristic temperature of the transi-
tion T, =148 K, and the corresponding concentration
n(Ty) =4 x 1013 ecm™3.

Figure 3 presents the dependences n. = f(X) in the
case where X ||J||[111] at different temperatures, where
n. was determined by the data on piezoresistance ac-
cording to (10). The change of the energy gap between
the deep level E¢ — 0.17 eV and the bottom of the con-
duction band in n-Si calculated per every 10% kG /cm?
is equal to (0.68 +0.03) x 1072 eV. As one can see, the
baric coefficient of a change of the energy gap for the
given crystallographic direction is inessential. It is ex-
plained by the fact that, under deformation of n-Si along
the crystallographic direction [111], the shifts of conduc-
tion band valleys and the deep level Ec — 0.17 €V are
practically identical [5].
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