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INVESTIGATIONS OF THE DEEP-LEVEL
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PARAMETERS IN SEMICONDUCTORS

We propose to use methods involving a deformation for the determination of deep-level param-
eters in semiconductors. The methods are based on the measurement of strain parameters of
compensated and overcompensated semiconductors. The dynamic changes of the current flow
in compensated and overcompensated samples of the p-type Si: Ni and n-type Si: Mn under
a uniform pulse hydrostatic compression (UHC) are investigated. It is observed that, in the
p-type Si: Ni samples the, ionization energy level of Ni increases at UHC. On the contrary, it
decreases in samples of the n-type Si: Mn. The ionization energy and the baric coefficient of
shift of Ni and Mn levels are bounded.
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1. Introduction

In the pulse regime of the action of a uniform hydro-
static pressure (UHP) in semiconductors with deep
levels of impurities, the resulting combined strain-
thermo-effect causes an additional change of the con-
ductivity in semiconductors with various degrees of
filling of the deep levels [1]. Therefore, a deformation
technique is proposed allowing the investigation of
not only the baric changes in semiconductors, but
also the determination of the ionization energy, con-
centration, and other deep-level parameters without
using additional techniques such as the temperature
dependence of the Hall effect, capacity spectroscopy,
DLTS, ete. [2].

2. Samples and Methods of Measurements

The presented method is based on measuring the
strain parameters of compensated and overcompen-
sated semiconductors. During the investigation, we
used samples of the p-type Si:Ni and the n-type
Si: Mn silicon with the resistivity p = 10° £ -cm ob-
tained on a monocrystal silicon base, using SDP-15
(silicon doped with phosphorus) and SDP-4 (silicon
doped with boron) technologies, as described in [3].
The investigated silicon samples had the shape of
a parallelepiped 2 x 2 x 4 mm? in size. To measure
the temperature of samples during the process, a
copper/constantan thermocouple was tightly pressed
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to the sample surface. To prevent the thermal scat-
tering and to increase the accuracy of the temper-
ature measurements, the samples were wrapped up
with a thermocouple in a thermal-insulation enve-
lope formed of epoxy glue. The reference thermo-
couple was held at 0 °C. Control measurements of
the electrical conductivity and temperature of the
sample-thermocouple system under the application of
pressure impulses showed that they are changed si-
multaneously over the interval 7' = 243293 K and
P = (0+5) x 108 Pa. The required external pressures
were produced via an UHP installation with a pneu-
matic amplifier [4], which created pressure pulses with
slow rate OP/0t = 10® Pa/s in the temperature in-
terval T' = 273+293 K.

3. Experimental Results

The kinetics I = f(t) for a p-type Si:Ni sample
over the range of impulse action (region 1) and un-
der UHP (region 2) at the initial operating temper-
ature Ty = 273 K is shown in Fig. 1. Measurements
showed that when the pressure increases in the in-
terval P = (0+5) x 10% Pa, the temperature of
samples abruptly increases to Tiax, & value ranging
from 243 K to 293 K, by depending on the pressure
and OP/0t. The current in samples increases from
Iy =3.7x1076 A to I . = 6.8x 107 A according to
the temperature of samples (Fig. 1, region 1). After
the removal of the pressure, the temperature of a
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Fig. 1. Kinetics of a current flow in the p-type Si:Ni sam-
ples under the pulse action (1) and the removal of UHP with
oP

the rate 5 = 108 Pa/s at the initial operating temperature

Ty, =273 K
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Fig. 2. Temperature dependence of a current in the p-type
Si:Ni samples (1, 2) and the n-type Si: Mn (3, 4) under the
UHP (1, 3) action and without a pressure (2, 4) at Top = 273 K
a. Dependence of amplitude values on the current in the p-type
Si:Ni samples on the rate of UHP pressure change with the
amplitude P =5 x 10% Pa at Tog =273 K b
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sample relaxed to its static value during 5060 s at
P = (0+5) x 108 Pa.

Unlike the influence of UHP, when reducing the
pulsed pressure, the temperatures and currents of
samples firstly decrease to values Ty, and Iy, re-
spectively, from which they relax to their initial val-
ues, ie. to Ty and Iy (Fig. 1, region 2). The simi-
lar dependence of I = f (¢) under similar conditions
and UHP was obtained for the n-type Si:Mn sam-
ples. Measurements of the Hall effect in the p-type
Si:Ni and n-type Si:Mn samples under the UHP
impulse action at temperatures Ty, Timax and T,
i.e. at the extreme point changes of I.x and Iy,
showed that a change of the current in the samples
is essentially due to a change of the concentration of
current carriers (/~96), since, under these experimen-
tal conditions, their mobility changes slightly (/4).

4. Processing of Experimental Results

The dynamical changes of the conductivity in over-
compensated samples of the p-type Si:Ni and n-type
Si: Mn for impulse UHP can be presented in the form
[6]:

I=Ueun(P,T)x S/L=

= Ueung [exp (—E; — a;P)/kT]| x S/L, (1)
where U is the voltage applied to sample; S and L
are the cross-section and length of a sample; e, u, and
n are the charge, mobility, and concentration, respec-
tively, of current carriers, F; and «; are the energy
of an impurity level and pressure of this level, respec-
tively; P is the value of UHP; T is the temperature
of a sample; and k is Boltzmann constant. By taking
the logarithm and differentiating with respect to the
temperature, expression (1) can be rewritten as

O(InJ)/OF =9 (InUeunyS/L)/OE —
— k™M (Bi — a;P) (9(1/T)/0T). 2)

Taking into account that 9 (InUeunyS/L) /0T = 0,
we get the ionization energy of impurity levels F;:

E; = —k[8(In1)/(dT) (3 (1/T) dT) + a; P). (3)

From this, one can see that F depends on the
rates of changes of I and 7. The temperature depen-
dences of the current in the samples of the p-type
Si:Ni (curve I and 2) and the n-type Si:Mn (curve
3 and 4) are given in Fig. 2, a. They correspond to
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the experimental results of relaxed regions 1 and 2
in Fig. 1. Ionization energy levels for Ni and Mn as
functions of their baric shift coefficient are defined
according to expression (3). The experimental results
are given in Fig. 2. Energy levels Ey, = 0.42 eV
and Eys, = 0.52 eV were calculated, by using an; =
=1.2x 107" eV/Pa and oy, = 1.8 x 10711 eV /Pa,
respectively. These results confirm those in [3,4].

The maximum current as a function of the pres-
sure change rate at UHP I, = f (OP/0t) with am-
plitude P = 5 x 10® Pa in the p-type Si:Ni samples
with the initial operating temperature 7' = 293 K is
plotted in Fig. 2, b. One can see that the maximum
current amplitude monotonically increases with the
rate and, at certain values, the change of the current
depends on the rate (9P/0t) = 10® Pa/s, resulting in
the plateau observed in I(P).

Thr analysis of experimental data shows that
the plateau appears to be independent for [.x =
f(0P/0t) and is linked with the full atom ionization
in the Ni impurity levels in Si.

In the studied system, i.e. the p-type Si:Ni, the
electric neutrality equation of the current of carriers
in the region full of “feeble” Ni levels may be written
as [5]:

p:NAiNDa

where Ny = Np + p, and Np is the concentration of
minor donors, and N4 is the concentration of com-
pensated acceptors of impurities. In the investigated
samples of the p-type Si:Ni, the full concentration
of electrically active atoms proves to be equal to
3.47 x 10 ecm ™2 and is in good agreement with the
data in [6].

5. Conclusion

The studied method of pulse-action UHP may be
used successfully to determine some baric deep level
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parameters via the baric measurements in semi-
conductors.
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L.I". Typcynos

JOC/LAXKEHHA ITAPAMETPIB
IVIMBOKOI'O PIBHS B HAITIBITPOBIJTHUKAX

Peszmowme

Y poboTi NponoHyIOTHCS MeToau JiedopMail JJIst TOCIIiI2KEeH-
Hs MapaMeTpiB riInOOKOro piBHsI B HAIIBIPOBigHMKaX. Bin Ga-
3y€TbCs Ha BUMipax mapamMerpiB medopmariii KOMIEHCOBaHUX i
HaIKOMIIEHCOBAHUX HAIIBIPOBiAHUKIB. JlocitiazkeHo qunamivni
3MIiHE CTpyMy B KOMIIEHCOBAHHUX Ta HaJKOMIIEHCOBAHUX 3Pa3-
kax p-tuiy Si: Ni ta n-tumy Si: Mn npu oxHOpizHOMY iM-
mysabcHOMY rifpocrarnanomy cruckysanti (OI'C). Beranosite-
HO, 1m0 B p-tumy Si: Ni 3paskax emepris ionizanil Ni npu OI'C
30inpnryerscsa. HaBnaku, BoHa 3MEHIILYETbCA B 3pa3KaX N-THUILY
Si: Mn. Enepris ionisanil Ta 6aputnnit koedirieHT 3cyBy pis-
uiB Ni i Mn 6ynun obMexkeHuMU.
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