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The current-voltage characteristics (CVC) and switching
effects have been investigated in the monocrystalline

Pob Sn

1-x77x

Te alloys doped with In at liquid helium tempera-

tures. Experimental results are interpreted in terms of

joule heet model.

B HacTOAwe# padoTe CuJ 43YyYeHH BOJNLTAMIEDHHE XapakTe —
DUCTUKY ( BAX) 71 2ffeKTH NePeKNYeH!T B_MOHOKPUC T~

YECKiX CIUIaBaX Pb, _S
TEMIE PATYPAX . IKCIEPEMS

TeIET#DOBAHHMX In  mpu res1eBHX
TaJbHHE DE3YJNBTaTH i HTEpPIpE Ti-

pyaTCA B paMxex MOLeJd OROYyJeBa pasocrpena.

1. The Introduction.

The characteristic feature of the
investigated compounds is the high sen-
sitivity to infrared (IR) illumination'
at liquid helium temperatures (T < 20°K).
The ratio 46/ 0: is found to be higher
than 105, a6 being the photoconducti-
vity under IR illumination andOr - _,
dark conductivity value (6,4 10~20hm™ .
sm=1). This fact is due to the existence
of the energy barrier ¥ between the im-
gurity states and the conduction band.

Since the electron lifetime achieves
the value 104-105 sec. at T = 4.2°K 1,
the conductivity under IR illuminatign
rises sharply up to the value n=10]1
sm-3. Electron lifetime T,(T) is ex-
pected to be exponentially dependent up-
on the temperasture according to the ac-
tivation character of the photocarriers
recombination process: Y -

T~ 86 ~exp (= - =) ()
(T is the temperature of the sample,
Ty, - the temperature of surrounding
space). For the Pby_,SnyTe(In) al%fy
which is in dielectric phase (DP)
the activation energy C 5 corresponding
to the deep levelf, is approximately
20 meV. The concentration of thermally
excitad electrons in th conduction
band is less than n~1019gsm3 at T=4.2%,
So the dark conductivity O q(T) rises
when the temperature increases:

€a A
ﬁ}ﬁ/exp (-T: oy )
Fomulas (1) and (2) are correct, at
least, in some temperature interval.
The facts mentioned above can provide
a joule warming-up of the sample, which
in turan may cause changes in the CVC.
The measurements were performed
in special brass chamber cooled by
liquid helium. The heat flow between

(2)

31

the sample and the chamber walls was
transferred by gaseous heliuwm or pen-
than. Such construction protects the
sample from background IR illumination.

2. The Model

For the discussion of the view of
CVC curves the condition mentioned above
should be taken into consideration. The
expression for CVC can be deduced from
the stationary heat equation averaged
over the whole length of the specimen 2:

6 (T)E= —"'Tﬁ— (T - 1), (3)

vhere 6 =46+ 0y , E - electric field
s P , € are the average density and
specific heat respectively, T - the
thermal relaxation time of a sample.
The left part of the equation (3) cor-
responds to the specific joule power
and the right one is the specific dis-
sipation of the energy into the sur-
rounding space which has the tempera-
ture To. Using the eq. (3) and Ohm law
the differential conductivity Oy

can be deduced:

o lep a0 2| T-To df
5.2 12455 }5={ L6
¢ 4E ¢P _,2d6 ;- I=To 46
T arT -6 'ar

The magnitude d0, according to equations
(1) and (2), dT equals to:

a6 _ 1
ar = g2° [CA- 01 - w-A5<m>] (5)

This magnitude depending cn the gspecimen
temperature T and power of IR illumina-
tion can be negative as well as positive.
Thus the denominator or numerator in (5)
may become zero., When the values of j
and E are rather small and al (To)»q,z‘ro)
it is possible to neglect the dark
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conductivity: O ~A0, j=abE(branch 4,
Figo 1), 80

o~ -0 (6)
From the (4) and (6) we ve b4 =0

(point Ag, Fig.1) if T=Tl =T,(1+To/W) (D
( To<<W) . The further .increase of E

is accompanied by some decrease of Af
and j values (branch B, Fig 1). In the

o E

Fig. 1. Schematic view of current-vol-
tage characteristics under in-
frared illuminetion (curves 1
end 2) and in the darkness (curve
3). Curve 2 corresponds to the
higher intensity of IR illumi-
nation.

falling branch of N-type CVC with 6d< 0
the curriers lifetime is diminished
exponentially due to the temperature T
increase under joule heating. So therise
of E and Tp causes the decrease of aAf ,
and at T=T, (see eq.(4)) {4 equals zero
again:

ng j%? - -%_\/1 __.%go ’E__Wdlﬁlzf% 'CTT

(point B,, Fig, 1). (8)
The rise of E, T, 6? and decrease of
AG (branch C, Fig. 1) finally leads to
the change of the deviation 40 sign
(see eq. (5)). The region ofdT the
negative differential conductivity (NDC)
in CVC curve appears_at the tempera-
tures T> T3, where T¢ is determined
from the condition Oy 00:

3. Ex  Ex a7, o+ Ea0nafu
TC“T_T'\/—J-_;_:’ a2

(branch D, Fig. 1). Temperature Tg cor—-
responds to point C. in Fig. 1.

Thus in samples with "frozen™
conductivity under IR illumination the
N-S-type CVC can be detected. When
temperature T rises, the appearance of
N-type branch in the CVC curve is due
to the lifetime decrease and S-type
one is caused by the increase of dark
conductivity. The existence of N or S-
type CVC is a well known phenomenon in
semiconductors, but simulteneous ob-
servation of N and S~type CVC is spe-
cific for the Pby_ySn,Te(In) compounds.

The exponential dependence 0 (T)
leads to the very small differen-

43, Nos I

ces between T&, T8, T3 (Tle12<1Td) and
To. One can notice that acdcording to
eq. (7)-(9) the increase of IR illumi-
nation intensity results in the shift
of the N~S-type CVC region along the
current axis (branch 2, Fig. 1). For
rather large values of j and E (when
a6«0p) corresponding to variousal (T.)
CVC curves asimptotically converge with
the S-type dark characteristic (see
equation (5) and branch 3, Fig. 1).
The critical temperature T, for dark
CVC (see equation (9)) is équal to:

I, = T3

e T T (1 +T5/€,) (10)

To obtain formulas (7)-(9) we have
used only the minimal root of the equa-
tion for determining T..

3. The Experimental Results.

. The typical experimental results

or one of the samples of Pb S

Te alloys doped with ~ 0.5 ag'%s Ha.25

In are shown in Fig. 2. The diwmenfions
of the sample are(0.5x0.6 x 2.9) mm-.
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Fig. 2. The typical N-S-type static CVC
under IR illumination (branches
C, D, B) and dark static one
(branches A, B). The dimensions
of the sample Pbg.75S Te
with ~ 0.5 at % 017532g'25
0.5 x 0.6 x 2.9 mm’. T,= 4.2°K.

The static dark CVC eppears to be a qg?-
tinuous S-type curve (compare with .
The initial branch A (Fig. 2) is well 5
described by quadratic dependence I ~ U4
which transforms to I ~UR (n>2) at
E > 10V/sm. The critical temperature
value measured with the thermocouple
equals to T = T2 = 5°K, that corresponds
tg point K in Fig. 2 ( §3+09 ). The
T2 value calculated from the equation
cP . g2, gbr (11)
(see equation (4)) using experimental
dependence (T) coincides with the
experimental value within the precisi-
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on limits. The experimental dependence
Onp(T deviateg from the exponential
law ~exp (K&) at te?peratures

T < 8°K, so T¢g Zfouned from
equation (11) is greater than T. value
obtained from equation (10):

Toy ~
Tc =T, (1 +€-Z) = 4,3°K.

Investigations of nonstationary
(pulsed) CVC's confirm the suggestion
about the Jjoule heat nature of the ne-
gative differential conductivity (NDC)
branch in the dark characteristic. The
temperature setting characteristic time

T efter a volgage pulse is applied
equals to = 10~< sec. Thus nonstationa-
ry CVC's closely coincide the static
one if the duration of the pulse at
is longer than 0.1 sec. (see °). The
NDC branch in CVC shifts to the higher
voltages and currents if the pulse dura-
tion At is decreased. At At < 10-Jsec.
we have never succeeded in observing a
NDC~region in CVC. Improving heat ex-
change bvetween the sample and surround-
ing space (decreasing ¢ ) by means of
decreasing the sample's crosection S,
or filling the sample-chamber with pen-
than, we have observed the rise of I
and U, values (I; and U, are critical
current and voltage tha% correspond to
point K, Pig. 2). This effect occurs 3
because of the critical temperature Tg

does not depend on the thermal relaxa-

tion time T . .
Heated up to T = 25K carbon re-~

gistor was used as a IR illuminsation
ourse (this procedure is described in

Je It is found that under IR illumina-
tion the static CVC's are N-S-type
curves (see branches C, D, B at Fig. 2).
Under moge powerful illumination (for
higher T") branches C, D, B shift along
the current axis in the positive direc-
tion. Under various power of IR illu-
mination S-type branches in CVC coin-
cide with the dark characteristic in

a higher currents region. Hall effect
measurements have confirmed the electron
concentration decrease in the falling
N-type branch. Naturally, one can ob-
serve the working point jumps between
various branches in the CVC correspond-
ing to some values of a load resistance
RL (the magnitude of Ry is indicated
furtber in parenthesis%: C3y - B1(1mlu®,

SWITCHING EFFECTS IN THE DIELECTRIC PHASE 33

C3 - Bz (70 Ohm), B3 - D
C3 - Dy (25 Ohm), D7 - C
Bs - €7 (1 kOhm).

When IR illumination is switched
off the resistance R relaxes slowly
(for several hours) dqwa to the resis-
tance in the darkness'’<, Residual
photoconductivity (RPC) can be extingui-
shed by Jjoule heat using rather high
load resistor Ry. As & result the transi-
tions from branch C fo branch B occur
(see transitions Cq - B1, Cq - Bs).
WWhen the current decreases t worﬁing
point shifts along branches B & A and
RPC are, obviously, extinguished in
the whole volume of the sample. In our
experiments electrothermal ext%nguish—
ing of RPC time equals to 10=7 = 10-2
sec. The same time is required for the
transition from the branch A to.branch
B in avalanche delay breakdown. In
the pulse regime point 03 shifts along
the C - Q curve into the"region of high-
er currents. For example, the current
value n.ecesgary for RPC being extingui-
shed in 10~2 sec., equals to 100 maA.

In this case the value of applied to

the sample voltage changes from 1 to

8 volts. In order to reveal possibili-
ties of more rapid RPC extinguishing
the investigation of the pulsed CVC
under higher currents have been made.
Probing sec, pulse amplitude was
varied up to 2 A. It was found that

if voltage is applied (I = 1,5 A, U=3V)
the pulse current decr$ase with the
characteristic time 10~/ sec takes place
in 107° gec., However +the resistance
value R, measured at the small currsnts
increases only by 30 times after passing
of the nonrecurrent pulse with the in-
dicated parameters.

The total resistance of the sample
in the state of such partially extingu-
ished RPC ig restored under the repeat-
ed IR illumination pulse, RPC extinguish-
ing in the pulse regime may be caused
both by decreasing recombination time

T, when the specimen's temperature
rises and by the electron gas warming-
upe. Unfortunately, we have not any pos-
sibility to estimate the latest effect
because there are no experimental data
about the relaxation time of the warmed-
up electrons in the investigated com-
pounds.

(70 Chm),
(25 Ohm),
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