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TIME-OF-FLIGHT TECHNIQUE FOR INVESTIGATION
OF AMORPHOUS CHALCOGENIDES AND BARRIER STRUCTURES

ON THEIR BASE

S. P. Vikhrov, N. V. Vishnyakov, A. A. Maslov, V. G. Mishustin

Ryazan State Radioengineering Academy, Russia

It is shown that time - of- flight technique is an efficient method in the investigation of non-
crystalline chalcogenide and barrier structures.
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The reliability of any electronic device depends on quality of contact between metal and
semiconductor. For crystalline semiconductors a contact phenomenon is studied well. For unor-
dered semiconductors as distinct from crystalline ones so far there is no unified theory of formation
of metal - unordered semiconductor contact. Therefore investigations of unordered semiconductors
and barrier structures on their base are actual scientific and applied problem.

The modified time-of-flight technique is worked out specially for unordered semiconduc-
tors like as amorphous chalcogenides and amorphous hydrogenated silicon. The traditional time-of-
flight drift-mobility technique measures time during the carriers transit through sample [1]. The
modified time-of flight technique measures charge-collection (G) and electrical field distribution
Fi(x) in space charge region of the structure metal - amorphous chalcogenide. Method of internal
field profile measurement which uses varies the excitation wavelength and apply of reverse field is
described [2 - 4].

Conditions for calculations and measurements are as follows:
1. Carriers are generated by the pulse of monochromatic light and distributed in accordance

with the light absorption law.
2. Photogenerated charge is small so it does not affect the internal field distribution, i.e.

d

Q0 << "0- fF.(x)dx. Satisfaction of this condition may be tested experimentally from independ-
Q 0

ence G from Q0.
3. The external electric field is subtracted from the internal field, i.e. structure is illumi-

nated by pulse of light after apply of reverse field but before redistribution of internal field. Time of
delay between apply of reverse field and pulse of light is RC < tdel < trel, where RC is the time con-

stant of measuring eqiupment, tie! is Maxwell relaxation time. Satisfaction of this condition may be
tested experimentally from independence G from tdei.

4. The influence of surface states in calculations doesn't take in account.
5. Only one type of carriers (electrons or holes) is considered depending on polarity of ap-

plied voltage.
6. The work function from metal more than ones from amorphous chalcogenide, i.e. there is

depletion layer of semiconductor.
7. The experimental samples are sandwich-type structure with transparent for excitation

light electrodes (Fig. 1).
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Fig. I. The experimental sample is sandwich-type structure with semitransparent metal
electrodes.

The main idea of the method is contained in compensation of internal field of depletion
layer of amorphous chalcogenide - metal contact by external pulse of voltage. The value of the in-
ternal electric field is determined by external voltage VG(V, a) under which G(V, c) = 0 under cer-
tain excitation wavelength (cc is absorption efficiency, cc is function of wavelength).

VG(Va)0O
F (x,)-= , (1)

d
where d is the sample thickness [3].

Charge collection G is function of absorption efficiency a and external voltage V. We sug-
gest the following equation for defining the charge-collection:

G(Va)= (1- R(V, a))atx jexp(-g j(F (x) + )dx I1 - exp _ d ldxg (2)
'(I- exp(-ctd))d 0  xC ~Xg Xg d 1 C

Xc g _x Xg d

where ýt is drift mobility of the carriers, T is the lifetime of carriers, R(V, a) is the coefficient,
which take into consideration diffusion of the carriers against field, xc is the co-ordinate of stop
drift (in co-ordinate x, external field compensate internal field so that resultant field

V
J, (x,) + - = 0 ), and x. is the co-ordinate of carriers photogeneration.

d
R(V, a) __ (I + 40T )-I, (3)

F, (0) + V/d

where (PT is the thermal potential:
(or = kT/e , (4)

where k is Boltzmann constant, T is absolute temperature, e is charge of electron [3].
Equation (2) as distinct from analogous [3] takes into account the deep trapping by local-

ized states during photogenerated charge drift. This permit to calculate the co-ordinate x, and the
internal field profile with the more accuracy than in [3].

The co-ordinate x, is defined by absorption efficiency and sample thickness, so that xc is a
function of (x and d. In order to get the analytical dependence xc from a and d it is necessary to
solve the equation (2) under the condition that G(V, ac) = 0. Solution of equation (2) reduces to next
integral:

d Fx( d
Jexp(-axg )(xc - Xg )1 - exp - Jdxg = 0. (5)

Solution of integral (5) permit to obtain the final equation:
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xcI - exp-d )1 = exp(-ad)(d - xc 1 - exp(, d . (6)

The dependence of absorption efficiency from excitation wavelength is measured experi-
mentally for specific structure. Equation (6) is solved by numerical method. These permit to obtain
the internal field profile of depletion layer (Fig. 3) and charge-collection directly from experiment.

The time-of-flight technique is limited by half the sample thickness (Fig. 2):
lima-0 xc = d/2. (7)

If depletion layer thickness more than a half of sample ones it is necessary to illuminate
back side of sample for obtaining internal field profile. This technique is also limited by surface.
The experimental results become inaccurate under light absorption depth less than 50 nm because
of carrier recombination on the surface states [2].
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Fig. 2. The x, (the co-ordinate of stop drift) is calculated for Schottky-barrier in a-silicon
(curves land 3) and for a-Si:H p-i-n structure (curves 2 and 4). Thickness of both samples is
1 gtm. Curves I and 2 are calculated by method of Juska G. [3]; 3 and 4 - are obtained for

same samples accordingly by formula (6).

These data allow to calculate the value of gpt, potential profile (Fig. 4) and distribution of
the density localized states in mobility gap N(E). So it permits to obtain important parameters,
which characterize electrical properties of material and efficiency of devices on its base.
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Fig. 3. The profiles of internal depletion field in a-Si:H solar sell (p-i-n structure). Thickness
of sample is 5.1 gtm. 1-is measured by Juska G. [3], 2- is calculated by formulas (1) and

(6).
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Fig. 4. The depletion profiles in a-Si:H solar sell (p-i-n structure). Thickness of sample is 5.1
prn. I - is calculated by Juska G. [3], 2 - is obtained by integration of the internal depletion

field Fi(x) (Fig. 3, curve 2).

The suggested modified time-of-flight technique allows to measure jrc for electrons and
holes the changing polarity of the applied voltage. Equation (2) as distinct from the analogous [3]
takes into account photogenerated charge deep trapping during its drift by localized states. It per-
mits to measure internal field profile and to calculate potential profile and distribution of the den-
sity localized states in mobility gap with the more accuracy than previous methods. It is shown that
our results differ from data obtained in [2 - 4] (Fig. 2 - Fig. 4) and agree with the theory described
in [5, 6] quite well.

With the described modifications the time-of-flight technique becomes a good and effective
instrument for investigation of amorphous chalcogenides and barrier structure on their base. The
technique allows to reveal the process of formation of barrier at the contact between the metal and
the disordered semiconductor.

References

[I] A. Madan, M. P. Shaw, The physics and applications of amorphous semiconductors Boston;
New York - Sidney - Tokyo, Academic Press, (1988) p. 670.

[2] R. A. Street, Measurements of depletion layers in hydrogenated amorphous silicon, Phys. Rev.
B. 1983, V.27, No.8. p. 4924.

[3] G. Juska, Collection efficiency in a-Si:H light converters, J. of Non-Cryst. Solids. 90, 247
(1987).

[4] T. Datta, M. Silver, Schottky - barrier profile in a-silicon alloys, Appl. Physics Letters, 38,
903 (1981).

[5] S. P. Vikhrov, N. V. Vishnyakov, V. A. Ligachev , The influence of band-gap localized states
on metal - amorphous hydrogenated silicon contact parameters, Procc. SPIE Intern. Confer. on
Microelectronics. 1992, No. 1783, p. 600- 603.

[6] S. P. Vikhrov, N. V. Vishnyakov, A. A. Maslov Determination of barrier capacity and flat bands
potential on metal - disordered semiconductor contact, Bulletin of the V. Tarasov Center of
Chemotronics of Glass, No. 1, Mendeleev University of Chemical Technology of Russia, Mos-
cow, p. 111 - 115 (2000).


