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ELECTRON DRIFT MOBILITY MEASUREMENT IN UNDOPED TRIODE DC SPUTTERED
a=SiiH

J.F. Peyre, J. Baixeras, D. Mencaraglia, P. Andro and C. Longeaud

L.G.E.P, ~ E.S.E., Laboratoire associé au CNRS n°127, Plateau du Moulon,
91190 Gif-sur-Yvette, France

The first . measurements of electron drift mobility in amorphous silicon
were carried out on undoped glow discharge a Si-H by Le Comber et al (1) who used
a time of flight technique with carrier injection by an electron beam. Mare recen-
tly different authors (2 - 6 ) applied this technigue for electron and hole drift
mobility measurements in undoped or doped glow discharge a Si-H. In a recent work,
Tiedje et al. ( 7 ) reported direct measurement of the electron drift mobility in RF
sputtered a Si-H. They observed a dispersive transport in this material and measured
a room temperature mobility of 0.05 em?.v=1,571 (applied field of 5.10% V.em™ ). In
this paper, we report some time of flight measurements in undoped DC sputtered
a Si-H and we present a theoretical model in order to explain the experimental resul-
ts and to determine the electron drift mobility.

The films ( ~1 pm thick) were deposited by triode DC sputtering of an
"electronic grade” monocrystalline silicon target ; the plasma was formed by a mix-
ture of 10mTorr of A and 1 mTorr of Hy. The substrates were heated to 550 K and the
deposition rate was 3 A.s

The investigated samples are "semi-transparent Pt/aSi-Hi/Cr-Sb” sandwich
structures ; the evaporated P, layer forming a Schottky contact. Electron-hole pairs
are photogenerated at this con%aot by a shart flash { =~ 30 nS)} of blue light, deli-
vered by a continous Argon ion laser coupled with an acousto-optic modulator. The
absorption length at the 488 nm wavelength light was about 0.1 um (8). The electrons
are swept accross the film by a DC constant voltage or by a sguare bias pulse adjus-
ted so as to be longer than the transit time and shorter than the dielectric relaxa-
tion time of the material [ =~ 100 ps in the dark at room temperature). The experi-
mental set-up is shown in Fig. 1.
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and wavelength). These variations are the expected ones and confirm clearly that the
transient correspond to the transit. For instance, we can see in Fig. 2 that within
the accuracy of measurements, the signal amplitude is proportional to the electric
field, and that the falling time of the signal decreases with increasing electric
field. As the transport is dispersive, we first tried to analyse our results using
Scheer and Montroll theory {8 ). This gave us ambiguous results. Indeed, in most
samples, a log-log plot of current as a function of time did not yield the two expec
ted straight lines. For a few samples, this method allowed us to define a transit
time, however in such cases the drift mobility dependence with the electric field
was not that predicted by the theory. In view of this, we have carried out a nume-
rical simulation of the transit. The aim of this simulation is : i) to separate the
role of the various mechanisms occuring simultaneously during the transit, ii) to
emphasize which major mechanisms are responsible for the observed waveforms, iii)
to derive a method for the determination of the electron drift mobility.

The simulation program solves the transport eguations for the carriers,
the current being given by (10)

Jle) = §(0) + 43083 4x 100 with
. - O -
AJ[tJD— ,Lg [viey - veoy] + O i; [ anlxg.t) vy + Ap[xi,;c](p?] Blxgit] +
n p € V(t
+g-— [antL, ) - anix.0)]- 9 [dplL,t) - dplx,0)]+ T T

V(t) is the potential drop accross the sample, j(o} is the stationary current before
the laser pulse, 4n and 4p are the increase of electrons and holes densities due

to photogeneration. The sample thickness U is divided into one hundred equal slices
4x(x3 1s the ith slice, 1< i £100) 5 4n and 4p are calculated into each slice
after each time increment using a step by step method and the form 4j(t) of the
current transient is obtained. We have carried out varicus calculations taking into
account successively the main phenomencns able to disturb the transit of carriers
i.e diffusion, recombination, distorsion of the electric field,finite penetration

of the light, trapping, ete... We give here only the simulated curves the more simi-
lar to the experimental ones. For the simulated curves presented here, the electrons
drift mobility has been choosen ten to hundred times greater than the holes drift
mobility so, in general holes play no important role.

We first present the curves obtained when considering diffusion and direct

recombination processes. The curves of Fig. 3 have been obtained for different
values of the direct recombination coefficient, the electron diffusion coefficient
being constant and equal to 10°% cm?2.s”1. The coefficient of direct recombination Y
is introduced by means of the differential equation giving the variation rate of
the free electrons density due to direct recombination i.e.

anlx,t)
———— = - v [nGx,t).pix,t) - no.po.]

For the lowest values of Y ; the form of the curves is close to that typical of dif-
fusion only. On the other hand, for the highest value of Y , an expected deformation
occurs at the beginning of the transit (when the two types of carriers are not yet

well separated) and also during all the transit. So when direct recombination is tre
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FIG. 3 : Simulated curves for different
values of the direct recombination coef-
ficient and for a diffusion coefficient
on = 10-4 em?.s™1. Insert : experimental
current transients at 60, 300 and 600 mif
of laser light power {the vertical de-
flectinn factor has been varied for the
comparison of the three curves}.
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transit when the two types of excess carriers coexist. In the experience, we have
varied the light power of the laser in a range from 60 mW to 600 mW, without any
correlative variation of the form of the curves as can be seen in the insert of
Fig. 3. So, we can conclude that an important direct recombination does not corres-
pond to our experimental conditions. We have shown elsewhere (10) that diffusion
neither plays a dominant role in the experimental curves.

Indirect recombination may also disturb the transit when the life-
time of free electrons is much shorter than the transit time. However, if indirect
recombination was responsible for the experimentally observed waveforms, a variation
of the applied bias should not modify the tail of the experimental curves, comple-
tely imposed by the lifetime. The experimental behaviour is opposite to this predic-
tion (cf. Fig. 2), so we conclude that indirect recombination does not correspond
to our experimental situation.

We present now some results concerning trapping effects. In the simu-
lation program, these processes are introduced by means of the differential equation
giving the variation rate of the free electrons density due to trapping effects i.e

anix,t) 4n(x,t) n'(x,t)
—— R +
at Th T

where T is the trapping time constant, n' (x,t) is the density of trapped carriers
at x, at time t and T’n is the release time constant. A significant feature of the
experimental curves is that the rising time of the current transients is much longer
than the flash duration (cf. Fig. 2)}. This led us to suppose that all the photogene-
rated carriers were immediately trapped and then could be slowly released. Two main
situations may occur : i) carriers are released with a given time constant and
cannot be trapped again (this corresponds to T infinite). If the absorption length
is small enough compared with the sample thickness, :this situation can represent
traps situated near the surface. ii) released carriers can be trapped again during
their transit. This can correspond to a bulk repartition of traps in addition to
surface traps. In both cases, when T'n is of the order or greater than the transit
time of an ideally free electron, the aspect of the simulated curves is very similar
to the experimental ones. However, in the first case the variation of the time of
the maximum (tmax] as a function of the bias does not correspond to that experimen-
tally observed. On the other hand, in the second case, the variation of tmax with
bias is the same as the experimental one. An example of this case is presented in
Fig. 4 where the simulated curves corresponding to four different values of the bias
are shown. The corresponding transit timesare marked by arrows and reported in the
insert. The time constants 7Tn and 7T'n are respectively 0.2 and 3 ps.
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FIG. 4 : Simulated curves for different applied voltages V ;

vt =0,2ps, v =3 ys.

n n
The corresponding variations of the reciprocal of tg 4 (tmax~1) and of the transit
time (tt"1] with the applied bias are reported in Fig. 5. The experimentally obser-
ved field dependence of tp,y is shown in Fig. 6, for the curves of Fig. 2. As it has
been noticed above, Fig. 5 and Fig. 8§ show that the variations of tmax_1 with the
applied bias for the simulated (case ii) and experimental curves are very similar.

In view of this, we conclude that the main mechanisms responsible for the experimen-
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for the simulated curves of Fig. 4. tmax for the exgerimental curves thmax and tt are
of Fig. 2. superimposed. So, as

tt_1 is given by
tt_l = QV/LZ, it is possible to derive the electron drift mobility from the slope
of the straight line corresponding to the variation of tmax_1 versus V for the high
values of V. Applying this methed to the experimental results of Fi%. B, we obtain
an approximative value of the electron drift mobility p, = 0.8.107 em? V=1 71,
It is nowworthy that this mobility can be either the true mobility of the free
carriers, either a shallow trap-controlled mobility.

As a final support of the importance of trapping processes, one can
notice that measurements were also made with uniformly observed red light in addi-
tion of the laser pulse and this led toadifferent shape of the observed waveforms.
This fact may be interpreted by trapsfilling with the uniformly absorbed light.

In summary, we have shown that time of flight measurement in undoped
triode DC sputtered a-SiH led to current transients typical of dispersive transport.
The dispersive transport theory, used by several authors giving ambiguous results,
we have carried out a numerical simulation of the electronic transport. So, we
could conclude that the main mechanisms responsible for the observed transit shape
are trapping and detrapping processes with characteristic times of the order of the
transit time t{ of an ideally free electron.

In view of the simulation results, the time of flight t¢ is egual to the
time of the maximum of the signal, when it is shorter than the trapping time cons-
tant i.e when the applied field is high .enough.In these conditions, the room tempe-
rature electron drift mobility is 0.8 x 10-2 cm2.v-1.s-1,

This analysis should be completed now by the study of the dependence of
the so-derived mobility with the temperature and for samples prepared under various
conditions.
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