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Abstract

We have measured the decrease of photoluminescence
intensity st low temperature as & function of external fields
(mp to 3x10° V fum) in hydrugenated amorphous siltcon (a-
5i:H). The results are discussed within the framework of re-
combination of geminate pairs together with basic physical
phesomena like carrier separation during thermalization,
trapping of photoexcited cartiers in band tails and possible
subscquent reemisslon or tanneling oun of traps.

Introduction

Mewsurements vl sizady-state photolumiescence (PL)
give an overall quality criteriam for &-55:H. It is well known
that the PL intensitity drops rapidly as the defect com-
centration exceeds 1087 cm~3, There are still many open
questions in the interpretation of more subtle effects like
teove-resolved PL and thermal and eleciric field quench-
ing. Reported field quenching data have been interpreted
in terms of Poole-Frenkel effect f1f and exciton recombi-
nation, i.e. thermal emission of carriers over the Conlomb
barrier, which is lowered by external ficlds. But also the
puasibilisy of carrler separation of geminate pairs doring
thermalization in extended states was taken into account
[2f. To date a unique theory is not yet developped.

Recently the anticorrelaiion between field dependent
photoconductivity (PC) and PL for fields np to 6x10' ¥ /cm
has been discussed by Jahm et ai.. ‘This anticomrelation is
based om the idea that the quanium efficiency of radiative
plus non-radiative recombination plus PC must be equal
to one [3/. Mainly from the temperature dependence it is
concluded that Poole-Frenke| effect is not important.

Our measurements were done on samples with samd-
wich geometry, thereby fields up to 3x10° V/cm could be
obtained. For the interpretation we will consider (1) car-
rier separation during thermalization, (2] reemission and
{3} tunneling out of traps. From the magnitade of field
quenching we suggest that the average electrom meobility
during thermalization can be estimated.

P hotoluminescence set-up and results

For the PL excitation the grasn line (514.5 nm) of an Az
ion laser was used. A bundle of optical fibres connerted the
laser source, the sample in helium gas and the monochre-
mator. We wsed a Hquid N cooled Ge detector. For more
detail see ref. /4f. The sample structure was Cr/n* Ji-a-
SkHfAu. The light was passed through the semiiranspar-
ent Au contact. During the PT. measurements we moni-
tored the I- ¥ characteristic to ensure that the sample was
not heated due to photocurrents.

Fig. 1 shows three PL spectra taken at 50 K as & func-
tion of external field F, Fig. 2 gives the field dependence of
the spectrally intsgrated photoluminescencs for a 0,17 pm
thick sample. Results from ref. f1/ are also shown.
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Fig. 1: PL apectra at 60 K of a-5i:H at the
given external fields F.



Paossible physical phenomena underlying PL field
quenching

a) Carrier separation during thermalization

Radiative recombination is strongly dependent on the
distance r of electron-hole separation. In the geminate pair
picture the overlap factor of localized wave fumctions is
given by exp(—2rfry), where ry demotes the spatial extent of
the wave function of the less localized carnier, i.e. electron
in the case of a-5i:H. Values deduced are in the range of 10
A /5]. Considering drift we can assume 2 simple relation be-
tween the distance s of sepazaied carriers and the external

field F, 2 = puptF, where pp is the extended states mobility
and t is the thermalization time in extended states. H one

neglecis non-radiative processes at low temperatuzes, the
luminescence intensity Ip; is proportional to exp(—24/ry),

Ipg ~ expi{—yF), (1)
with
2ot
¥ = -?T [_2}

The decay of PL inteasity shown in Fig. 1 is clearly ex-
pomential, with v = 3.2x10~% cm/V. With the valwe of

! a-5iH, d=0.17 um
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Fig. 2: Field dependence of the specirally inte-
grated photoluminescence intensity (a). Results
from ref. f1f ape also shown. Curves (b} and
{-r-]. dennte ralenlatioss to Poole-Frenkel sfect
(eq. {4)) and tunneling out of traps {eq. (6}).

t=10""%s, taken from the literiture /6/, an extended states
electron mobility of 0.16 cro® {Vsis deduced. (Shightly higher
values for t up to 10 ps are obtained for relaxation into
flat tail states /7/). We assume at the same time that
the hole mobility is much smaller than the electron mobil-
ity. This value is roughly two orders of magnitude lower
than those obtained by extrapolation to high temperatares
in TOF measwrements /8/. However, one should consider
that thermalization aecurs very rapidly ahove the mohility
edges of valence and conduction bands and is slowed down
when the band tails are reached. Then the measured mo-
bility has to be interpreted not purely due to transport in
kigh-mobility extended states but also involving transport
in low-mobility flat tail states.

Another possible explanation why pg is smaller than
the usually quoted free carmrier mobility is the observation
that due to inhomogenities during the initial film groth the
average quality of a 0.17 ym film is poorer than the one of
thicker films. Thiz was foand through thickness depandent
PID¥S and PC measurements 9.

In the following we will denote our measured mobility
the average mobility Wy during thermalization. We sup-
pose that [ty shonld show & slight temperature dependence,
according to temperature dependent PL guanching mes-
surements at low fields done by Jakn et al. J3/.

b) Poole-Frenkel effect

The Poole-Frenkel effect describes thermal emission of
carciern vver the Cunlvmb barder, whick builds up in the
presence of an external field. The height of the barrier E,, .,
is determined by the field strength F,

gl
——— {3)

The reemission rate r;! for trapped carriers into ex-
tended states is given by

Egge =

E = Enes
- (4)
where 1=10"%3"1 and the energy E of the carriers is
taken to be positive in mid-gap direction. Depending on
the energetic distribnfion of carriers in the tail states afier
exposurs {0 light, carriers at different energy levels will have
different emisslon probabilities. We calculated the carrier
densities using a model due to Dunstan and Boulitrop /10/.
Assuming that reemission is the only non-radiative process,
ie. 7' = r7Y, modified electron and hole densities were

calculated, using the raie equation between radiative and
non-radiative recombination f4f

r. b = 1 exp(—

1

n, (£, F) = -
(5:5) T+ ME, F)

n, denotes the fmction of elecirons contributing to va-
diative recombination, r,=10""s the radiative lifetime at

n(E, 0). (5)



the maximom of the lifetime distribution 11/, The lu-
minescence intensitly is then calculated by convolution of

electron and hole distributions. The result is shows in Fig.
2 (curve b) for T=50 K.

Fig. 3: One dimensional sketch of the Coulomb
potential in the presence of an external field.
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¢) Tunmeling ont of traps

Desides from being thermally emitted over the barrier,
trapped carriers have the possibility to tunnel through the
barrier. In analogy to eq. {§) one can calculate the fraction
of electrons contributing to radiative recombination, now
with the tunneling probability v,~! as the non-radiative rate

y Im 2
1l = mexp (-2!&54 5 (E - (_“:E'# + ¢F=))) .

(€)
where m is the free electron mass and em12. The cal-
culation of the field dependent luminescence intensity is
analogons to the case of Poole-Frenkel effect. The result is
shown in Fig. 2 (curve ). In the measured fisld range the
quenching predicted by the tunneling model is too weak.
This may partly be due to oversimplifications in the Dun-
stan model. Fuorthermore, not all of the carriers that have
tunneled through the barrier may be lost for radiative re-
combinatior. This will strongly depend on the estimate of

the effective Bohr radius 5.

The above two processes can be illustrated by defining
demarcation energits Ep pr and Epr, at which the radia-
tive rate equals the non-radiative ome, ie. 7,7 = ;71 and
7,7t = 171, respectively (see also Fig. 3). The field depen-
dence of these energies is shown in Fig. 4 together with the
electron distribution derived from the Dunstan model.

100

—— —— T R s

200

d

~— Energy |meVY]

&
=]

i i

Fig. 4: Field dependence of the de-
marcation energies of the Poole-Frenkel
effect [E_pl_p;} and l'ﬂllll'-."iillg out of
teapa (Ep ). Also shown is the elec
tron distribmtion after exposurs to hight
calcolated by the Dunstzn model. The

- shaded arca schematically illustrates
the portion of electrons which are Jost
for radiztive recombination at a given
field streagth dne to thermal smission
or tanneling, respectively.
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Discussionof limitati

a) Schottky barrier

Inhomogenecus field distributions inside the film may
complicate the above considerations. For instance, the x-
axis in Fig. 2 is based on the assumption that the internal
field is linear with the applied voltage. Schottky barriers
have a high field region near the surface. So at low applied
voltage the simple linear relation beiwsen electric field and
voltage is not correct. We have used a very thin sample in

order to ensure that at latye voltages this effect is no longer
important.

b} Sample heating

We have observed high currents with some contacts. We
suppose that due to the large voltages that were applied
those contacts were partially shorted amd the film below
was heated. The observed PL guenching was then similar
to the measurements published in ref. /1 (see also Fig.
2). H the observed PL quenching in those cases were inter-
preted as being due to field efects only, then much larger
values for I would be obtained. By comparison of the
dissipated power in "good” and "bad” contacts and from
separate temperature quenching data we have deduced that
for the measurement shown in Fig. 2 the temperature effect

is indeed negligible (below 5% for the highest field value).
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Fig. 5 Shift of PL peak energy with exiernal
field F.

Fig. 6: Schematic illustration of the wave func-
tions of a localized electron and hole trapped in

band tail states after photoexcitation with an
external field L.

Shift of PL peak with electric field

Suppurt fur the importance of process {1} is dzawn from
the shift of the peak position in the PL spectrum as a fune-
tion of external feld.

Based on the idea of carrier separation shown in Fig. 6
the shift of the PL: peak cncrgy AE 15 given by

AE = efigtFe. {7}

The fit gives fymD.19 em? [ Vs, This is in good agree-
ment with the result found from the PL intewsity depen-
dence under the assnwmption that earrier separation is the
dominant process (1).

Summar

We conclude thak :EPﬂ.mliﬂ-n of carsiers ﬂqﬁ-a relax
ation in extended and flat tail states is the dominant process
for the field quenching of PL: intensity. Other processes like
Poole-Frenkel emission and tunneling out of traps canmot
totally be ruled out. However, as we have shown through
caleulations based on the model by Dunstan and Boulitrop,
the measured PL gquoenching cannot satistactorily be ac-
counted for in the field range up to 3x10° V/cm by these
two proccases, The besic ides of carder separation is sup-
ported by consistent values for }i; from both the quenching
of PL intensity with electric fields and the concomitunt en-

ergy shift of the maximum in the PL specira.
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