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The e�ects of light-induced degradation in hydrogenated amorphous silicon (a-Si:H) on
carrier transport properties in p-i-n structures have been investigated by dark current versus
voltage (Id � V ) curves and primary photocurrent charge collection for electrons and holes.
The in
uence of i-layer thickness and illumination time has been systematically investigated.
In case of white light-soaking experiments a strong dependence of cell degradation on i-layer
thickness is observed. In degraded cells, superlinear current versus voltage characteristics
(Iph�V

m) in the low voltage regime were observed. These results were analysed using a
model which includes space charge e�ects. The analysis indicates that the deterioration
of transport properties in the investigated p-i-n cells is mainly related to bulk and not to
interface e�ects.

I. Introduction

A-Si:H p-i-n solar cells show a performance degrada-

tion under prolonged illumination. It is widely accepted

that this e�ect is related to the creation of metastable

defects[1] . In this �eld of research charge collection ex-

periments performed on solar cell structures are a pow-

erful tool of investigation since they permit a direct

correlation between light-induced defects and changes

in carrier transport.

A model for the interpretation of experimental re-

sults of charge collection including space charge e�ects

in the solution of the transport equation system was

suggested by Abel, Paes and Bauer[2]. In this paper

we therefore apply simulated results from this model

to experimental data, and address the question: is the

degradation of a-Si:H p-i-n solar cells a pure bulk or an

interface e�ect?

II. Sample preparation and experimental set-up

A-Si:H p-i-n solar cells with i-layer thickness rang-

ing from 0.4 to 3.0 �m were deposited on glass/SnO2

covered substrates by conventional PECVD of silane.

The p and n doped layers were 100 and 400 �A thick

respectively. In order to enable hole charge collection

a NiCr semi-transparent �lm was used as metallic rear

contact.

The initial conversion e�ciency was around 5% for

the solar cell with i-layer thickness ti = 0:4�m. Typical

values for the open circuit voltage (VOC) and short cir-

cuit current density (JSC) were 0.70 V and 12 mA/cm2,

respectively.

The solar cells were characterized by dark current

(JD) and primary electron (JEO) or hole (JHO) pho-

tocurrent densities versus applied voltage (V) curves.

The (JEO�V ) and (JHO�V ) curves were obtained un-

der sample illumination from either side with strongly

absorbed light (� = 450� 20 nm) under reverse bias.

Light-soaking experiments with white light were

done using an ELH lamp through an IR-cut �lter. Stan-

dard condition for such degradation is de�ned by cell

illumination through the p-layer, under open circuit at

a light intensity (I) of 1 W/cm2. Sample temperature

during light-soaking was not precisely controlled but

remained below 40�C.

III. Results and discussion

Dark current density versus voltage (JD � V )

curves

The investigated diodes presented good recti�cation

ratios excluding signi�cant e�ects of charge injection
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from the contacts. Degradation by white light-soaking

strongly a�ects (JD � V ) curve under forward and re-

verse bias, for details see reference [3].

Street and Hack[4] suggested a method to evaluate

the density of states (DOS) changes due to metastable

light induced defects, which consist on monitoring the

variation on the reverse dark current density (JDR) for

a �xed voltage as a function of degradation time. Us-

ing this method, the DOS dependence on degradation

time as a function of i-layer thickness was determined

(see Fig. (1)). A strong dependence of the degrada-

tion on i-layer thickness was observed. In all cases the

defect creation kinetics approximates to the common

t(1=3) time dependence, according to the weak-bond to

dangling-bond conversion model[5].

Figure 1. Dependence of reverse dark current (IDR) at �xed
electric �eld (E = 2� 104 V/cm) on degradation time as a
function of i-layer thickness. White light-soaking performed
on standard condition.

In
uence of white light-soaking and i-layer

thickness (ti) on (JPH � V ) curves

The in
uence of white light-soaking on electron

(JEO) primary photocurrent current density versus ap-

plied voltage (V) curves is shown in �g.(2.a-d). In

(JEO � V ) curves of the initial state, the electron pho-

tocurrent depends only weakly on applied voltage and

thickness whereas after degradation strong in
uence of

these parameters is observed. In the superlinear func-

tional dependence region, JPH / V m, for a �xed volt-

age the collection e�ciency decreases when degradation

time increases and the change still depends strongly on

i-layer thickness. This observation demonstrates pho-

togenerated carrier/defect interaction during transport

across the i-layer. At high voltages photocurrent satu-

ration is observed, as expected since the photogenera-

tion rate is limited. The changes on (JPH � V ) curves

due to degradation tends to saturate with increasing

degradation time.

No signi�cant change of VOC has been observed dur-

ing light-soaking experiments contrary to the behavior

of a-Si:H p-i-n solar cells with bu�er layer on the p/i

interface[6]. However, the short circuit current density

decreases with degradation time. The degradation rate

depends strongly on the solar cell bias condition and

varies inversely proportional to the collection e��ciency.

The changes of (JEO � V ) curves introduced by

white light-soaking were analysed using the model pro-

posed by Abel, Paes and Bauer[2]. The in
uence of

parameters like carrier extended mobility (�), recom-

bination velocity in the photogeneration volume (vs),

density of states at Fermi level (GEFO), intrinsic layer

thickness (ti) and temperature on simulated (JPH �V )

curves characteristics was investigated.

By �tting the simulated curves to experimental re-

sults (Fig. 2) the changes in bulk and interface proper-

ties due to light induced defects could be determined.

The variation of the parameters GEFO and vs with i-

layer thickness and degradation time is shown on Fig. 3.

The recombination velocity (vs) for p/i interface was

approximately constant, such behavior could be ex-

pected due to the small variation observed on VOC .

However, GEFO depends strongly on i-layer thickness

and inducing time. This result indicates degradation

of the bulk to be the dominant e�ect after white light-

soaking in the investigated a-Si:H p-i-n solar cell. This

is in agreement with results obtained experimentally

by Herbst et al
[7] using keV-electron irradiation to

induce metastable defects. Block[8] also suggested a

strong bulk e�ect contribution to the cell performance

degradation using numerical modeling.
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Figure 2. Variation of the electron photocurrent density (JEO) with applied voltage (V), i-layer thickness (ti) and light
soaking time t=0 (�). 100 (�) and 1000 (N) minutes.

Figure 3. Variation of the parameters vs (�) and GEFO

(empty symbols) with white light-soaking time determined

using the model suggested by Abel, Paes and Bauer[2].

The dependence of the parameter GEFO on degra-

dation time determined from (JEO�V ) curves analysis

can be compared with those from (JDR�V ) curves (see

Fig. 1). Both methods evaluate the DOS change due

metastable defects in the same order of magnitude.

IV. Conclusions

- white light soaking introduce changes on (JD�V )

and (JPH � V ) curves of a-Si:H p-i-n solar cells with

magnitudes depending on i-layer thickness.

- analysis of (JEO�V ) curve changes due to light in-

duced degradation indicate that deterioration of carrier

transport properties in degraded cells is dominated by

bulk e�ects. Such procedure permits to evaluate DOS

change with degradation.
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