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REAR PASSIVATION SCHEMES FOR INDUSTRIAL SILICON SOLAR CELLS

J. Dupuis, E. Fourmony O. Nichiporuk, F. Gibaja, M. Lemiti*
(1) Institut des Nanotechnologies de Lyon INL, CNRBRBE270, Université de Lyon,
INSA-Lyon, Villeurbanne, F-69621, France
(2) PHOTOWATT Technologies, 33 rue Saint-HonoréChlampfleuri, F-38300 Bourgoin-Jallieu, France

ABSTRACT: This article deals with the problem of trentact between dielectric layers and aluminium e rear

side of solar cells and its impact on the passivaéffect. Several dielectric layers and stackBBECVD silicon ni-

tride and silicon oxide have been deposited on riystalline and multicrystalline wafers to studgithpassivation
behaviours. Solar cells were also elaborated widkekectric/aluminium structure on the back sidd arset of wafers
was used to highlight the influence of aluminiurpiag dielectric layers on passivation. Althougfsiteported that
all structures give similar passivations when cosagbof one layer of silicon nitride at least, cagpihem with alu-
minium degrades the passivation below the standenthinium BSF except for the SiNr/SiN stacks whishonly

slightly degraded. Consequently, solar cells areasogood as full aluminium coverage cells and fbisd that the
minority carrier lifetime and the internal quant@fficiency results are in contradiction with thé\) results. This
fact entails the need of performing complete sodis to study the rear passivation by dielectiels.
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1 INTRODUCTION

During the past few years, the impressive growth of
the photovoltaic industry has caused a generatosili
shortage. Many solutions are brought by reseaiobria
tories and manufacturers, like the developmenthai t
films solar cells or the reduction of thicknessstandard
silicon solar cells [1]. With the last solution,vseal
problems appear, dealing particularly with the pues
presence of aluminium on the rear side. In ordesotge
this problem, some photovoltaic laboratories devetb
new structures to limit the two major problems dae
aluminium: low surface passivation and high bowifg
the cell [1-5].

The common point in all these new structures is the
need of a good passivation layer on the rear side¢p
the efficiency similar or better to standard celle. fulfil
this aspect, deposited dielectric layers from commo
CVD reactor is the most promising solution, as itlis
ready performed on the front side of industriabsaells
by PECVD for the SiNH antireflection coating. Unfor-
tunately, except on bifacial solar cells [5-6], iagte
layer of SiN:H does not work very well and alternative
dielectric structures have to be developed [7-8].

In this paper, we concentrated on studying reaicstr
tures containing SiEH (SiO) and SilH (SiN) with
different stoichiometries (nitrogen or silicon-rjcto in-
vestigate their passivation behaviours with ancheuit
capping aluminium. All these layers have been efatied
by Low Frequency Plasma Enhanced Chemical Vapour
Deposition with ammonia (N§)l, silane (Silj) and nitro-
gen protoxide (BO) as precursor gases.

2 EXPERIMENTAL

In order to separate the surface and the bulk-influ
ences, three sorts of substrates have been used.
e One set of FZ-monocrystalline silicon.
. One set of multicrystalline silicon, textured with
NaOH.

e One set of multicrystalline silicon which has under
gone a phosphorous diffusion followed by emitter
etching.

Resistivity and thickness are given in Table I.

In order to study the influence of passivation tayeith

aluminium, we have also carried out five sets »frsul-

ticrystalline silicon solar cells of 156 énarea with five
different rear structures.

Tablel: Characteristics of samples used in this study.

Properties Monocrystalline  Multicrystalline
Size 2 inches 62.5x62.5 fm
Type P P
Resistivity 4-7 ohm.cm 1 ohm.cm
Thickness 280um 300um

For our structures, we have chosen single, doutde a
triple layers based and on previous tests and efitdra-
ture. Three PECVD dielectric layers have been used:
SiO, SiN and silicon-rich SiN (noted SiNr afterwsyd
Nine different stacks were processed, and thre@lsim
layers act as reference. Table Il summarizes these
passivation schemes.

Tablell: Rear structures tested.

Single Double Triple
SiN SiNr/SiN SiO/SiN/SIO
SiNr SiNr/SiO SiO/SiNr/SiO
Sio SiO/SiN

SiO/SiNr

The total thickness of deposited layers is conthine
between 100 and 130nm with roughly 20 — 25 nmHer t
first layer and 85 — 105 nm for the total of thaestlay-
ers in the case of multilayer stacks. These vahe®
been confirmed after the deposition with spectrpsco
ellipsometry. All the depositions have been madéati
sides of the samples to allow the measurementeofrih
nority carrier lifetime (MCL) by the photoconductanc
decay method. MCL measurements were performed in
transient and quasi steady state mode. All resars
given for an injection level of 7.1bcm?.



Finally, after the measurement, all the sampleshav
been annealed during several seconds (RTA) at 8G0°C i
a lamp furnace to simulate the contact-firing séeyl
then MCL measurements were carried out again.

3 RESULTS FOR SILICON WAFERS

To discuss minority carrier lifetime results, wesfi
consider the results for the monocrystalline sampled
then for the multicrystalline samples to discrimenaur-
face and bulk passivation.

3.1 Monocrystalline samples

Float zone samples lead directly to the surface pas
sivation because of their high bulk lifetime (supeito
2ms with iodine methanol surface passivation [10]).
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Figure I: Minority carrier lifetime on monocrystalline
samples of the nine rear passivation schemes tested
Nr and O stand for SiN, SiNr and SiO.
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Concerning single layers, SiN and SiNr have a better
passivation effect than SiO. SiNr leads to the Ipest-
sivation results among these layers with or withiet
rapid thermal anneal (RTA). For double layers, testb
results are obtained with SiNr as the first layed ahow
comparable values to the silicon nitride singlestayrhe
other stacks with SiO as first layer have interratglre-
sults between SiN and SiO alone. As observed fajlsi
layers, the RTA is still beneficent for the passSivat
quality for all stacks. Finally, the triple layesbow the
same trend than the double layers with a slighéiten
result for the structure containing SiNr.

PECVD hydrogenated silicon nitride is well known
to be a great passivation layer, contrary to PECWP s
con oxide. Moreover, the better passivation of Silds
been already demonstrated by a lot of authors []1-1

The field effect created by the SiN layer is always
strong whatever the stoichiometry of the film if (@the
layer is reported to be higher thant4ém?, sufficient to
put the silicon surface in weak inversion) [13].ushthe
better passivation must come from a smaller interfa
states density at the SiNr/Si interface due to éiddi-H
bonds than in N-rich SiN. In fact these bonds &engly
correlated to the passivation quality and can hesl s
surface passivation indicators [14]. We can alspeek
fewer constraints and consequently fewer defettthea
interface between a Si-rich SiN layer and a silisoib-
strate [15].

Lastly, the RTA gives the opportunity for the SiN
layers to free a part of their atomic hydrogen \whian
bond to some remaining interface defects. But #imsase
does not happen necessarily in the same way fdr bot
layers. In the case of SiNr, the hydrogen will bleased
in high quantity due to the high number of easiigak-

able Si-H bonds. However, the low density of tHm fi
will allow more H, molecules to form and might be de-
structive for the layer itself if these moleculesamulate
and pierce the film (also called blistering efffga).

Concerning the SiO single layer, the passivation re-
mains weak. Moreover, contrary to our previous wamk
hydrogenated silicon oxynitride [16], the RTA doest n
improve the minority carrier lifetime. This factldgs us to
conclude that the RTA profile (different from [16} a
critical parameter for the passivation effect opatsted
SiO.

The excellent surface passivation of the double
SiNr/SiN layer is explained by what we have devetbp
for single layer: the high surface passivation bByr&nd
the high hydrogenation during the layers depositiod
the RTA which results in a passivation as good & Si
single layer. The SiNr/SiO layers bring a reasoaabl
MCL with only 20nm of SiNr that appears to be suffi-
cient for surface passivation.

For the two stacks layers with SiO as first layer
(SIO/SIN and SiO/SiNr), the passivation effect ceme
mainly from the diffused hydrogen of the SiN laygkm-
ing the deposition and during the annealing [1T8usS, a
large improvement with the RTA is expected but ids
clearly evident on Figure I. The low MCL value of
SIO/SIN might suggest a problem during the wafer’s
cleaning before the deposition. Although we careoles
an improvement after the RTA, the final passivatien
mains low. Conversely, in the case of SiO/SiNr, MGL o
the as-deposited layer is quite high but stays teonsf-
ter the RTA. These results would suggest no mofacer
hydrogenation during the RTA due probably to the hy-
drogen exodiffusion.

Finally, both triple layers confirm the tendency-ob
served on the double layers with slightly highesgpea-
tion results. This time, the MCL results seem toficona
better hydrogenation of the interface during thpodée
tion of SiNr layer and more atomic hydrogen diftusi
from the SiN layer through the SiO layer during ealn
The capping of the silicon nitride layers by Si@rses to
improve slightly the surface passivation probabhfim-
iting the hydrogen exodiffusion out of the layer.

In a nutshell, the double and the triple layersless
efficient than the single silicon nitride layer feurface
passivation. But the situation becomes more compiex
the multicrystalline samples with the necessitingirov-
ing the bulk passivation by hydrogen diffusion. §pas-
sivation is also completed by the gettering effating
the phosphorous diffusion step. We have thus te dis
criminate both contributions in our experimentsshydy-
ing samples with and without gettering.

3.2 Multicrystalline samples

The comparisons and discussions between the sam-
ples with and without gettering have to be madefodly
because of they are not neighbouring wafers.

The minority carrier lifetime results are inferior the
monocrystalline samples but the differences betvihen
various passivation schemes tested remain the bame
fore RTA. On the other hand, the impact of the alinga
step is a major benefit for the multicrystallinengpdes
especially when the first layer is SiO. Thus, exdie
SiO single layer, the other structures show goasipa-



tions after RTA with slightly superior results fdret all
silicon nitride stacks.

For the samples with gettering the tendency is-glob
ally the same. The gettering effect seems to bepiedd-
ent of the hydrogenation effect except, maybe, tfar
SiNr layer. After annealing, the improvement istire
same order as samples without gettering.
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Figure Il: Minority carrier lifetime on multicrystalline
samples without gettering of the nine rear passinat
schemes tested.
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Figure I11: Minority carrier lifetime on multicrystalline
samples with gettering of the nine rear passivation
schemes tested.

The slightly identical behaviour before annealiag c
be explained in the same way as for the monoctiystal
wafers. After deposition, the surface passivation e
hancement seems to be the main contribution teffiee-
tive MCL: the structures with silicon nitride atetlinter-
face exhibit the best results.

The strong MCL improvement after the RTA points
out an effective bulk passivation due to the hydrodif-
fusion from SiN (or SiNr) layers into the bulk. Thear
passivation structure needs only one layer ofasiliai-
tride for the bulk hydrogenation to happen. Thist fs
highlighted with SiO/SiN: a poor MCL before anneglin
(bad surface passivation) but similar results asatiner
structures after the RTA (bulk enhancement).

Identical tendency between the samples with and
without gettering were expected. The hydrogen egl
sentially help to fill dangling bonds or latticesttications
whereas the gettering will contribute to reduceoneloi-
nations created by metallic impurities [17]. Thbsth
treatments have complementary actions.

To sum up, it seems that for the multicrystalliaens
ples, all studied stacks give less contrasted ritjnoar-
rier lifetime results (except SiO) due to a predueni
bulk passivation by hydrogen. Thus, it may be Ibdtte
choose a structure in order to optimise anotheairpater
of the back side (reflection for example).

To complete these results, we have studied the-infl
ence of the aluminium deposition on these strusttoe
look for the degradation problem due to the formed
Metal-Insulator-Semiconductor (MIS) structure.

4 RESULTS FOR MIS STRUCTURES

Several sets of 156 énmulticrystalline silicon sub-
strates with no emitter were used for minority iearlife-
time purpose. This time, dielectric layers and egre
printed aluminium were applied on different half tre
back side as shown in Figure IV for the case ofShe
layer. The same dielectric layers were also depdsin
the front side. Next, all these structures havenbae-
nealed in a belt furnace from Photowatt. The teampee
profile for this annealing step differs from theeaumsed at
INL. Finally MCL were performed using uPCD.

Solar cells with dielectric stacks passivation were
also elaborated for spectral response and | (V)sorea
ments purpose. A set of cells with a full aluminigov-
erage stand as references with also a thick SiCg8iN-
ture which has already given good solar cells tegB].
The passivation results and the normalized integjoah-
tum efficiency (IQE) are plotted in Figure V andy&ie
VI.
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Figure 1V: Cartography of minority carrier lifetime for
rear passivation with a single SiN layer.
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Figure V: Minority carrier lifetime for different rear pas-
sivation state.

The dielectric layers without aluminium achieve the
best passivation in all structures compared taathmin-
ium back surface field (BSF). After aluminium cappin
all MCL decrease and become inferiors to the alummi
BSF except for the SiNr/SiN stacks. The SiNr/SiNistr
ture gives also the best passivation and stay<saated,
contrary to the triple layers where SiNr has been d
graded by the RTA. It is probably due to a thinniérS
layer and a thicker capping layer in the SiNr/SiNIG
ture.

As it was already mentioned by IMEC [19], capping
the dielectric layer by aluminium creates a MISusture
and consequently might affect the SRH recombinédtipn
inducing a weak inversion at the surface of thessake.



Although this explanation might work, it is insufént to
explain why SiNr/SiN is so good compared to SiNhwit
aluminium coverage (Figure V).

Moreover, if we consider the IQE results (Figurg Wk
can see that, surprisingly, every passivation selsegive
clearly worse results than standard full-coverdgenin-
ium even for the SiNr/SiN stacks.
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Figure VI: Normalized IQE for the five rear passivation
schemes, for the standard aluminium BSF and forcé th

O/N passivation stacks (Ot/Nt). The normalizatices h

been made with the calibration sample of the quantu
efficiency device.
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Figure VII: The L. and The V. of the final cells per-
formed with a dielectric rear side passivation.

To settle the argument, | (V) measurements have
been performed on final cells. As shown in Figurié V
the short-circuit current,d and the open circuit voltage
V. remain strongly below the two references with-full
coverage aluminium and thick dielectric stacks. SThu
they are in agreement with the poor rear side pai$sn
indicated by the IQE except for the stacks withckhi
SIiO/SIiN layers. In fact this structure gives.@aind a \4.
nearly as good as aluminium BSF, but leads to pQé&r |
results. This contradiction remains hard to explain
might be cause by the measurements done at differen
injection levels in each case. In any case theasacteri-
zations seem unable to give correct informatiorudltoe
final solar cells behaviours. Thus, these resutistpout
the necessity of processing complete solar cellpete
formed any passivation comparison.

Moreover, as it was already mentioned, we can con-
clude that the aluminium seems to play an impontalat
in the efficiencies degradations by creating a MiSic-
ture. The interaction between the MIS and the dgrmdi
positive dielectric charges are probably other diect
which have to be taken into consideration to exptair-
rectly the | (V) results.

5 SUMMARY

In the present article, we have studied differexar r
passivation schemes on monocrystalline and mudtiaky
line substrates in order to choose the most progisi
structures. Although the all silicon nitride layegs/e
slightly best results, capping them with aluminiantails
inferior results than standard aluminium BSF, exdept
the SiNr/SiN stacks which is only slightly affectied the
aluminium. The contradictions between the MCL result
the IQE and the | (V) measurements lead to the déed
studying the rear structure using complete solés.ce
Lastly, the most promising structure on the fira@hs cell
seems to be a combination of thick layers as it alas
ready mentioned by the IMEC.
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