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Hydrogenated amorphous silicon is found to be a leading candidate for the fabrication of
low cost solar cells. However presently there are two main factors that limit the large scale
applications of a-Si:H solar cells as power sources. One of the central technological obstacle is
the low conversion efficiency of the cells. The other obstacle for the large scale technological
application of a-Si:H solar cells is degradation of critical material properties under the light
exposure.

In our experiments we have performed light soaking tests on pinpin structure samples to
see if the stability of a-SI:H solar cells is improved in comparison with the stability of pin
structures.

The pattern of light induced degradation, i.e. the degree of degradation of a-Si:H pinpin
solar cell parameters was studied on different i-layer thickness using high intensity (~10 AM
1.5) illumination. It was found that stacked cells do not show a uniform degradation pattern
as in the case of single junction solar cells. In particular, the degradation in short-circuit
current Isc of stacked cells shows a big difference for thick (~500 nm) and thin (~400 nm)
pinpin cells. It was found the degradation of the stacked cells with thick bottom layers
exhibit a degradation pattern similar to that of single junction cells, i.e. the degradation in
efficiency comes from the fill factor and the short circuit current, while open circuit voltage
being degraded slightly. The degradation in short circuit current of cells with thin bottom
layers is negligibly small.

Key words and phrases: pattern of degradation, solar cells, fill factor, efficiency, short
circuit current, open circuit voltage, photo-degradation, multi-junction cells.

1. Introduction

During the past few years amorphous silicon alloys have become a viable material
for inexpensive solar cells. But their application is still limited because of degradation
observed under sunlight exposure. Many efforts have been made by several research
groups to come up with new a-Si alloys which are less prone to light induced degra-
dation. Stacked, multijunction solar cells are thus thought to be the most promising
technology to obtain a-Si solar cells with high reliability and high efficiency [1]. Conse-
quently, significant progresses have been made towards the improvement of the initial
conversion efficiency as well as the light instability. Yet, for more reduction in the
degradation of a-S based alloys or for the design of better structures that are less sen-
sitive to the photo-degradation, a good understanding on the degradation behaviour
of the cell is inevitable.

In the present work, we report the pattern of light induced degradation of a-Si:H
pinpin solar cell parameters (I, Vo, FF) for different i-layer thickness, where i-layer
thickness of the stacked cell is the sum of the i-layer thicknesses of the top cell (i1)
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and the bottom cell (iz). In particular, the degradation behaviour of I, has been
presented for the different thicknesses.

2. Experimental

The samples were prepared by plasma enhanced chemical vapour deposition
(PECVD) technique in a commercial 3-chamber PECVD system on a 10x 10 cm? glass
substrate. The stacked cells have the structure: glass/SnOs /p(C)/buffer/i/n/p/i/n/Ag.
The area of the cell is 1x1 cm?.

The light soaking tests were done under open circuit condition using high intensity
(~10 AM1.5) illuminations obtained from WACOM solar simulator. During light
exposure tests the temperature of the cells was kept at 50°C. On the other hand, the
I-V characteristics of the cells were measured under standard test conditions (AM1.5,
25°C).

3. Results and Discussion

In single junction solar cells the degradation in efficiency (h) mainly comes from
fill factor (FF) and partly from short circuit current (Is.), while open circuit voltage
(Voe) being the less affected parameter [2,3]. However, in pinpin structure solar cells,
we do not observe such a uniform degradation pattern as it is evident from Fig. 1
and Fig. 2. Of course, similar to the pin structure, the degradation in efficiency of all
stacked cells mainly comes from fill factor. But the decrease in short circuit current of
stacked cells under illumination depends on the type of the cell under consideration.
In some stacked cells (Fig. 1) the degradation in short circuit current Iy, is very small,
almost negligible, while in others (Fig. 2) the degradation in I,. is quite significant as
in the case of single junction solar cells.
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Figure 1. Light induced degradation of thin (~400 nm) a-Si:H pinpin solar cells
with i-layer thickness: (a) i1=43 nm, i,=325 nm; (b) i;=51 nm, =325 nm.
The light exposure tests were done under open circuit condition at 50°C

A closer look at the degradation behaviour of the stacked cells reveals that those
cells with thick bottom layers (Fig. 2) exhibit a degradation pattern similar to that
of single junction cells, i.e. the degradation in efficiency comes from the fill factor
and the short circuit current while open circuit voltage being degraded slightly. On
the other hand, those cells that have relatively thin bottom layers show a different
degradation pattern as shown in Fig. 1, i.e. the degradation in short circuit current
is negligibly small. This difference in degradation pattern, especially the difference in
the degradation of I,., may be due to the current limitation of stacked cells.

There is a well-established consensus among photovoltaic specialists [4, 5] that
the output current of stacked solar cells is limited by the lowest current among the
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Figure 2. Light induced degradation of “thick” (500 nm) a-SiH pinpin solar
cells with i-layer thickness: (a) i;=59 nm, i,=430 nm;(b) i;=59 nm, i,=540 nm.
The light exposure tests were done under open circuit condition at 50°C.

component cells. Thus, in those stacked cells, whose current is limited by the top cell,
the degradation in short circuit current should be negligible since the large electric
field present in the top cell (which has a thickness of ~ 60 nm) sweeps away the
electron-hole pairs created in the layer before they can recombine and create light
induced defects in the layer. However, if the current is limited by the bottom cell,
the degradation in I,. as well as the degradation pattern of the stacked cell as a
whole resembles that of single junction solar cells. Thus, we may conclude that the
degradation in I, of stacked cells is limited by that component (top or bottom) of
the tandem structure which has a smaller output current.

4. Conclusion

Unlike single junction solar cells, the pattern of light induced degradation of a-
Si:H pinpin solar cell parameters is dependent on the i-layer thickness of the cell.
In particular, the degradation of I,. is found to be negligible for thin cells, while
it is significantly large for thick ones. This may be explained by the fact that the
degradation in [,. of stacked cells is limited by the top cell or the bottom cell, which
has a smaller output current. Thus, to design a stacked cell with minimum degradation
in I,., one needs to adjust the output current in such a way that the current of the
top cell is dominant.
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B pesynbraTe MHOrOYMCIIEHHBIX HUCCJIEIOBAHUN OBLIO YCTAHOBJIEHO, YTO THJIPOHU3UPOBAH-
HBINT aMOPMHBIN KPEMHUN sIBJII€TCa HAMOOJIee TMOAXOSIIIM MATEPUAIOM JIJIsi N3TOTOBJICHUST
HEJIOPOTUX COJHEYHBIX (horodemMeHToB. OHAKO, IMUPOKOMY NPAKTHYECKOMY IPUMEHEHUIO
doTompeobpazoBaTeseil Ha OCHOBE 3TOr0 MaTepuaJja MeIaloT WX HU3KUN KoddduimeHT mo-
JIE3HOTO JefCTBUS U OBICTPast AErpaaliis TapaMeTpoB (DOTOIIEMEHTOB MO AEHCTBUEM COJI-
HEYHOT'O U3J/IydeHus1. BiusaHue coIHeYHOro N3y IeHns Ha TapaMeTpbl poTonpeodbpasoBaTeseit
IPOBEPSIETCS KAaK HA MHOTOCJOWHBIX, TAK W HA OJHOCTOMHBIX pin CTPYKTYPaX MPH PA3TAIHBIX
MHTEHCUBHOCTSIX cBeTa. CpaBHUBAETCH CTAOMIBHOCTD [TapaMeTPOB MHOTOCTOMHBIX CTPYKTYD
C OZIHOCJIOMHBIMU.

B pabore n3ygasoch BIMSHIE OCBEIECHUS HA TAPAMETPhI T€TEPOCTPYKTYPHBIX COTHETHBIX
$OTO37IEMEHTOB Ha, OCHOBE I'MIPOHU3NPOBAHHOIO aMOP(MHOro KpeMHusi. B skcriepuMeHTax ObI-
JIO YCTaHOBJIEHO, UTO MEXaHU3M JIErPAJAINY [TapaMeTPOB Pinpin CTPYKTYP OTJIMYAETCS OT Me-
XaHU3Ma, JErPAJIAIIN TaPpAMETPOB Pin CTPYKTYP IPU TOJIIUHE HUXKHETO cJ1ost bosiee 400 HM.
Brino obuapy:keHo, UTO HPH TOJIIIMHE HUXKHEro cjaos MeHee 400 HM 3aMeTHOrO OTJIUYUS B
MeXaHM3Max Jierpajanuu He Habmomaaoch. O6CyKIaeTcs MEXaHU3M JErpaiallui mapamMer-
POB MOTOCJIOMHBIX hOTOdIeMeHTOB. [Ipeamonaraercs, YTo B Caydae TOJICTOTO HUKHETO CJIOST
doroaemenTa KO3(DUIINEHT OJIE3HOTO JeHCBUS OIpeIesieTcs KaK (haKTOPOM 3aII0IHEHNS,
TaK ¥ TOKOM KOPOTKOTO 3aMbIKaHus. Jlerpamariust TOKOB KOPOTKOTO 3aMBIKAHUS B COJTHETHBIX
doTodIeMeHTaX ¢ TOHKUM HUKHUM CJIOEM HE3HATUTEIbHA.

KurogeBbie cjioBa: xapakTep JIerpaJialiii, COJHeYHbIe POTOITEMEHTDI, KOIMDMUITNEHT
3aroJiHenus, 3(pPEKTUBHOCTD, TOK KOPOTKOI'O 3aMBIKaHUs, HAIIPSIXKEHNE PA30MKHYTOI Ie1u,
doToreneparusi, MHOTOCJIONHbIE (POTOIJIEMEHTHI.





