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1. Introduction

GaN of llI-V materials have attracted interestimg i
the development of optoelectronic devices,
light-emitting diodes (LEDs) and solar cell$l].
InGaN-based solar cells with the multijunction strues
exhibited the photovoltaic characteristic. Unfoetedy,
most of the reported InGaN solar cells show vevy pow-
er conversion efficiency of less than 2%. This large dis-
crepancy in efficiency originates from the diffiguin ob-
taining high-In-content InGaN alloy with good crgiine
quality. In order to obtain more high efficiencye welieve
better utilization of solar spectrum is necess&wgcently,
the science of organic/inorganic nanocompositeexs
tremely promising for applications in LEDs, photodies,
and solar cell§3]. Bismuth oxide (BiOs) of inorganic
metal oxide material is an interesting materiale da its
strong absorption to visible light and intrinsidgrizability,
Bi,O3 could be enhancement the photovoltaic propefies
The concept of BD; ultrathin-film has, to our knowledge,
not yet been applied to InGaN solar cells. TheftnGaN
solar cells configuration combined By effects improve-
ment the power conversion efficiency of photovalthave
not been studied so far.

In this study, we investigate the photovoltaic moep
ties of Bi,Oz ultrathin-flms on InGaN solar cells.
InGaN-based solar cell structures with@jultrathin-film
were prepared through a pulsed laser depositiorD(PL
method. The wavelength of the photovoltaic efficigias
enhanced by increasing the light absorption aOBul-
trathin-film.

2. Experiment

InGaN-based solar cell structures were grown on the

sapphire substrate by using a metalorganic cheragabr
deposition (MOCVD) system. These solar cell strrestu
consisted of a 30 nm-thick GaN buffer layer, guir®-thick
n-type GaN layer, 10 pairs of the InGaN/GaN MQW\at
layers, and a 0.4im-thick p-type GaN layer. The mesa
region of 45 x 45 milwas defined by the inductively cou-
pled plasma (ICP) etch. A 200 nm-thick indium-tixiee
layer (ITO) was deposited on the mesa region aarest
parent contact layer (TCL). The Ni/Au metal layevsre
deposited as n-type and p-type contact pads. Adtaica-
tion, the nanocrystalline ultrathin-film g); was deposited
on InGaN solar cells by PLD method.

Bi,O5 ultrathin-films under study were prepared by
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PLD method. The high purity (99.99%),B; were com-
pressed into pellets with 25 mm diameter and 5 reight

such asand sintered at 600 for 12 hours under air atmosphere.

Bi,O; films were deposited on a substrate in a chamber
(depositing pressure 27 Pa of oxygen partial pressure)
using a KrF [ = 248 nm) excimer laser (Lambda Physik
LPX Pro) to bombard a sample target. The poweritlens
of the focused laser on the target is 5-6 3/@nd the rep-
etition rate is 1 Hz. To make targets, the startirajerials

of Bi,O5; (99.99%) powders were ground and pressed into
disk. Then, the disk was sintered at 6@0for 12 hours
under air atmosphere. The final sizes of targetgaughly

1 inch in size. The target- substrate distancepsraxi-
mately 50 mm. The substrate temperature during siepo
tion is 150 C. The deposition rate of gD, film is about

0.5 A/shot. In addition, the surfaces of the tasgeere
polished before each deposition to improve repriulitg.
InGaN solar cell devices that were fabricated tfothis
process flow without deposited Bi; were defined as the
standard devices.

ITO\ Bi,0,

p-GaN: Mg
InGaN/GaN MQW

Sapphire Substrate

Figure 1. InGaN solar cell device structures wita BLOsfilms.

After sample preparation, the JBi; nanocrystalline
structure and growth mechanism were investigated by
means of X-ray diffraction (XRD). Fig. 2 shows tR&D
patterns of the BO; sample. The pattern feature can be
well indexed by the diffraction peaks of,Bk. This B,O5
has a monoclinic symmetry with a space group. ThOB8
is a stable low temperature polymorph, which iregd to
be monoclinic. In our sample, the diffraction pealksan-
gles 20= 28 and 58.3 which are corresponding to
(201) and (402) planes, respectively, for tetratyprai,O;
structure (JCPDS: 27-0050).
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Figure 2. XRD of BjOj; ultrathin-film was produced by PLD.
3. Resultsand Discussion
Fig. 3 indicates the UV-vis absorbance spectrdef t
InGaN solar cell devices. It can be seen that thgimum
light absorption peaks at 375 nm and 466 nm. Thigdche
explained by the size quantization effect the festited
electronic state (the fundamental absorption edgeh
guantum dot is expected to show a shift to lowervewva
lengths (higher energies) with respect to the bgaya ab-

sorption edge of the corresponding bulk maté&al
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Figure 3. UV-vis absorbance spectra of thgBiultrathin-films.
The photovoltaic efficiency of the InGaN solar cell
with and without BjOs ultrathin-film were also analyzed
using a Keithley 236 source meter, and a monochiioma

illumination that was obtained by using 500 W Xenta
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with a monochromator. Fig. 4 shows the photovoltaic

can transfer the electron to metal oxide of thecteda
acceptor material. As a result, the,®@j is with the
electron-hole carrier that can drift through thienfito the
anode ofp-GaN while the electron carrier is in the acceptor

material and can be transported to the cathodeGH=N.
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Figure 4. Typicalle-V characteristics of devices taken from the
photovoltaic solar cells illuminated under the ABIG. spectrum.
Inset of measured photovoltaic parameters.

4. Conclusion

In this study, the InGaN solar cell structures witib
Bi,O3 ultrathin-film were formed through a PLD process.
The enhanced power conversion efficiency of thealNG
solar cell with the BiO; ultrathin-film was investigated.
The BipOj; ultrathin-film offered more photon down con-
version capability through a higher light absorteapco-
cess increased the power conversion efficiencycdm-
pared to the standard InGaN solar cells, an inereds
21.6% in power conversion efficiency was achiewat.
believe that this BO; ultrathin-film design could provide
an efficient improvement in InGaN solar cells arttieo
related photovoltaic applications in the future.
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the standard and the JBi; ultrathin-film, and this
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efficiency (EQE) of the photovoltaic characteristias a
function of the illuminated wavelength was also mead.
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The power conversion efficiency enhancement

21.6% reason for such case is that, one can camchat
after photon absorption by ) of inorganic
semiconductor, it is likely that the created eleathole
pair of free carrier. The BD; is an electron acceptor that
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