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HIGH EFFICIENCY GaAs THIJ’~4 FILM SOLAR CELLS BY PEELED FiLM TECHNOLOGY

MakotoKONAGAI, Mitsunori SUGIMOTOand Kiyoshi TAKAHASHI
DepartmentofPhysicalElectronics, TokyoInstituteof Technology,2-1 2-1, Ohokayama,Meguro-ku,Tokyo152, Japan

p-GaAs/n-GaAsthin film concentratorsolar cells were fabricatedby PeeledFilm Technology. This is the first paperthat
reports the concentrationcharacteristicsof thin film solarcells. Theenergyconversionefficiency of thin film solarcellsat a con-
centrationratio of 109 is 9.4% and the output powerdensity is 0.82 W/cm

2. n-Gai_~Al~As/p-GaAsheterojunctionthin film
solar cells were also fabricated.The initial heterojunctionthin film solarcell with a Al mole fractionof 0.5 showedan efficiency
of up to 13.5% (AM 1.5). It is proposedthat Multi-Peeled Film Technology will give numerousGaAs thin films by selective
etchingof (GaA1)As/GaAsmulti-layeredstructures.

1. Introduction (PFT) [4,5]. High quality singlecrystallineGaAs thin
films canbe formedby PFT,and the energyconver-

GaAs haslongbeenrecognizedasa materialwith a sion efficiency of thin film solar cells is expectedto
band gap more favourable than that of Si for maxi- to be as high as that of bulk type solar cells. In this
mizing the efficiency of solar cells. An important paperthe electrical characteristicsof thin film GaAs
problem in the developmentof an efficient GaAs homojunctionconcentratorsolar cells are described,
~olar cell is that of surface recombination. This but the ultimatepurposeof this studyis to construct
problemcanbe minimizedby growing(GaAl)As win- thin film (GaAl)As/GaAs heterojunctionsolar cells
dow layer on top of the GaAs surface. It is well that arelow enoughin costto besuitablefor usewith
known that heterojunctionsolar cells consistingof low-costmoderate-powerconcentrators.
p-Ga

0.1M0.9As/p-GaAs/n-GaAsexhibit high conver-
sion efficiencies of over 20% for AM 1 [1,2]. How-
ever, the (GaAl)As/GaAssolar cell is too expensive, 2. Formationof GaAsthin film solar cells
becausethe GaAs crystal cost is too high, and cost
reductionis neededfor terrestrialapplications. 2.1. Fabricationprocesses

Thereare two importantways in which GaAssolar
cells could conceivablyhave a significant impacton Fig. 1 shows the basic structurenecessaryto ob-
future energy.One is theformationof thin film solar tam GaAs thin film solar cells.The Gai_~Al~As,with
cells. Thin film devicesare attractive for terrestrial an Al mole fraction of 0.7, and Sn dopedn-GaAsare
application, because the amount of expensiveand grown on theGaAssubstrateby liquid phaseepitaxy.
relatively rare semiconductormaterialusedin the cell Typical Ga0.3Al0.7Asand GaAs layer thicknessesare
is minimized. Anotherway is to increasethe output
of the cell. A two or three order of magnitude
increasein output power can be achievedby solar nGa.As -30pm
concentrationusing lenses.Jameset al. [3] demon -________________

strated the efficient operation of (GaA1)As/GaAs ... Ga03A107As
solar cells with a concentrationratio of 1000. The 5 pm
concentrationof sunlight appearsto be attractiveto
improvethe cost performanceof GaAssolarcells. GaAs (111) sub.

In this work, thin film concentratorGaAs solar Fig. 1. Basic structurenecessaryto getaGaAs thin film solar

cells have beenfabricatedby PeeledFilm Technology cell.
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5 and 30 pm, respectively.Substratedimensionsare 1.2

from 5 mm X 5 mm to 10 mm X 15 mm. The p—n
junction was formed by diffusing Zn into the speci- 1.0 C~109
men consisting of n-GaAs/undopedGa0.3Al0.7As/
GaAssubstratein a closedtubeby utilizing ZnAs2as 08

a sourcematerialof Zn. The junction depthis about

~ 10/1 pm for a 700°C,5 mm diffusion. Alternatively,Zn :06doped p-Gai_~Al~Aswas grown on n-GaAs grown Lii C=50layer. During the LPE growth of Zn doped ~0Ga1._~Al~Asthe p-GaAs region is formed by Zn diffu-
sion. The surface p-Gai_~M~Asis then selectively 02
etchedaway, and the GaAs p—n homojunctionsolar C~12

cellhasbeenfabricated. C~1 ~9.10 _________________

The fabrication processesare illustrated in fig. 2. 0 0.2 0.4 0.6 0.8 1.0 1.2
VOLTAGE (V)

The grid stripe contact(Ag + Zn) is evaporatedonto
the p-GaAsby usinga lift-off technique(a), andafter Fig. 3. Current-voltagecharacteristicsof thin film solar cells

under the concentrationof sunlight.C = concentrationratio,side etching Au + Ge is evaporatedonto n-GaAs (b), r~= efficiency.Input poweris 80 mW/cm
2for C = 1(1 sun).

followed by the annealingof the contactmetals at
400°C.The thick gold is depositedonto the contact
metal by electroplating(c). Then, after coveringthe 2.2. Characteristics
surfacelayer by blackwax, thewaferis soakedin the
selective etchantHF (d). This etchantdissolvesthe The cell was first testedas a normal cell in direct
intermediateGa

0.3Al0.7As,but not the GaAs. Thus, sunlight (concentrationratio C= 1) outside the con-
the thin film solarcells canbe peeledoff thesubstrate centratorassembly.The measuredI sun(C = 1) effi-
(e). After fixing the solar cells onto an AJ plate the ciency ranges from 9 to 11% including the contact
Au wire is bondedon the contactmetal, and SiO is area. The input power, which was measuredby an
evaporatedas a 600—800A thick anti-reflectivecoat- Epley Thermopile, was 80—90 mW/cm

2 on a clear
ing film, day in Tokyo (AM 1.5). The cell was then placedin

the concentratorassemblyand operatedwith various
valuesof solar concentration.Fig. 3 showsthetypical
current—voltage(I—V) characteristicsunder concen-

Ag,Zn . solar cell structure tratedsunlight.The symbol Cm fig. 3 meansthe con-
~ ~__ photoresist

wax centrationratio. The efficiency increasesfrom 9.1%________________ , ..~etching (C= 1) to 10% (C 50) by the concentrationofsunlight. At C 109, the efficiency is 9.4%, a value_____________ _____________ which is a little higher than 1 sun efficiency, and the
(a) (d)

Au ~ pt,otoresist output powerdensityis 0.82 W/cm2.Thecell operat-
____________ ing temperatureat C 109 is about 75°C.Themaxi-

________________ Au.Ge mum outputpower densityobtainedfrom the cell is
— [AuIAQ.Zn ~ 1.0 W/cm2 for C= 157. We believe that this is the

thin film solar cell highest outputpowerdensitythat hasbeenobtained
(b) (C)

~ççAufA9.Zn /Au.Ge from thin film solarcells.

- 1 ~_L~1 ~. (GaAI)As/GaAsheterojunction solar cells____________ /1//I/I/I//Il
(c) ~Al plate

(f) We have also fabricatedthin film solar cells with
Fig. 2. Fabricationprocessesof thin film solar cells, the growth of a third epitaxial layer to provide a
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Fig. 4. Structureof aheterojunctionthin film. 8
Lxi

heteroface or heterojunctionwindow on the thin
z

GaAs structure.As is well known, the lattice match 0 _____________________________________________

and thermal expansion coefficient match between SOD 60) 700 ~0
WAVELENGTH (nm)

Ga
1_~Al~Asand GaAs are good, but there exists

Fig. 6. Spectralresponseof a n-Ga0.5Al0.5 As/p-GaAshetero-
about a 0.13% lattice mismatch(x = 1) betweenthe junction thin film solar cell.
two at room temperature[6]. Thereforethe hetero-
junction (GaAl)As/GaAs thin film is curved by the
strain.Manycracksareinducedinto thepeeledfilm if parameters,the radius of curvatureR hasbeencalcu-
the radius of curvature is less than 10 cm. In this latedby puttingx = 0.7 (fig. 5). The radiusof curva-
work the radius of curvaturehas beentheoretically ture increaseswith thickness of the Ga0.3A107As
analyzedassumingthat the elastic constantof both layer (t3) in the range t3 < 1 pm, and R becomes
materialsis equal [7]. Fig. 4 showsthestructureof a infinite at t3 = 1.0 pm. R againdecreaseswith t3 for
heterojunctionthin film. The existenceof the graded t3> 1 pm. This fact means that the bending force
bandgap layer,which is inevitable in the continuous from the Ga0.3M0.7As is just compensatedby the
growth techniqueused in our experiment(see ref. bending force from the gradedband gap layer. The
[4]), hasbeenconfirmedby the ElectronProbeX-ray optimum Ga0.3Al0~7Asthicknessis in therange0.8—
Micro Analyzer (EPMA). A typical gradedbandgap 1.2pm,which correspondsto a valueof R >40cm.
layer thicknessandAl mole fraction at the backsur- n-Gai_~A1~As/p-GaAsheterojunction thin films
face are 20 pm and 0.1, respectively.By using these have also beenobtainedby PFT. The fabricatedthin

film geometryis as follows; thin film whole area=

________________________________________ 4 X 5 mm
2, junction area= 2 X 3.3mm2 (the side of

160
~ J__~GaoiAlo

7As the junction is etched), n-Gai_~A1~Asthickness=

I I 1 pm, Al mole fraction x = 0.5—0.7, and p-GaAsI ~ thickness= 40—50pm.
120

GaAs - The initial cells showedefficienciesof up to 13.5%
layer

80 ) distance and higher efficiencies should be obtained with ahigher Al mole fraction. Fig. 6 shows the measuredspectral responseof the n-Ga0.5A10.5As/pGaAsthin
film solarcell.

8

~40 /
/ GaAs 201jm, graded 2Oprn 4. Approachesto Multi-PFT

__________ I In this paper, a new technique, designatedas
0 2 3 ~ Multi-PFT (Multi-PeeledFilm Technology),has beenTHICKNESS OF Ga03AI07As (pm) proposed to give numerousGaAs thin films from

Fig. S. Variation of the radius of curvatureof a heterojunc- a (GaAI)As/GaAs multi-layered structure. The
tion thin film solarcell with thethicknessof a Ga0 3A10 7As
window layer. Both the thicknessof GaAs andgradedband (GaAI)As and GaAslayersare grown alternativelyon
gap layersare20 tim. the GaAs substrateand the intermediate(GaAl)As
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248 pm, and the averageGaAs thicknesswas 18 pm
- ~ for nine GaAs layers. Thus it is clear that (GaAI)As/

~ . ~ 15 GaAsthick multi-layerscanbe grownby the tempera-
—-..As ture gradientmethodbecauseof thehigh growth effi

ciency
GaAs 12 A further detailedstudy in multi layergrowth by

lAs4 the temperaturegradientLPEmethodis in progress

—~ — ,~ ~ 24
26 5 Summary

GaALAs 6
GaAs 16 GaAs thin film concentratorsolar cells were fabri-

cated by PeeledFilm Technology.Theefficiency of a

p-GaAs/n-GaAsconcentratorsolar cell is 9.4% at a
GaAs 42 concentrationratio of 109. The maximum output

power densityobtained from the cell is 1.0 W/cm2.

— The radiusof curvatureof a (GaA1)As/GaAsthin film
was theoretically analyzed. The fabricated

Fig. 7. Stain etchedcleavedcross sectionof (GaA1)As(9lay- n-Gao.
5A10.5As/p-GaAsthin film solar cells showed

ers)/GaAs(l0 layers) multi-layered,structuregrown by tem- efficienciesof up to 13.5%in sunlight.
peraturegradientLPE. .

Furthermore,it is proposed that Multi-PFT will
give numerousGaAs thin films by a selectiveetching
process.The (GaA1)As/GaAsmulti-layerswere grown

layers are selectively dissolved by HF. Numerous by the temperaturegradient liquid phaseepitaxial
GaAs thin films canbe detachedfrom the substrate, technique.
Hence,thesubstratecanbeusedagain.
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