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Abstract

Inverted metamorphic multi-junction solar cell is potential for a high convention
efficiency and extensive use relative to convensional Si base solar cell and III-V
compound solar cell. In this dissertation, the effects of wide band tunnel junction, PIN
structure, strain reducing layer on the concentrator solar cell were studied. On the other
hand, triple-junction space solar cell, four-junction space solar cell, GalnP/GaAs//Si
wafer direct bonding (WBD) solar cell, and flexible inverted metamorphic triple-
junction solar cell were investigated. Some progress is achieved as following:

Firstly, the GalnP/GaAs inverted solar cell with AlGaAs/GalnP tunnel junction
shows a 4% improvement of Isc and conversion efficiency relative to AlGaAs/GaAs
tunnel junction.

Secondly, the IMM solar cell with PIN structure shows a conversion efficiency of
42.13%, which shows a 3% improvement compared with PN structure.

Thirdly, the conversion efficiency of concentrator IMM triple junction solar cell
was improved 2.5% via using of AlGaAs strain reducing layer, and an EQE with
26.508mA/cm™ of the fourth subcell was obtained by inserting a strain balance layer.

Fourthly, by optimizing tunnel junction, current mismatch, and graded buffer, a
median conversion efficiency with 44.3% and maxium conversion efficiency with 44.9%
were obtained with a chip size of 2.09mmx2.09mm for the IMM triple junction solar
cell at the condition of AM1.5D, 25°C, 1000 suns.

Fifthly, a conversion efficiency with 32% were obtained with a chip size of 4x6¢m?
for the IMM triple junction space solar cell at the condition of AMO, 1 sun, which shows
a 5% improvement than that of GalnP/InGaAs/Ge solar cell. Also the efficiency
remained 85.0% of the beginning of life (BOL) after the electrionic irradiations
were carried out under the higher fluence 1MeV electron irradiation of 1x10'%/cm?.

Sixthly, with the optimized second graded buffer and the fourth sub cell, four
junction IMM solar cell with Voc of 3.34V was obtained.

Seventhly, the Voc with 3.05V and conversion efficieny with 29.7% of wafer
bonded GalnP/GaAs//Si solar cell was studied.

Eightly, a flexible IMM triple-junction solar cell was fabricated on the Kovar
substrate, which shows almost the same photoelectronic profermance to that on Si

substrate. Also, the weight decreased from 7.8g to 3.1g, which shows a 60% cut down



on weight relative to the IMM solar cell based on Si substrate.
Keywords: Inverted metamorphic multi-junction solar cell, Space solar cell,

MOCVD, wafer bonding, flexible solar cell.
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R, e HLIL i o 40 A 79 45 1 rE M R A B B — B, IR ANMH BRI SR AR
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R 1.0eV T HIBAEFE B, 10 GaxdnimNyAsi—y #7831, BN A A BIE
K, MOCVD H A= KA R M, K 7 F 381 = 45 K BH g It b A8 BE 2 e A L
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