i B

BlTR - BT NA A%=HIET
B G R EORED b E*

ol

(=R

Bonding of Dissimilar Semiconductor Materials for Energy-Harvesting and
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Research activities on surface activated bonding (SAB) of dissimilar semiconductor materials for targeting advanced energy-har-
vesting and energy-saving devices are reviewed. The structural and electrical properties of interfaces fabricated using the SAB techno-
logies are examined. The change in the interface characteristics due to annealing after bonding is highlighted. The characteristics of
SAB-based hybrid multi-junction solar cells, SiC/Si junctions as prototypes of wide bandgap/narrow bandgap hetero structures, and
single-crystal diamond/Si junctions for integrating diamond and Si devices in the future are discussed.
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Fig. 1 Schematic process in surface-activated bonding.
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Fig. 2 TEM images of interfaces in Si/Si junctions (a)
without annealing and (b) annealed at 1000 °C for 1 min. in
the nitrogen ambient (Ref. 29).
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Fig. 3 Schematic band profiles in (a) junctions of p-type
semiconductors and (b) junctions of n-type semiconductors
based on the charge neutrality level model.
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Fig. 4 Room-temperature I-V characteristics measured of
(a) annealed junctions of p-Si (100) substrates (acceptor
concentration: 2.4 X 107 cm~3) and (b) annealed junctions of
n-Si (100) substrates (donor concentration: 4.8 x 106 cm~3)
(Ref. 29).
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Fig. 5 Dependencies on annealing temperature of potential

barrier heights at bonding interfaces in p-Si (100) /p-Si (100)

junctions and n-Si (100) /n-Si (100) junctions as well as the
density of interface states at Si/Si interfaces (Ref. 29).
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Fig. 6 Dominant loss mechanisms of (a) single-junction solar
cells and (b) multi-junction solar cells.
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Fig. 7 (a) Relationship between the resistance at 0 V in pn
junctions made of dissimilar materials and the effective im-
purity concentration (Ref. 35). (b) Dependence of interface
resistance on annealing temperature in n*-GaAs/n*-Si junc-
tions (Ref. 36).
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Fig. 8 (a) I-V characteristics of a 5-mm-by-5-mm InGaP/
GaAs/Si triple-junction solar cell measured under the solar ir-
radiance of Air Mass 1.5 G/one sun. (b) External quantum
efficiency spectra of InGaP/GaAs/Si triple-junction solar
cells (Ref. 22).
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Fig. 9 TEM images of (a) p*-Si/n-4H-SiC interfaces without
annealing and (b) the interfaces after annealing at 1000°C for
1 min. in nitrogen ambient (Ref. 24).
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Fig. 10 (a) I-V characteristics of p*-Si/n-4H-SiC junctions
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junctions and (b) the junctions after annealing at 1000°C for 1
min. in nitrogen ambient (Ref. 24).
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Fig. 12 An SEM image of single-crystal diamond/Si inter-
faces (Ref. 28).
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