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ABSTRACT

The main topics of this thesis can be'divided into two categories: (1) The investigation of
boned interfaces of 111-V compeund semiconductors; (2) Applications of 111-V compound
semiconductors wafer bonding to optoelectronic devices. In the first category, the effects of
annealing temperature on the morphology and the.change of electrical property of bonded
interfaces were discussed. In addition, the effects of the rotational misalignments and relative
surface misorientations between two wafers on electrical resistance of bonded wafers were
also studied. In the second category, a seed layer was bonded and transferred to a large lattice
mismatched substrate first. Then, the heteroepitaxy layer was grown on the large lattice
mismatched substrate successfully by means of the seed layer. Furthermore, to optimum the
wafer bonding process of high brightness LEDs (Light emitting diodes), an intermediate layer

was used to decrease wafer bonding temperature.

Si doped n-type (100) GaAs wafers which have native oxide were used for
systematically investigation of the bonded interface and the electrical characteristics. For

estimating the electrical characteristics of bonded wafer, single GaAs wafers and two-layer



bonded stacks were annealed at the same temperature (400-850°C). Experimental results
indicated that GaAs bond via an amorphous oxide layer at 400 °C. When temperatures
increased above 400 °C, the oxide bonded area declined and finally disappeared. The
electrical resistance of bonded interface decreased with the increase of bonded temperature.
However, the resistance increased with temperatures exceeding 850 °C. This result caused by
the oxygen in-diffusion into n-GaAs and the effect of inversion. P-type GaAs samples were
also pressed against each other and annealed under identical thermal conditions. The electrical
resistance of bonded interface decreased with the increase of bonded temperature, even the
temperatures exceeds 850 °C. Results evidence that the event of inversion of n-GaAs wafers
were occurred. Besides, the relationship between various bonding angle and the change of
electrical resistance was also studied. Both anti-phase and in-phase structures were bonded
at 700 °C for 1 hr. It was observed'that a thin-amorphous layer (about 5 nm) existed at the
anti-phase bonded interface. The-amorphous layer in the anti-phase bonding structure caused

the higher electrical resistance than that-was.in-phase bonding structure.

Layer transfer technique is one of important applications of wafer bonding to
optoelectronic devices. A 50 nm n-IngsGagsP layer with line patterns was transferred to the
n-GaP substrate. This line patterned layer acted as a seed layer for quaternary alloy
(AlxGai-x)oslnesP heteroepitaxy. Almost no defects were observed in the transferred layer and
only few changes in the optical property. Moreover, it was discovered that the interface
electrical resistance rose while surface misorientations were added. The quaternary alloy
which had low defect density and fine optoelectronic property was grown on the line

patterned substrate successfully.

Wafer-direct-bonding technique is usually used to the fabrication of high brightness

LEDs. However, bonding processes were usually performed at elevated temperatures,



possibly causing degradation in the quality of the LED structure. In addition to this,
misorientation between the two bonded wafers may have caused defects between the wafers.
In this study, these two problems were solved by bonding the InGaP/GaAs and GaAs wafers
with an indium tin oxide (ITO) polycrystalline film at temperatures below 650 °C. It was
found that the bonding occurred mainly through the In transport from the InGaP to ITO, and
that the electrical resistance decreased with the bonding temperature. Then, the intermediate
layer was used to fabricate high brightness LEDs. Compared with wafer direct bonding
technique, the lower threshold voltage and the higher operating current can be gained by using

the ITO intermediate layer.



