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Multi-Energy Oxygen lon Implantation
Isolation for AlGaN/GaN HEMTs

Student: Shoau Yi Shan Advisor: Dr. Edward Y. Chang

Department of Materials Science and Engineering
National Chiao Tung University

Abstract

GaN-based electron devices have received much attention due to
their ability to operate at high power level and high temperature
environment .Physical characteristics of AlGaN/GaN HEMTs like large
energy bandgap, high electri¢ breakdown:field(5*10°V/cm), high current
density and good thermal stability make AlIGaN/GaN HEMTs suitable for
high power and high temperature applications. The contemporary
isolation method is by using dry etch to define the device active region.
But it’s difficult to dry etch GaN with a sloped side instead of a vertical
cliff, which limits the etched depth since the connection metal lines may
disconnect at deep vertical etched mesa sides. Moreover, in Ga-face
polarization AlGaN/GaN structure, electrons which come from 2DEG
may flow through the contact of gate metal line and accumulate at the
surface region near the gate. This phenomenon may result in high gate
leakage current and reduces G-D breakdown voltage. If the HEMT
structure is the Ga-face polarization structure, electrons which
accumulate at the surface may produce the current slump behavior that is

often seen in the I1d-Vd curve. lon implantation, however, is a planar
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process which can avoid the problems mentioned above. Moreover, we
discovered in our experiment that with proper implantation energy and
ion dosage, ion implantation is a better isolation process than mesa dry
etch. The saturation current Iy is also improved. In our experiment,
oxygen ions with different energies were multi-implanted into the
AlGaN/GaN HEMT structure wafers. The energies used were 180kev +
90kev +75kev +35kev in sequence with the same 5*10**cm™ dosages for
each energy. First, Ti/Al/Ni/Au ohmic contact pads with different
distances were used for implantation masks and then the leakage currents
between the pads were measured to estimate isolation quality. Post heat
treatments including RTA and tube annealing were then applied to test the

thermal stabilities. The leakage current between ohmic contact pads

reached minimum value after300°C 1hr post-annealing. It is because

hopping conduction was suppressed-after defect clustering. And the
leakage current arose at higher post-annealing temperatures with the

formation of polycrystalline GaN at the implantation damaged region.

XTEM pictures for un-implanted, as-implanted, 300°C 1 hour
post-annealed and 850°C 1 hour post-annealed samples were taken . The

pictures of 300°C post-annealed sample showed defect clustering as

compared with the as-implanted sample. Therefore, hopping conduction
was reduced and isolation quality was improved. Layer-by-layer

transition from crystalline GaN to amorphous GaN beginning at the

surface was also observed in the 300°C post-annealed sample. For

pictures of 850°C 1 hour post-annealed sample we found that
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polycrystallization from amorphous GaN occurred. As a result, leakage
current would flow through grain boundary and degraded the isolation
property. AFM measurements showed that surface roughness didn’t
change after implantation and post-annealing process.

After the leakage current measurement and material analysis, we
applied this process to the HEMT fabrication. The fabrication process
used S1818 photoresist as the implantation mask and we had achieved a
planar device with high saturation current of 668mA/mm, maximum
current of 833mA/mm, off-state breakdown voltage of 87V for 4.5um
G-D spacing and the peak transconductance was 288mS/mm. The current
slump behavior was also suppressed as compared with the AIGaN/GaN
HEMTSs using ICP mesa dry etch for isolation. Overall, this study shows
that the AlIGaN/GaN HEMTs device was improved by using multi-energy
oxygen ion implantation isolation-process compared with the device

formed by conventional dry etch mesa.isolation.
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