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£ &  AlGaAs/InGaAs/GaAs high electron mobility transistors(HEMT) 42}2] ©.2] HgAHIE=E UutH o2 Algxln
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Abstract New ohmic contact materials have been investigated for improving the contact resistance and thermal sta-
bilities of conventional AuGeNi contacts for the application of AlGaAs/InGaAs/GaAs high electron mobility transis-
tors. On the base of sub/M,/Au-Ge/M,/Au structures, various M,(=Pd, Ni) and M,(=Ni, Ti,
lected, and their ohmic properties were compared. In addition, effects of rapid thermal annealing instead of furnace an-

Mo) metals were se-

nealing on ohmic properties were investigated. Replacement of Ni with Pd for M, layer slightly increased contact
resistance with little improvement of contact morphologies. When Ni was replaced by refractory Ti and Mo for M,
layer, contact resistance was lowered and surface morphology was greatly improved. Especially, Ni/Au-Ge/Mo/Au

contact structures showed very low contact resistance of ~0.12-mm, and good surface morphology after rapid thermal

annealing.
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n"-GaAs 500 A
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N-AlGOAs 300 A

i-FAIGQaAS 30 A
i-GaAS 20 A

i-InNGaAs 120 A
i-GOAS 7400 A

Substrate

Fig. 1. A schematic diagram of substrate structure for HEMT
devices
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Table 1. Multilayer structures of ohmic contacts.

Layer

. Materials

thicknesses

2000 A Au Au Au Au

500 A Ni Mo Ti Mo

1000A Au-Ge Au-Ge Au-Ge Au-Ge Au-Ge

100A N1 Pd Ni Ni
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Fig. 2. Contact resistance plotted against alloying temperatures for a)Ni/Au-Ge/Ni/Au, b)Pd/Au-Ge/Ti/Au, c)Pd/Au-Ge/Mo/
Au, d)Ni/Au-Ge/Ti/Au, and e)Ni/ Au-Ge/Mo/ Au
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Table 2. The lowest contact resistances and alloying temperatures for various chmic contacts
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Fig. 3. Auger depth profile of Ni/Au-Ge/Ni/Au contacts after
anneals at 550°C for 10 minutes
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Fig. 4. Auger depth profile of Ni/ Au-Ge/Ti/Au contacts after
anneals at 550°C for 10 minutes
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Fig. 5. Optical micrographs of contact morphology after anneals at 350°C for 3 mins for a) Ni/ Au-Ge/Ni/Au, b)Ni/Au-Ge/Ti/Av,

and ¢) Ni/Au-Ge/Mo/Au
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(b

Fig. 6. Optical micrographs of contact morphology after anneals at 500°C for 10 mins for a)Ni/ Au-Ge/Ti/Au and b)Ni/ Au-Ge/Mo/
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Fig. 7. Contact resistance plotted against alloying temperatures
after rapid thermal anneals for 2 seconds ; a)Ni/ Au-Ge/Ti/Au
and b)Ni/Au-Ge/Mo/Au
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Fig. 8. Optical micrographs of contact morphology of Ni/ Au-Ge
/Mo/ Au contacts after rapid thermal anneals at 550°C for 2 sec-
onds.
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Fig. 9. Auger depth profile after rapid thermal anneals at 550°C
for 2 seconds for a)Ni/ Au-Ge/Ti/Au and b)Ni/ Au-Ge/Mo/ Au
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