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Abstract

Given that self-heating of semiconductor devices limits their characteristics and reliability, technologies for lower-

ing the thermal resistance of semiconductor devices are strongly required. The ultimate low thermal resistance is
assumed to be achieved by adopting “X-on-diamond” concept, i.e., by directly bonding semiconductors or metals

to diamonds since the thermal resistance of diamond is much larger than that of other ceramic materials conven-

tionally used in packaging. We discuss fabrication of diamond//semiconductor (Si and GaN) and diamond//metal

(Cu) junctions using surface activated bonding (SAB) and nano structural characterization of the bonding interfac-
es. We find that the interfaces reveal enough thermal tolerance for them to be a part of low-thermal-resistance
on-diamond devices fabricated after bonding although the bonding process is completed without heating. The in-

termediate layer formed at bonding interfaces is likely to play an important role in achieving the excellent thermal

tolerance of junctions.
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Fig. 1 Schematic cross sections of (a) soldering-
based semiconductor device/ceramic plate/heatsink
structures, and (b) direct-bonding-based device/
diamond/heatsink structures.
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Fig.2 Self-heating analyses of nitride devices (HEMTs) soldered on SiN plates and directly bonded to diamonds.
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Fig. 3 Schematic process steps for fabricating GaN-on-diamond devices based on (a) “bonding-first” and (b)

“device-first” approaches.
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Fig.4 Process steps for surface activated bonding.
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Fig.5 AFMimages and results of bonding tests of GaAs, SiC, and diamond wafers.
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Fig. 6 Top views of (a) as-bonded and (b) 1000-°C
annealed diamond//Si junctions.
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Fig. 7 TEM images and density profiles of Ga, N, C, and O atoms obtained using EDS for (a) an as-bonded
diamond//GaN interface, and (b) a 1000°C -annealed diamond//GaN interface.
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Fig. 8 (a) Process steps for fabricating on-diamond nitride HEMTs. (b) A top view and (c) a cross-sectional SEM
image of on-diamond nitride HEMTs.
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I-V characteristics of (a) on-diamond and (b) on-Si nitride HEMTs. (c) Comparison of device temperature
rise between on-diamond and on-Si HEMTs in operation.
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Fig. 10 TEM images of (a) as-bonded, (b) 500-°C
annealed, and (c) 700-°C annealed diamond//Cu
junctions.
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