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High-Efficiency GaN-based Monolithic Inverter ICs
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Abstract

A high-efficiency inverter system has been strongly desired for driving motors in a variety of applications including appliances and
industrial uses for the prevention of global warming. The GaN-based power devices are highly expected to realize higher efficiency than
that of systems using conventional Si-based devices. We report on a GaN-based monolithic inverter IC and its first successful use in a
motor drive. The conversion loss in the GaN-based inverter is reduced by 42 % compared to systems using conventional Si-IGBTs. The
key processing technology is newly introduced planar isolation using Fe ion implantation which fully isolates the GaN-based lateral devices

from each other.
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Fig. 2 Change of isolation properties after annealing at various
temperatures. Fe, C, and B ions are implanted onto A1GaN/GaN
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Fig. 3 Isolation characteristics between 20 p m spacing of Fe and B ion-
implanted isolation regions
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Fig. 1 Schematic cross section of two AlGaN/GaN gate injection transistors (GITs) in monolithic inverter system
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Fig. 4 On-state I4-Vys characteristics of forward and reverse operations of
fabricated GIT

100
Vigs=0 V

80 |

60

/4 4 Almm]
T

a0 s

2 b

0 200 400
Vs [V]

800

os0o oooo

Fig. 5 Off-state breakdown characteristics of fabricated GIT exhibiting
breakdown voltage of 700 V
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Fig. 6 Recovery characteristics of reverse conduction mode of fabricated
GIT comparing with that of conventional Si-FRD
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Fig. 7 Bias-temperature reliability test results on (a) threshold voltage (V},) and
(b) off-state leakage current of GITs
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Fig. 8 Details of FWD-free operation of half bridge to flow fly-wheel
current using two GITs in inverter systems
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Fig. 9 Chip photograph of fabricated GaN monolithic inverter IC in which 6
GITs are integrated
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Fig. 10 Waveforms of motor driving using fabricated GaN monolithic
inverter IC
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Fig. 11 Power conversion efficiency of GaN monolithic inverter and
conventional Si- IGBT/FRD one
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