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Characterization of silicon oxide film grown on
GaN deposited by ICPCVD
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Abstract; Silicon oxide(SiO, ) films on GaN were synthesized at 75 “C, using the inductively coupled plasma chemical
vapor deposition( ICPCVD) with different radio-frequency chuck power(RF power). The physical and electrical proper-
ties of the deposited SiO, thin films were characterized by various methods. It is found that as the RF power increased,
the films’ stress increased while the surface roughness and the film density increased. With optimized RF power, the
Si0,/n-GaN metal-insulator-semiconductor( MIS) structures were fabricated. The electrical properties of the SiO, films
were investigated by current density-voltage (J-V) and capacitance-voltage ( C-V) measurements. The results show that
the leakage current density is lower than 1 x 1077 A/cm® at 90 V, the minimum interface state density is 2. 4 x
10" eV ~'cm 7? | indicating good electrical properties of ICPCVD deposited SiO, films.
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Fig.1 Schematic diagram of ICP-CVD reactor
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Fig.2 The compressive stress of silicon oxide films deposi-
ted at (a) various RF power and (b) various SiH, flow
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Fig. 3 AFM images of SiOx with RF power
(a) 20W, (b) 15W, and (¢) 10 W
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Fig. 5 Schematic diagram of SiOx/GaN MIS diodes
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bandwidth and high efficiency. While comparing with
VDI commercial products'™’ | our typical efficiency is low
about 2. 5% , but our doubler design is more cost-effec-
tive with discrete diodes. The developed doubler achieves
the state-of-the-art performance reported in abroad.

Table 1 Doubler performance comparison

F1 _(EMERERELR
References  Model ~ Diode style Multiply factor Frequency(GHz) — Multiply Efficiency( % )
This paper ~ — Discrete 2 190~225  Typ7.5, Max 9.6@202 GHz
[9] —  Integrated 2 177~202 Typ7.0, Max9.0@ 188 GHz
[10] —  Integrated 2 140~220  Typ3.8, Max 6.4@204 GHz
(1] — Discrete 3 240 Max 2. 5@252 GHz
[12] — Discrete 3 282 7@282 GHz
[13]  WR4.3x2 Integrated 2 170 ~250  Typ 10.0, Max 12.5@216 GHz

3 Conclusions

A high multiplying efficiency hybrid integrated
balanced frequency doubler was developed. The circuit
is flip-chip mounted to provide an improved thermal
path for heat flow from the diodes to the metal
waveguide block, and present an effective RF signals
grounding without adding parasitic. The reliability and
performance of the doubler is improved. The doubler
operates at self-biasing and fix-tuned. The highest effi-
ciency of 9.6% and corresponding output power of 8.
25 mW are measured at 202 GHz with input power of
85.5 mW. The tested efficiency is between 6% and 9.
6% in 190 ~225 GHz. The doubler efficiency response
is flat and broad bandwidth. It is attractive for terahertz
test instruments and transceiver systems.
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