A possible mechanism for the different dependence on In com-
position between the two solutions is based on the role of HNO,.
Nitric acid concentrations below 2M exhibit little oxidising power
[8]. With [HNO;] = 5.0M in the 1:1:1 and 3:2:1 solutions, one
expects aqua-regia-like behaviour, with formation of Cl, and CIO,
as additional oxidants that appear especially effective for promot-
ing dissolution of higher-In-fraction materials. The 4:1:1 solution,
with only 2.5M HNO,, produces lower overall rates and shows
less dependence on In fraction.

We have employed the 1:1:1 HCYHNO,/H,O0, solution for mod-
ulator fabrication because the rate was the overriding concern and
precise depth control is not needed for this simple mesa-isolation
application. However, other applications might require an etchant
with less group-III dependence for easier control of etch-depth
against time,

In summary, we have developed a suite of etching processes
suitable for fabricating optoelectronic devices in the InGaAs/
InAlAs materials system. Smooth, near-vertical equirate etching of
periodic InGaAs/InAlAs multilayer structures, such as mirror
stacks, is achieved with CL/Ar RIBE at elevated temperatures with
real-time reflectance monitoring to permit precise depth control
(£8nm). Two wet chemistries, HCL/H,0,/H,0 and HCL/HNO,/
H,0,, have been developed for mesa isolation applications.

Acknowledgments: The authors wish to thank T.J. Drummond for
growth consultations. This work was performed at Sandia
National Laboratories supported by the US Department of
Energy under contract DE-AC04-94A185000.

© IEE 1995 19 July 1995
Electronics Letters Online No: 19951292
CIH. Ashby, A.J. Howard, G.A. Vawter, R.D. Briggs and

M.J. Hafich (Sandia National Laboratories, PO Box 5800, MS 0603,
Albuquerque, NM 87185-0603, USA)

References

1 FRITZ, 1), OLSEN, J.A,, HOWARD, A.J., BRENNAN, T.M., HAMMONS, B.E.,
and VAWTER, G.A.: ‘Strained-layer-superlattice technology for
vertical-cavity — optoelectronic  modulators at  near-infrared
wavelengths’, JEEE J. Quantum Electron., 1994, QE-30, (2), pp.
452-458

2 VAWTER, G.A., KLEM, J.F.,, and LEIBENGUTH, R.E.: ‘Improved epitaxial
layer design for real-time monitoring of dry etching in III-V
compound heterostructures with depth accuracy of *8nm’, J. Vac.
Sci. Technol. 4, 1994, 12, (4), pp. 1973-1977

3 YAEGASHIL H., and KAWAHARA, M.: ‘Coupling length adjustment in
InP/InGaAsP optical directional coupler switch’. Conf. on Lasers
and Electro-Optics, OSA Technical Digest Series {Optical Society
of America), 1993, Vol. 11, pp. 538-540

4 sHAW, D.W.: ‘Localized GaAs etching with acidic hydrogen peroxide
solutions’, J. Electrochem. Soc., 1981, 128, (4), pp. 874-880

5 ADACHLS., and OE, K.. ‘Chemical etching characteristics of (001)
GaAs’, J. Electrochem. Soc., 1983, 130, (12), pp. 2427-2435

6 NOTTEN,PHL, KELLY,1J, and KUIKEN, HK.: ‘Etching profiles at
resist edges II. Experimental confirmation of models using GaAs’,
J. Electrochem. Soc., 1986, 133, (6), pp. 1226-1232

7 HILL, D.G., LEAR,K.L, and HARRIS, Jr., JS.. “Two selective etching
solutions for GaAs on InGaAs and GaAs/AlGaAs on InGaAs’, J.
Electrochem. Soc., 1990, 137, (9), pp. 29122914

8 COTTON, FA., and WILKINSON, G.W.: ‘Advanced inorganic chemistry:
A comprehensive text” (Interscience Publishers, New York, 1972),
3rd Edn., p.179

High breakdown voltage Schottky barrier
diode using p*-polycrystalline silicon
diffused guard ring

Bor Wen Liou, Chung Len Lee and TanFu Lei

Indexing terms: Schottky diodes, Polysilicon

A new Schottky diode structure which uses the p*-polycrystalline
silicon (polysilicon) diffused guard ring is proposed. The diode
gives nearly ideal J-V characteristics with a high reverse
breakdown voltage (148V) and a low reverse leakage current
density (8.4pA/cm?).

Introduction: The Schottky diode, being a majority carrier device,
finds applications in high frequency areas. However, it cannot be
apphied to high power areas due to its low breakdown voltage
which is caused by the edge effect [1]. Hence, the guard-ring struc-
ture [2, 3] and the overlap-metal structure [3-5] were proposed to
eliminate the premature edge breakdown to improve the break-
down voltage. Recently, the polyemitter p*-n diode has been
intensely investigated due to its low leakage, high breakdown volt-
age, fast response and high current gain, when it is applied to the
bipolar transistor [6]. In this Letter, we use the polyemitter p*-n to
form the guard ring of the Schottky diode. This has the advan-
tages of the low leakage current and high reverse breakdown volt-
age of poly-emitter diodes but maintains the advantages of
Schottky diodes. The fabricated device was found to demonstrate
the above feature.
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Fig. 1 Cross-sectional schematic diagram of proposed polysilicon emit-
ter guard-ring junction Schottky diode

The structure of the diode is shown in Fig. 1a. The dimensions
and the doping of the fabricated devices are also:-shown in the
Figure. The guard ring of the diode was formed by first defining a
guard-ring pattern on the field oxide then depositing a polysilicon
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Fig. 2 Forward and reverse J-V characteristics of fabricated polysilicon
guard-ring and conventional p*-n junction guard-ring Schottky diodes
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film of 3000A, which was BF,*implanted with a dosage of
10%cm?. The device was then furnace-diffused, with the polysilicon
as the diffusion source. Al metal film was then evaporated and
defined to be the electrode of the Schottky diode. The diode can
also be fabricated with the polysilicon overlap as a field plate as
shown in Fig. 1b. For comparison, the conventional BF,*-diffused
guard-ring structure Schottky diode with metal overlap was also
fabricated.

Fig. 2 shows the measured J-V characteristics of the three types
of diode. The polysilicon guard-ring diode without metal overlap
showed near-ideal forward characteristics with an ideality factor »
of 1.07 for seven decades. The polysilicon guard-ring diode with
polysilicon-overlap had a breakdown voltage of 73V and break-
down current of 24.2uA/cm?. The extracted barrier height was
0.76eV. The breakdown voltage of the polysilicon-overlap diode
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Fig. 3 Statistical plots of reverse breakdown voltages of polysilicon
guard-ring diodes and conventional p*-n junction guard-ring diode

reached 148V with a reverse leakage current of 8.4uA/cm® For
the conventional p*-n diffused guard-ring metal-overlap diode, the
reverse breakdown voltage was ~25V with a breakdown current of
332pA/em? and extracted barrier height of 0.73eV. Fig. 3 shows
the statistical plots of the breakdown voltages for the three types
of diode for each of 30 diodes. The polysilicon guard-ring diodes
without polysilicon overlap had better breakdown statistics than
that of the conventional p*-n guard-ring diodes and the polysilicon
diodes with polysilicon-overlap even had better breakdown statis-
tics.

Conclusions: The breakdown voltage of the Schottky diode of the
guard-ring structure can be increased by fabricating the guard ring
with a heavily-doped polysilicon film to form a polysilicon emitter
guard-ring junction.
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Low-frequency dispersion characteristics of
GaN HFETs

W. Kruppa, S.C. Binari and K. Doverspike

Indexing terms. Electron traps, Field effect transistors, Gallium
nitride

The low-frequency transconductance and output resistance of
AIN/GaN HFETs have been examined as functions of
temperature. Dispersive characteristics were found which are
indicative of trapping activity in the GaN channel layer. Traps
with an activation energy near 1¢V were evident.

Introduction: Wide-bandgap semiconductors are of interest for
high-temperature and high-power applications from DC into the
microwave range. This interest stems primarily from the lower
thermal generation rates and higher breakdown fields inherent in
wide-bandgap materials. In addition, GaN-based devices can also
be designed with heterojunctions for improved performance. The
DC and microwave characteristics of GaN-based HFETs have
been recently reported [1 — 3].

Device fabrication and characteristics: The GaN epitaxial layers
used in this study were undoped and grown on basal-plane sap-
phire substrates by OMVPE [4]. The device cross-section is shown
in Fig. 1. ¢/V measurements indicated that most of the carriers in
the active channel are located near the GaN/AIN interface. Varia-
ble-temperature Hall-effect measurements yielded a constant
mobility and sheet carrier concentration over the temperature
range from 10 to 120K. These results are consistent with the exist-
ence of a 2-DEG at the GaN/AIN interface [3].

He implantation
damage
Pt/Au

] [
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Fig. 1 HFET cross-section

The devices were fabricated with a source-drain spacing of 5um
and a gate length of 1.0um. The total gate width is 150um.
Alloyed Ti/Al was used to form the source and drain ohmic con-
tacts. The gate metallisation was Pt/Au. The devices were isolated
using He-implantation-induced damage. The DC drain character-
istics are shown in Fig. 2. The HFETs have a pinch-off voltage of
6V and a maximum g, of 45mS/mm. The measured f; and f,,.
values were 8 and 22 GHz, respectively.

Frequency-dispersion measurements: The use of transconductance
and output resistance dispersion measurements to examine trap-
ping characteristics in FETs was first reported by Gregory et al.
[5}. In the GaN HFETs examined here, the most prominent dis-
persive mechanisms had conveniently measured transition frequen-
cies only at elevated temperatures. This implies the existence of
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