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Abstract: In this work, we report on the characteristics of Pd/Ag metallization scheme deposited using
thermal evaporation for the formation of ohmic contacts to p-type GaN. The electrical behavior and
themml stability at different annea1ing temperatures (400DC - 800DC) were: investigated. Specific
contact resistivity using transmission Line Method (TLM) and current voltage (J-V) measurements
were investigated. The minimum specific contact resistivity of 3.9 Qcm2 achieved after annealing at
SOODC for 6 minutes. Changes in tile surface morphology oflhe contacts were observed using Scanning
Electron Microscopy (SEM).
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INTRODUCTION

Studies of the development in GaN with the characteristics of direct wide bandgap of 3.4 eV have been
continuously done in the recent years for the applications which involve short 'wave lengths optical
devices and high powerl frequencyl temperature devices [1]. Tllis includes visible and UV LEDs, laser
diodes (LDs) and various field effect transistors (FETs) [2]. Cont<lct technology remains a crucial
factor for most electronic and optical devices in the field of wide band gap semiconductors. One of the
key problems in GaN-based devices is a poor quality of ohmic contacts to p-G.:tN due to the difficulty
in achieving high carrier concentration (~1018 cm-3 and above). The commonly adopted procedure for
making ohmic contacts involves the use of suitable high work function metallization schemes.

It is imperative to obtain a low specific contact resistivity, Pc as ohmic contact plays a vital role in the
device performance. Bi layered NilAu metallization schemes have been extensively used in the
commercial blue and green light emitting diodes (LEDs) to obtain ohmic contacts to p-type GaN.
However, various groups of researchers are still investigating on different methods in attempting to
lower Ule specific cont.act resistivity which has a typical value of higher than 10-4 Ocm2 [3,4].

Only a few studies, however, have been reported for ohmic contacts on p-GaN. To obtain a low ohmic
contact resistance, Trexler [5] et al used NilAu, Cr/Au and Pd/Au metallization schemes for p-GaN
ohmic contacts. In tileir study, Ni/Au and PdJAu showed rectifying characteri.;tics irrespective of the
thermal annealing treatment. Only CrlAu metallization showed ohmic properties when the system was
annealed.

The development and the fabrication of flip chip GaN based LEDs has prompted the search for high
reflectivity metallization, in addition to stable, ohmic and low resistivity contac1. to GaN. There are few
researches that use silver (Ag) as metal contact to p-GaN [6,7J although sil-ver has good electrical
resistivity (1.59xlO-6 Ocm) and thermal conductivity (l cal/cm-s-DC)[8]. Moreover, silver can form
electrically superior contacts to p-GaN Ulan NilAu and has higher reflectivity than Al [9]. In this work,
we investigated a new Pd/A~ metallization scheme on moderately doped p-GaN with carrier
concentration ranging from 101 to 1018 cm-3 Ohmic properties were investigated by annealing samples
at temperatures ranging from (400DC - 800DC).

EXPEIDMENTALPROCEDURES

Pd/Ag met.allization scheme were fabricated on Mg-doped p-GaN samples grown on sapphire
substrat.es. Firstly, Palladium (Pd) was evaporated onto the GaN through a metal mask, followed by the
evaporation of Argentums (Ag) as tile capping layer. Prior to tile metal dep05ition, N~OH : H20 =
1:20 solution, followed by HF:H20 = 1:50 solution were used to remove native oxide on the samples.
Boiling aqua regia (HCI : HN03 = 3: 1) was Ilsed to chemically etch and clean the samples.
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(e) 25 min annealed 700°C (1) 25 min annealed 800"C

Figure 2: SEM images taken at different annealing temperatures under the same magnification
and scale bar indicates 10 microns in length

CONCLUSION

We investigated the properties and characteristics of the Pd/Ag bilayer contacts on p-GaN. The lowest
specific contact resistivity achieved was 3.9 D.cm2 for annealing temperatures of 800"C for 6 minutes.
The specific contact resistivity of this bilayer scheme was sensitive to the change of annealing
temperature and durations. Samples that were annealed for 25 minutes exhibited increased SCR
compared to samples that were annealed for 6 minutes at 400°C but later decreased m; the temperature
increased. Changes in the surface morphology of the contacts upon annealing were also examined.
"Balling up" effect was observed at high temperature annealing.

ACKNOWLEDGEMENT

Support from IRPA RMK.-8 Strategic Research grant and Universiti Sains Malaysia is gratefully
acknowledged.

"

REFERENCES

1. S.Strite and H. Morkoc: l. Vac. 1992. Sci. Technology B, Vol. 10, p. 1237

2. S. Nakamura, M. Senoh, N. Iwasa, T. Yanmda, T.Matsushita, H. Kiyoku and YSugimoto. 1996.
lpn.1. Appl. Phys. Vol. 35, L217

3. Roland Wenzel, Gerhard G. Fischer, Rainer Schmid-Fetzer. 2001. Materials Sci. in Semicondcutor
Processing 4, p. 307

4. X. A Cao and S. J Pearton. 1998. Appl Phys. Lett., Vol. 73, p. 942

5. l.T. Trexler, S.l. Pef\rlon, P.H. Holloway, M.G. Miller, K.R Evans and RF. Karlicek,. 1997.
Maler. Res. Soc: Symp·. Proc, 449, 1091

6. 1.D. Guo, c.r. Lin, M.S. Feng, F.M. Pan, G.C. Chi and c.T. Lee. 1996. Appl. Phys. Lett., Vol. 68,
p.235.

7. AC. Schmitz, AT. Ping, M. Asif Khan, Q. Chen, l.W Yang, and 1. Adesida. 1998. 1. Electron
Mater., Vol. 27, No.4, 255

8. T.C. Shen, G.B. Gao, and H. Morkoc. 1992.1. Vac Sci. Technol. B, Vol. 10, No.5, p. 2113

248



STSS 2004

9. DaIliel A. Steiglu-wald, Jerome C. Bhat, Dave Collins, Robert M. Fletcher, Man Ochiai Holcomb,
Michael 1. Ludowise, Paul S. Martin, and Serge L. Rudaz. 2002. IEEE, Journal on Selected Topics
in Quantum Electronics, Vol. 8. No.2, p. 310

10. S. Nakamura, T. Mukai, M. Senoh and N. Iwasa. 1992. Jpn. 1. Apply. Phy:;., Vol. 31, L139

II. D. Mistele, F. Fedler, H. Klausing, T. Rotter, 1. Stemmer, O. K. Semchinova, and 1. Aderhold.
2001. 1. Crystal Growth 230, 564

249


