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PAPER REFERENCE NUMBER: C-VIII.3
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Abstract

We report on the formation of low resistivity ohmic contacts to p-GaN, rc<10-4Ωcm2, by increasing 
the concentration of the active Mg in the subcontact zone, via Zr-mediated release of hydrogen.
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1. Introduction

The development of procedures for the fabrication of ohmic contacts to p type GaN is one of the 
most stimulating goals in the technology of GaN-based devices. Recently, evidence was given that 
the subsurface region of MOCVD-grown p-GaN contains a substantial amount of hydrogen, which 
due to the passivation of magnesium, seems to be responsible for the difficulties in making ohmic 
contacts. To resolve this problem we have used Zr-based metallization and demonstrated its 
usefulness as a drain enabling the evolution of hydrogen from the semiconductor subcontact region 
under heat treatment [1]. This work presents a detailed study of the process of zirconium-mediated 
removal of hydrogen. We report the results of experiments designed to analyse the effect of 
temperature and gas ambient on the concentration profiles of hydrogen in the subcontact region of 
p-GaN as well as on the electrical properties and the microstructure of contacts. 
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2. Experimental procedure 

The GaN samples used in this study were grown by MOCVD on sapphire substrate with an 
undoped GaN buffer layer, followed by 1.5 µm thick p-GaN doped with Mg. The experiments were 
performed on both as grown and post growth-activated material. After the activation of Mg, the 
hole concentration was 1x1018cm-3. Zr-based metallization, consisting of a 
ZrN(100nm)/ZrB2(100nm) bilayer was deposited by sequential DC magnetron sputtering from ZrN 
and ZrB2 targets, respectively. Heat treatments were conducted in a RTP system at 750-11500C, for 
30 s. in N2 flow. Compositional depth profiling was performed with secondary ion mass 
spectrometry (SIMS) using a Cameca 6F instrument, with either cesium or oxygen as primary 
beam. The microstructure of ZrN/ZrB2 metallization on GaN was investigated by cross-sectional 
transmission electron microscopy (XTEM) and selected area diffraction (SAED) analysis in JEOL 
2000EX microscope. Contact resistivity was evaluated by circular TLM method.

3. Results and discussion

In order to understand the behaviour of hydrogen in p-GaN under annealing, the first question to be 
addressed concerns the effect of the post growth annealing, routinely performed to activate Mg as 
acceptor dopant, on hydrogen concentration. Our results show that, despite of a significant change 
in the free barrier concentration, the annealing of bare p-GaN at 8000C does not affect noticeably 
the amount and the distribution of hydrogen. The level of H remains stable upon annealing up to 
8000C of ZrN/ZrB2-capped semiconductor as well. Such a processing in N2 ambient, however, 
enables the desorption of hydrogen trapped during the sputter-deposition of ZrB2 and ZrN films, 
which was found to enhance the thermal stability of the contact. Fig.1 shows depth profiles of H 
and Mg in p-GaN after annealing at temperatures 8000C-11000C in N2, and at 8000C in O2 ambient. 

Fig.1. Depth profiles in p-GaN annealed with ZrN/ZrB2 metallization of a) hydrogen and b) oxygen.
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Concentrations of H and Mg in GaN were evaluated using relative sensitivity factors from ref. [2]. 
Both Mg and H are present throughout the thickness of the p-GaN film. The level of Mg is uniform 
and remains stable under annealing. In contrast, a substantial accumulation of hydrogen in the 
subsurface region is clearly seen. The process of hydrogen removal depends on the gas ambient 
during heat treatment. In N2 atmosphere, it commences at 900 - 9500C. After annealing at ~10500C 
almost all hydrogen from the superficial region and from the bulk of the p-type layer is released. 
Thermal processing in O2 atmosphere enables to create a hydrogen-depleted subcontact zone at 
8000C. 
The release of hydrogen from p-GaN has a direct impact on the electrical properties of p-
GaN/ZrN/ZrB2 contacts. As for contacts processed in N2 ambient, they become low resistive after 
annealing at 10000C with rc=6 - 8x10-5 Ωcm2. Contacts heat treated at 8000C in O2 flow were ohmic 
as well, and exhibited somewhat higher resistivity rc=1 - 3x10-4 Ωcm2.
As the thermal integrity of the metal/semiconductor system is a key issue in the fabrication of 
reliable devices, the evolution of p-GaN/ZrN/ZrB2 contact microstructure under annealing was of 
primary concern. As-deposited metallization is amorphous. Annealing at 8000C in N2 causes the 
recrystallization of both metallic compounds. Fig.2 shows XTEM micrographs and corresponding 
diffraction patterns of contacts heat treated in N2 and O2 atmospheres, at temperatures required to 
obtain the ohmic behaviour. 

Fig.2. XTEM micrographs and corresponding diffraction patterns of p-GaN/ZrN/ZrB2 contact
a) annealed at 10000C in N2 flow, b) annealed at 8000C in O2 flow.
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While the metal/semiconductor interface in both contacts is sharp and abrupt, the microstructure of 
metallization films considerably differs. The final morphology of the contact annealed in N2 is 
polycrystalline. The metallization is composed of ZrN and ZrB2 layers, as indicated by SAED ring 
patterns (Fig2.a). The processing in O2 significantly alters the contact microstructure. The upper 
part of metallization becomes amorphous. While, SAED pattern of the lower, polycrystalline part 
revealed mainly the presence of ZrN (Fig.2.b), SIMS analysis revealed an important intermixing 
between ZrN and ZrB2 compounds [3]. To get further insight into the interaction of O2 with the 
contact, the profile of oxygen in the metallization and in the semiconductor subcontact region has 
been measured and compared with contact processed in N2. SIMS data evidence an important 
incorporation of oxygen in the two parts of metallization during annealing. An increase of the 
oxygen level in the subsurface film of p-GaN has been observed, Fig.1.b. The annealing behaviour 
of Zr-based metallization in O2 atmosphere indicates that such a metallization is not oxidation 
resistant and does not prevent the diffusion of oxygen into the semiconductor. Taking into account 
that oxygen is a shallow donor in GaN [4], when incorporated into the superficial region of p-GaN 
it could compensate freshly activated Mg acceptor centres. This could be the cause of higher 
resistivity of contacts processed in O2 as compared to N2, in spite of a comparable level of hydrogen 
in both contacts.

4. Conclusions

We have investigated the process of evolution of hydrogen from MOCVD grown p-GaN via Zr-
based metallization, and determined the optimum processing conditions (temperature and gas 
ambient) for fabrication of low resistance ohmic contacts. When the process is conducted in N2 

flow, the metallization remains stable at temperatures required to achieve the ohmic behaviour, and 
the morphology of the metal/semiconductor interface is unaltered by such a heat treatment. The 
processing in O2, on the contrary, causes the interdiffusion of metallization constituents and the 
incorporation of oxygen into the semiconductor subcontact region, which could be responsible for 
increased resistivity of these contacts.
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