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Electron cyclotron resonanc¢&CR) reactive ion etcHRIE) was used to etch p-type GaN under a chlorine-based plasma. Rapid
thermal annealingRTA) and nitrogen plasma were used as post-RIE treatments to investigate the variation of Ni/Au contacts on
p-GaN. RIE deteriorated the contact very much due to the induced nitrogen vacancies and damage on the p-GaN surface. The poor
contact was improved by RTA treatment at 700°C for 3 min although the current-voltage curve was still nonlinear. The results
from X-ray photoelectron spectroscopPS), atomic force microscopy, and grazing incidence X-ray diffraction measurements
indicated that RTA at 700°C could reconstruct the ordered structure from the damaged p-GaN surface. Annealing at 500 or 900°C
did not improve the contact due to the high oxygen content of the surface. EQRadima treatment could scarcely improve the
contact. XPS and photoluminescence analyses revealed that the nitrogen plasma treatment increased the number of nitrogen
vacancies as well as the nitrogen content of a p-GaN surface. These nitrogen atoms did not form tight bonds with GaN, and easily
escaped from the surface by annealing.
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GaN-based semiconductors have received much attention beMOCVD). The grown epitaxial layers consisted (@001)-oriented
cause of their superior properties such as wide bandgap, high breaktintentionally doped GaN, Si-doped n-GaN, and Mg-doped p-GaN.
down field, high electron mobilit}, and good thermal stability. The thicknesses of these layers were 2, 2, andudn2 respectively.
These properties make GaN a promising material not only for opti-The hole concentration of the p-type layer wax 1107 cm™3 with
cal devices in the short wavelength range but also for electronicthe mobility of 10 cnd V™! s™L. As shown in Table I, all of the
power deviceg. High-quality ohmic contacts are required in these samples were initially cleaned by acetone, HEV vol %), and
devices. For n-type GaN, Ti/Al based metallization schée@e  NH,OH (5 vol %)in turn. The etched samples were loaded into the
widely used with a contact resistance as low as®1@ cn?. For ECR-RIE chamber, and processed under a chlorine-based plasma.
p-type GaN, the typical ohmic contact is Ni/Au, which is normally The etching depth was 40 nm at 1.8310°° mbar working pres-
annealed at 500-700°C with a specific contact resistance of tt0  sure, 250 W ECR power, 6 standard cubic centimeters per minute
1072 Q cn?. Recently, Heet al’ reported that the specific contact (sccm)CH,, 30 sccm CJ, 30 sccm Ar, 140 W cathode radio fre-
resistance of Ni/Au could be reduced tox410°% Q cn? after quency power, and 120 V direct current bias. Following the RIE
annealing in an oxygen ambient. The reliabflignd reproducibility ~ process, two different techniques were adopted to improve the final
of their results must be further verified. ohmic contact. One involved RTA treatment at temperatures of 500,

Most studies of metal contacts have focused on the treatment o700, and 900°C in a nitrogen ambient to recover the damaged sur-
an as-grown GaN surface. For practical application in heterojunctiorface. The other involved putting the sample under ECRsldsma
bipolar transistors, high electron mobility transistors, and other op-for 5 min to supplement the nitrogen atoms preferentially lost from
toelectronic devices, a GaN wafer must be etched to a particulathe p-GaN surface due to ion bombardment. The samples were pat-
epitaxy layer for metallization. The etching process is normally un-terned with a design based on the circular transmission line model
dertaken in a reactive ion etaiRIE) system with a high density (CTLM'%) to measure the electrical characteristics. This pattern was
plasma, due to the chemical inertness of GaN. This process wouldinally transferred to the metal contacts by lift-off technique. Ni/Au
change the structure and stoichiometry of the GaN surface and affe¢s/5 nm)contacts were deposited by electron beam evaporation and
the performance of the following metal contacts. In n-type GaN, thethen alloyed at 550°C for 10 min. The current-volta@®/) mea-
ohmic contact could be improved after an RIE process because thsurement was performed using an HP-4156 analyzer. AFM was em-
preferential loss of nitrogen renders the surface highly n-fype. ployed to measure the roughness of the native and processed sur-
However, Cheret al® demonstrated a contrary result that was prob- faces. The variation of the surface composition was observed by
ably due to the disorder and damaged surface caused by RIE expoPS. In the PL measurements, the focused beam of a He-Cd 325 nm
sure. Some of the RIE-induced damage could be recovered by rapithser excited the GaN films, which were cooled at 10 K. GIXD were
thermal annealingRTA). conducted to analyze the near surface structure with the incident

In this work, we studied the effects of RIE on Ni/Au ohmic angle of 0.5°.
contacts of p-type GaN. Electron cyclotron resonafff€R) was
used as the plasma source to reduce the surface damage caused by Results and Discussion
ion bombardment and to maintain a high etching PeRIA and N, Figure 1 shows the I-V characteristics of the Ni/Au contacts on
plasma were used as post-RIE treatments to recover the surfaGgerent p-GaN samples. The thickness of p-GaN layers should be
disorder and supplement the lost nitrogen, respectively. X-ray phoygj sted to the same level to compare the samples. Namely, the data
toelectron spectroscopiXPS), atomic force mlcroscopy.AFM)., points of the native sample were modified to a new curve based on
photoluminescencePL), and grazing incident X-ray diffraction 1)\ by considering a p-GaN thickness of 0.16 um rather than 0.2
(GIXD) were utilized to analyze the variation of the surface state. um. The curve of the native sample demonstrates ohmic behavior,
while the other curves of RIE samples display nonlinear and poor
contact characteristics. In addition, ECR-Nlasma treatments de-

) teriorate the contacts. Only by RTA treatment at 700°C, can the poor

The samples used for this study were p-type GaN grown onproperty be improved much although it does not become ohmic yet.
sapphire substrates by metallorganic chemical vapor deposition The XPS survey spectra show that the p-GaN surface mainly

consisted of gallium, nitrogen, oxygen, and carbon impurities. Fig-
ure 2 displays the XPS spectra of GaggpO 1s, and N 1s photo-

2 E-mail: kmchang@cc.nctu.edu.tw electrons from the samples. The absolute surface contents were not

Experimental
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Table I. Samples processed by different treatments, and the re-

sults from XPS and AFM measurements. The relative variations 622 /\ ot // N‘:—-}
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acquired from the calculation of peak areas, due to the lack of pre-

cise atomic sensitivity data. Accordingly, only the relative contents Figure 2. XPS spectra of Ga 2p, O 1s, and N 1s.

of nitrogen and oxygen were obtained by taking the native sample

for the basis(Table I). The nitrogen content declined slightly after 4. it at 700°C, the p-GaN surface turned very rough with a

RIE treatment. However, the oxygen content tripled probably be- 5,6 of 81 nm. This roughness variation should relate to the forma-

cause of the RIE-lnduped Ga dangling bond, which would adsorbtion of the new surface structure. GIXD measurements were taken
oxygen from the ambient even though the sample was carefully

- - ) on the 700°C-annealed sample and the ones with and witheut N
\s/\tlc;]réar? ;R;hécnﬁgggse;nf;g;ns&ebrgfcligp\)ft': Sa?;za;ug%n(;?g’ts‘tr‘]"ée:ﬁtgggﬁlasma treatments. _The diffraction pattern of Fig. 3 ShOWS t_hat the
content was further reduced because a few of the nitrogen bonds ha rface corresponding to RIE and, lplasma treatments is dlgor-
been destroyed and the surface structure became very loose unddg'ed: This resultis consistent with the one obtained by @han,”
the earlier RIE treatment. By annealing at 700°C, the nitrogen an 0 utilized th_e rocking curve method._ After annealing at 700°C,
oxygen contents were recovered nearly to the native amounts. Thi e surface might undergo reconstruction and trn to thoe ordered
finding implied that the disordered p-GaN surface underwentSructure. These peaks located at 35.8, 50.1, and 6.4'2 represent
reconstructioht such that improved I-V characteristics could be ob- (002), (192)' and(lQS) faces of the GaN p.hase! respectively. Trivial
served. When the sample was annealed at 900°C, the GaN surfa or_netrlc calculation sho_vvs th_at the onentatlon_of the_ surface_lat-
started to decompose and gallium oxide tended to form by the relice is very close to the orlente})tlon of the underlying epilayer lattice
sidual oxygent? ECR-N, treatment increased the nitrogen content, after the RTA treatment at 70.0 C qu the sample ever treatedgby N
but these nitrogen atoms did not bond tightly to the GaN surface. ASplasma, the surface orientation is different from the epilayer orien-

long as the sample was annealed, the nitrogen atoms would escaﬁ%ﬂon and the diffraction noise is obvious. Namely, the RTA treat-

from the surface. Consequently, ECR-tieatment did not improve ment could not recover the surface structure e_ff|0|ently once the
the contact. surface had been bombarded by Flasma. This phenomenon

Table | also displays the roughness data from AFM surface scan S.hOL”d be the main reason why the RTA-treated sample, which had

The native sample had a very smooth surface with a roughness of PE€N processed by,N\plasma, had a poorer |-V characteristic than

nm, while this value became 10 nm after RIE treatment. After RTA the sample without hiplasma treatment. _
As shown in Fig. 4, PL analysis was made on the native, as-

etched, and RTA-treated samples. The peak located at 3.479 eV
represents the free exciton in GaN. The broad peak around 3 eV
corresponds to the Mg-related donor-acceptor pair transibéP).

The DAP peaks of RIE and \plasma-treated samples are located at
3.0529 and 3.0950 eV which are higher than 2.9983 eV of the native
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Figure 1. Current-voltage(l-V) characteristics of Ni/AU5/5 nm) contacts 2-theta (degree)

to p-type GaN after alloying in Nambient at 550°C for 10 min. The inner ] )
radius of the measured pattern is 206 with the spacing of 2um to the ~ Figure 3. GIXD analysis of the samples treated @) RTA 700°C, (b) N,
outer ring. The inset at upper left indicates the treatment conditions. plasma, andc) N, plasma+ RTA 700°C.
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results from XPS, AFM, and GIXD measurements indicated that
Nz% RTA at 700°C reconstructed the ordered structure from the damaged
p-GaN surface. However, ECRyNblasma treatment could scarcely
v,‘_ﬂ/\\A improve the ohmic characteristics. XPS and PL analyses revealed
N, plasma that the N plasma treatment increased the number of nitrogen va-

5
§ i cancies and the nitrogen content of the p-GaN surface at the same
g RTM time. These nitrogen atoms did not form tight bonds with GaN, and
& easily escaped from the surface by annealing.
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Figure 4. PL spectra of the treated p-type GaN samples at 10 K.
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