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In this letter, a low-resistance ohmic contactmtype GaN using an alloy of Ni/Pd/Au is reported.
The Mg dopedp-type GaN samples were grown by metalorganic chemical vapor deposition with a
carrier concentration of 410" cm 3. The as-grown Mg doped samples were deposited with Ni
(20 nm/Pd (20 nm/Au (100 nm and then annealed in air, nitrogen, and oxygen ambient conditions
at different annealing temperatures ranging from 350 to 650 °C. Linedrohmic characteristics
were observed with specific resistance as low ax1®@ 4 cn? for the samples annealed in
oxygen atmosphere. Similar contact metal composition was also deposited on Be-implayped
GaN samples with a carrier density of &10*cm™3. Without further annealing process, the
samples show good ohmic contact with a lowest specific resistancefl8.% Q cn?. © 2000
American Institute of Physic§S0003-695(00)01847-7

GaN based semiconductors have been applied to fabrpy Hall measurement was about #.10"" cm™3. Both circu-
cate optoelectronic devices such as light emitting devicedar and annular pads were patterned on titgpe GaN epi-
metal—semiconductor field effect transistors, ultraviolet phojayer by the standard photolithography technique for mea-
toconductive detectors, and diode lasersOne of the seri-  surement of specific contact resistance using circular
ous concerns in particular for light emitting devices is thetransmission line metho@CTLM). The inner dot radius was
large voltage drop across the GaN/metal interface for ohmi@00 um and the spacing between the inner and the outer radii
contacts, which leads to poor devices performance. were varied from 3 to 4mm. A metal contact layer structure

For n-type GaN, ohmic contact with relatively low con- of Ni (20 nm/Pd (20 nm/Au (100 nm) was deposited in
tact resistance of 10—102 Q) cn* using alloy composition  sequence on thp-type GaN by electron beam evaporation
such as Ti/Au, Ti/Al, and Ti/AI/Ni/Au®~® have been under a pressure of>210 6 Torr.
achieved. However, fop-type GaN because of the difficulty Samples ofp-type GaN with metallization were then an-
in achieving high carrier density and the absence of suitabl@ealed in different ambient conditions including air, nitro-
metals with high work function, a high-quality ohmic contact gen, and oxygen. The annealing temperature varies from
with low resistance is still relatively difficult to obtain. Many 350 °C to 650 °C for 5 min to optimize the annealing condi-
attempts have been reported thus far in finding ways of lowtions. Figure 1a) shows thel—V characteristics for the
ering the contact resistance mtype GaN materials. Re- samples annealed in air at different annealing temperatures.
cently, various Au-based ohmic contacts using metallizatiomA near ohmic characteristic is obtained as the annealing tem-
such as NI/AG™ Co/Au? Pd/Au®  PdIPYAUM*  perature rises to 450-550 °C. As the annealing temperature
Ni/Pt/Au,*> PtNi/Au,*® and Ti/PYAd’ have been reported. increases beyond 550 °C, theV curve becomes nonlinear
These contact metallizations were either annealed in a nitraagain. Figure (b) showsl —V curves for samples annealed in
gen and oxygen environment or without any annealing. Ther N, atmosphere that have similar temperature dependence
specific contact resistanced) was typically in the range of as those annealed in air. Figure 2 shows Ith¥ curves of
2.1X107% to 4.2x 107> Q) cn¥. The reduction of contact re- the samples annealed in, @mosphere. The-V curves for
sistance for the Au-based ohmic contacts annealed,ia™  annealing temperature below 550 °C show good linear ohmic
O, atmosphere was attributed to either the removal of hydrobehavior with low resistance characteristics. Total resistance
gen atoms bounded to Mg or N atoms, or formation of anagainst the pad distance measurement by CTLM for the
intermediate semiconductor layer such@§NiO with high  samples annealed at 550 °C under different ambient condi-
hole concentration. In this letter, we report a new contactions was plotted in Fig. 3. The specific contact resistance
metallization scheme using Ni/Pd/Au omtype GaN in  determined from the intercepts and slopes in the plots has a
achieving linear current—voltagd V) characteristic with  value of 1.%x10°2, 1.5x10 2, and 1.0<10 % Q cn? for
low ohmic contact resistance. the sample annealed in air,Nand Q, respectively. The

The Mg-dopedp-type GaN samples were grown on sap- results show that the samples annealed at 550 °C in oxygen
phire substrate by the metalorganic chemical vapor deposhave the best ohmic characteristic with a lowest specific re-
tion (MOCVD) system(Emcore D75. A 1 um thick p-type  sistance of 1.8 1074 Q cn?.
epilayer was grown on the &m thick undoped GaN. The The same Ni/Pd/Au contact metals were also used to
carrier concentration of the as-growprtype GaN measured deposit on the Be-implanteg-type GaN samples. These
samples were prepared by implantation of Be ions with en-
“Author to whom all correspondence should be addressed; electronic maifdY Of 50 keV at a dose of #cm™ on to the MOCVD
scwang@cc.nctu.edu.tw as-grown Mg-dopedp-type GaN materials first. Subse-
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(b) tigated. These samples were annealed under the same opti-
mal annealing conditions as the nonimplanted as-grown
FIG. 1. Current-voltagel{-V) characteristics of Ni/Pd/Au contacts an- P-type GaN samples described previously. The/ curves
nealed in(a) air and(b) nitrogen for different annealing temperatures. of the annealed samples become nonlinear and the specific
resistance also increased after annealing. We have not yet

quently, the implanted samples were rapidly thermal andetermined the exact cause of this. However, the reaction of

nealed at 1100°C for 60 s to repair the material damage8€ 310ms With @ may be one of the possible factors.
induced by the implantation process. The annealed Be- " Summary, we reported the demonstration of low resis-
implantedp-type samples show relatively higher carrier con-t2Nce ohmic contacts ptype GaN samples using Ni/Pd/Au
centrations of 2.8 108 cm 3-8.1x10%cm 3 than the as- Metallization scheme. For as-grown Mg-dopetype GaN
grown p-type samples as measured by Hall measuremenWitr_‘ low carrier concentration, we obtained aspec_ific contact
Without any further annealing process after the contact mefi€sistance as low as X0 *Qcnt by annealing the
allization, these samples show near perfect lifea¥ char- ~ Samples in oxygen ambient at 550°C for 5 min. For the
acteristic as depicted in Fig. 4. Total resistance measured dge-implantedp-type GaN samples, a lowest ohmic contact
CTLM is shown in Fig. 5. The specific contact resistanceresistance value of 46107°Q cn? was achieved without
determined from the intercepts and slopes in the plots has farther annealing process. This Au-based Ni/Pd/Au metalli-
very low value of 4.5107%Q cn? for the sample with a zation contact should be suitable for making low resistance
carrier concentration of 8:410°cm 3. This is a very low Ohmic contact to either low carrier concentration
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