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contacts to n-GaN
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The intermetallic TiA} has been used as a thermally stable cap for Ti/Al ohmic contacts&SaN.

The electrical performance of the TiAtapped contact is nearly the same as that of a standard
Ti/Al/Ni/Au contact processed on the same substrate, but the Ti/Al4TeAhtact’s performance is
optimized at a much lower temperature. The Ti/Al/TjAlontact achieved a lowest specific contact
resistanceg,) of 2.1x 10" ° Q) cn? following 1 min at 700 °C in flowing, oxygen-gettered ultrahigh
purity (UHP) Ar. The Ti/Al/Ni/Au contact standard achievedpa of 1.8x 10> Q cn? following a

15 s anneal at 900°C in flowing, oxygen-gettered UHP Ar. The sf¥pped contact structure
shows little sensitivity to the amount of oxygen in the annealing ambient for optimization, and we
found that it could achieve @, of 1.1x107° Qcn? following 5 min at 600°C in air. This
performance is almost identical to that attained when the contact was annealed in oxygen-gettered
UHP Ar and ordinary Ar. Anneals were extended to a total time of 20 min in the three ambient
atmospheres, and the Ti/Al/TiAlkcontact showed no significant difference in its performance. The
fact that this contact structure can withstand optimization anneals in air suggests that it could be
annealed alongside a Ni/Au contactgesaN in air and still achieve a low contact resistance. The
performance of the TiAtcapped bilayer was found to be stable following thermal aging for more
than 100 h at 350°C in air, which was also comparable to an optimally annealed Ti/Al/Ni/Au
contact aged at the same time. The TiAhaterial should be an oxidation cap solution for many
other Ti/Al contact structures, almost regardless of the Ti:Al layer thickness ratio, since the TiAl
will be stable on the upper Al layer. Use of this cap eliminates the need to alter a previously
optimized bilayer, thus it is a means of enhancing any existing Ti/Al bilayer contact’s performance
without necessitating the reoptimization of the layers to accommodate the capOO®American
Institute of Physics.[DOI: 10.1063/1.1507809

INTRODUCTION tact offered the first viable solution to the problem of ohmic

. . ., contacts ton-GaN, which is evidenced by the amount of
There is no question that GaN has generated a conside

i , §E:rutiny that it received within the first few years to deter-
able amount of excitement among researchers in the last d?ﬁine why it was so successflil® Most subsequent ohmic

cade. The reason is obvious, given the significant potential ofg 4 (s for this material involve this structure in some way.
this wide band gap material to applications involving shortt ;e aling temperatures below 800 °C are desired, we have
wavelength optical devices® and high temperature/high ¢ ,nq that the best specific contact resistaneg il be
power eIectrpmc devices’ As W,'th any technologyj though, ,piained when the Ti:Al layer thickness ratio is approxi-
implementation challenges exist. Among them, it has beeq, oy 1:31 The optimum layer thickness ratio obviously
difficult to find suitable low resistance contactsriype and suggests that there is a preferred Ti:Al atomic ratio for the

especia_llyp—type GaN that meet all qf the requirements thatcontact. Other groups have found a similar result when
the devices demand. ThreGaN ohmic contact hurdle was studying different layer thickness ratios for the Ti/Al

predominantly overcome with the development of the Ti/Al g2 2
bilayer contact structure, where the Ti is deposited first on Precise and well-controlled thermal processing is essen-

the n-GaN substraté.(It should be noted that it is common ;. ¢, realizing the full potential of the Ti/Al structure, which

to I'_St the layers o_f a r_nulnlayer such that the first layer de-jq 4oy onstrated by the observation that the oxygen present in
posited appears f|r_st in the contact name, follqwed_ by th?he annealing ambient can have a detrimental effect on the
subsequent layers in the order they were deposited, i.e., Ti {$.q,ting electrical properties of the cont&ttn fact, it has
deposited as the f|rst_ layer .and Al the s_econd in a TilAlheen noted that most of the degradation of the specific con-
contact) Researchers immediately recognized that this Cong, .t resistance is due to the dramatic increase in the metal's
resistancé? 1% Researchers have investigated several modi-
dAuthor to whom correspondence should be addressed; electronic maifications to improve the Ti/Al contact. Wet al. added a
pelto@cae.wisc.edu second Ti/Al layer once the original Ti/Al bilayer had been
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annealed in order to decrease the metal film's sheethould be noted that alloys that contain high work function
resistancé® This technique is not amenable to industrial ap-elements might not offer the same problems to ohmic contact
plication since a second alignment step is necessary to pladermation as the high work function elements by themselves.
the layer on top of the previously patterned and annealethgerly et al. found that NiAl is in fact a very good ohmic
one. A very successful solution has been found with theontact ton-GaN?! Diffusion of these materials to the inter-
deposition of a Ni/Au bilayer directly on top of the Ti/Al that face, where they will likely be in an alloyed state, may not be
addresses the oxidation issue with much suct&$¥he Ni  significantly detrimental to the ultimate performance depend-
layer is used to prevent rapid diffusion of Au into the ing on the mechanism responsible for the ohmic nature of the
multilayer, but the Ni itself has a very high work function contact. The complexities of the possible operative mecha-
and is a questionable choice for use in an ohmic contact to amisms that could determine the electrical performance in a
n-type semiconductor. Pt has been used in the place of Ni tmixed interface contacfthat contains many phases in the
stop the rapid diffusion of Au into the multilayer, although it metal/semiconductor interfacial regjomake prediction very
really offers no more favorable characteristics than the Ndifficult. As a first step in design considerations, though, it is
that it replaces. A study of the Ti/Al/Pt/Au conta@b Al- probably best to try to prevent their presence in the interfa-
GaN) revealed that its behavior is very similar to the contactcial region due to the possibility of raising the barrier height.
containing Nit” A Ti/Al/Ti/Au structure that has been re- High work function elemental migration in the Ti/Al/
cently investigated shows some promise, since it removes thgi/Au contact is revealed in two high-resolution transmis-
problematic Ni layer in favor of a second Ti layérThe  sion electron microscopy studies that were performed on this
researchers who developed this contact claim that the Ti ancbntact, albeit on slightly different substrates. Following a
Au will form a robust, oxidation resistant layer at the sur-thermal treatment of 30 s at 900 °C in, NRuvimov et al.
face, but this is unsubstantiated. The high mobility of the Au,identified crystallites of Ti—N and Ti—Al alloys at the inter-
when coupled with the incomplete ternary phase diagram oface, but they were also able to detect small amounts of Ni
the Ti—Al—Au system, means that it is impossible to predictand Au in this regior.Bright et al. studied an identical con-
that the Au will remain near the film’'s surface rather thantact structure deposited on an AlGaN substrate and annealed
migrating to the metal/semiconductor interface. for 1 min at 900 °C in Ar. They found that there were Al-Ti
Many of these contacts involve Au as the top layer. Aucrystallites at the interface that contained a significant
has dual characteristics as an excellent conductor and a nokdenount of Au(25 at. % as well as Ni—Al and Al-Au alloys
metal, thus it seems a particularly good choice as an oxidapresent throughout the cont&étlt should be noted that the
tion cap to maintain the contact’s low sheet resistance folsubstrates used in Ruvimov’s study were subjected to reac-
lowing thermal treatment. Unfortunately, Au is not a very tive ion etching(RIE) prior to the metal deposition. Ruvimov
compatible material to these ohmic contact schemes, sincedt al. suggested that the RIE treatment prior to film deposi-
has a relatively high barrier height eGaN8'°|t has been tion could affect the reaction kinetics by significantly in-
observed that a Au oxidation cap is not effective when de<€reasing the point defect density in the near surface region of
posited directly on the Ti/Al bilayet® Au is not thermally the GaN. Such an effect has been observed in palladium
stable on the Al layer, and it can subsequently diffuse easilgilicide contacts that were deposited on RIE treated Si
to the interface to increase the specific contact resistance hyafers? thus it is reasonable to assume that it could also
increasing the barrier height at the interface. The Ti/Al/happen in the nitride system. Without the RIE step, there
Ni/Au contact was the first viable contact system introducedwould not be a large difference in the reactions between
and it remains the benchmark against whicma®aN ohmic  these two substrates since GaN and AlGaN form a continu-
contacts are measured. The group that suggested the Ti/Adus solid solution. The thermal stabilities would thus be only
Ni/Au contact intended the Ni and Au to react to form a slightly affected by the difference in the composition of the
robust cap on top of the Ti/Al portion of the contddtli has  Al,Ga _,N phase.
been found to form an even higher barrier m@aN than The Ti/Al/Ni/Au contact addresses the oxidation prob-
Au,'® thus it is a higher risk than the Au for increasing the lem of the Ti/Al contact, but the price for the solution is paid
contact resistance if it manages to migrate to the interfacen device implementation. The anneal must be at very high
Fanet al. considered the problem of high work function met- temperature for a short period of time to prevent significant
als in the contact, as well as the fact that the Ni and Al wereamounts of the high work function Ni and Au elements from
likely to react, when they decided to make the Al layer muchdiffusing to the interface. These special annealing conditions
thicker than what was common in Ti/Al contacts to thatare not a large concern for many nitride-based devices, but in
point. The thicker layer of Al, well in excess of three times the case of laser diodes, ohmic contact must be made to both
the thickness of the Ti layer, is intended to provide for reacn- andp-GaN in the same device. A significant advancement
tion from both sides and keep the high work function metalshas been made in ohmic contact technologyg@saN with
away from the interface. Some of the excess Al can be conthe discovery that the specific contact resistance of the Ni/Au
sumed in the reaction with the Ni, but the ample thicknessontact improves significantly when annealed in an oxidizing
should provide enough for the Ti—Al reaction to occur as itatmospheré*?>When both then- andp-type ohmic contacts
does in the bilayer without significant changes. The optimunare present on the same device, either a multistep deposition
anneal for achieving the ideal compromise of low contactand anneal procedure must be employi#dossible, or a
resistance and minimal interdiffusion seems to be a shotompromised annealing recipe must be determined that will
period of 15-30 s at a temperature in excess of 900 °C. Ihot fully optimize either contact. An-GaN contact that can
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achieve near Optimum performance after a heat treatment d—ﬁBLE . B_est specific contact resistances obtained for Ti/Al, Ti/Al/GAI
several minutes at a lower temperature and in an oxidizin@f'd Ti/Al/Ni/Au contacts processed on the sam@aN substrates. All con-
ambient would be a tremendous step forward for these de-
vices. Contact
_ We have used a TiAllayer as a thgrmally sta}ble oxida- VAl TUAITIA,  TUAINIAU
tion cap for the Ti/Al contact. This intermetallic cap has apnealing condition ~ 600°C/L min  700°C/1 min 900 °C/15 s
some attractive features that have been previously hard te
find in the elemental and multilayered elemental caps. Ac?c
cording to the bulk phase diagram, TiAls in equilibrium
with Al, thus its presence in the contact structure will not
adversely affec_t the reaction between the Ti a_nd Al layers. Al substrates were degreased in warm, ultrasonically
Furthermore, TiA should be an excellent oxidation cap due ggitated acetone and methanol. They were then subjected to a
to the formation of a ver%/7 thin but continuous protective 1, step etching procedure developed eafligat consisted
Al,O; layer at the sqrfac%e.*. The advantages of a thermglly of a5 s dip in HSO,:HsPO,: DI H,0 (1:1:2 followed by a
staplg cap are obvious, since no alteration to a prgwoyslymse an a 4 min dip in HCI:DI BO (1:1:2 before photo-
optimized bilayer contact would be necessary. Thin filmjihqgraphic patterning. The patterned substrates were dipped
studies and model calculations of Ti/Al multilayers have¢y, o5 s 'in HCI:DI H,0 (1:1:4) immediately prior to entering
shown that TiA} is always the first to form, but the final e in their respective deposition chambers. Circular trans-
composition of ghzeg bulk depends on the overall compositionyssion line patterns were used to facilitate the electrical
of the structuré®?® The observations _made in t_hese studieseasurements. Rapid thermal processing was performed in
suggest that whenever the Al layer is three times or morg, oG Associates Mini-Pulse RTA, and three annealing am-
than the thickness of the Ti in the bilayer, TiAWill remain  pionts were used in this study: UHP Ar that was passed
the stable phase after the anneal. Since the;TphBse is not through an oxygen-gettering tube, ordinary Ar, and (iv
expected to in@erfere with the Ti—AI rgaction during thermal purge gas The specific contact resistivities that are mea-
treatment, we intend to verify that it will also be suitable for g req for increasing periods of annealing time were all taken
designing a contact that can be optimized at significantlyy, one specimen for each contact structure. The annealing
lower temperatures than those common to the Ti/Al/Ni/AU{ime js the result of the total accumulated time at the process
contact. temperature and does not include the ramp up or cool down
phases of each run. Long term thermal aging was performed
in a box furnace in an air ambient on previously rapid ther-
EXPERIMENTAL PROCEDURE mal anneal-treated samples. All of the data points shown in
the figures are the mean value of three or more measure-
The n-GaN substrate used in this study was grown byments on different areas of the specimen. The error bars are
metalorganic chemical vapor deposition orc-plane sap- the standard deviation of the mean for the specific contact
phire substrate. It is intentionally doped with Si, and theresistances that were collected.
carrier concentration was determined by Hall measurement
to be 2—4x 108 cm™3. The T35 nm/Al (115 nm)/TiAl 5(50
nm) structures were deposited by dc magnetron sputtering o
2 in. targets with a background pressure of less than 2 To assess the quality of each of the contacts, they were
X 10~ Torr. Ti and Al targets were purchased commerciallyannealed at close to their optimum conditions in an ambient
and have a purity of 99.99% and 99.998%, respectively. Théhat was carefully controlled for oxygen. Many groups have
TiAl 3 compound target was arc melted in our laboratory un-used Ti/Al/Ni/Au contacts with very good success, and the
der ultrahigh purity(UHP) Ar of 99.995% purity, and we most successful annealing recipes usually consist of a short
used starting materials consisting of Ti crysi29.998% pu- run to a temperature in excess of 900 °C. We found that our
rity, metals basisand Al shot(99.999% purity, metals bagis  Ti/Al/Ni/Au contact achieved &, of 1.8x 10 ° Q cn? fol-
The target composition was checked by electron probe milowing a 15 s anneal at 900 °C in flowing, oxygen-gettered
croanalysis with a Cameca SX-90 electron microprobe, antUHP Ar. We have performed extensive experiments on Ti/Al
the alloy was found to be 746 at. % Al. There was an 8% contacts in the past, and this value is nearly a factor of 2
uncertainty in the microprobe composition due to the diffi-better than what we can commonly achieve with the un-
culties with the Al standard, but the nominal concentration iscapped bilayer contact on this particular substrate. We have
close to TiAk. A Ti(20 nm/AI(100 nm/Ni(20 nm/Au(80  found, though, that our bilayer Ti/Al contacts are optimized
nm) contact, which is a structure that has been previoushat a much lower temperature of about 600 °C for 1 min. The
studied'® was fabricated on the same substrate as a standafidAl ;-capped Ti/Al contact was found to have a lowpsbf
for comparison and a control for the contact’s performance2.1x 10 ° Qcn? following 1 min at 700°C in flowing,
We chose to use the same structure as that of Papanicolaodygen-gettered UHP Ar. Table | shows the best values ob-
et al. due to the fact that it closely matched the Ti:Al layer tained for both capped contacts in comparison with a stan-
thickness ratio of our contact. The Ti/Al/Ni/Au multilayer dard uncapped Ti/Al bilayer contact processed on the same
was deposited via-beam evaporation with a base pressuresubstrate. It can be seen in Table | that the Ti/Al/Ei&bn-
of 4x 107 Torr, tact seems to shift the optimization temperature higher, but

cts were rapid thermal annealed in an oxygen-gettered UHP Ar ambient

(Qcn?) 3.1x10°° 2.1x10°° 1.8x1075

ESULTS AND DISCUSSION
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FIG. 1. Specific contact resistances of Ti/Al and Ti/Al/TiAdontacts pro- ” . . . ) )
cessed on the sanreGaN substrate. Both contacts were rapid thermal an-FIG. 2. Specific contact resistances of Ti/Al/Tifdnd Ti/Al/Ni/Au contacts
nealed in oxygen-gettered UHP Ar. as a function of total accumulated time at 600 °C in ordinary Ar.

this is most likely due to the fact that the uncapped Ti/Alfavorable considering that we have found the electrical per-
bilayer begins to degrade as the annealing temperature iformance of uncapped Ti/Al to be significantly affected by
creases. Figure 1 shows the specific contact resistances oftl2e 0xygen content of the annealing ambiént.
TiAl 3_Capped and an uncapped Ti/Al contact resumng from The ultimate test of an oxidation cap’s effectiveness is
different annealing treatmen(® oxygen-gettered UHP Ar ~ Obviously to anneal it in a very oxidizing atmosphere. For
The two contacts show very similai, values at the lower this test, we chose to anneal each contact in air by not intro-
temperatures, but the uncapped contact begins to degrad&iCing any purge gas into the RTA chamber once the door
very qu|ck|y while the Capped contact remains more stable atvas closed, and the results are summarized in Flg 3. Air was
the h|gher processing temperatures_ F0||0wing a700°C aﬁJsed because it has been found to be as effective as pure (@]
neal, the capped contact’s specific contact resistance is neatyhen used as the purge gas when processing ohmic contacts
1 full order of magnitude lower than that of the uncappedto p-GaN? We found that the performance of the Ti/Al
contact. It is certainly expected that the values of the Ni/Au contact was very similar to that obtained after it was
capped and uncapped Ti/Al contact should be very similar agnhnealed in the ordinary Ar ambient. The Ti/Al/TiAton-
the lower temperatures, because the Tiahp should not tact, similarly, was found to achieve g of 1.1x107°
interfere with the mechanism operative in the original bi-cn¥ following 5 min at 600 °C. This value is, again, al-
layer. most identical to that achieved in the other two annealing
Since the TiA4 cap for the Ti/Al contact is intended to ambients. This is a very positive result, indicating the effec-
protect the bilayer from oxidation, we annealed it in two
ambients containing increasing levels of oxygen, namely or-
dinary 99.9% pure Ar and air. The Ti/Al/Ni/Au contact is
used as an experimental control to qualify the performance

m  Ti/Al/Ni/Auf

of the TiAl;-capped contact, so they were both annealed at ] . . C
the same temperature of 600 °C in identical ambients. First, 3 I * TI/AVTIAIS I
each contact was annealed at 600 °C in ordinary Ar, where 10 3 3
no special lengths were taken to purify the Ar of oxygen. The ] ] b
results of these annealing treatments are shown in Fig. 2. ] | ]

5 min, but the TiA}-capped contact clearly performs better
at this temperature, since it value eventually stabilizes at le

approximately 1.% 10 ° Q cn? after a total time of 10 min 104 f * * *
at the process temperature. This is a factor of 10 lower than 3
the best value achieved by the Ti/Al/Ni/Au contact under
these conditions. The Ti/Al/TiAl contact was annealed in 5 |
flowing, oxygen-gettered UHP Ar for comparis@esults not 10 0 ' é ' 1'0 ' 1'5 ' 2'0 ' o5
shown), and the minimump. under these conditions was
found to be 1.%10 ° Qcn?. This performance is almost
identical to that found in the ordinary Ar ambient with the gig. 3. specific contact resistances of Ti/Al/Tidnd Ti/AUNi/Au contacts
higher oxygen content. The effect of the TiAlxygen cap iS as a function of total accumulated time at 600 °C in air.

“T.s

£
Both contacts can be seen to improve slightly between 1 and é 10'4—E 3
%’o 3 F

a

Anneal Time (min)
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L 1 form likewise. This suggests that the mechanism responsible
®  Ti/Al/Ni/Aut for our contact’s success is robust enough for device imple-
'3 Ti/A|/TiA|3 [ mentation. At first glance, this result seems almost trivial, but
: other contacts have been found to degrade over time during
10 L storage, which indicates environmental factors that can influ-
] g ence the contact’s stabilif):*' The stability of this contact at
L n . higher temperatures in an air environment is also potentially
A useful for the implementation in a device. Devices that are
10°- i operated under high current conditions, such as laser diodes,
] ; have the potential to generate a lot of heat. If such a device is
operated in an air ambient, it would be particularly suscep-
tible to a shortened lifetime if the contacts cannot withstand
these conditions. The thermal stability of the Ti/Al/THAI
RT Aged 1 1'0 160 1000 contactlpould skuccefssfully address this issue. .
Anneal Time (h) Earlier wor per ormed by our group indicated that the
amount of oxygen in the annealing ambient has a profound
FIG. 4. Specific contact resistances of Ti/Al/Tiadnd Ti/AlINi/Au contacts ~ €ffect on the performance of the Ti/Al contact. It should be
as a function of total accumulated time at 350 °C in air. The Ti/Al/TiAl reiterated that the degradation of the contact’s performance
contact was previously annealed for a total of 20 mip at 6_00 °C and store¢yfter more extreme annealing conditions is not always due to
at room temperature for more than 30 days. The Ti/Al/Ni/Au contact was . . . .
previously annealed for 15 s at 900 °C and stored at room temperature fo?n increase in the resistance from the metal/semlco_r?ducmr
more than 30 days. interface, even though the measurement of the specific con-
tact resistance parameter is usually where such degradation is
observed. Actually, the increase in the measyrgés often
tiveness of the oxidation cap, and it proves that the perforthe result of an increase in the metal’s sheet resistétce
mance of the Ti/Al/TiA is insensitive to the amount of due to the convolution of this parameter in the measurement
oxygen in its annealing atmosphere. of p., as has been shown by other grotp&?The trans-
Longer-term thermal aging was performed to see if themission line technique and the modified circular transmission
contacts experienced any degradation in their performandée technique, where the latter is used in this study, both
over time. The Ti/Al/TiIAL sample that was annealed at calculatep. from the R, value that is obtained from a least
600 °C for a total of 20 min in the air ambient was measuredsquares fit to the experimental data. Since the relationship
again after storage at room temperat(R&) in air more than betweenp. and R, is linear, a significant increase in the
30 days. Thep. value that was measured was .80 °>  metal sheet resistance, such as is likely to occur if there is
Qcn?, which had not significantly changed from the value significant oxidation of the metal, will show up as an in-
measured immediately following the anneal. Likewise, a Ti/crease in the specific contact resistarrce.
Al/Ni/Au sample that was annealed at 900°C in the UHP  Depositing the TiA} cap virtually eliminated the degra-
oxygen-gettered Ar was measured again after storage at Riation of the measureg, as the oxygen level increased to
in air for the same amount of time. The value that was around 20%(air). We attribute this to the ability of Ti—Al
measured was 3410 ° O cn?, which was also not signifi- alloys to form a thin protective aluminum oxide layer at the
cantly different than the value measured immediately follow-surface of the metal film, thus protecting the bulk of the film
ing the anneal. It should be noted this Ti/Al/Ni/Au specimenfrom further oxidation. Even though pure Al can form a pro-
was different than the one reported previously for thetective oxide layer, the situation in the bilayer case is not as
900 °C/15 s anneal, which was done for experimental reafavorable as that with the alloy cap. When the bilayer is
sons. Both contacts were placed in a box furnace and arannealed at temperatures in excess of the melting point of Al
nealed in air at 350 °C. No significant degradation in electri(660 °C for bulk Al, balling of this layer can cause the
cal performance was observed, as can be seen in Fig. 4, bAt,O; layer that forms to be discontinuous. Such a layer will
it should be noted that it took more work to get the readingnot offer significant protection. Also, microstructural studies
from the TiAl;-capped contact after the longest aging stepof bilayer contacts have shown that the oxide layer on Al can
This is presumably due to a slightly thicker surface oxidebe in excess of 25um thick following thermal treatment,
than had been formed in the previous experiments, and thehich is a significant amount of the overall thickness of the
extra effort was to make good contact with the probe tipsmetal film34 The TiAl; capping film, though, is refractory in
with the intact metal underneath. The formation of additionalnature and will not degrade until temperatures exceed
oxide could be the result of other Ti—Al phases in the cap1300 °C, thus no significant change in its morphology is ex-
resulting from slight nonstoichiometry of the metal compo- pected at the annealing temperatures common to the process-
sition on the Ti-rich side of TiAJ.?® Small amounts of other ing of these contacts. It is particularly fortuitous that the
Ti—Al phases, that are more susceptible to oxidation, couldiAl ; phase is thermally stable on the top of the Ti/Al con-
lead to degradation of the contact, although we do not knovtact, because this particular Ti—Al intermetallic is the only
if this is the case for our contact. The Ti/Al/Ni/Au contact’s one known to form a stable and continuous protectivgOAl
performance is known by other researchers to remain stablexide scale, which is attributed to its high Al contéht’ For
over time, and our TiAJ-capped contact can be seen to per-these reasons, the metal film conductivity of the capped con-
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' : than Ti/Al/Ni/Au contacts that were processed on the same
[ | e Al substrates, but the ultimate specific contact resistance was

A Ti virtually the same for both structures. Furthermore, the
m TiAl Ti/AlITIAl 3 contacts were found to be very insensitive to the
3

amount of oxygen in the annealing ambient, as they achieved
the same specific contact resistance when annealed in
oxygen-gettered UHP Ar, ordinary Ar, and air. This suggests
L | .-I that the Ti/Al/TiAl; contact is a potential candidate for

A ' implementation in devices that require bath and p-GaN
.600 C/1 min contacts on the same wafer, since it can achieve near optimal

® performance in an oxidizing anneal at roughly the same tem-

as-dep perature as that common for Ni/Au contactspt@aN. Ad-
ditionally, the TiAl; cap’s stability on Al allows this oxida-
tion cap to be used on almost any existing Ti/Al contact
structure without changing the layer thickness ratio. The

30 40 50 60 70 80 90 TiAl 5 layer will not interfere in the reaction of the other two
Diffraction Angle (degrees) key layers.

Intensity (Arb. Units)

FIG. 5. GAXRD of an annealed TB5 nm/Al (115 nm bilayer deposited
on GaN following two different annealing treatments. An incident angle of ACKNOWLEDGMENTS
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