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In this article, a scheme for fabricating low resistance Ohmic contaats@aN was developed.

This approach takes advantage of Ar plasma treatment and thermal annealing in forming gas
ambient. As a result, the adjustment of Ar flow rate was very effective in improving the contact
resistance. After proper Ar plasma treatment, the contact resistance and specific contact resistance of
as-deposited Ohmic contacts were reduced to 0(B6fn and 3. 10 ° Q) cn?, respectively. Low
contact resistanc.103Q) mm) and specific contact resistance (8.20 ® Q) cn?) were obtained

after annealing in plgas ambient. By performing thermal annealing in forming gas ambient, even
lower contact resistanc.093 Q) mm) and specific contact resistance (.80 ° Q cn?) were
successfully achieved, indicating that the electrical characteristics of Ohmic contacts would not be
affected by the effect of hydrogen passivation of dopanta-i@aN. © 2003 American Vacuum
Society. [DOI: 10.1116/1.1596217

[. INTRODUCTION the electrical characteristics of Ohmic contacts would not be
affected by the effect of hydrogen passivation of dopants in
Nitride-based electronic devices, such as heterostructung-GaN.
field effect transistors, and heterojunction bipolar transistors,
are potentially very useful for high power and high tempera{|. EXPERIMENT
ture applications. To use these devices for such applications

good Ohmic contacts with !ow contact resistanc_e are ver){)y metalorganic chemical vapor deposition oiplane sap-
important. In general, Ohmic contacts mGaN with oW jhire substrates. The electron concentration and the mobility
contact resistance are not easily obtainable because of 'g’btained by Hall measurement were 8.0 cm~3 and
wide band gap. The improvement of contact resistance coulglg cn#/v s, respectively. After layer growth, mesa patterns
be achieved by many approaches, such as the selection of th§ transmission line measuremefitLM) were defined by
right contact metal;” surface treatmenfs] and plasma photolithography. Prior to contact metal deposition, the
treatments’ '€ In addition, thermal annealing is also very samples were treated by different Ar plasma conditions using
important. Thermal annealing in,Nyas ambient was usually inductive coupled plasmédCP) system and then dipped in
employed to obtain low resistance Ohmic contacts. The maithe solution of 1:1 HCI:HO for 1 min. Contact metal, Ti/Al/
reason for using nitrogen gas as the annealing ambient inFi/Au (200/1500/450/550 A was then deposited and lifted
stead of hydrogen containing gas, as commonly used bgff to form the contact pads. The dimension of contact pad
most 1ll-V compounds, is to avoid the effect of hydrogenWas 110<110um?® The samples were annealed at 750 °C
passivation of dopants in GaN? In this work, a scheme of for 30 s in N, or forming gas ambient. After annealing, the

combining Ar plasma treatment and annealing in forming gaéI'LM measurement was performed for the determination of

ambient for fabricating low resistance Ohmic contacts tothe contact resistance.

n-GaN was developed. We found that this approach could

further improve the contact resistance. With appropriate Afll. RESULTS AND DISCUSSION

plasma treatment, the contact resistances of the as-depositedThe conditions of the plasma treatment are shown in
Ohmic contacts were improved substantially. Moreover, afteifable I. It should be noted that a very low bias power of 5 W
subsequent annealing in the forming gas ambient, contacwas used in the plasma treatment to ensure a very slow etch-
treated with this scheme have even lower contact resistand@g rate for GaN. Only about 100-200 A was etched during

than those annealed in,Njas ambient. This indicates that the plasma treatment. Figure 1 shows the current—voltage
characteristics of the as-deposited Ohmic contacts under dif-

*No proof corrections received from author prior to publication. ferent Ar flow rate. V_Vith the increase of Ar flow, the current—
3Electronic mail: cplee@cc.nctu.edu.tw voltage characteristics of these contacts became more linear.

" The 2um-thick n-GaN films for this study were grown
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TasLE |. Conditions of the plasma treatment.

contacts to

n-GaN by Ar plasma
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Fic. 1. Current—voltage characteristics of the as-deposited Ohmic contaci
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Fic. 3. Current—voltage characteristics of the alloyed Ohmic contacts under
different Ar flow rates.

Figure 2 shows the dependence of the contact resistance and
the specific contact resistance as functions on the Ar flow
rate. Both the contact resistance and specific contact resis-
tance decreased as the Ar flow rate was increased. For
samples without Ar plasma treatment, the contact resistance
and the specific contact resistance were too high to be ex-
tracted via TLM measurement. Samples treated with an Ar
flow rate of 50 sccm showed the best result. Their contact
resistance and specific contact resistance were BBEn
and 3.9<10°° Q cn?, respectively. After annealing, all
samples showed linear current—voltage characteristics, as
ghown in Fig. 3. Similar dependences of the contact resis-
ance and the specific contact resistance of the alloyed con-
tacts on Ar flow rate were obtained as well, as shown in Fig.
4. All alloyed contacts have low contact resistances. Samples
treated with 50 sccm of Ar flow rate still exhibited the best
electrical characteristics. Their contact resistance and spe-
cific contact resistance were 0.108dmm and 3.2
X108 Q cn?, respectively.

Apparently, the Ar flow rate has a significant influence on
contact resistance. With the increase of Ar flow rate, the con-

0.20 ———— — — 1E-5
O Pure Ar,1min.
018} \, —%—h,
¥ Q\ —O0— Pe

0.16

0.14 -

o

pry

n
T

no treatment

Contact resistance (Q-mm)

o

-

o
T

Specific contact resistance (Q-cm?)

0 . 08 1 ' 1 1 n 1 n 1 " 1
20 30

Ar flow (sccm)

1E-6

Fic. 2. Dependence of contact resistance and specific contact resistance lefs. 4. Dependence of contact resistance and specific contact resistance of
the as-deposited Ohmic contacts on Ar flow rate.
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. . . the alloyed Ohmic contacts on Ar treatment time.
Fic. 5. Current—voltage characteristics of the as-deposited Ohmic contacts

under different Ar treatment times.

samples treated with shorter times=(1, 2 min. Figure 7

tact resistance is improved greatly. The mechanism of Ashows t.he dependence of contact resistance and specific' con-
plasma etching is physical ion bombardment. Higher Ar flowtact resistance of the al_loyeq contacts on the treatment time.
rate generates higher Ar ion density in the plasma, whicH\s a whole, samples with different treatment times all have
enhances the effect of ion bombardment on wafer surfacdOWer contact resistances and specific contact resistances
Thus, more lattice damage and crystalline defects are creatddan those without treatment. However, for the best result,
on the wafer surface. The increase of nitrogen vacancies o€ treatment time has to be kept no longer than 1 min. The
the wafer surface after plasma treatment has been shown [§mples with 1 min of Ar plasma treatment have the lowest
many researchef&!°and they are generally believed to be contact resistanc.103 () mm) and specific contact resis-
native donord”® Therefore, after plasma treatment with Ar, tance (3.210°° 0 cn). _ _
the improvement of contact resistance is due to the increase Plasma treatment not only produces nitrogen vacancies on
of nitrogen vacancies on the wafer surface. the surface, which is desirable for the improvement of con-

Figure 5 shows the current—voltage characteristics of thdact resistance, but also causes crystalline defects, which can
as-deposited Ohmic contadisefore annealingwith differ- ~ degrade the film quality and the contact resistafic@o, to
ent Ar treatment time. We found that Ar treatment improvestS€ such a technique for contact improvement, one has to
the Ohmic contact if the duration is less than 1 min. But, if it carefully choose the treatment time so that the damage it
is too long, the Ohmic contact becomes worse. A&@ min ~ causes does not overwhelm the benefit it produces.
of Ar plasma treatment, the current—voltage characteristics Figure 8 shows the current-voltage characteristics of the
are even poorer than those without treatment. After thermdPhmic contacts after annealing in forming gas% H). All
annealing, all samples show good Ohmic behavior, as showsgmples showed good Ohmic behavior. In comparison with
in Fig. 6. Substantial improvement can be obtained for théh® samples without plasma treatment, substantial improve-
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Fic. 6. Current—voltage characteristics of the alloyed Ohmic contacts undeFic. 8. Current—voltage characteristics of the Ohmic contacts annealed in
different Ar treatment times. forming gas ambient.
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T ' T T flow rate, the contact resistance of plasma-treated Ohmic
Annealing ambient contacts ton-GaN was greatly improved. Longer plasma
< ; =088 treatment time does not necessarily improve the contact re-
£ 1E-5 L 5 —C— Forming gas | | .
é}’ e ] sistance of contacts. Therefore, proper control over plasma
Py \ ] damage is required for the greatest improvement of contact
% \l ; resistance. Lower contact resistance and specific contact re-
: o\l 1 sistance were obtained for contacts annealed in forming gas
2 g \ \ 1 ambient than those annealed i Bmbient. This indicates
g % O\' ] that the electrical characteristics of Ohmic contacts would
§ = o not be influenced by the effect of hydrogen passivation of
2 < dopants inn-GaN. With such a combination of appropriate
§ Ar plasma treatment and annealing in forming gas ambient,
n 5 low resistance Ohmic contacts teGaN were obtained.
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