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Schottky contacts were formed or and p-type GaN after either a conventional surface cleaning
step in solvents, HCI and HF or with an additional treatmer(NHl,),S to prevent reformation of

the native oxide. Reductions in barrier height were observed with the latter treatment, but there was
little change in diode ideality factor. A simple model suggests that an interfacial insulating oxide of
thickness 1-2 nm was present after conventional cleaning. This oxide has a strong influence on the
contact characteristics on both and p-type GaN and appears to be responsible for some of the
wide spread in contact properties reported in the literature 1999 American Institute of Physics.
[S0003-695(199)03152-9

One of the most important areas for GaN device tech-alcohol, and de-ionized water prior to lithography for defin-
nology is the development of reliable and reproducible coning the contact areas. After lithography, the samples were
tacts, as detailed in a number of recent review artitiés. rinsed 60 s in 30 HCI (25°C) and 30 s in buffered HF to
There is a need for rectifying contacts with a wider range offemove the native oxide and then immediately loaded into
barrier heights and for ohmic contadespecially op-GaN)  the e-beam evaporator. The second cleaning process was the
with lower specific resistancepf). In the latter case, reports same as the first, but the last step was a 20 min boil in
have appeared on the effect of annealing inambient in  (NH,),S. This solution does not affect the photoresist mask.
reducingp,,’ oxidation of Ni/Au metallization and its role in  The (NH,),S solution is effective in removing native oxide

reducingp.,® the role of surface treatments in determiningand prevention of immediate reoxidation, since a Ga-S
barrier height$; 12 and the use of Ta/Ti contacts with low, monolayer is formed on the surface. This should be far less
but unstablep, values®® In all of the work on contacts to ©Of @ hindrance to current flow than the presence of a much

GaN it is clear that two features are key in determining thethicker native oxide. The samples had Ti/Al or Ni/Au for
ing concentrations, which determine current transport. Thééctive barrier heights were obtained from the forward
In this letter we show that boiling- and p-GaN in J=A** T2 exp{ — _> exp(e_V)
semiconductor interface improves ohmic contact resistancSon constant (26.4 ActiK = for n-GaN, 96.1 Acm=K *
Three different types of samples were employed with Figure 1 shows forwarétop) and reverseébottom |-V
strates by radio frequency plasma-assisted molecular beaWard current increases as a result of thed,),S treatment
current with contact diameter is much greater than a power

electrical properties. The first is the islanded nature of thé@hmic contacts, each annealed at 750 °C for 30 s to produce
second is the condition of the surface, since it is clear that thUrrent-voltagel(-V) characteristics, according to the rela-
(NH,),S solutions immediately prior to metal deposition re- kT nkT

for p-GaN),1® T is the diode absolute temperatug, is the
ntype doping of either &10%, or 10%cm™>, or ptype oo acteristics from the™ GaN diodes, either with or with-
epitaxy* Each of the samples was treated in one of tWOye 15 a decrease in barrier height from 0.81 eV on the
dElectronic mail: spear@mse.ufl.edu of two. This suggests that there is a nonuniform concentra-

GaN growth on lattice-mismatched substrates. This can givloW pc. The Pt(400 A/Au (1500 A rectifying contacts
rise to lateral variations in the local defect density and dop¥eree beam deposited with diameters 50—-20®. The ef-
presence of native oxides can significantly affect carrieflon
transport:9-12 é oV
b

1 exp( ﬁ)
duces the barrier height for both conductivity types and €XyhereJ is the current densityA** is the effective Richard-
plains why minimizing oxide formation at the metal/ ’
on GaN. An interfacial, insulating surface oxide provides aNyarrier heightn is the ideality factork is Boltzmann's con-
increased energy barrier for carrier injection into the GaN. stant ance is the electronic charge

- : y

doping hole concentrationof 10"’cm™>. These GaN layers the (NH,),S treatment prior to Schottky contact deposi-
were 1-3um thick and were grown on-plane ALO; SUb- s There are several key points in this data. First, the for-
different ways. The first involved a conventional cleaningqnro| diode to 0.58 eV on the treated diode. Second, in the
process that involved sequential rinsing in acetone, iSOpropy|near region of the forward characteristics, the scaling of
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FIG. 1. Forward (top) and reverse(bottom) |-V characteristics from Voltage (V)
Au/Ptin* GaN diodes of different diameters, either cleaned in a conven-
tional fashion prior to metal deposition or boiled (iNH,),S. FIG. 2. Forward (top) and reverse(bottom) |-V characteristics from

Au/Ptin-GaN diodes of different diameters, either cleaned in a conventional
) ] ) ) ) fashion prior to metal deposition or boiled (NH,),S.
tion of defects, which are generation-recombination centers.

Finally, the reverse leakage current is also increased by the
(NH,),S treatment.

Similar data is shown in Fig. 2 for the-GaN diodes, at 10
two different rectifying contact diameters. The average bar-
rier height decreased from0.99 eV on the control diodes to
~0.83 eV on thgNH,),S treated samples. Both the forward
and reverse current increased as a result oftté,),S step. 5F
The fact that the diode ideality factors did not improve sug-
gests thatNH,),S is not particularly effective in passivating
the surface of GaN.

Figure 3 shows -V characteristics from thp-GaN di-
odes. These structures showed high currents due to the di
ficulty in forming high barriers tgp-GaN. The control di-

Au/Pt/p-GaN

Conventionally cleaned

Current (mA)
o
]

: ; . —0o—d=50u

odes showed average barrier heights of 0.49 eV, which wa: —o— 90 p
slightly reduced to 0.47 eV as a result of tfi¢H,),S treat- i —&— 200y
ment. In thgsg diqdes the low bias current sgalgd with contac (NH,),S treated
diameter, indicating that surface leakage is important. We —e— 50
did not passivate the perimeters of the devices in this work. —=— 90p

Table | shows a compilation of the barrier heights and —— 200
ideality factors for then™, n, andp diodes. The clear effect '1004 Y 0'0 0'2 o4
of the boiling(NH,),S exposure is to decreagg , with less ‘ ' ' ' '
change in the ideality factors. Previous work on the effect of Voltage (V)

different surface treatments on .tthf p-O.hmIC contacts on FIG. 3. |-V characteristics from Au/Rp-GaN diodes of different diam-
Ga'_\l has _shoyvn that wet chemical SOI[_Jt'OnS tqg‘t remove th@ters, either cleaned in a conventional fashion prior to metal deposition or
native oxide improve the contact resistadc¢®l® For ex-  boiled in (NH,),S.
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TABLE |. Summary of electrical data for test diodes. " "
=l thermionic emission r thermionic emission
n ¢y (eV) metal f \ n*-GaN metal f \\ n-GaN
b b
Conventionally (NH,),S Conventionally E E
Sample cleaned treated cleaned (NH,),S treated 'F"""}‘ """""" Ec ZI 2 N Ec
AuPt 1.6-1.8 1.8-1.9 0.81 0.58
n*-GaN E
AuPY/ 1.4-1.6 1.3-1.8 0.99 0.83 v v
n-GaN
AuPt/ ~2 ~2 0.49 0.47 -’15}‘_ ’Lr
p-GaN
ample, solutions of 1 HN@3 HCI were found to produce, T ﬁ”’de”"'si“gaN S thermionic fild emission
values of 4.%x 10 *Q cn? for Pd/Au ohmic contacts on ™ ¢b0<£ e meta ¢w‘§ w-GaN
p-GaN, whereas untreated samples had values two orders (Ep___§ [\ Ec B | T Ec
magnitude larget® Similarly the use of buffered HF and
boiling (NH,),S, followed by a final dip in buffered HF prior \ \
to metal deposition was able to lowgg by three orders of Ey v
magnitude relative to untreated diodés-ollowing previous

reatments of the eff f an interfacial oxide layer of thick-
treatments of the effect of a terfacial oxide ayer of thic FIG. 4. Energy band diagrams of interfacendf GaN orn-GaN with metal

ne_535 on the gnergy barrier for carngrﬂlnjectlon, We Can ¢ontacts either with the presence of an interfacial oxidp) or without this
write the experimentally measuret}, as-® layer (bottom).

bp= ot A, . .

_ _ _ _ _ _ The work at UF is partially supported by a DARPA/
where ¢_b0 is the pqrrler helght without the mterfamal layer EPRI Grant(D. Radack and J. MelcherNo. MDA-972-98-
andA¢ is thg additional barrier due to the OX|d9. The param-1-006, monitored by ONRJ. C. Zolpey.
eterA¢ is given by XT/% (2my)Y28, wheret: is Planck’s
constantmis the tunneling effective mass, agds the mean  1q 7 |y and s. s. Lau, Solid-State Electrat2, 677(1998.
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barrier height, while for n* GaN there may also be a con- Y. Koide, T. Maeda, T. Kawakami, S. Fujita, T. Uemura, N. Shibata, and
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