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Focused-ion-beam platinum nanopatterning for GaN nanowires:
Ohmic contacts and patterned growth
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Nanopatterned Pt by Gdocused ion beaniFIB) decomposition of an organometallic precursor
forms low resistance ohmic contacts on 40—70 nm diameter GaN nanoiM¥s) grown by
thermal reaction of G#®5; and NH;. With no intentional doping, the wires are presumed tanbe
type. Thus, the linedrV behavior is surprising since evaporated Pt usually forms Schottky barriers
on n GaN. Ohmic behavior was not obtained for 130-140 diameter wires, even with thicker Pt
contacts. A second application of FIB Pt nanopatterning was demonstrated by position-selective
growth of GaN NWs on Pt catalyst dots. NW locations and density are defined by the position, size,
and thickness of the Pt deposit. Combining these techniques provides a versatile platform for
nanostructure research and development. 2005 American Institute of Physics
[DOI: 10.1063/1.1925775

Achieving reliable low resistance ohmic contacts to GaN(10 um/50 um) contact pads predeposited by e-beam li-
is not trivial. High contact resistance often degrades the petthography and thermal evaporation. These were loaded into
formance of GaN-based devicksow resistance ohmic con- an FEI Strata DB235 FIB systénmwith SEM capability.
tacts ton-type GaN are generally obtained by Ti depositionNWs were quickly located and selected with SEM. FIB-Pt
and conventional lithography. Similar metals and methodsontacts were directly written to bridge the NW to the Cr/Au
have been applied to GaN nanowiré$Ws),>* but these pads. We used 30 kV Gaat 10-30 pA to decompose
require a tedious sequence of locating NWs on a substrate kiyimethylcyclopentadienyl-platinum  [(CH3)3CH3;CsH4Pt]
atomic force microscopy, defining a contact pattern withinto a predetermined bridging lead. The dwell time was
electron-beam(e-beam lithography, metal deposition, and 0.2 us per pixel with ~50% overlap. Figure(d shows a
removal of e-beam resist. In addition, achieving robustrepresentative SEM image of a FIB-Pt patterned two-probe
ohmic contacts requires work function tuning and depositiordevice. The nominal Pt thickness was 100—150 nm, and the
of an adhesion layer to insure mechanical stability. width and length were 250—700 nm and 5uih respec-

Attracted by its convenience and versatility, severaltively. In general, I-beam deposition conditions must be care-
groups reported the use of direct Pt deposition by focusefllly chosen to avoid significant damage or complete de-
ion beam(FIB) to make metal contacts on Bi and Ag NWs struction of the sample by massive ‘Gans> We found no
(Refs. 4 and 5and carbon nanotubésThis is done by lo-  evidence for such damage, but minor sputtering around the
cally decomposing a fine jet of organometallic vapor with thecontact area was observéBig. 1(b) insef. This might in
highly focused and spatially controlled Gdon beam  fact improve contact properties by removing surface ofide.
(I-beam.”> Since most FIB systems are also equipped withwe examined spreading of deposited Pt beyond the desired
high-resolution scanning electron microscof§EM), the  areas using I-beam images, which are in effBatontrast
combination provides unique capabilities of fast and precisémages and thus very sensitive to the heavy Pt. As shown in
metal contact patterning. Here, we demonstrate direct FIBig. 1(b), no device shorting was seen, so the Pt spillover is
nanopatterning of low resistance ohmic Pt contacta-type  probably thin. Nonetheless, to prevent possible shorting from
GaN NWs grown by G#;—NHj; reaction without inten- Pt spreading, we kept the device lengtiu or greater, and
tional doping. It is surprising for FIB patterned Pt to form the Pt deposition time around the NW area less than 30 s.
low resistance ohmic contacts ortype GaN since Pt gen- This conservative design eliminates the possibility of short-
erally forms a Schottky barrier ontype GaN® In the sec-  ing as corroborated by tHeV results described next.
ond part of this letter, we exploit the same spatial selectivity  Figure Za) shows representativieV curves of the FIB
to create patterned Pt nanocatalysts, which constrain Gapatterned NW devices from two batches of NWs. The
NW nucleation to these small selected regions. smaller diameter NW device displays a linear behavior while

The details of GaN NW synthesis are described in ahe larger one shows nonlinealv characteristics. Resistivi-
previous reporf. We used sputter-deposited Au/Pd catalystties (neglecting contact resistanagere as low as 0.08 cm
layers on Si substrates. Two different layer thicknessesor the smaller diameter and 1 cm for the larger one
yielded two different NW diameters, i.e., 40—70 nm and(from the zero-bias slopesWe studied three devices from
130—-140 nm, with which we could study the effect of NW each batch, and the diameter dependende\btharacteris-
diameter on current-voltage-V) characteristics. NWs were tjcs and the resistivity value were consistent throughout. Nei-
then transferred to 200 nm Sj®@n Si chips with Cr/Au  ther batch exhibited gate response in the range +9 V. To

study the effect of Pt thickness on contact properties, 250 nm
3author to whom correspondence should be addressed; electronic maif’t Was patterned on the larger diameter NWs, but as shown
fischer@seas.upenn.edu in Fig. 2(a), the |-V characteristics still displayed the same
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FIG. 2. (Color onling (a) Two-probel-V data from FIB-Pt contacted GaN

FIG. 1. (Color onling (a) SEM image of two-probe GaN NW device with NW. D andp denote diameter of NW and resistivity calculated from zero-
contacts patterned by FIB-Pt deposition. The scale bargis5(b) I-beam bias resistance. Nominal Pt t_hickness 1360 nm for wire diamete_rs 64,
image (Z-contrast revealing Pt spreading around the FIB-Pt ledabite 140 (120 nm. The smallest diameter NW shows linéav behavior in the

scale bar: 5um). Inset shows details of FIB Pt-contact: The NW is 63 nm bias window +4 V, while the larger diameter NWs display nonlineaf.
wide, and the width of the contact line is 250 rietale bar: 500 nin The 120 nm NW is~ four times longer than the other two, thus the smaller

current at all V.(b) Nonlinearl-V behavior of another small-diameter NW
with 100 nm sputtered Pt contacts defined by e-beam lithogréipisg).

. . . A L . Th istivity is~20,000 times greater than a wire from the same batch
nonlinear behavior with a similar resistivity to the device 0 copy g

with 150 nm Pt, thus suggesting the relative thickness of Pt
is per senot related with the origin of nonlinedrV behav-
ior. Since Pt is normally used for Schottky barrier contacts

To further rule out leakage currents from Pt spillover, weon n-type GaN° we were surprised to find low resistance and
fabricated two-probe devices from the smaller diameter NWdinear |-V from our FIB-Pt contacts. This is under further
by conventional e-beam lithography and 100 nm thick sputinvestigation, but we suspect that Gkbeam irradiation
tered Pt contact§Fig. 2b) insef. These devices showed around the contact area plays a role. Dheiral* reported
nonlinearl-V with a resistivity as high as-1000Q) cm[Fig.  that 50 kV FIB-G4 implantation induces amorphization of
2(b)]. Again, no gate response was observed, confirming tha&aN NW. The inset to Fig. (b) suggests the possibility of
its absence is inherent to NWs grown by our technique. Theartial amorphization around the contact area by our 30 kV
low two-probe resistivity of the smaller NWs, measuredGa" I-beam. The resistivity of amorphous GaN can be less
from FIB-Pt contacted devices, argues directly against shorthan~180 cm due to the formation of Ga—Ga homopolar
ing by Pt. Assuming a Pt coating in parallel with the GaN bonds when a Ga/N ratio-1.2%*3 This would apply to our
NW, the measured resistanC& easured IS given by  NWSs due to Ga implantation into the I-beam damaged re-
1/Rmeasured L/Raw* 1/Rp, Where Ryw and Rp, are resis- gion. If the amorphous GaN were sufficiently Ga rich, it
tances of NW and Pt, respectively. In order f&s; to be  could provide an excellent work function matth?2 eV for
significant, sayRyw=Rp;, and assuming the resistivity of Ga metal to the 4.1 eV electron affinity afi-type GaN. In a
bulk Pt at 300 K, the effective Pt thickness should be ofrecent report, Pt NW fabricated by FIB-Pt deposition was
order pm, or~0.01 monolayer coverage, which would be shown to actually consist of Pt crystallites and the amor-
well below a percolation threshold. phous matrix of Ga and &

The absence of gate response is common to GaN NW Finally, we present a second application of FIB Pt nano-
with FIB- and sputter-deposited Pt contacts, and must theregatterning, namely catalyzed GaN NW growth. The ability to
fore be specific to our growth method. A likely explanation is organize nanostructures into functional hierarchical patterns
inadvertent heavyn-type autodoping by O or Si released is an important and difficult technological challenge. A suc-
during growth?*° by the reduction of G#; by NH; or from  cessful example is the postgrowth patterning of NW by a
the quartz liner tube, respectively. Electron energy loss spedhiidic assembly® In some cases, one could envision gains
tra measured on each batch qualitatively confirmed the presa efficiency and/or performance if the location and/or crys-
ence of O and the absence of typipalype impurities, e.g., tallographic orientation of NW growth could be directly con-

Mg. Thus, we can safely assume that our GaN NW igpe.  trolled. Positional control of GaN NW growth has been
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the NW tips[Fig. 3(c) insef are presumably Ptto be con-
firmed), suggesting a vapor-liquid-solid root growth mecha-
nism. For this to be true, the 1789 °C bulk melting point of
Pt would have to be depressed to the 900 °C substrate tem-
perature during growth. This can be attributed to a combina-
tion of Pt particle size effett and Ga alloying.

In summary, we have demonstrated two important appli-
cations of FIB-Pt nanopatterning. We achieved low resis-
tance ohmic Pt contacts amtype GaN NW using FIB-Pt
deposition. The technique significantly reduces the nanode-
vice fabrication time and insures low resistance ohmic con-
tacts, which is essential for electrical characterization of
NWs. The formation of ohmic contact is surprising since Pt
normally forms Schottky barrier on-type GaN. The nature
of the contact formation needs further investigation. We also
demonstrated positional control of GaN NW growth by FIB
patterning of Pt catalyst dots. The nucleation density can be
controlled by changing the size of dots, and the small dots
initiated the growth of individual NWs in more controlled
manner. Both techniques can be applied to other nanostruc-
ture systems. An obvious extension would be to find a way to
integrate patterned growth and device fabrication into a
single process.
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