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We have investigated the interfacial reaction between platinum and InGaP in a Schottky diode
structure. There was a 7.5-nm-thick amorphous layer formed at the interface between Pt and InGaP
after metal deposition. After annealing at 325 °C for 1 min, this amorphous layer increased to
12.8 nm and the reverse leakage current also decreased. The diffusion of Pt atoms and the
crystallization of amorphous layer took place after annealing at 325 °C for 10 min. Prolonging the
annealing to 3 h led to formation of Ga2Pt and GaPt3 phases in InGaP and Schottky diodes degraded
after these new phases were observed. © 2008 American Institute of Physics.
�DOI: 10.1063/1.2834849�

Aluminum-free InGaP semiconductor on GaAs has re-
cently attracted a great deal of attention because of its
microwave-device application possibilities.1–5 InGaP has an
edge over conventional AlGaAs for its wider band gap, high
etching selectivity, low surface recombination velocity, less
susceptibility to surface oxidation, and the absence of DX
centers.6 In the past few years, interfacial reactions of vari-
ous Schottky-contact metals, such as Pt /Ti /Pt /Au,5

Ti /Pt /Au,7,8 WSiN,9 and Cu /Au,10–12 with the InGaP have
been extensively studied, but none were proven perfect for
technological implementations. The Schottky-contact quali-
ties of InGaP /Ti /Pt /Au7 and InGaP /WSiN,8 for example,
were found to degrade after a 500 °C heat treatment at
which spurious CuP2 for InGaP /Cu /Au has also been
reported.12

In seeking solutions to surmount such interface-reaction
problems, Pt has lately been used as a gate-sinking metal to
keep the threshold voltage and leakage current under control
for InGaP high electron mobility transistor devices4 because
of their higher Schottky barrier which could translate directly
into reduced leakage current and thus also enhanced device
performance.5,13 Unfortunately, Nebauer et al.3 has observed
GaPtx compounds and other multicomponent phases while
Ga2Pt compound has also been detected using x-ray
diffractometry4 in the annealed Pt / InGaP junctions. Whether
Pt can be an enabling Schottky metal or not would hence
depend on how resilient it is to the thermal processing with-
out interacting with the semiconductor. Nevertheless, the ex-
act nature of this interface reaction remains unclear. This is
possibly due to the difficulty in properly labeling Ga atoms

in the InGaP /GaAs heterostructure and the lack of clear
electron diffraction patterns necessary to help determine the
zone axis of the InGaP semiconductor layer. There is thus an
incentive to continue to better understand the Pt / InGaP in-
terface properties to help shed some light on why
Pt /Ti /Pt /Au metals fail as a good Schottky contact and
whether a solution to can be found to prevent it.

In this work, the material stability and the interfacial
reactions between Pt and InGaP were analyzed with high
resolution transmission electron microscopy �HRTEM� while
the current-voltage characteristics of Pt / InGaP Schottky di-
odes were also measured to seek correlations between the
material structures and device performances. The hetero-
structure consists of, from bottom to top, a GaAs buffer
layer, a 200 Å thick undoped In0.49Ga0.51P Schottky layer,
and a 750 Å thick heavily doped n+-GaAs cap layer. The
Schottky diode schematics were shown in Fig. 4 and fabri-
cated by following steps: firstly, the Ohmic metal-contact
metals Au /Ge /Ni /Au were deposited on the cap layer in
sequence, and subsequently, the samples were annealed at
350 °C for 1 min to minimize the contact resistance. The
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FIG. 1. �a� The cross-sectional HRTEM image of Pt and InGaP interface
after metal deposition. �b� The cross-sectional HRTEM image of the Pt and
InGaP interface after annealing at 325 °C for 1 min.
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contact resistance �Rc� was measured via the transmission
line model �TLM� method using 100 �m �Wx��75 �m
�Wy� pads with interedge spacing of the neighboring pads �L�
ranging from 36, 20, 10, 5, to 3 �m sequentially. The total
resistance R�L�=2Rc+Rs, where Rs is the resistance of the
sample of length L, width Wy and thickness t, and RS
=�sL / tWy. The sample sheet resistance Rsheet=�s / t hence
R�L�=2Rc+RsheetL /Wy. Hence, one can obtain R�0�=2Rc by
extrapolating the supposedly linear relation to L=0 to find
the intercept of the R axis, while the slope represents
Rsheet /Wy. Meanwhile, from the L-axis intercept R�2Lt�=0,
one obtains Lt=−RcWy /Rsheet. Both Rc and the sample sheet
resistance Rsheet of the semiconductor being measured follow
naturally once the two intercepts are known. In the TLM
method, all the voltage drops from the pads to the sample are
assumed to be across the two neighboring edges of the pads
on which the electrodes are placed �thus only Wy is relevant,
but not Wx�. With this in mind, we have Rc=2.56 �, Lt=

−1.06 �m, and Rsheet=180 � /� for the InGaP. These give
the figure of merit RcWy =0.19 � mm, as compared to the
previously reported 0.14 � mm in Ref. 4 for a device struc-
ture of similar materials though somewhat differently config-
ured, where the associated numbers are Wy =75 �m, Rc
=1.93 �, Lt=−1.18 �m, and Rsheet=123 � /� for the InGaP.

The Schottky electrode consists of Au �300 nm� /Pt
�100 nm� /Ti �100 nm� /Pt �20 nm� stack, placed directly on
InGap after the n+ GaAs layer was removed by a citric-acid/
H2O /H2O2 solution, all by e-beam evaporation. The 300 nm
Au layer serves to lower the overall Schottky-metal resis-
tance while the 100 nm Pt layer acts a diffusion barrier to
prevent Au from diffusing into the Au /Pt /Ti /Pt / InGaP
Schottky diode structure,14 largely because of its high melt-
ing point and compatibility with the lift-off process. Note
that in order to optimize the Schottky barrier height,5 placed
at the bottom of the metal stack is a 20 nm layer of Pt sepa-
rated from the other 100 nm Pt layer by an also 100 nm thick
Ti layer. Finally, these Schottky diodes were annealed, for
various durations at 325 °C, which is 25 °C below Ohmic
annealing temperature, avoiding affecting Ohmic contact
resistance.

Energy dispersive x-ray �EDX� with electron beam of
2 nm spot size equipped on a HRTEM was performed for
composition analysis. The HRTEM image showing the
Pt / InGaP interface for an as-deposited sample is presented in
Fig. 1�a�. Each layer was identified by the nanobeam EDX
analysis. As is obvious, there is a 7.5 nm thick amorphous
layer existing at the Pt / InGaP interface and similar results
were also found in the as-deposited Pt /GaAs interfaces15

even for samples as-deposited at room temperature. The
amorphous phase formation implicates the enormous inher-
ent thermodynamic driving forces15 that push the Pt atoms to
migrate into the InGaP layer. After annealing at 325 °C for
1 min, the thickness of the amorphous layer increased from
7.5 to 12.8 nm. The diminution of the InGaP layer is due to
the fact that more Pt atoms diffused into the pristine InGaP
layer after thermal annealing. The diffusion boundary be-
tween InGaP and the amorphous layer was nonuniform,
which could be caused by the nonuniform thermal process
due to the short-time annealing.

Figure 2 �a� shows the HRTEM image of the Pt and
InGaP interface reaction, whereas Fig. 2�c� gives the selected
area diffraction patterns of the amorphous layer after 325 °C
annealing for 10 min. Nucleation of crystalline phase oc-
curred in the amorphous layer after annealing for 10 min at

FIG. 2. �a� The cross-sectional HRTEM image of the Pt and InGaP interface
after annealing at 325 °C for 10 min. �b� The fast Fourier transform �FFT�
lattice image of the amorphous area which was shown in �a�. The nucleation
area was labeled by white square. �c� Nanobeam selected area electron dif-
fraction pattern of the amorphous area shown in 2�a�.

FIG. 3. �a� The cross-sectional HRTEM image of the Pt and InGaP interface
after 325 °C annealing for 3 h and nanobeam selected area diffraction pat-
tern showing the Ga2Pt �422� phase. �b� The cross-sectional HRTEM image
of Pt and InGaP interface after 325 °C annealing for 3 h and nanobeam
selected area diffraction pattern showing the GaPt3 �422� phase.
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325 °C, as shown in Fig. 2�b�. The HRTEM image of the
InGaP /GaAs interface after annealing at 325 °C for 3 h is
provided in Fig. 3�a�. The crystalline grains were observed in
the amorphous layer near its interface with InGaP and were
identified as an orthorhombic Ga2Pt �422� phase, judged
from the nanobeam selected area diffraction patterns. The
HRTEM image of the Pt / InGaP interface after annealing at
325 °C for 3 h is presented in Fig. 3�b�. However, near the
interface of the amorphous layer with Pt, a tetragonal GaPt3
�422� phase was observed. On the basis of these observa-
tions, this thin amorphous layer, it can be concluded, could
be a precursory step to forming more stable Ga2Pt �422� and
GaPt3 �422� phases at the later stage of annealing. The new
phases of the Ga2Pt �422� and GaPt3 �422� existed in differ-
ent locations of the amorphous layer. The Ga2Pt �422� near
the InGaP layer was a result of the outdiffusion of Ga from
InGaP into the amorphous layer, and GaPt3 �422� was
present near the alloy-Pt interface.

Figure 4 shows the I-V characteristics of the diodes be-
fore and after annealing, the leakage current decreased after
325 °C, 1 min annealing, possibly due to Pt diffusion.16 Af-
ter 325 °C annealing for 10 min, the diodes’ performance
remained almost unchanged even with the crystalline phase
nucleated in the amorphous layer as shown in Fig. 2�b�. In
summary, the interfacial reactions between the Pt and the
InGaP layer after thermal annealing has been investigated. A
7.5 nm-thick amorphous layer was formed between Pt and
InGaP layer after the room-temperature gate-metal deposi-
tion. After annealing at 325°C for 10 minutes, crystalliza-

tions took place in the amorphous layer. At this stage, the
thickness of amorphous layer remained unchanged; indicat-
ing that insertion of the Ti layer was effective as a diffusion
barrier at 325°C. After annealing for 3 hours at 325 °C,
however, stable phases of Ga2Pt �422� and GaPt3 �422�
formed in the InGaP layer, though not in the Schottky metal
stack, leading to degradation of the diode performances.
However, the Ga2Pt �422� phase was observed at the InGaP/
GaAs interface, exhibiting continuing diffusion of Pt atoms
beyond the 3-hour annealing. Thus, further study on the Pt
diffusion at various annealing temperatures and durations for
the contact metal stacks with, for example, thinner bottom Pt
layers may be necessary to optimize the Schottky character-
istics stabilization.
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FIG. 4. �Color online� I-V characteristics of the Schottky diodes before and
after annealing.
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