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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
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assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
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process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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ABSTRACT 
The interfacial reactions between thin films of Co and single crystal InP 
have been studied. The reaction between the Co and the InP substrate 
already start in the as-deposited state to form In and P rich compounds. 
During annealing at 2500C for 30 min., phase separation takes place. In 
addition to unreacted Co, we find Co rich compounds, a Co-P compound 
in contact with the substrate, and Co-In compound in contact with the 
metal layer. The general morphology appears to be stable up to soooc. 
At higher temperatures (500-6000C) P is released from the substrate. 
CoP4, Co2P, Coln2 and In were detected by X-ray diffraction. At this stage 
the reaction is no longer uniform. 

INTRODUCTION 
Metal/III-V semiconductor structures play an important role for devices 
based on III-V compounds. The electrical contact of the device is 
provided by the metal/semiconductor interface. The characteristics of 
such contacts are dependent on the morphology and the phases at the 
interface. Understanding of the interface metallurgy of the systems is 
essential for obtaining the desired electrical properties [1-5]. 
In recent years the use of InP in microwave and . optoelectronic devices 
has led to an interest in the properties of metal/InP contacts. It is also 
important to study those contact systems as the first step toward 
understanding more complex metallization schemes on InP based _alloys, 
e.g. metals on InGaAsP [6-7]. 
This work focuses on the interfacial reactions between Co and InP, 
studying the reaction mechanisms and phase formation during 
annealing. 

EXPERIMENTAL DETAILS 
(100) oriented n-type InP wafers were used as substrates. The InP 
wafers were chemically cleaned by dipping into 1% HF solution for two 
minutes prior to introduction into the electron beam evaporation 
chamber. Co films, 1000A thick, were deposited at room temperature. 

This report has been reproduced directly from the best available copy. 
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Heat treatments were carried out in a quartz tube in Ar ambient in the 
temperature range of 150 to 6000C for 30 minutes. Samples to be an
nealed at 4000 C and higher were capped first on both sides with Si02 
layers by sputtering, or sealed in a small capsule with a few milligrams 
of elemental P. 
The depth distribution of the elements as a function of the applied heat 
treatments was determined by Rutherford Backscattering Spectrometry 
(RBS) using a 1.8MeV He+ beam, and Auger Electron Spectroscopy (AES) 
combined with Ar+ ion sputtering. Phase identification and 
microstructural analyses were carried out by X-ray diffraction and by 
transmission electron microscopy (TEM) . 

. RESULTS 
A cross section TEM image of the as-deposited state is shown in fig.la. A 
very thin (1 Onm) reacted layer is observed at the interface Co/InP. A 
TEM micrograph of the as-deposited Co film, shown in fig.l b, reveals 
very fine grains with the stable hexagonal structure of a -Co. A TEM 
micrograph of same reacted regions are given in fig.lc-d. Efectron 
diffraction that was obtained from these areas reveals the formation of 
cubic CoP4 and Coln3. 
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Figure 1: Co on InP in the as deposited state : (a) Cross
section TEM image. (b) Plan-view TEM micrograph of the Co 
film. (c) Plan-view TEM micrograph of the CoP4 film. (d) 
Plan-view TEM micrograph of the Coln3 film. 
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After annealing at 2500C for 30 min. phase separation had taken place. 
The cross section TEM image of the sample at this annealing condition is 
given in fig. 2a. In addition to the Co layer, two more layers were 
observed. One layer with thickness of 50nm in contact to the Co film and 
a second, polycrystalline layer with thickness 1 Onm in contact to the 
substrate. Big voids (about 70nm in diameter) were observed at the 
interface between these two layers. Plan-view TEM of this sample, 
shown in fig. 2b, reveals the formation of grains with a diameter of 
20nm. Electron diffraction taken from these grams indicates the 
formation of Co2P. 

a 

Figure 2 : Co on InP following a 2500C 30 min., anneal 
(a) Cross-sectional TEM image. 
(b) Plan-view TEM micrograph of the Co2P film. 

170nm 

Rutherford backscattering spectra and Auger electron spectroscopy 
depth profiles, given in fig. 3 a&b, indicate that vertical phase separation 
is maintained up to 4000 C. In contact with the substrate is a Co-P 
compound, while the layer close to the surface was rich in In. X-ray 
diffraction taken from the sample shown in fig 3 indicates the presence 
of CoP4, Co2P and In. There was no evidence for the presence of 
unreacted Co for this sample. 
At higher temperatures, 500-6000C, P is released from the substrate in 
spite of annealing under P over-pressure or Si02 capping. The RES 
spectrum shown in fig. 4a reveals non-uniform reactions. From the 
Auger electron spectroscopy depth profile, shown in fig 4b , we conclude 
that a Co-P was compound in contact with the substrate, similar to the 
sample annealed at 4000C. On the outer surface we find an accumulation 
of In. In addition, a new layer is formed. This layer is composed of Co, In 
and P. X-ray diffraction from this sample indicates the coexistence of 
CoP 4, Co2P, Coln2 and In. There is no evidence of ternary phases. 
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Figure 3 : Co on InP following a 4000C 30 rmn., anneal 
(a) Rutherford backscattering spectrum. (b) Auger electron 
spectroscopy depth profiles. 
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Figure 4 : Co on InP following 5000C 30 rmn., anneal : 
(a) Rutherford backscattering spectrum. (b) Auger electron 
spectroscopy depth profiles. 
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DISCUSSION 

The phase formation sequence of the metallization scheme Co/InP upon 
annealing can be divided into three main stages. The first stage involves 
room temperature reactions, i. e. in the as deposited state. The second 
stage, takes place in the temperature range 250·40Q0C. The third stage, 
the high temperatures reactions, occur between 500·60Q0C. 

As Deposited State 

From our TEM analysis we conclude that in the as deposited state Co 
diffuses into the substrate forming· binary phases, Coin3 and CoP4,phases 
rich In and P respectively. These phases are polycrystalline. It is 
important to note that this process occur at very low temperatures, less 
than 1 QQO C, during deposition or sample preparation for the TEM 
analysis. The same behavior has been observed in the case of Pd/InP [8] 
and Au/Ni/InP [9]. For these two systems, however, the reactions start 
through diffusion of the metal into the semiconductor, and amorphous 
ternary phases were detected. 

Low Temperature Reactions (250-4QQOC) 

At 2sooc the diffusion of the Co into the substrate is enhanced and a 
compound richer in Co is formed, Co2P. In this stage TEM cross-section 
analysis reveals vertical phase separation. The Co2P is in contact with 
the substrate, unreacted Co is found at . the outer surface, and an 
intermediate layer between them. 
At 4QQOC all the Co is consumed by the reactions forming Co2P and CoP 4· 
These compounds remain in contact with the substrate. Simultaneously, 
diffusion of In from the substrate to the outer surface occurs. 
The same vertical phase separation was observed for the case 
Au/Ni/InP [9] with the P compounds in contact to the substrate and the 
In compounds at the outer surface. 

High Temperature Reactions (500-6Q00C) 

At this stage, the reaction region is divided into three main layers: P-Co 
compounds with contact to the InP substrate, In at the outer surface 
Uust as at lower temperatures), and an interfacial layer between these 
two layers. This layer is composed of binary phases of In, P and Co. From 
the X-ray diffraction there is no evidence for ternary phases. 



6 

CON<I.USIONS 

The solid state reactions between Co and InP are governed by Co 
diffusion to the substrate and In from the substrate to the outer surface. 
Vertical phase separation is maintained even at high temperatures. At 
all stages, no preferred crystal orientations are observed and no ternary 
phases are formed. 
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