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The surface morphology, local structure and chemical states of Er nanostructure formed by Er deposition
on the clean InP(001)-2×4 surface have been investigated by means of atomic force microscopy (AFM),
extended and near edge X-ray absorption fine structures (EXAFS and NEXAFS). The nanodots are ob-
served on the substrate by AFM. The size of these nanodots increases with substrate temperature. The
EXAFS results show that ErP nanostructures are formed with a tetrahedral bond at substrate temperature Ts

= 573 K and in the NaCl-structure at Ts = 673 and 773 K.

1. Introduction

Rare Earth (RE) compounds have been paid much at-

tention as new functional materials because of their

magnetic and electronic properties. Since Er pnictides

have lattice constants similar to that of III-V semicon-

ductors, they are regarded as candidate materials for

high-speed magneto-electronic and magneto-optical

devices [1]. Furthermore, an ErP nanostructure on InP

(ErP/InP) shows a semimetal-semiconductor transition

due to the quantum size effect [2]. However, ErP/InP can

be grown by a low-pressure organometallic vapor phase

epitaxy (OMVPE) method [3-5]. ErP/InP prepared by

this method may be affected with impurities such as

carbon and oxygen [4]. Thus, we have tried to fabricate

the nanodots of ErP by Er deposition onto InP substrate

under ultra high vacuum condition. In this study, we

have revealed their surface morphology, local structure

and chemical states by means of atomic force micros-

copy (AFM), extended X-ray absorption fine structure

(EXAFS) and near edge X-ray absorption fine structure

(NEXAFS), respectively.

2. Experimental

An undoped n-type InP(001) wafer was used as a sub-

strate. A clean InP(001)-2×4 surface of the substrates

was achieved by a sputtering (0.5 keV, 60 min) and an-

nealing (587 K, 10 min) method after chemical etching

with a solution of H2SO4:H2O2:H2O = 4:1:1 and hydro-

gen termination with 50% NH3F at room temperature.

Samples of nanostructured Er on the InP(001) surface

were fabricated by the Er deposition with an electron

bombardment method at various substrate temperatures

Ts =573, 673 and 773 K. Samples fabricated at Ts = 573,

673 and 773 K were described A, B and C. The base

pressure was 3×10-8 Pa, and the pressure during Er de-

position was kept below 5×10-7 Pa. The amount of the Er

deposition was estimated as thickness in the unit of

monolayer (ML) by use of a quarts microbalance cali-

brated by Rutherford backscattering spectroscopy (RBS)

measurement at a Van de Graff accelerator AN-2500 in

the Ion Beam Surface Analysis Laboratory at Nagoya

University. Here, 1 ML is defined as 5.80×1014 atoms

cm-2. Ts and the amount of Er deposited for the samples A,

B and C are listed in Table 1. While the sample A shows

no low energy electron diffraction (LEED) pattern, the

samples B and C show a diffuse 1×1 and a sharp 4×1

patterns, respectively.

Surface morphology was observed by an AFM (Veeco,

NanoScope IIIa) with the tapping mode. Both EXAFS

and NEXAFS measurements of Er L3-edge at room tem
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Table.1. Substrate temperature Ts and the amount of Er deposit-
ed for the samples A, B and C.

Sample Substrate Tem-
perature (K)

Amount of Er
deposition (ML)

#A 573 35
#B 673 20
#C 773 ~ 80

perature were carried out by a fluorescence yield detec-

tion at the X-ray Development and Demonstration

(XDD) beam line of SSLS, Singapore Synchrotron Light

Source in National University of Singapore [6].

3. Results and Discussion

The AFM images of the Er/InP samples A, B, and C

are shown in the Fig. 1 (a), (b) and (c), respectively. For

the sample A, many spherical nano-sized particles shown

in the circle are formed on the InP surface. While, small

spherical shaped nanoparticles shown in the circle and

large shapeless nanoparticles indicated by the arrow are

formed in the sample B. In the image of the sample C,

nanoparticles are also observed on the surface. However,

not shown here, many huge islands with several �m in

size appear in the wide range image. The size distribu-

tions in the range of 30 nm for the nanoparticles are pre-

sented in Fig. 1 (d), (e) and (f). Here, the nanoparticle

size is defined by its height of the AFM image. The par-

ticle size with a standard deviation can be evaluated by

the height value of the AFM analysis [7, 8]. The aver-

aged particle size is 8.0±4.2 nm for the sample A,

8.7±3.6 nm for B and 9.1±5.8 nm for C. It is found that

the particle size gradually increases with Ts.

The Fourier transform of the Er L3-edge EXAFS spec-

tra k3 (k) for samples A, B, and C as well as Er powder

are shown in Fig. 2. The best-fitted parameters of bond

lengths r and coordination numbers N with the bond

assignments around Er are listed in Table 2. These

EXAFS analyses were carried out with the code

Rex2000 [9], and the Fourier transformation was per-

formed in the range of 0.2–0.7 nm -1. Since a peak “c”

appears largely for the Er powder and peaks “a and b”

are observed at the same position in the results of Ofuchi

et al. [4], the peaks “a”, “b” and “c” are assigned to the

bond of Er-O, Er-P and Er-Er, respectively. The Er-P

bond length increases from

Fig.1. AFM images and particle size distribution of Er/InP
samples A in the panels (a) and (d), B in (b) and (e), and C in
(c) and (f) respectively. The size of the scanned area is 2×2

m2

Fig.2. Fourier transform of Er L3-edge EXAFS k3 (k) spectra of
samples A, B, C and Er powder.
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Table.2. Coordination numbers N and bond lengths r estimated
from the Er L3-edge EXAFS spectra of sample A, B, C and Er
powder.

Sample Bond N r (nm)

Er powder Er-Er 2.8 0.354
#A Er-Er 8.3 0.350

Er-O 3.1 0.227
Er-P 3.9 0.263

#B Er-Er 4.0 0.353
Er-O 6.0 0.225
Er-P 4.2 0.283

#C Er-Er 4.0 0.350
Er-O 3.3 0.226
Er-P 1.7 0.289
Er-In 4.0 0.319

Fig.3. Er L3-edge NEXAFS spectra of samples A, B and C. The
spectra of Er powder and oxidized Er powder are also shown as
reference.

0.267 nm for the sample A, which is equal to the sum of

Er (0.157 nm) and P (0.110 nm) covalent radii in the

tetrahedral structure, to 0.283 - 0.289 nm for the samples

B and C. These values are close to 0.280 nm which is

known as the Er-P bond length in the NaCl-structure [10].

However, the coordination number Np of Er-P for the

samples B and C are smaller than that of 6 in the NaCl-

structure. It might be caused by the deficiency of P atoms

because of its high vapor pressure at higher substrate

temperature Ts. On the other hand, the obtained

Er-Er bond length of 0.350 – 0.354 nm and those of the

Er-O of 0.225 – 0.227 nm do not change so much in all

the samples: the Er-Er bonds are almost twice as long as

the atomic radius of 0.176 nm [11], and the Er-O bond

lengths are nearly the same as those reported so far,

0.219 – 0.223 nm, for the OMVPE-grown ErP/InP and

Er2O3 powder [4]. As Ts increases from 573 to 673 K, the

coordination number NEr of Er-Er decreases, while that

NO of Er-O increases. Further increase in Ts from 673 to

773 K leads to the reduction in NP and NO as well as the

appearance of a coordination of Er-In. These findings

may suggest the formation of ErP in all the samples. The

obtained coordination number NEr for Er powder is small

due to the self-absorption of Er.

Fig. 3 shows the Er L3-edge NEXAFS spectra of the

samples A, B and C in comparison with those of metallic

and oxide Er powders. These spectra are normalized by

the edge-jump, which means the intensity difference

between the photon energies of 8340 and 8390 eV. Only

a small peak “a” appears in the spectrum for Er powder,

while large peaks “b” and small shoulders “a” are ob-

served in samples A, B and C. For Er oxide, only higher-

energy peak “c” is obtained. Therefore, the peaks “a”,

“b” and “c” are assigned to the bond of Er-Er, Er-P and

Er-O, respectively. For the samples A, B and C, shoulder

structures of Er-Er bond are seen, and the intensity of the

peak “b” decreases at higher substrate temperature Ts.

These agree with the results of EXAFS, i.e. appearance

of Er-Er bond and deficiency of P atoms. On the other

hand, the degree of oxidation is not so large for the

Er/InP samples, compared to the Er oxide. We assume

that the formation of the Er-O bond, i.e. the oxidation of

Er, is due to the ex-situ EXAFS and NEXAFS measure-

ments and is not caused at the fabrication. It is necessary

to measure the in-situ EXAFS and NEXAFS spectra in

future.

4. Conclusion

We have investigated the surface morphology, local

structure and chemical states of Er nanostructures on the

InP(001) substrate fabricated by the vacuum deposition

method at various substrate temperatures Ts by the AFM,

Er L3-edge EXAFS and NEXAFS techniques. The ob-

tained results show that ErP nanostructures are formed

with a tetrahedral structure at Ts = 573 K and in the

NaCl-structure at Ts= 673 and 773 K. Since the affection
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of oxygen is observed in ex-situ measurements, it is im-

portant to measure with in-situ system.
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