REAFEEBUKNSFY

Tohoku University Repository

Crystallographic and magneto-optical studies
of nanoscaled MnSb dots grown on GaAs

00 OO0 OO0

journal or Applied Physics Letters
publication title

volume 76

number 13

page range 1743-1745

year 2000

URL http://hdl.handle.net/10097/46990

doi: 10.1063/1.126153



APPLIED PHYSICS LETTERS VOLUME 76, NUMBER 13 27 MARCH 2000

Crystallographic and magneto-optical studies of nanoscaled MnSb dots
grown on GaAs

M. Mizuguchi® and H. Akinaga®
Joint Research Center for Atom Technology (JRCAT), National Institute for Advanced Interdisciplinary
Research (NAIR), 1-1-4 Higashi, Tsukuba, Ibaraki 305-8562, Japan

K. Ono and M. Oshima
Graduate School of Engineering, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku,
Tokyo 113-8656, Japan

(Received 28 June 1999; accepted for publication 31 January) 2000

MnSb ultrathin films with the nominal thickness of 0—1.40 nm were grown on sulfur passivated
GaAs substrates by molecular beam epitaxy. Atomic force microscopy analysis showed that MnSbh
formed nanosize clusters on the substrate, and the coalescence of the clusters occurred at the
nominal thickness between 0.70 and 1.05 nm. The intensity of the polar magnetic circular dichroism
of MnSb clusters suddenly increased when the nominal thickness reached the critical value of 1.05
nm. The coalescence among the dots can be correlated with the sharp increase of the magnetic
circular dichroism intensity. €2000 American Institute of Physid$S§0003-695000)01013-3

Hybrid structures of nanoscaled manganese compoundad 250 °C. Here, the nominal thickness means the thickness
and semiconductors are expected to exhibit interesting propn case MnSb forms a uniform thin fildf.It was verified that
erties because of their various magnetic characters, or speo contamination such as oxygen was detected before the
cific electronic structures at the interface between ferromagdeposition of MnSb byn situ Auger analyzer equipped with
netic materials and semiconductdré. We have reported the growth chamber.
upon the preliminary results of the cluster formation of man-  The surface morphology of samples was evaluateexy
ganese pnictides on GaAs substrates by using sulfur passivéitt atomic force microscopyAFM) using the tapping mode.
tion techniqué®® It is well known that GaAs substrates ter- Four samples with a nominal thicknesses of 0, 0.35, 0.70,
minated by Vi-element atoms like sulfur or selenium have2nd 1.05 nm were investigated. Figur@lshows the AFM
low surface energy, and several studies of forming nanocrydMage of the sample with a nominal thickness of 0.70 nm.
tal of Il—=V compound semiconductors on the substrates! & density of dotsthe number of dots in an unit area

have been reporteéd:11 This method is superior in terms that increased gradually from 0 to 0.70 nm, and almost saturated

the sefl-assembled growth of metallic clusters on semiconOf More than 0.70 nm. The average densities of dots at 0.35,
0, and 1.05 nm were estimated from the AFM images to

ductors can be easily performed. Although magneto-o tica(i)‘7
y P g g P about 6.3 10'°, 9.3x10%, and 9.4<10' cm ™2, respec-

properties of manganese compounds have been extensivét? v No sianificant ch £ th dot di N
investigated?~16 no magneto-optical study on the nanos- . c¥- N0 signiicant change of the average dot diameter

caled ferromagnetic dots has been reported so far. In thigabOUt 20-30 nmwas observed in the whole range of these

. . . nominal thicknesses. The average height of the dots was es-
letter, we show the formation and magneto-optical pmpeme'ﬁmated by a cross-sectional analysis on each sample, as

gLS;?gtseZaled MnSb dots grown on sulfur passivated GaAghown in Fig. 1b). With increase of the nominal thickness,

. . th height i 2.2t0 2.
The samples were grown on semi-insulating G&@G&1) e average height increased graduédipm to 2.5 nn

. . The increase in the average height is, however, much smaller
epi-ready substrates by a conventional molecular beam ep

: , {han that in the amount of deposited atoms.
taxy (MBE) technique. To terminate the surface of GaAs
substrates by sulfur, the substrate was dipped into an
(NH,),S, solution for 1h, then rinsed by pure water. After
the thermal cleaning at 400-500 °C in ultrahigh vacuum, the
reflection high energy electron diffraction from the surface
showed the(1Xx1) pattern. The(1X1) streaky pattern re-
mained unchanged at the growth temperature of 250 °C. The
flux ratio of Sb/Mn was set at 4—5. The wedge-like MnSb
film with the nominal thickness from 0 to 1.05 nm was fab-
ricated using a linear shutter equipped in the growth chamber
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FIG. 1. (a) Atomic force microscopy image of MnSb dots grown at 250 °C.
dAlso at: Graduate School of Engineering, The University of Tokyo, 7-3-1 The nominal thickness is 0.7 nm. Clusters of MnSb self-arranged on GaAs
Hongo, Bunkyo-ku, Tokyo 113-8656, Japan; electronic mail: have the densitjthe number of dots in a unit areaf about 9.0< 10'° cm™?

miz@ijrcat.or.jp and an average height of 2.0-3.0 nth) The images of cross-sectional
Ypermanent address: Electrotechnical Laborat&JL), 1-1-4 Umezono,  analysis on MnSb dots grown at 250 °C with a nominal thickness of 0.70
Tsukuba, Ibaraki 305-8568, Japan. nm.
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FIG. 3. The raw MCD spectra of MnSb granular films with various nominal

- - 1
15 [ BulkRT) N (] 101) A thicknesses. The spectra of 0.35, 0.70, and 1.05 nm are shown in dotted, thin
e solid, and thick solid lines, respectively. Measurements were performed at
Bulk (4K) RT. Sudden enlargement of spectrum is observed when the thickness ex-
2.0 TR TV VT TOTOT TPOTT IO ceeds 0.70 nm. It is noted that the additional structure observed at around
20 25 3.0 35 40 45 50 3.0 eV in the spectra arises from the existenc&pfandE,’ peaks of the

bstrat&
Photon Energy (eV) GaAs substrat

line. The magneto-optical signal of the GaAs substrate is subtracted fro . .

the MCD spectrum. For comparison, MCD spectra(bf01) and (0001 the smoothing p_rocedure. F_|gure 2 shows the MCD spectrum
MnSb thin films (the thickness is 5 njmobtained by the MBE growth on  Of MnSb dots with the nominal thickness of 1.05 nm grown
(001 and (111)B GaAs substrates are shown by solid and dotted lines,at 250°C. For comparison, epitaxi@l101) and (0001)
respectively. Measurements of dots and thin films were performed at roM\inSb thin films (the thickness is 5 ningrown on GaAs

temperaturéRT). MCD spectra 0f1101) bulk MnSb measured at 4 K and . .
RT are shown by solid and dotted lines, respectivi@gf. 14. Two bump (001 and (111 substrates, and the epitaxidl101) MnSb

structures observed at around 4.0 and 4.5 eV are indicated by vertical linefilm (150 nm) are also shown. Two bump structures at
around 4.0 and 4.5 eV were observed in the spectrum of the

Assuming that each dot has a truncated cone-like Sh(,ipgiranular film. The structures commonly appear in all spectra.

as seen in AFM images, it is estimated that the coalescendgU! Previous study revealed that the Mcel% spectrum of
among neighboring dots will start between the nominalMnSb shows the crystal-orientation dependeridéthen the

thickness of 0.70 and 1.05 nm. This critical thickness can bdcident light is normal td1101) MnSb thin film, the spec-
calculated by the size of dots and the nominal thickness offUm measured at room temperature shows the bump struc-
MnSb. Over the critical thickness, the vertical growth will tures at around 4.0 and 4.5 eV, and these relative intensities
start. This estimation supports that the average density do@$€ @lmost identical. On the other hand, in the spectrum of
not increase above 1.05 nm when the dots are grown &f€ (0001 MnSb thin film the bump structure at around 4.5
250 °C. eV becomes weak. Since the intensities of these two bumps

To investigate the magneto-optical properties of MnShare almost identical in the spectrum of the granular film,
dots, polar magnetic circular dichroisMCD) measure- MnSb dots are supposed to grow in the same orientation with
ments in a visible wavelength region were performed. Fothe MnSb(1101) epitaxial film, indicating that the preferen-
the measurements, we prepared another set of samples whit@l orientation occurs even though the surface is covered
were capped by Sb to prevent the oxidation. It was showvith sulfur. As shown in this figure, these bump structures
from our previous study that the oxidation of the surface of2ré not seen clearly at room temperature in the spectrum of
MnSb on GaAs(001) becomes active above 270 °C in the the bulk MnSb, although they become observable at low
atmospheric condition, so it is considered that oxidation doeemperature4 K). This fact may indicate that a broadening
not seriously occut® However, this Sb cap layer was grown ©f the energy band structure in ultrathin films and the granu-
to make double sure of the MCD measurements. The th|Ck|.ar film is rather small even at room temperature. It is noted
ness of the Sb cap layer was 10 nm, and the growth temper#at the additional structure observed at around 3.0 eV in the

ture was kept at 50°C. In this letter, MCBis defined as Spectra of ultrathin films and the granular film is due to the
follows: existence of; andE,’ peaks of GaAs®

Figure 3 shows MCD spectra of samples with nhominal
180/ R, —R_ thicknesses of 0.35, 0.70, and 1.05 nm. The M&ibtensity
- (m) increases clearly when the nominal thickness exceeds 0.70
nm. It is thought that a magneticritical thicknessexists
whereR, andR_ express the reflectivities far, ando_ between 0.70 and 1.05 nm. The room-temperature saturation
lights, respectively. MCD spectra were measured using thenagnetization values of these samples measured by super-
monochromatic light from a Xe lamp in the wavelength conducting quantum interference device magnetometer also
ranging from 250 to 500 nm in the magnetic field of 1.88 T.showed the sudden increase between 0.70 and 1.05 nm. The
A CD contribution was subtracted by reversing the magnetiovalue of a sample with the nominal thickness of 1.05 nm is
field. The MCD signals from granular samples were veryabout three times as large as that of 0.70 nm. That of 0.35

weak, so the signals were accumulated several times to irmm is as large as that of 0.7 nm. Therefore, the increase of
Downloaded 14 Feb 2010 to 130.34.135.83. Redistribution subject to AIP license or copyright; see http://apl.aip.org/apl/copyright.jsp
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