University of Nebraska - Lincoln

Digital Commons@University of Nebraska - Lincoln

Peter Dowben Publications Research Papers in Physics and Astronomy

7-3-2000

Effective surface Debye temperature for

NiMnSb.100. epitaxial films

C.N. Borca
University of Nebraska-Lincoln

Takashi Komesu
University of Nebraska-Lincoln

Hae-kyung Jeong
University of Nebraska-Lincoln

Peter A. Dowben
University of Nebraska-Lincoln, pdowben@unl.edu

D. Ristoiu
Laboratoire L. Ne ‘el, CNRS, BP 166 X, 38042 Grenoble Cedex 9, France

See next page for additional authors

Follow this and additional works at: http://digitalcommons.unl.edu/physicsdowben
& Part of the Physics Commons

Borca, C.N.; Komesu, Takashi ; Jeong, Hae-kyung ; Dowben, Peter A.; Ristoiu, D.; Hordequin, Ch.; Pierre, J.; and Nozie'res, J. P.
"Effective surface Debye temperature for NiMnSb.100. epitaxial films" (2000). Peter Dowben Publications. Paper 29.
http://digitalcommons.unl.edu/physicsdowben/29

This Article is brought to you for free and open access by the Research Papers in Physics and Astronomy at Digital Commons@University of Nebraska -
Lincoln. It has been accepted for inclusion in Peter Dowben Publications by an authorized administrator of Digital Commons@University of Nebraska

- Lincoln.


http://digitalcommons.unl.edu?utm_source=digitalcommons.unl.edu%2Fphysicsdowben%2F29&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.unl.edu/physicsdowben?utm_source=digitalcommons.unl.edu%2Fphysicsdowben%2F29&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.unl.edu/physicsresearch?utm_source=digitalcommons.unl.edu%2Fphysicsdowben%2F29&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.unl.edu/physicsdowben?utm_source=digitalcommons.unl.edu%2Fphysicsdowben%2F29&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/193?utm_source=digitalcommons.unl.edu%2Fphysicsdowben%2F29&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.unl.edu/physicsdowben/29?utm_source=digitalcommons.unl.edu%2Fphysicsdowben%2F29&utm_medium=PDF&utm_campaign=PDFCoverPages

Authors
C.N. Borca, Takashi Komesu, Hae-kyung Jeong, Peter A. Dowben, D. Ristoiu, Ch. Hordequin, J. Pierre, and J.
P. Nozie'res

This article is available at Digital Commons@University of Nebraska - Lincoln: http://digitalcommons.unl.edu/physicsdowben/29


http://digitalcommons.unl.edu/physicsdowben/29?utm_source=digitalcommons.unl.edu%2Fphysicsdowben%2F29&utm_medium=PDF&utm_campaign=PDFCoverPages

APPLIED PHYSICS LETTERS VOLUME 77, NUMBER 1 3 JULY 2000

Effective surface Debye temperature for NiMnSb ~ (100) epitaxial films
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Behlen Laboratory, University of Nebraska, Lincoln, Nebraska 68588-0111

D. Ristoiu, Ch. Hordequin, J. Pierre, and J. P. Nozieres
Laboratoire L. Nel, CNRS, BP 166 X, 38042 Grenoble Cedex 9, France

(Received 10 March 2000; accepted for publication 12 May 2000

The surface Debye temperature of the NiMN@bB0) epitaxial films has been obtained using low
energy electron diffraction, inverse photoemission, and core-level photoemission. The normal
dynamic motion of th€100) surface results in a value for the effective surface Debye temperature

of 145+ 13 K. This is far smaller than the bulk Debye temperature of:33 X obtained from wave

vector dependent inelastic neutron scattering. The large difference between these measures of
surface and bulk dynamic motion indicates a soft and compositionally difféfd€) surface.

© 2000 American Institute of PhysidsS0003-695000)05127-5

Interest in NiMnSb Heusler alloys remains active be- 47V a3
cause of the relatively high Curie temperat(€730 K) and —3 (L7201 )vp=3rNa, 2
like all half metallic systems has potential technological ap-
plications in spin polarized electron transport devités. iy which V is the molar volume and,,c; are the corre-
spin tunnel junction devices, the interfaces play an importangnonding longitudinal and transversal wave velocity. For cu-
role in the value of the tunneling magnetoresistaflddR).  pjic crystals, the velocities are related to the elastic constants
The interface should have, ideally, 100% polarization at thez . C,,, andC,, along the main axis of symmeti§L00),
Fermi energy and well characterized “matched” Fermi (110, and(111), as described in Ref. 11. For values of the
crossings. Unfortunately, the polarization of NiMnSb is very scattering vectoq close to zero, the dispersion of the acous-
sensitive to composition and defettand the NiMnSEL100 i oscillatory modes is linear, and the slope of this linear
surface is observed to be very fragiiéThe thermal motions dependence is related to particular elastic constants, depend-
of the surface atoms dictates many of the physical angg on the scanning direction.
chemical properties of a surface, such as surface diffusion, ~ The effective surface Debye temperature of single crys-

anharmonicity leading to roughening transitidnsurface (51 materials can be investigated by low energy electron dif-
reconstruction$,and influence the extent of composition in- fraction (LEED),}2"%4 x-ray photoemission spectroscopy

homogenities, including defects. The key descriptive param XP9), or valence band photoemissioPES,™ inverse
eter of the dynamic motions of atoms on the surface, as Weéhotoemissioﬁ as well as atom beam scattering and other
as in the bulk, is the Debye temperature. surface sensitive techniquefRef. 15 and the references

In this letter we investigate the effective surface Debyeiherein. Generally, in electron scattering and electron spec-
temperature of the NiMngh00 which we compare to the o5copy techniques it is assumed, in the absence of a surface
bulk Debye temperature calculated from the phonon dispernase transition, that the emerging electron beam intensity

sion curves obtained from inelastic neutron scattering. Thi%iepends exponentially on the sample temper&tdfe
comparison is one of only a limited number of such studies

in complex compound materidl3and the first for the Heu- | =1 exp —2W) 3)
sler alloys.

The bulk Debye temperature of single crystals can be 3%2T(AK)?
estimated from application of the Debye model and the pho- ZW:WDT’ (4)

non dispersion curvel.In this model, the upper limity, to

the frequency is to be obtained frpm the normallglng Condl_WhereW is the Debye—Waller factof, is Planck constani]

tion that the total number of oscillatory modes is equal to. .
) ; is the sample temperaturkg(AKk) is the electron momentum

3rN, per mole, where is the number of atoms per unit cell

(andN,, is Avogadro’s numbar The quantity p is with the transfer,m is the mass of _the scatterlr)g centkp, is the
Boltzmann constant, andy, is the effective surface Debye
related parametef, by

temperature. This surfac#, is dominated by the dynamic

kg motions normal to the surface in almost all experiments and

U= Op, @ typically does not contain significant in-plane or anharmonic

) ) contributions to the true surface Debye tempera’tﬁr@md
whereh is Planck’s constant ankk is Boltzman’s constant.  herefore tends to be independent of surface orientdtidre
Thus, the frequency limip and the related parametép,  major exception is high-resolution electron energy loss spec-
the Debye temperature, can be obtained from the forthula troscopy of the surfacévhere the details of phonon disper-
sion can mattgrand, in off-specular scattering geometries,
dElectronic mail: pdowben@unl.edu nondipole active modes can be prohed
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FIG. 1. Logarithm of the intensities of the diffracted electron spots obtained
in LEED, after backgroundl(,) subtraction and normalization to the value
(I) at the lowest temperature. The three sets of data were obtained using "
different incident electron energies: 83rcles, 58 (up triangle, and 83 eV AK=13.57 A
(diamond. 6,=144K
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To apply Eqs(3) and(4) to LEED or photoemission, we
need to consider the geometry of the experiment and the
mass of the scattering centers. For LEED, we have used difIG. 2. (a) Normal x-ray photoemission spectra of Shi,3 core level for
fracted electron beams with the Scattering Vecmk)( close various temperatures after background subtraction. The light was incident at
to the normal to the surfadéeading to the dominant role of 60° with a photon energy of 1254 eYb) Logarithm of the intensity of the

. i . . Sb—3d;, core level vs temperatur@®) and the intensity of the state at the
normal lattice vibrations The' mass of the'scatterlng cente.rs conduction band edggust aboveE) in inverse photoemissiofD).
is an average of the three different atomic masses contained

in a unit cell with the scattering vector being calculated from ) ) .
) gies. Using Eq.(1), the values obtained for the effective

Ak=2kcosf=4—wcos— (5) surface Debye temperature are #ZD K (at 33 eV incident
2 A\ 2’ electron energy 143+20K (at 58 eV}, and 154-20K (at
where @ is the angle between the incoming and outgoing®3 €V)- The electron mean free path increases and so does
electron beams anil is the wavelength of the electrons.  the probing depth with increasing incidefdnd backscat-

In the case of photoemission spectroscapdPS and tered electron energies. We consider the effectlvg Debye
PES (9=0), the momentum transfer is equal to the momenieémperature obtained at the lowest electron energies as the
tum of the emitted electromtk=27/\. In our experiments, MOSt representative of the dynamic normal atomic motions
we monitored the photoelectron intensity from the hell in the thin film surface region. The other two values, at
of the Sb atomgusing MK a radiation and appropriately higher electron energies, include the normal vibrations of the
corrected for the scattering center mass. For inverse phot@toms situated increasingly deeper in the selvedgar sur-
emission, we used the momentum of the incident electrorfacé region.
probing the unoccupied band closestE@ (9.5-11.5 eV Temperature dependence of thesg core level of anti-
electron kinetic energy For all surface studies, the surface mony obtained in x-ray photoemission is shown in Fig. 2.
of the NiMnSK100) epitaxial thin film&7 of 1000 A thick- This particular core level has a narrow and intense line
ness were carefully prepared by gentle Ar-sputtering and arshape. From Eq(4) results a value of 14410K for the
nealing treatments, as described in Ref. 2. effective surface Debye temperature. The mean free path of

Figure 1 shows the temperature dependence of the intefihe ejected electrons in normal emission is no more than 20
sities of the backscattered low electron diffraction spots, afA from the free surface and so, the sample probing depth is
ter background subtractionl ) and normalization to the limited to the surface and selvedge region. Inverse photo-
value (o) at the lowest temperature. The three sets of dat@mission is also very surface sensitive. The intensity of the
shown were taken using different incident electron energiefargely spin majority unoccupied baridear Ex where the
of 33, 58, and 83 eV. The angkfrom Eq. (2) varied very  electron phonon coupling is greatestn inverse photoemis-
little in our experiment and the change in scattering vectoision, provides a value for the effective Debye temperature of
(AKk) largely comes from the different electron energies em-about 147 30 K. The value of the effective Debye tempera-
ployed. ture obtained in XPS and inverse photoemission are both

The change in LEED intensities, shown in Fig. 1 as therepresentative of the harmonic vibrations of the atoms in the
slopes of Ifi(l—1y)/1g], increase with increasingAk) or  surface region along the film normal.

with increasing incidentand backscattergcelectron ener- For comparison, we have compared the above values
Downloaded 06 Sep 2006 to 129.93.16.206. Redistribution subject to AIP license or copyright, see http://apl.aip.org/apl/copyright.jsp
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This drop in the Debye temperature between the surface and
the bulk is not unexpected if we consider that the surface and
selvedge region has a different composition than the bulk,
under our preparation conditioAé.Indeed, as shown in Ref.
4, manganese segregation occurs at the NiMbEhH
surface® In addition, there are several other phenomena that
may contribute to the lowering of the surface Debye tem-
perature with respect to the bulk. The motion of the surface
atoms is not isotropic, the force constants at the surface can
be appreciably different than in the bulk and, in general, the
surface may contain anharmonic phonon modes that differ
from the bulk?>%

In conclusion, we have found the effective surface De-
bye temperature for the NiMn&t00 thin film to be 145
+13K, far smaller than the bulk Debye temperature of

312+5K. The reduced surface Debye temperature will
lower the barriers to surface segregation and can be a conse-

FIG. 3. Dispersion curves for magno(®), longitudinal phonon¢l), and o - '
guence of the compositional difference due to segregation.

transversal phonon@) at 300 K. No magnetic field was applied.
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