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Abstract

Magnetism on the nm scale is a new research field with high potential from the application point of view. Nowadays, the research is
focused on the fabrication of ferromagnetic nanostructures. The manipulation of growth and structure known from the epitaxy of ultrathin
films is increasingly being used to create magnetic structures with reduced dimensions. An important impact is expected from
self-organizing phenomena appearing in films and at surfaces.  1999 Elsevier Science Ltd. All rights reserved.

1. Introduction tion under the aspect of their potential for commercial
application and mass production.

Transfer times from basic research to device develop-
ment shrink remarkably in the struggle for shares of the
huge storage market. The trend is best illustrated by the six 2. Magnetic nanostructures at surfaces
years that elapsed between the discovery of the giant
magnetoresistance effect [1,2] and the realization of a Investigations of free clusters of 3D-metals have re-
prototype read-head [3]. Still, novel segments of the vealed that particles of a few hundred atoms, i.e. with a
magnetic storage market can be explored if the price for size of a few nm, behave like the bulk material [*7].
the storage unit is reduced. Lower prices ask for higher Hence, ultrathin structures with a thickness of one or two
density and cheaper fabrication. This situation stimulates atoms should exhibit ferromagnetism with diameters in the
activities in research and development simultaneously to range of 10 nm. This number is a kind of benchmark that
evaluate new concepts for data storage. Concurrently points out the range of sizes that has to be tackled in basic
industrial laboratories and basic research are pushing the research.
frontiers of dimensions into the nm range. Triggered and Structures on that scale, however, pose two basic
guided by industry, nanomagnetic research is thus a questions: First, the ratio of surface- to volume-atoms is
steeply rising field of interest. Very precise ideas are strongly enhanced, which means that the surface properties
developed for new storage concepts of non-volatile mem- will dominate the properties of the nanostructures. Hence,
ory devices, i.e. the magnetic random access memory surfaces and interfaces are of chief importance, and their
MRAM [4,5] based on magnetic structures of nm size. quality must be controlled at least as well as the interior
Ideas for active devices based on spin effects have been structure. Secondly, sufficiently small nanostructures may
put forward [6]. behave superparamagnetically, which destroys the desir-

Approaching the nm size in magnetic structures yields able alignment of the magnetization and hence the stored
new effects and properties. The research field is very information. To overcome this dilemma the blocking
young and most activities focus on the fabrication of temperature has to be tuned. It is determined by the
nanomagnets of well-defined shape, structure and re- magnetic anisotropy energy of the particle, i.e. the product
producible properties. In this review we comment on of the volume and the anisotropy energy. To obtain the
different approaches and concepts of nanomagnet fabrica- smallest possible size one has to maximize the magnetic

anisotropy of the ferromagnetic material. Tuning of the
anisotropy can be achieved by manipulating the structure
[8], the composition [9] and/or the interface properties of*Corresponding author. Tel.: 149-345-5582-624; fax: 149-345-5511-
the ferromagnetic material.223.
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exhibit homogeneous shape, size, periodicity and well- deposition technique [29] in combination with a pattern
defined orientational dependent properties. The latter produced by atom lithography [*30].
means that crystal and/or magnetic axes of the individual A real breakthrough in the light of mass production
structures should be perfectly aligned. comes from the imprint technique that allows parallel

This demands sophisticated fabrication techniques which patterning of nanostructures with dimensions below 10 nm
allow tuning of growth, structure, morphology and mag- [**31].
netic properties. This can only be achieved if perfect In spite of its drawbacks, e-beam lithography has a big
structures on the atomic scale are produced, utilizing advantage: its flexibility to create complex structures.
epitaxy in combination with a template that determines the Special devices in the mm and/or nm scale range have
structure and the orientation of the deposited materials. been fabricated which are successfully used to study
The lateral patterning can only be realized either with properties of nanomagnets with high sensitivity and with-
perfect surfaces and epitaxial thin films which are struc- out the need for spatially high-resolution analyzing tech-
tured afterwards, or with growth-determined morphologies niques [*32,33,**34–**36].
on appropriate substrates. Generally speaking it is the path
of the well-established and successful epitaxy of ultrathin
ferromagnetic films that bears the highest potential to meet 4. Self-organized structures at surfaces
the prerequisites of both approaches.

A relatively new route to create nanostructure arrays is
to use self-organization phenomena at surfaces. Arrays can

3. Artificial patterning be obtained either by utilizing a preexisting periodic
structure at the surface where the deposited material

The direct way to create nanostructures is by litho- nucleates or by using self-organization of the deposited
graphical patterning. Structures of 15 nm width have been material into a periodic array.
fabricated utilizing electron beam writing [10]. With Surfaces with periodic structure or morphology are
special post-epitaxy processes [11] well-defined nanomag- produced due to minimization of the surface free energy.
nets can be created giving the scientist quick access to Depending on macroscopic surface orientation facets
investigate the magnetic properties of nanostructures with [**37] or steps can appear, or strain relief creates self-
high flexibility regarding the shape, size and arrangement organized pattern [38]. The structures are stable and can be
of the nanomagnets [12–15,**16–**18]. used as a template to create nanomagnet arrays. On vicinal

Combining a scanning tunneling microscope with surfaces wires are obtained by step-edge flow in equilib-
chemical vapor deposition has also been used for serial rium growth [*39,40] or in kinetically controlled growth
patterning of films with nm resolution [19,20] providing [41,42]. The periodicity is determined by the miscut angle.
the opportunity of positioning the nanomagnets exactly A very well known example for a superstructure on a
[19]. clean metal surface due to strain relief is observed on the

A new approach is the magnetic patterning of epitaxial Au(111) surface (Fig. 1). A mesoscopic, chevron or
]Œfilms. The magnetic properties, e.g. the anisotropy or the herringbone, structure is obtained due to a 223 3 recon-

Curie temperature [*21,**22], are altered by ion irradiation struction along k110l. The chevron structure is built as the
instead of removing the ferromagnetic material by some reconstruction appears along two adjacent k110l directions
etching procedures. to attain strain relief in two directions. The elbow sides are

The above serial techniques will be very time-consum- nucleation points for material with a large lattice mis-
ing if large arrays of nanomagnets are produced. Conse- match, like Co [43]. A two-dimensional array of hcp Co
quently, they are not suited for commercial mass pro- islands with a height of two atoms is achieved (see Fig. 1).
duction. Parallel patterning by optical lithography is better At coverages of 0.7 /1.5 monolayers the islands start to
suited for the fabrication of large arrays [23,24]. Structures coalesce along the k120l / k110l directions, respectively
with sizes in the range of 100 nm can be made by utilizing [44]. Hence, the nanostructures consist of |1700 atoms
X-rays [25]. before coalescence. Cobalt structures of that size revealed

Recently, neutral atom lithography has been proposed superparamagnetic behavior [*45,46].
and realized [26–*28]. The field gradients in standing Self-assembled nanostructures have also been produced
waves of intense laser light exerts forces on atoms which by strain relief mechanisms in thin films or adsorbed gases
are used to transfer the periodicity of the interference on single crystal surfaces [**47,**48]. The dislocation
pattern into the lateral arrangement of the deposited atoms. network in a Cu-film deposited on Pt(111) was successful-
The clue is that a direct pattern transfer is achieved in ly used as a template to create an array of Fe nano-
non-contact mode that prevents any chemical processing structures [**47]. A strain relief pattern was also found in
commonly used in lithography. The deficiency of the nitrogen adsorbed on Cu(001) [**48] serving as a template
technique is that only certain atoms can be deposited so for iron deposition. Very stable Fe or Co stripes have been
far. This obstacle has been mastered utilizing the shadow obtained utilizing self-organization by strain relief in the
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Fig. 2. Strain relief pattern of SiGe/Si(001). Atomic force microscopy
image of Si Ge /Si multilayer grown on Si(001) with a miscut of0.25 0.75

0.48. The surface consists of uniform, h105j faceted pyramids with square
base of 85612.25 nm. The facets are tilted against the (001) surface byFig. 1. Co islands on Au(111). Scanning tunneling microscope image of
11.38. (Reprinted with permission from [**51].)hcp cobalt bilayer islands on Au(111). The Co coverage is 0.24

monolayers. The islands nucleate at the elbows of the herringbone
structure of the clean Au(111) surface. The herringbone or chevron

any material by shadow deposition. The periodicity andstructure is visible in the background. Double-lines built the zigzag
size of the resulting nanostructures is given by the facetpattern. Perpendicular to the double-lines the surface strain is relieved by

arranging 23 surface atoms on the position of 22 bulk atoms. A hcp- array.
stacking fault is created within the double-lines. The spacing between the From the very general point of view nanostructures are

¯ ˚islands along [112] is 73 A. On the lower left terraces separated by steps obtained because the template consists of surfaces of very
can be seen. The steps are decorated by Co islands. (Courtesy of M.

small size arranged periodically. Hence, with such surfacesKlaua.)
nanostructures are always created. It depends on the
geometry of deposition whether they are isolated or

deposited film [**49]. Co-evaporation of two immiscible connected. The nanosurfaces of one orientation appear
materials with different lattice parameters causes an within a very limited range of azimuthal and polar
arrangement of the two materials in rows. deposition angle. The whole flexibility of tuning and

In brief, the virtue of using self-assembly is that manipulating of structure and morphology is at the dispos-
inherently a large array of highly periodic nanostructures is al of the scientist, equivalent to the situation using
created which have a narrow size distribution, are epitaxi- macroscopic surfaces. Single- as well as multi-layers can
ally grown and perfectly aligned with respect to their be deposited without changing size and periodicity. By
crystallographic structure. The disadvantage is that only a selecting the appropriate geometry different facets can be
limited size range is achievable [see Co/Au(111)] and that covered with the same or different material. An array of
no multilayered nanostructures can be produced so far. four different nanostructures, i.e. consisting of four differ-

A much higher flexibility is found in our last example ent materials, can thus be fabricated on one template. The
for self-assembled templates, i.e. macroscopic surfaces field that is opened by such templates is just beginning to
with facets. Such a surface can be created if unstable single be explored. Ferromagnetic nanostructures (2533535

3crystal surfaces decompose into facets of stable surfaces nm ) have been realized by pulsed laser deposition under
shown recently for a NaCl(110) surface [**37]. A large grazing incidence utilizing such a template [52].
variety of surface morphologies with different facets can
be produced in the heteroepitaxy of semiconductors [*50].
An example for the SiGe epitaxy on Si(001) is given in 5. Conclusion
Fig. 2 [**51]. A square pattern of fourfold pyramids is
obtained in the growth of Si Ge /Si. The side planes The actual concepts for fabricating nanostructures have0.25 0.75

are four h105j facets. The structure is created due to strain been introduced. The activities in the basic research are
relief in the initial growth of Si Ge on Si(001). The split up into two branches. The first approach is to use0.25 0.75

Si layers in the multilayer stack mediate the strain and conventional lithography to obtain quick access to nano-
cause nucleation of the following SiGe layers preferen- structures for studying their magnetic properties. E-beam
tially on top of the buried islands [*50,**51]. Fig. 2 lithography is utilized to build miniaturized tools for the
reveals the three-dimensional structure of such a surface. analysis of nanoparticles which have been created simul-
The clue is that the orientation of the facets allows us to taneously on the same substrate. A few experiments using
select facets of one orientation which can be covered with such devices have been successfully performed. The
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about the interpretation of magnetic force microscopy images is

References given.
[**18] Mathieu C, Jorzick J, Frank A, Demokritov SO, Slavin AN,

Hillebrands B, Bartenlian B, Chappert C, Decanini D, RousseauxPapers of particular interest, published within the annual
F, Cambril E. Lateral quantization of spin waves in micron size

period of review, have been highlighted as: magnetic wires. Phys Rev Lett 1998;81:3968–71, Quantization of
* of special interest; surface spin waves has been found in magnetic wires fabricated

by X-ray lithography. The finite width of the wires cause a** of outstanding interest
discrete eigenmode spectrum of the Damon–Eschbach mode.

[19] Gider S, Shi J, Awschalom DD, Hopkins PF, Campman KL,
[1] Baibich MN, Broto JM, Fert A, Nguyen Van Dau F, Petroff F, ´Gossard AC, Kent AD, von Molnar S. Imaging and magnetometry

Etienne P, Creuzet G, Friederich A, Chazelas J. Giant magneto- of switching in nanometer-scale iron particles. Appl Phys Lett
resistance of (001)Fe/(001)Cr magnetic superlattices. Phys Rev 1996;69:3269–71.
Lett 1988;61:2472–5. [20] Pai WW, Zhang J, Wendelken JF, Warmack RJ. Magnetic nano-

¨[2] Binasch G, Grunberg P, Saurenbach F, Zinn W. Enhanced structures fabricated by scanning tunneling microscope-assisted
magnetoresistance in layered magnetic structures with antiferro- chemical vapor deposition. J Vac Sci Technol B 1997;15:785–7.
magnetic interlayer exchange. Phys Rev B 1989;39:4828–30. ´[*21] Chappert C, Bernas H, Ferre J, Kottler V, Jamet J-P, Chen Y,

[3] Heim DE, Fontana Jr RE, Tsang C, Speriosu V, Gurney BA, Cambril E, Devolder T, Rousseaux F, Mathet V, Launois H.
Williams ML. Design and operation of spin valve sensors. IEEE Planar patterned magnetic media obtained by ion irradiation.
Trans Mag 1994;30:316–21. Science 1998;280:1919–22, High-energy ions cause damage of

[4] Daughton JM. Magnetoresistive memory technology. Thin Solid the lattice of the ferromagnetic material which changes the
Films 1992;216:162–8. magnetic properties of the exposed parts of the material. In

[5] Nordquist K, Pendharkar S, Durlam M, Resnick D, Tehrani S, combination with lithographical processes a magnetic patterning
Mancini D, Zhu T, Shi J. Process development of sub-0.5mm in the nm range is possible.

´nonvolatile magnetoresistive random access memory arrays. J Vac [**22] Aign T, Meyer P, Lemerle S, Jamet JP, Ferre J, Mathet V,
Sci Technol B 1997;15:2274–8. Chappert C, Gierak J,Vieu C, Rousseaux F, Launois H, Bernas H.

[6] Prinz GA. Magnetoelectronics. Science 1998;282:1660–3. Magnetization reversal in arrays of perpendicularly magnetized
ˆ[*7] Billas JML, Chatelain A, de Heer WA. Magnetism of Fe, Co and ultrathin dots coupled by dipolar interaction. Phys Rev Lett

Ni clusters in molecular beams. J Magn Magn Mater 1998;81:5656–9, Magnetic patterning by high-energy ions is used
1997;168:64–84, The magnetic moments of free clusters are to create magnetic dot arrays with small dot separation. The array
investigated in a Stern–Gerlach experiment. The size and tem- is used to study the influence of magneto-static interactions on the
perature dependence of the magnetic moments are studied. For magnetization reversal of the array as well as of individual dots.
clusters consisting of about 500 atoms the particles show almost [23] Wassermann EF, Thielen M, Kirsch S, Pollman A, Weinforth H,
bulk behavior. Carl A. Fabrication of large scale periodic magnetic nanostruc-

[8] Enders A, Sander D, Kirschner J. Strain dependence of the tures. J Appl Phys 1998;83:1753–7.
magnetic properties of nm Fe films on W(100). J Appl Phys [24] Bardou N, Bartenlian B, Rousseaux F, Decanini D, Carcenac F,

´1999;8:5279–81. Cambril E, Ravet MF, Chappert C, Veillet P, Beauvillain P, Megy
´[9] Dittschar A, Zharnikov M, Kuch W, Lin MT, Schneider CM, R, Geerts W, Ferre J. Elaboration and magneto-optical study of

Kirschner J. Composition-driven spin-reorientation transition in submicron magnetic structures in Au/Co/Au ultrathin films. J
ferromagnetic alloy films. Phys Rev B 1997;57:R3209–12. Mag Mag Mater 1996;156:139–40.

[10] Chou SY, Krauss PR, Kong L. Nanolithographically defined [25] Chen Y, Kupka K, Rousseaux F, Carcenac F, Decanini D, Ravet
magnetic structure and quantum magnetic disk. J Appl Phys MF, Lannois H. 50-nm X-ray lithography using synchrotron
1996;79:6101–6. radiation. J Vac Sci Technol B 1994;12:3959–64.

[11] New RMH, Pease RFW, White RL. Submicron patterning of thin [26] Timp G, Behringer RE, Tennant DM, Cunningham JE, Prentiss
cobalt films for magnetic storage. J Vac Sci Technol B M, Berggren KK. Using light as a lens for submicron, neutral-
1994;12:3196–201. atom lithography. Phys Rev Lett 1992;69:1636–9.

[12] Smyth JF, Schultz S, Kern D, Schmid H, Yee D. Hysteresis of [27] Behringer RE, Natarajan V, Timp G. Laser focused atomic
submicron permalloy particulate arrays. J Appl Phys deposition: A new lithography tool. Appl Phys Lett
1988;63:4237–9. 1996;68:1034–6.

¨[13] Ruhrig M, Khamsehpour B, Kirk KJ, Chapman JN, Aitchison P, [*28] Drodofsky U, Stuhler J, Schulze T, Drewsen M, Brezger B, Pfau
McVitie S, Wilkinson CDW. The fabrication and magnetic prop- T, Mlynek J. Hexagonal nanostructures generated by light masks
erties of acicular magnetic nano-elements. IEEE Trans Mag for neutral atoms. Appl Phys B 1997;65:755–9, It is shown that
1996;32:4452–7. arrays of two-dimensional nanostructures can be created by

`[14] Otani Y, Pannetier B, Nozieres JP, Givord D. Magnetostatic neutral atom lithography as well.
interactions between magnetic arrays and superconducting thin [29] Shinjo T, Ono T. Magnetoresistance of multilayers on micro-
films. J Magn Magn Mater 1993;126:622–5. structured substrates. J Magn Magn Mater 1996;156:11–4.



H.P. Oepen, J. Kirschner / Current Opinion in Solid State and Materials Science 4 (1999) 217 –221 221

[*30] Tulchinsky DA, Kelley MH, McClelland JJ, Gupta R, Celotta RJ. Finite width scaling of stripes and percolation between islands.
Fabrication and domain imaging of iron magnetic nanowire Phys Rev Lett 1994;73:898–901.
arrays. J Vac Sci Technol A 1998;16:1817–9, The combination of [41] de la Figuera J, Huerta-Garnica MA, Prieto JE, Ocal C, Miranda
neutral beam lithography and evaporation under glancing inci- R. Fabrication of magnetic quantum wires by step-flow growth of
dence offers the possibility to create nanowires from 3d metals Co on copper surfaces. Appl Phys Lett 1995;66:1006–8.
which are shown to be ferromagnetic. [42] Shen J, Skomski R, Klaua M, Jenniches H, Manoharan SS,

[**31] Chou SY, Krauss PR, Zhang W, Guo L, Zhuang L. Sub-10 nm Kirschner J. Magnetism in one dimension—Fe on Cu(111). Phys
imprint lithography and applications. J Vac Sci Technol B Rev B 1997;56:2340–3.

¨1997;15:2897–904, The imprint technique has been improved to [43] Voigtlander B, Meyer G, Amer NM. Epitaxial growth of thin
high quality. Nanostructures with extensions below 10 nm are magnetic cobalt films on Au(111) studied by scanning tunneling
fabricated. The potential of the imprint technique lies in the mass microscopy. Phys Rev B 1991;44:10354–7.

¨production of ultrafine structures. [44] Tolkes C, Zeppenfeld P, Krzyowski MA, David R, Comsa G.
´[*32] Wirth S, Field M, Awschalom DD, von Molnar S. Magnetization Preparation of well-ordered cobalt nanostructures on Au(111).

behavior of nanometer-scale iron particles. Phys Rev B Phys Rev B 1997;55:13932–7.
1998;57:R14028–31, Using the scanning tunneling microscope [*45] Xu J, Howson MA, Hickey BJ, Greig D, Kolb E, Veillet P, Wiser
and a chemical vapor deposition technique ferromagnetic nano- N. Superparamagnetism and different growth mechanism of Co/
structures are exactly positioned above a semiconductor Hall Au(111) and Co/Cu(111) multilayers grown by molecular-beam
cross. The organometallic substance is cracked by electrons field epitaxy. Phys Rev B 1997;55:416–22, Superparamagnetism for
emitted from the tip of the microscope. low coverage and the blocking temperature close to the transition

[33] Awschalom DD, McCord MA, Grinstein G. Observation of to ferromagnetism are investigated and determined.
macroscopic spin phenomena in nanometer-scale magnets. Phys [46] Takeshita H, Suzuki Y, Akinaga H, Mizutani W, Ando K,
Rev Lett 1990;65:783–6. Katayama T, Itoh A, Tanaka K. Magnetization process of a

[**34] Hiebert WK, Stankiewicz A, Freeman MR. Direct observation of nanometer-scale cobalt dots array formed on a reconstructed
magnetic relaxation in a small permalloy disk by time-resolved Au(111) surface. J Magn Magn Mater 1997;165:38–41.
scanning Kerr microscopy. Phys Rev Lett 1997;79:1134–7, [**47] Brune H, Giovannini M, Bromann K, Kern K. Self-organized
Although not in the nm range this lithographically made device growth of nanostructure arrays on strain-relief patterns. Nature
allows us to study and image the lateral variation in the response 1998;394:451–3, The diffusion across dislocation lines is strongly
of small devices. The dynamics of nanomagnets will become one impeded which causes the formation of islands in the center of the
of the very important issues in the field. area enclosed by crossing dislocation lines. A narrow size

[**35] Wernsdorer W, Bonet Orozco E, Hasselbach K, Benoit A, Barbara distribution of the nanostructure results.
B, Demoncy N, Loiseau A, Pascard H, Mailly D. Experimental [**48] Parker TM, Wilson LK, Condon NG, Leibsle FM. Epitaxy

´evidence of the Neel–Brown model of magnetization reversal. controlled by self-assembled nanometer-scale structures. Phys
Phys Rev Lett 1997;78:1791–4, The magnetic switching behavior Rev B 1997;56:6458–61, Nitrogen passivates the Cu(001) surface
of single nanoparticles has been measured by means of a micro- and creates a strain relief pattern which serves as mask for
bridge dc SQUID. The nanoparticle is in close contact with the deposition of iron. Fe grows epitaxially on the uncovered parts of
SQUID loops which results in a high sensitivity and single the Cu(001) surface.
particles can be investigated. [**49] Tober ED, Farrow RFC, Marks RF, Witte G, Kalki K, Chambliss

[**36] Ono T, Miyajima H, Shigeto K, Shinjo T. Magnetization reversal DD. Self-assembled lateral multilayers from thin film alloys of
in submicron magnetic wire studied by using giant magneto- immiscible metals. Phys Rev Lett 1998;81:1897–900, Two
resistance. Appl Phys Lett 1998;72:1116–7, Nanofabricated wires materials with strongly differing lattice constants are deposited on
of a trilayer system is used to measure domain wall propagation a twofold surface of intermediate lattice constant. Strain relief is
by simply measuring the magnetoresistance. The measurement of achieved by arranging the two immiscible materials in alternating
an easy accessible macroscopic quantity allows us to extract rows.
information of microscopic origin. [*50] Shchukin VA, Bimberg D. Strain-driven self-organization of

[**37] Sugawara A, Hembree GG, Scheinfein MR. Self-organized nanostructures on semiconductor surfaces. Appl Phys A
mesoscopic magnetic structures. J Appl Phys 1997;82:5662–9, 1998;67:687–700, Theoretical paper about special processes of
First report about depositing magnetic materials on a template the strain relief in semiconductor heteroepitaxy. Different self-
consisting of facets. The unstable NaCl(110) surface was con- organization phenomena are examined.
verted into a surface consisting of (001) facets by heat treatment. [**51] Teichert C, Bean JC, Lagally MG. Self-organized nanostructures

¨[38] Woll C, Chang S, Wilson RJ, Lippel PH. Determination of atom in Si Ge films on Si(001). Appl Phys A 1998;67:675–85, The12x x

positions at stacking-fault dislocations on Au(111) by scanning different strain relief mechanisms in the heteroepitaxy of SiGe on
tunneling microscopy. Phys Rev B 1989;39:7988–91. Si are used to fabricate surfaces with different self-organized

[*39] Himpsel FJ, Ortega JE, Mankey GJ, Willis RF. Magnetic nano- nanostructures. Emphasis is laid on the manipulation of the
structures. Adv Phys 1998;47:511–97, A good overview and surface nanostructure.
completion to this review. Emphasis is put on ultrathin films and [52] Teichert C, Barthel J, Oepen HP, Kirschner J. Fabrication of
electronic properties. nanomagnet arrays by shadow deposition on self-organized

¨[40] Elmers HJ, Hauschild J, Hoche H, Gradmann U, Bethge H, Heuer semiconductor substrates. Appl Phys Lett 1999;74:588–90.
¨D, Kohler U. Submonolayer magnetism of Fe(110) on W(110):


