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Epitaxy controlled by self-assembled nanometer-scale structures
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We demonstrate how periodic arrays of islands consisting of an atomic nitrogen-induced reconstruction of
the CY100 surface can be used to direct and control the shapes and distributions of islands of epitaxially
grown Fe and Cu. This has resulted in the selective creation of either arrays of nhanometer-scale stripes or
two-dimensional periodic arrays of island§0163-18207)03535-2

The controlled fabrication of nanometer-scale structures ishe c(2x 2)N reconstructiort® The island size (%5 nm?)

a tremendous challenge. Interest in such structures comés extremely regular and is believed to be due to a slight
from both the desire to create and understand the propertiégcommensuration of the(2< 2)N structure with the under-
of “gquantum dots’ and similar scale magnetic structufes. lying substraté? Figure 1 shows a typical area of a €00
Techniques for creating these structures are limited, thossurface with an atomic nitrogen coverage of 0.2 ML, upon
based on scanning probe microscopies are limited both bgnnealing 55 nm? ¢(2X 2)N islands have self-assembled,
the difficulty and the time required to create structures ovethese islands have aligned alo(@01) and(010 directions
macroscopic distancéd.There is, therefore, a motivation to and form an additional long-range periodicity consisting of
find systems where nanoscale structures self-assemble. Ngually spaced lines af(2X2)N islands separated by areas
guarantee, however, exists that such systems will have thef the clean X1 surface. Similar effects have also been
properties that are desired. It is therefore important to find
self-assembled systems that can then be used as templates t(- =
create desirable structures. ;\QE?

In this paper, we demonstrate how one such self- B " 4%
assembled template can be used to create a family of struc-
tures. We have studied how periodic arrays of islands con-
sisting of an atomic nitrogen-induced surface reconstruction
of the CY100) surface can be used to channel the epitaxial
growth of transition metal§Cu/Fe to form narrow 5-nm-
wide metal lines or two-dimensional periodic arrays of
Cu/Fe islands depending on the initial nitrogen coverage. In
itself, N on C{100 may not seem interesting, however,
transition-metal growth, particularly Fe and Co on the
Cu(100 surface, has been extensively studied because of the '
interest in magnetic layers and the fcc-bcc growth
transition®~® Similarly there is also interest in the magnetic
properties of 8 metal clusters on surfacés.

These experiments were performed in a conventional
ultrahigh-vacuum{UHV) chamber equipped with a commer-
cial room-temperature Omicron Vakuumphysik scanning
tunneling microscopgSTM). The CY100) surfaces were =
Cleaneq using cycles O.f argon-ion bo_mbardment followed by FIG. 1. STM images showing the ability of N to form self-
annealmg to 720 K. Nltrogen deposmqn was performed byassembled, highly regular nanometer-scale structures ¢hOQu
bombardmg the surfa_ce with 500-eV nitrogen ions foIIowedsurfaceS_ The main image shows a X220 nn? area of a C(100)
by annealing(for details, see Ref. 0Cu and Fe were de-

i . surface with an atomic nitrogen coverage of 0.2 ML. Upon anneal-
posited onto the surfaces using electron-beam heated evapQy the nitrogen forms small 85 nn? islands of thec(2x 2)N

rators. _ _ o _structure. The islands align forming long rows separated by areas of
Atomic nitrogen interacts with Cu substrates in interestinghe clean surface. Nitrogen islands are denoted by N, step edges are

ways. N acts to passivate Cu surfades a similar fashion  denoted by S. The inset shows a STM image of 60 nn?

to As and H passivation of Si surfaces. With atomic nitrogenregion of a C100) surface with an increased nitrogen coverage of

coverages of less than 0.5 ML on the (00 surface, an-  0.24 ML, the rows of islands are much more closely spaced giving

nealing results in self-assembled regular arrays of islands afe surface a “Cartesian” appearance.
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FIG. 2. A series of three 6060 nn? STM images showing how the growth of Fe onto(D00) surfaces can be controlled by the
presence of N island$a) shows a clean Q@00 surface onto which 0.13 ML of Fe was deposited at room temperature. The Fe has grown
as small randomly spaced islands, with island edges running ittt directions.(b) shows a C(L00)-c(2X 2)N surface, similar to that
shown in Fig. 1, on which 0.4 ML of Fe has been grown. The epitaxially grown Fe is channeled into the regions between the N islands
forming long narrow stripes with island edges now running in{®@&l) directions. Some second-layer growth can also be observed, one area
of which has been boxe) shows a C(L00)-c(2x 2)N surface similar to that shown in the inset of Fig. 1, on which 0.2 ML of Fe has been
grown. Again the epitaxially grown Fe is channeled into regions between the N islands. The region enclosed in the rectangle shows an almost
perfect two-dimensional square array of Fe islands on this surface.

observed for the Qi10-(2x1)O syster? and explana- have been prepatterned with tlig2x2)N islands[Figs.
tions for such periodic structures involve electrostatic inter-2(b) and Zc)]. As can be seen in Fig.(&, Fe deposition
actions and surface stress effettés the nitrogen coverage onto the clean CG@00) surface results in islands randomly
is increased, the spacing between the lines of islands is respaced across the surface with island edges running along the
duced to eventually form a Cartesian-like array of(011) directions consistent with studies of other epitaxially
c(2X 2)N islands as shown in the inset in Fig. 1. It should begrown transition metals on this surfateWhen Fe is grown
noted that the methods of sample preparation, involvingonto surfaces like those shown in Fig. 1, the island shapes
equipment common to virtually all UHV systems, could rou- are dramatically influenced by the presence of the
tinely create these nanometer-scale structures uniformlg(2x2)N islands. The Fe is channeled into the regions be-
across the whole of our’$7 mm? sample. tween the islands. In Fig.(B), where the substrate initially
Figure 2 shows the result of submonolayer depositions o€ontained lines o€(2x 2)N islands, Fe deposition results in
Fe onto clean QW00 surfaces[Fig. 2(a)] and those that elongated Fe islands found between the N islands, both the
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FIG. 3. STM images and linescans showing that the presence
N islands on the Q00 surface serve to control the growth of Fe

well beyond the first Fe monolayefa) and (b) show two 55<55
nm? STM images of a C{100)-c(2x 2)N surface. The image ifa)
shows thec(2x 2)N islands on the clean €100 surface; the im-
age in(b) shows an area of the same surface(@safter an Fe
deposition of 1.5 ML(N islands are denoted by N(c) shows the
results of a linescan as indicated(ln). (b) shows that the nitrogen

(b)

FIG. 4. Two 60<60 nnm? STM images demonstrating that N
islands serve to direct the epitaxial growth of Cu as well agNre
islands denoted by N, step edges by @) shows a region with a
0.2-ML N coverage with 0.11 ML of epitaxially grown Cu. Epitax-
ial grown Cu island$denoted by 1grow either out from step edges
or on the terraces. In either case, the epitaxially grown Cu is chan-
neled into the regions between the N islan@s. shows a region
after a 0.50-ML Cu deposition, showing both firsty and second-
layer (2) growth. Note that the small islands of second-layer growth
initially show edges running in th€011) directions indicative of

A@yer-by-layer growth, and larger islands take the shape of the pre-

ceding layer. This demonstrates that the method creates small bi-
atomic layer islands.

widths and the lengths of the Fe islands are clearly controlled
by the N islands. As can be seen in Figb)2 the Fe island
width is limited to the 5-nm spacing between the N islands
whereas island lengths up to 80 nm have been observed.

islands still govern the positions of the islands of epitaxially grownAlso the Fe island edges are now along {he1) directions
Fe. The linescan indicates that the Fe islands are 3—4 atomic laye¢f the substrate.

high.

When Fe is deposited onto a substrate similar to that
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shown in the inset in Fig. 1, the resultant surface is similarlysults and these previous results. Likewise, we have devel-
affected [Fig. 2(c)]. Again, the Fe is channeled into the oped a methodology for templating the surfaces by using the
regions between the N islands. By fine tuning the prepaN islands to direct the epitaxial growth of Fe and Cu on the
ration of the N-prepatterned surfaces and the amount ofu(100 surface to form regular arrays of islands or metal
deposited Fe, it should be possible to create a near perfetifes. Likewise, we glso believe that our results will similarly
two-dimensional array of Fe islands across the whole of théold for other transition metals and quite probably other ma-
surface. In the field of magnetic data storage, factors suckgrials such as g,. Our results differ in that we have clearly
as magnetic grain size and separation are important witdemonstrated a degree of control over the initial substrate

typical dimensions for the best materials being grain size£€sulting in the ability to produce on the same substrate ei-
of about(10 nm2 and densities of & 10¥/mm?2.1> An op- ther equally spaced epitaxially growth metal lines or two-

: ) ; o dimensional arrays of metal islands. Figures 3 and 4 demon-
t|ma2I N-prepatterned §urface could yield a grain smﬁjo!i strate that the N islands affect the morphology of the surface
nm)- and a very tightly controlled grain density of .
o1 D . well beyond the monolayer level. Other differences are as
4x10'Ymm?. Whereas recent work has studied the mag- I ; e
; . . ; . ows, if the growth of transition metals onto the @l1)
netic properties of random two-dimensional assemblies OF) f i | by-| h he eff f the disl ,
nanometer-sized islandsthe surfaces created here are>-nace IS fayerby-layer, then the effect of the dislocations
highlv ordered ’ serving as nucleation sites is lost after the first layer is com-
gny : eplete. If, as in the case of Co growth on @AdJ), clustering

There are two additional aspects of this work that must b e .
. . .~ occeurs, then the individual clusters may not have a particu-
discussed. First, the N-prepatterned surfaces serve to dire : .
arly well-ordered lattice. In the results presented H&igs.

epitaxial growth beyond the first atomic layer of deposited . ; .
mpaterial(lgig 3 Figl)Jlre 3a) shows a C(100) ;/urface wi?h a 3 and 4, it can be clearly seen that the islands of deposited
nitrogen CO\}erége of 0.21 ML: this surface was not suﬁi-metal are confined laterally by the nitrogen islands but in the
ciently annealed to produce a high degree of ordering amon\gﬁertlcal dlrl‘nepsmn Ia;;]er-byélayer grOWtZ orc]:curs. iodi

the nitrogen islands. When 1.5 ML of Fe is deposited onto In conclusion, we have demonstrated that periodic arrays

) ; L : of 5x5 nm? islands of ac(2Xx2)N reconstruction can be
LTZ:%?E&FESI(:?B;;S dgpaﬁzrgrltjggr;?celgggfsi?ghthtizused to direct the epitaxial growth of transition metals on the

. A . Eu(lOO) surface for coverages between 0 and 4 atomic lay-
positions on the surface are still influenced by the underlquars Varying the initial N coverage can lead optimally to

N islands. Secondly, in Fig. 4, we show that our results als(l)slands of epitaxially grown material in periodic 5-nm-wide

extend to other transition metals. Here Cu is deposited ontotri r periodic two-dimensional arr f small island

Cu(100) surfaces that have been prepatterned with N islandg " P€s, Or periodic two ensional arrays of small 1slands
7 ) across macroscopic distances.

and similar results are obtained.
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