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Scann ing t unn eling mic roscopy is used to obtain images of reconstructed
W (111) and W( 211) surf aces. The reconstruction is induced by submonola yer

coverages of carb on and oxygen.

PACS numb ers: 68.35.Bs, 07. 79.C z

1. I n t rod uct io n

The (111) surf ace of tun gsten has recentl y attra cted som einterest because of
i ts therm al faceting pro perti es [1{ 4]. The W (111) surf ace is an atom ical ly rough,
loosely-packed surface (i n contra st to the close-packed surfaces l ike W (110) and
W (100)), whi ch underg oes large-scale topographi cal reconstructi on i f i t is annealed
in the presence of v arious adsorbates (Pt, Pd, Rh, Ir, Au, O, Cl ) [2].

It is interesti ng tha t so far there exist no publ ished im ages of clean W (111)
surf ace obta ined using scanni ng tunnel ing microscopy (STM), al tho ugh im ages of
W (111) covered by adsorbates have been publ ished [1, 2, 5]. In thi s work we have
attem pted to suppl y the missing data by obta ining a high resoluti on STM im age of
W (111). Al tho ugh we have not succeeded in rem ovi ng al l of the im puri ti esfrom the
tung sten surface, we have reduced the conta mina ti on covera ge to a subm onolayer
level, and obta ined a hi gh resoluti on im age of the surface.
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2 . E x per i m en t a l

Observ ati ons were carri ed out using a comm ercial scanni ng tunnel ing m i-
cro scope: Om icro n VT STM 100 RH/ D H, equi pped wi th an Aug er electro n spec-
tro scopy (AES) setup. The base pressure of the vacuum system was lower tha n
1 È 1 0 À 1 0 to rr. Ho me made tung sten scanni ng ti ps were used; they were prepa red
by electro chemical etchi ng in a soluti on of KOH. Surf ace scanni ng was carri ed out
at room tem perature, in the constant current mode. The tung sten (111) sampl e
wa s cleaned in sit u by repeated al terna ti ve anneal ing in vacuum or under the oxy-
gen pressure of 1 È 1 0 À 7 torr. The im age pro cessing and height pro Ùle analysis
were perform ed using W SxM software from Na notec [6].

3 . R esul t s an d d iscu ssio n

Af ter the cl eaning procedure has been carri ed out, the sam ple was charac-
teri sed by Aug er electro n spectroscopy. The Aug er spectrum (Fi g. 1a) is dom inated
by a tung sten substra te signal at 179 eV. The surface is slightl y conta minated by
carbon (p eak energy at 272 eV) and oxyg en (p eak energy at 510 eV). The relati ve
AES signals of conta minants (com pared to the tung sten signal ) are 1

6
for carb on

and 1
9

for oxygen.
Fol lowi ng AES characteri sati on, the sampl e was subjected to anneal ing at

1500 K for 3 m in to al low for local equi l ibrati on of the ato m ic structure at the
surf ace. The resul ti ng surf ace structure is shown in Fi g. 1b and c. The reconstruc-
ti on pattern f ollows the three- fold sym metry of W (111), but the elementa ry cell
shown in (c) is 6 ti m es larger com pared to the unreco nstruct ed W (111). Thi s 6 È 6

reconstruc ti on is accom pani ed by relati vel y large height corrug ati on ( ¿ 0 : 2 5 nm ),
as can be seen in Fi g. 1d. Thi s corrug ati on is greater tha n the typi cal corrug ati on
(< 0 : 1 nm ) of unreco nstruct ed m etal surfaces [7].

Im ages shown in Fi g. 1b and c represent a typi cal pattern found on our
W (111) sampl e. Ho wever, in one region we found a reconstructed pattern wi th a
two - fold symm etry (Fi g. 1e and f ). Thi s pattern resembl es a clean W (211) sur-
face [8], except tha t the distance between the ato m ic rows is doubl ed: 0.9 nm
(i nstead of 0.45 nm for unreconstructe d W (211)). It appears tha t in thi s special
reg ion of the sam pl e facets of (211) ori enta ti on appear on the surface. The angle
between (111) and (211) planes is 1 9 £ 2 8 0 ; the appearance of (211) facets on a (111)
sam ple m ay be due to a local defect, e.g. a scratch, whi ch causes local deÛection
from the (111) di recti on. It should be noted tha t the im age shown in Fi g. 1f may
be interpreted either as a 2 È 1 reconstruct ion, or a 2 È 2 reconstruc ti on, because in
our experim ent we coul d not resolve indi vi dual ato m s wi thi n the ato m ic rows. The
height corrug ati on in the reconstructed (211) reg ion is smal l : 0.03 nm ; however,
the preci se value of such a smal l corrug ati on may depend on a speciÙc ato m ic
conÙgurati on of the scanning ti p.
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Fig. 1. (a) T he A uger spectrum of the tungsten sample. (b) ST M image of recon -

structed W(111) surf ace. (c) T he same surf ace at a higher magni Ùcati on. T he w hite

rhombus indicates an elementary cell of the reconstruction pattern. (d) A height proÙle

along the segment indicated in (c). (e) {(f ) A region of reconstructed W(211) facets.

(g) A height proÙle along the segment indic ated in (f ).

In conclusi on, we found, using hi gh resoluti on real -space STM im aging, tha t
a subm onolayer coverage of carbon and oxygen causes a 6 È 6 reconstruct ion of
W (111) surface and a 2 È n ( n = 1 or 2) reconstruc ti on of W (211) surface.

Ac kn owl ed gm ent s

Thi s work has beensupp orted by Uni versi ty of W roc¤aw, grant No . 2016/ W / IFD .



784 Z. Szczudlo et al.

R ef er en ces

[1] C.-H . N ien, T .E. Madey , Sur f . Sci . Lett . 380 , L527 (1997).

[2] C.-H . N ien, T .E. Madey . Y .W. T ai, T .C . Leung, J .G. C he, C .T . C han, Phys. R ev.
B 5 9, 10335 (1999).

[3] J. K olacz kiew icz, E. Bauer, Surf . Sc i . 420, 157 (1999).

[4] J.J . K olo dzie j , T .E. Madey , J .W. K eister, J .E. Row e, Ph ys. Rev. B 65, 075413
(2002).

[5] C.-H . N ien, T .E. Madey , Surf . Sci . 433 -435, 254 (1999).

[6] ww w .nanotec. es.

[7] Y . K uk, S T M on M e t a l s , in: Scann i ng Tun neli n g Mi cr oscopy I , Eds.
H .-J . G�unthero dt, R. Wiesendange r, Springer- V erlag, Berlin 1992.

[8] Y .B. Loso vyj , A . C iszewski, S. Zub er, Ph ys. Status Soli di B 225, R6 (2001).


