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Spontaneous vacancy array formation on FeSi  , and CoSi, formed
on Si(100) 2X n surface
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Atomic structure of FeSior CoSj grown on the Sil00) 2Xn surface has been investigated by
scanning tunneling microscopy. After annealing the Fe or Co coverd®@®i2 X n substrate at

~800 °C, an ordered adatom vacancy array appears on the norwitiaurface of the formed FeSi

or CoS} islands, which has not been observed for silicide on tH@08—2X1. Upon further
annealing t0~1100°C, the vacancies coalesce into striped domains along one of0ilie
directions. These nanostructured features are a result of the Ni impurities, and can be a promising
template for fabricating nanodot arrays. ZD02 American Institute of Physics.
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Ferromagnetic metal silicides grown epitaxially on Sireported previousl{?~*8it is difficult to determine whether
have attracted great interest in the past decade due to theiuch an array is an intrinsic feature of the Ni silicide. This
importance in microelectronics. Among them CpSind  work shows that vacancy array is a common phenomenon for
NiSi, are by far the most studied system€oSi, is attrac-  the ferromagnetic metal silicides grown on(Xi0) 2xn,
tive as a self-aligned silicide for high-performance ultralargeand its formation can be controlled easily by a small amount
scale integrated devices because of its low lattice mismatcbf certain dopants such as Ni.
with Si (—1.2% and low electrical reistivity14 u{) cm) at The experiments were performed on a commercial Omi-
room temperaturgRT).2® Compared with other silicides, cron ultrahigh vacuunfUHV) variable temperature scanning
FeS} is more interesting because it exists in four differenttunneling microscopéSTM), equipped with a low energy
phases with distinct properties denotedagass, pseudomor-  electron diffraction(LEED)/Auger spectrometer with a base
phic, andy-FeSp, respectively.y-FeSy has a Caf struc-  pressure of 5810 '* mbar. The STM images were ob-
ture of metallic character with a lattice constantisi=5.43  tained in the constant-current mode with electrochemically
Ase etched W tips. The sample used was a heavily P-doped Si

In the growth of various epitaxial layers, defects play (001) wafer with a resistivity of~0.001 (2 cm, which was
very important roles in determining qualities of the grownintentionally contacted to a stainless steel tweezer before
layers. The dimer vacancy ling®VLs) giving rise to the |oaded into the UHV system. The small amount of Ni con-
2Xn structure on S1L00) are one of the well known defects tamination from the contact was found to be enough to pro-
in this category.*°A tiny amount of metal contaminations, duce the Sil00 2Xn structure as described in Ref. 19. To
like Ni, can lead to dimer vacancies to coalesce intoprepare a clean surface, the sample was flashed up to
DVLs.*"*? The ordering of dimer vacancies is driven by a1150°C in the UHV chamber for several seconds, maintain-
short-range attractive interaction between vacancies in adjang the pressure better than T0mbar. A well ordered 2
cent dimer rows, and by a long-range repulsive interactionx n structure can be achieved with 15—20 cycles of flashing.

between vacancies in the same rJ&VZandVIietet a|.14 have A water-coolede-beam bombardment evaporator was
shown that the long-range repulsive interaction is related tsed to deposit Fe, while Co was deposited by direct current
strain relaxation. heating of a W wire coated with Co film by electrodeposi-

Owing to a big difference in defect density between thetjon, Fe or Co silicides were prepared by subsequent anneal-
Si(100 2xn and 2<1 surfaces, it is expected that growth jng to specified temperatures, which were measured by an
and structure of silicides on two surfaces should differ sig-nfrared pyrometer.
nificantly. Recently, Goldfarb and Briglishave found two Figure Xa) shows the STM image of the as-prepared 2
different reconstructions for the CqSislands on the Xn  xp syrface, which is characterized by the DVLs perpendicu-
and vicinal 2<1 substrates: 3D islands withc§2<4) struc- |ar to the dimer rows. The DVLs pervade the whole surface
ture on the former, while 2D platelets with p(2X2)  with fairly good spatial periodicity. For most samples we
+c¢(2X2) mixed phases on the latter. studied,n varies from 8 to 12°

In this letter, we report ordered adatom vacancy array on  _o A Fe was then deposited on the abover2surface
the FeSj or CoS} islands that are grown on the(800) 2 4t RT, After subsequent annealing at 800 °C for 5 min, Fe
Xn substrate by molecular beam epitafyBE). Such an gijicide islands with an orientation parallel to tt@L1) direc-
array does not appear on the silicides formed on the08i 55 were observed. The typical morphology includes both
2x1 substrate. Although similar vacancy array on BiB&s  3p jsjands with flat tops and faceted huts, similar to the
observation by Goldfarb and Brigg3According to Behar
dElectronic mail: gkxue@aphy.iphy.ac.cn et al,* the Fe silicide formed at 800 °C can be identified as
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FIG. 1. (a) Typical STM image of as-prepared(800) 2Xxn surface(100
X100 nnt, V;=—2.0 V, | =0.03 nA); (b) atomic resolution image of the
FeSj, islands after annealing at 800 1@4x14 nnt, V;=—0.67 V,1=1.0
nA); (c) FeS} island after annealing at 1100 920X 20 nn?, V,=—0.55V,
1=0.5 nA); (d) FeSj island formed on $100) 2X1 after annealing at
800 °C for 5 min(8x8 nn?, V,=3.2 V,1=0.028 nA.

FIG. 2. (a),(b) Atomically resolved STM images of the CgSsland on
Si(100 2% n surface after annealing at 800 °@) 12x12 nnt (V,=—1.14

V, 1=0.036 nA; and(b) 17x17 nnt (V,=—0.44 V,1=0.04 nA); (c) CoSk
island grown on $i100) 2X1 (10.5x10.5 nnf, V,=—1.0 V, | =0.04 nA);

(d) top view of the structure model proposed for the vacancy array. The
hatched and solid circles denote Si adatoms anCegatoms, respectively.
The open circles correspond to the second layer Si.

the FeSj phase. The atomic resolution image of the 3D is-
lands is shown in Fig. (b), where the adatom vacancy array stronger than that on the (300 2xn. This feature can be
appears on the islands with vacancy sizesagkay, 28,  understood based on the fact that the long-range interaction
X 2agy, 2a9X3a,, 3apx3ay, etc. Within the vacancies, decays as ~2.'* For the striped vacanciek,equals to 3,
there are some abnormal adatoms, which are shifted by 1.9 Auch less thama, of the S{100) 2Xn (n=8 in our casg
(the half unit cell along the[011] and[011] directions with ~ As a consequence, the striped vacancies become more or-
respect to the surrounding normal adatoms. Hereafter we relered than the 2 n.
fer to the former as “center atoms,” and the latter as “frame We also deposited the same amount of Fe on tkEOS)
atoms.”® The vacancies usually contain four center atoms2x1 surface with similar annealing procedure. In this case,
and vacancies with 0, 1, or 2 protrusions are also observeo vacancy array, but only ax3 reconstruction is observed,
Interestingly, there are no more than two adjacent adatoms @s shown in Fig. @). Since the difference between the 2
align simultaneously along thi@11] and[011] directions. Xn and 2<1 is in the DVLs, the formation of the vacancy
Unlike the case on 2 n surface, the vacancies are not con-array must be a result of the defects induced by the Ni con-
nected together to form lines. This suggests that, at the ariamination.
nealing temperature, although some adatom vacancies are To understand the formation of the vacancy array, we
mobile, the short-range attractive interaction between the adsarried out a similar experiment with Co. The Co silicide
jacent vacancies is not strong enough to overcome the theislands with heights of 3.5-4.0 nm are formed, and most of
mal fluctuation. In addition, both the center and frame atomghem have a flat top. As CoSphase appears around 500 °C,
have a nearest-neighboring distance of 3.8 A, the same as thiee observed silicides can be identified as the ¢pBase’
lattice constant ofy-FeSi, (100 so this Fe disilicide can be The high resolution images under different biases are shown
recognized as the-FeSj phase. in Figs. 4a) and Zb), in which the vacancy features are very
After further annealing the sample up 461100 °C, the similar to that ofy-FeS}. Both the frame and center atoms
island number significantly decreases at an expense of ifave a nearest-neighboring distance of 3.8 A, the lattice con-
creasing island sizes. The atomic resolution image is showstant of the CoS{(100) surface. Some vacancies with three
in Fig. 1(c), where the vacancy array becomes much orderedorotrusions can be observed occasionally. For comparison,
More interestingly, some vacancy patches connect each othéte same amount of Co were deposited on tH&(8) 2x1
along one of thg011) directions, forming a straight stripe surface. After annealing at 800 °C for 5 min, Cp$rms
with a width of 3ay. In term of the above two annealing and the high resolution STM image is shown in Figc)2
temperatures, we can infer that the barrier height for thdnstead of the ordered vacancy array, only small point defects
coalesce of adatom vacancy ranges freim0 to ~90 meV.  without center atoms appear randomly on the GaBiface.
This striped domain is very similar to the DVLs on the These results are similar to the observation by Sirringhaus,
Si(100) 2xn surface. The difference lies in a monotonic Lee, and Kael?>?*where thev2xXv2R45° reconstruction of
width of 3ay and the embedded center atoms for the formerS surface was also observed. The experiment suggests that
As the striped vacancy domains are straight, we speculate thbe formation of vacancy array on Cg$ also related to the

long-range repulsive interaction between vacancies to bdimer defects on the2n substrate.
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