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Clean Sl(lll) 7x7 aurfaceH were pro'diiL-ed by heal iny (o VMI'T for 10 mimiies
find L-ooliny ülmuly {< 5U°/min). N» iofiuritiea werc duterted by phuloemiüsion
imil clear sharp 7x7 INI) | > . i l l r n > : > wnre ubtaiited. Pb wuu euupnrated from n
Knudsen cell at 0.4 Hl/min onlo i he snbstrate eillicr at R( o r 250°t:. Ihe
/Sxo i et nn',11 urt inn was obluined by subsequent annciilino. al 'illH'T ag f i rut
deactibed by ESIROP and HORRISON /8/. Althnugh l h.- deposition rate wao noitl-
lored with a quaitz microbulanre Lhc final coveraye MI . , a l ittlc nn< t il.nn
tn' i nnst' Pl> atotmi were duuorbed diiriitg annmiling. A relative measiire für Iltis
coneclion from Pb-deaurpl ion was ohtained from tlie ihtcnsily of Ute Pb 5il
coro levela in photoemiaaion. Similur desorpt ion c l l i - r l s were nl-'.ci v rd by
SAIIüll et al. /9/.

i. INIRODuCIlQN

Systemnlic studies; of adsorhed nlons on slllcon »urfaces have greatly con-
M i l i t t l t - . l tö nur presertt underntiinding of the utructureo anil the nechanitiffls
of inlcrfare formation. In tlie case of the group III nietala AI, Ga ai>d In
itefuisitioii of 1/3 monoloyer (Hl) on the 5i(lll) 7x7 surfare proditces a
/>x-^ H)0" (denn t ml by ryurj froi» now 011) reronatnx:t irai. AUhuugti aeueral
r m i i h - l - , weie pro)insed lo explain this recoriul ruct ion, recent theoret iral
stitdiea indicatc /!/ tliat the eclipsed (1.) modcl in w*iii:h tltc metal alom
is plured in II» threefold-sytimelr ic situ tibuvc a second-layer 5i atom haa
tbe loweul total energy if siimtrate relaxatlon is iwluded and prouides
the best »i|r«eniuiit with (»tiotoemiasion exper imcnts. Wien gruup IV aloms are
depnsiled an Ute Si(Ill) 7x7 »iirface ae«eral diffeient siifiRrtitnictures (e.y.
5x5, 7x7, c(2x8) , 1x1, /Jx/S) are found. Oy analuqy with tbe grouj) III
nn-l.-.l i it miglit be expetled thal Ihe /Jx/J atruclures pruduced by 1/3 Ht Sn
or Pb on Si(lll) rould be explained by tbe tlneefold eclipsed nadel. In Ihe
presenl sltMy wc Imve Hjipl ied the x-ray stanJiny waue (XSW) terhnique to
tbe Si(lll) /Jx/J-Pli syatepi in order lo de türm ine Ihe paaition of the Pb

relative tn the Imil- Si lattlre.
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Ibe X'.u Icclwiiqtie mnkes use of the apotinl periodicity and ttie pliaae
tuntibility of »landinq wave fields. By »aking an XSW meaauremenl with (hkl)
aulmtrale reflei:tion one extracts the phase (*) relative to the aubatrate
diff iact ion planen and Ihe amplitude (f ) of tl»e (hkl) Fourier rumnonenl of
the adsnibule aloni drnuity diät ribut ioii fnnct ion. Ihe phane ia closely
related to tt« disinnre of Ihe adnloms from the «urface in Ihe llikl] direc-
t IHM ;n„| ( ! „• nmpliliKie is related to tlte deyicc of ordcr in the overlayer.
Ih« qiiiMititics * and f aie nt>tiiiiied by R leasl-squares fit of ttie normali/ed
riiifii-pücenre y ic ld f ic im Itie ouerlüyer atiuna wi th an cxpressitwi ilerived from
Huf ilynamicül theocy nl x- ray di ff ract Ion, Previouuly the melliod haa beert used
i.ui i i-;;:, f u j ly to determine Ute pouilion of uditlonis un surfarea /2-5/.

2. EXPIRIHfcNI

Ihe sum()le!J »ere prcpiiifd in U* UllV plutot-mission ayslem al the l l l t 'PER II
bcfimlinc io IIASYIAD /6/ and wcre &ubE>e(|iient ly transfeired lo the wiqgler
beamlim- in a anal) portahle IH1U rhiimlMjr f i t te i t w i th a 0.*> HI« tliirk Be

. Ihe XSW expcrimenlal sot-up at Nie wiqqh-i bciiml ine liaa twen des-
iheil in Ref. /!/.

l'roc. iruSS-lt, A t - . t r i . l . iM- , June 19117, .1.1. v.m
(edü.), Sj>rin<)er See ICK in Surf. Sirie.

,1111) M. A. Hriur

3. RESULI5 at>d DISCUSSiüNS

tlie rS&rlt füll" UM) pattern cnuld originale fron the atop, opcn or eclipsed
site adaoiption on Si(lll) aurfacea. AI Ute atop aite nn a Sl(lll) surfare
an adatooi ia directly oltached to a ourface Si danyliny bond. At Ibe open
site the adatom is at the thieefnld holloM poüition ouer o fonrUi layer Si
aton and at the erlipsed site at the threefold position over a seconü liiyer
Si atom. Ihe adaorbatc will liave different density diütributions il the
atorna are at different adaotplion uites and at different diatances In.m Ihe
aurface. Ibis diut ribut ion is fuurier analyzed by the XSU metlind to dt-termine
Ihe atructore.

Ihe resulta of XSW meaaurenienta on Si(lll) /ix/J-l'lj depositcd nt Rl ml h a
(111) reflection are shown in Fig. l, and those with o (220) reflertion In
fig. 2. Ihe phases (4) and aniplitudeo (f ) of the Pb titom dcnuity disti'ibo-
lion, can be inlerpreted in lerrus of Ihe adsorption aite(s) of Pb and Si-Pb
bond lengtb(s). Ihia is relatiuely aimple when tlie adsorbed attma are al a
single type of s i t e . Ihe analyaia ia more difficult for miltisite adsorptinn.
hotMever, witt i reaaonable aseiiDfitions even conplicoled atructures can be aolved
/10,1l/. No theoretical calcululion, wliich could be taken äs a guide, ia hither-
to available for tlie Pb/Si(lll) syste« reyarding the energetics and the Si-Pb
bond lenglhs asa(x;iated Nitti diffeient adsorpl ion sitea. Ilowever, notinq the
ßinilaritiea between the HM) patterna of Pb on Si(lll) and qronp III metala
on Si(lll) /12/ for a cuverage of 1/3 Hl , we can use sunie nf Ute theoret JK«!
reaults available ror the A) Si(i l l) tiystefn /!,!!/, wiHi adjuütmenls to
accniHtt for llie Pb atum. Ihe Al/Si(lll) aystem hau huen i.-husün ln'i iniM- only
for Mut; syatem the Inrgeül rumlier of adsoiption sites hmi been coinfiored
Mithin tlie sunte Iheoreticul frumcMork, and the preparation (li'^milriii c of Uu-
l MI), phototfmisaion and vibrut ioital fruquency duta htive been cxpliiined /l)/.
Itie eatimated Si-Pb bunt l lenqths, from Um correr.pon<)inij Si-AI botid lengthn,
the expecled t valiies »nd thf meosured onea für diffcrent adsorption sites
are listed in lable I. for Ute set »f data (a), obtained for Rl depnaition
of Pb, ijinul agieement w i t h tlie alnp sii te adaorption is aeen finm l tu; tuhle.
Ihia ayreement alao siiijyeut;. Ihe aboenre of any siqnificant relnxat inn of
Ihe subülrotc. I f one aaanmci] nn outwiird relaxat ion nf 0.50 A und assio/is
the Pb (i 1 1 »M! i ül Ihe eclipseil aite, 1 ( 1 1 1 ) = 0.94 wmilcl be experted. HoMPVer,
in Ihm cuse 4(220) wuulü !«• 1.41 - inrnnaistcnt with the nbncrufd vulue of
1.07. Aüsitjitmcnt of the Pb »Inms lo Ihe open site or the relaxed erlipscd
i , i t i - wiHild jil'.n i t" |ui i i ' ar< unri'ar.onubly large iHilwnrd relaxntion of 0.72 A
to explain the meuaured IMIil. Ihis wnuld also prodiice t(220) valne» qnile
different fnxu Ihe one ulcicr vntl. llu'ii'fine, wc ronrlnde that for this pre-
paration Pb ntomn orcopy l In- iilup sitt.'ü /14/. Ihe ürnull vnlucii öl thf . m > | > l i
tudes (f ) in bolh (111) find (220) ctiscs CINI be inturprelcd tu be arisnit) 11 um
the prea&nce nl a h;n tmn öl Pb ntoin:i nt imn|]i i- lr i t nl M) poailionu. Dinorder
hilü ,ih,n In i n nl i .r ivf i l for the ( i r . ' i lU I I ) H i l i - t t i n i - / l)/, l'i i'Mmiubly , Ihr»
boiul nun-'i,il ui .il Min in MK ,r syüt l.-niü l t . n l - l O dl :,ui ilri . Hu- luink'l (dl the
.ilnp : ; i t f - aihiitipt iun ia shuvin in l ig. 3 wi lh thi: (111) and (220) diüliintc



lable l: F_Bt im; j fu<] Si-Pb hmid Irngths trom theurut ical S i -Al bond leixjths
fnr different ndsurplinn silcs, and Ihe sxpef j ted and measured phübeü of tl
(1J1) and (220) fnuriev componenta nf Hie l'b a t um densily distribulinn.

Aitsorpf inn
site

atrif)

relaxed
eclipncd

Bund Jemjlti R
Si-Al , Si-PIJ

»tun
Ilieory estimated* cxpected measured

2,37 2.66

2.55 2. 89

2.68 1.02

2.44 2. /O

a)
0,97, a )l 1.9440.1h
0.96''' b)O.B2*fl.01

n.7ifl{fc)
0.58 '

p _7 ß")

0.58C)

0.71a>

<t(220)

experted measured

l 1313* «)1 07-*008
I.'l2c)

1.45 a!
1.27C)

*-2o3
0.94^

i.nS
0.72 1.13

J) Fnni Ref. 13 t) From Ref. l
i-') These ualues have bcen oblained by iisintj Lhe sum oF the ciwalenl rndii or

PnulJitg Ibl riiliedral covalent radii Tor Pb and Bi for the 5i-Pb bond l engt h.
See ReT. 15.

• For Ihe alop tüte: Si-Pb has beeil obtainßd by nddintj thß dift'erence of
cimilwnt radii (0.29 ft) of AI atri Pb t.n Ihe Si-Al bond leriyth, Tor a
(hl EjeFold :;jte t he bondn are in yeucral rif mme ionic character and,
thercfiir«, !he difference belween Hiß ionic rmJij (0.34 Ä) hus been used.

" Hiis relaxutjnn btisirully ini/olueü vertikal itia|ilacMfienls oT Hit; ueccjnd
and thii-r) laypr Si atuins and only laferal dlüplftneiuciits of t he firsl layer
5i atoiHti. Ahnwic diü|jlat-{ifiients in Ref. l nie imiy aimilar to those in
flef. U.

Ihe t|uolfil ualues of 4 in lablc L is t ho avernijp uolue and Hie error
arconnt» f'oi Ihe varjations ubservucj für different aaniples and for
spul a an Lhe Bnr«e snm(i]p. Ihe lüyti pholun fJux froin „Lhc wjggler beain l ine
alluwed ineasureincnts (]n Riual) sjiots of area -0.2 mm . In some cases it was

to mähe nm^üiirf-inenls uit very afiiall spols, ttie apot size being
limilcd ta thß auailable stroinfme rcgiori of tbe rrys^al.

Mio resiilts of XSU nieosurenieiiLa for the sample prppared by deposition at
2ftUnC are shown in nurve b, Tig, 1. [No (220) meamii'emRnl- hus heen mfide
corrcapcindinq to this prepurut ICHI]. Ihe ol>serued $ da&a ftfiL correspotid tn
any oT thuse expenled fnr differenl adsorpt inn sile3 (see Table 1), fluweuer,
this phaRB {^= n.f!2) cun he seen to be doe ho thß urrupal ion of multiple
silus. For eyanijilf;, if we asaune 5(1 % of Ihfi l'b atruriH ot Ihe al»fj s i te (* =
0,97) ;iiid 50 K ul the open or relaxed eclipr.ed üite ($= 0.71) Ihe jibase and
amplilndu nf t.lie f t tur ier i r 01 «[Minen t of this Distr ibution wniilcJ btt * = 0,84
d. . and f - 0.68, r(^;pecliwfi)y, »-Jiich nre very closu to the obserued uüliiGEi

l unf*= C0.02+n.ül and f ; ü. 72+0. 02- Ihis COITCU|»IK|Q to a Hitnatn»n
wher*' all the Pb aUima arp in roguilrat ion wi üi Ihe surffice atonia, thoiKjh at
innre Kiau otie prcteient inl siteo. A» the iibfierwut 't valtie S R bolween Lhe ex-
pccled t ualues for UIR RL-lipsed and alop siley, it c:an also t>R explaineii by
aüstimiftq » d i f f e ie r . t pnpuUit iun djstrjbul Joti at Ihrue Imo silns. This meanfi
that Irom nur presient data we c:inu»l dim'i iminnlc jimunq the tlireefojd sites.
Hnweuei1, it is irlear thnt ne atill need MIR ntr>i) comprinent lo üxpUiin L heue

Aa menl ioned beforet willi Um Ph iitomH at Ihe atop s i t c (ÜWCF bonilü are
satuiated. Ihia could be pari nf the reaEon why hiyh diynrder (sma.ll f ,,
f = 0.3) was obserued for ftl deponition. On Ihn olher li;«i<l, fnr Ihc (iccup;i-
tlon üf a Ihreefold site, such aa open, eclipsed or relaxet) erlipaed, morR
bond Saturation is expected, which cnnld be renpon^ible fnr a niore urdertid
ouerlaycr (larcjß F ), We ühHerwe a l arge f\n tlie case uf di-pus it iun »t
25Ü'IC which can be'explained in terma of rjoadsnrption at llic- oncfold alop
and one or more of (he afnrementioned threefold siteri. In fact, thia act uf
data (*= O.B2, f^ = 0.72) can haue another possible explanation. Sincc t;lic
expected $ fnr the eclipsed alle (lable 1) is very dose to the observed $ ,
one interpretutjoii could be: 72 S of the Pb otoms are at Ihe eclipsed siteü
pnd the resl in random disstr ibution. Howetver, in this case the Substrate
woiild be outwaidly relaxcd by 0.13±Ü.fl3 R. Iheoretical s Lud i es on thß I'b/Si
aysLein cnuld help tn Misolve theEic questiona.

It stiould be imted bliat depny i t ion of - l HL l'b at lil FollowKJ by heating
at 300"C prodiices a /^x^ Ii3lt° IL£D pattern (the en-called ß-phaat:). Upiin
further heatiny at 400°C a secund /5x/3 H3ü° patlern appears (the ao-cuJ lecl
a-phaso) correspondinq tn 1/3 ML of Pb, the rest oF Pb boinq desini'bc'l /fl/,
Ihe Pb/Ge(lll) aystem shuuia n similar behauiniir. The observed phasc wähle
in tl* presenl study for the U 1-depusiLed aaniple, ^{lll) = 0.94, lü rluye
to what me haue observed for the ß-plisse of Pb/Uo(Jll) syytem, ^(Ul) - 0.96
/16/. Ihis indicateb some structural similarity, at Icast in the diütnnce
compDfient in the [llll direction, between Ihe a- nnc) the ß-phas«; ntjlninetJ by
lil depasitiun falloMed t)y annealing,

4. EONCtOSlÜNS

ÜB haue shown that the /3x/3 1(30° ICFÜ patturn ubtuined für !/3 mnnohiyur uF
Pü on SiCll l)7x7 surface, carrespnnda to different ijBomeLr ical arrr«ujRninnta
of the adaloms dependinq on Ihe nample pieparatinn. Slmjle s i te rir innttisite
ttdsorptian appeors to be fauoured undcr ceftain urcparution conditions. Ihia
liinta at the exiatence oF more than onu hlqti syiFwi«;U y attüui'jjl inn süfiö with
nearly equal binding enerqies of the Pb alums.
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H.qure Captiona
I ig. l fiefleclivity (R) for Lhe silicon (111) reflecLiofi: experiment
(plüöeiä), thcory (dasheü liue), anil Pb L fluoreac-ciiL-e yisld (Y ) : üxperinient
(circlea, squaies), thcory (sulid lines), äs a functiun of wavulungl.h ül the
incident x-raya. AX = (X . - \) ia the dewiation fru» \t satiMTius the
Bragq Kondition. The equivalent Af t (= 9- S ) scalu is shuwn at Lhu
ttip. Dirues a and b currespnrid tn iteposilion at RI arid at 250°C, rcspcctivo-

f ig. 2 Heaniriya of the Symbols are na in Mg. l, but in this cnse fur
silicon (220) refleclion.

t ig. 3 A Pb atom at Uie atop s i te with an Si-Pb bond J eng t h uf 2.'j6 R
is shown. Die distance cüinpouenta are measured (rnm tlie diffracliün planes
äs shüwn. Nute that Ihe (111) diffraction planes are halTway belwecn ttie
silicon bilayers.
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