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i

S l^ o

— *

£ S
W ^

Li
u
y
0
~
5

B
|
c

1
e
f
u
o
v

•-t
g.

3l

a

i
v•o
v
u<c
•kl
c
3

+j
U
V

oB
v

W
IM
o
-c
v
*c
X

•n «
jj2 ä

fr-

•• •**
kl
ai jj

•O eE
o g
C b
0 ffi

u a
(p
«* i<

U 3

•O -i
C JJ

, a
a
•>J «J
U

i— -~

C l. -3
M - 3

• 4 l• K M
• • 1 8

gf •• •
•n S *

2 i * °
•S 5 § S
u L, -a
e

r? $

8 " * I— ~

1 " -. 1

5 •— '** 3
3 kl

*" (o > a
= 3 — «

— — w

Eigentum uer
Prop«rty of

Zugang: ^ „
£ C

Accession»;

Leihfrist:
Loan p«riod'

-r* tT ^ —

*v i- '— O
ri *" ta

>. «
~+ 'a *
u

» W J J 1 1

o "§ "> "C 2
Q, —

— • * -o P J 1
2 s s 5 "
~ ^ 1 5 S «

2 1 o « 3
JJ -i £ j O
— _ — A

0 4* • 2 _

lh *J AI— 1 1 - 1 i (J

p\rrw B.bliothek
librofy

; JUN' 1988

7 T'Mje

_
slB
n
A
W

Q

"•"

C

M

B
l

8
_**

.2
(Q
_,
9

i ?

a

2 ~

1
r*B

C
0

£
1*4

0

•U
o
><
10

O
cg
•g
2
,z

1
^
s

M

£

d
•o
•in

•
*
c
O

•c
£o
T

J

•
^5
J

>.
i

-

^
-;

B
H

8
a
r«̂i
§
h
0

•
•
0)
Bi

•P

l

•̂

~

—*

i.
>•
«

—• kl 4J
= M

= ul

w «

« ö

"i «
*J -3 -M

- l,, a

a 2

r•o
-3

J

O.z >•
- «
4 -

-S 3

*

S.
i

" *
'

a 'Ü

* J -

— >

*" *? ^

£ 2



(LEED) patterns: /ixjw«) -1x1, at. about 470 K. He have studled Ihe

nature of the high l eaipfral ure ( H T ) 1x1 phase, Our obBervation^ are

consistent wi th aonn- Jc.ilin-es of dislöcation-mediated melting (1JHH)

theory 1 14,151- F'ioin t In; n ;ri.:i:t ion high energy electron d i f f racL i im

(RHEED) exper ii tKJii ts h h i lo iw. i | l.l] attributed the high temperature I x l

phase to Uie prosene« ut .1 ^ -ü JKotropic liquid Pb layer, which in »öl

under the strong ml l ' n - n < ' ' > ut l he Ge( l l l ) Substrate. Our XSW reaulLs

for the high tempei-al nn> I x l pliriso show a high degree of arder in i»n-

trast to a complele d i i io rdor ing expected for an Isotropie l iqu id Pb

layer .

We first iHus l r . i t o I K I W Llie presence of a 2-D Isotropie liquid

overlayer on a i - r y s l . i ! ; ;ur l . i< : i> c:an be detected with XSH. By uuiny l he

phase tunabilily ami l l u > [ n > r iu i l i i : i ty o£ the x-ray slandiug wave f i e lds ,

generated by a» ( h k ) ) Br-iyij d i f f i a c L i o n f rom a perfect cryataJ suLi-

strate, the ( h k l ) Fourioi- i :mnfKin( int ( f ' . C . ) of Lhe adsorbatc atuin d f t i i ü i -

ty distributton is moiiüiiL-ed. '11 1« phase ($) and the ainplitude ( f ) *>f I I « :

F.C. are closely i -eLi ted tu l lie uistance(s) of the adatoins t' mm l.bft

substrate surface in Ihe j t i k l | direction, and the fraction of l ho id-

atoma at that d i sL . ' i t n : e (ü ) , r*':;[njutively . If a 2-0 Isotropie l i q u i d

layer is presenL on i l«; (h k l ) aurface of the Substrate, p l a u a r

diffusion of t.h*; t>u^i lo in w i l l not change their distance in l.hc

|h k l l d i rec t ion. Howevi>r , in anoilier direction lh-k l J, inc;l incd

with |h k l ], I h ü i l i i . l c * m : e > l i K t . r i b u t i o t i will be random giving riae to

an F-C. with

in Fig. 1.

do (i = 0). These situiit.ions are illust ral

The XSW expui ' iu i 'Ti l :; w f i - < > perlormed at the wiggler beamlini1- ( W l ) in

the Hamburg Sync:ln-ol i »n K < i . l i , , l i,jn Laboratorv (HASVI.AB). The (111) ; :ur -

faceE at y e i n i a l i i u m : : , i n i | > l . ;; wt-rt; sputtt'r oloaiiwd by ai'gou l u l l

bouibardnient, arinealed at 1ÜÖO K and ch tirtn;l«r i^t-,1 w i t h I.EüÜ and photo-

niiii K B i u n . 4/3 HL of Pb were evapocated in au Müh: system onto a clean

Üe( l l l )2x8 eurface. The coverage was dc l e rminud w i t h a quarta crystal

microbalance and was checked by measur ing l l i i ! n > l . t t i v « inLens iLies of

(he Pb 5d and Ge 3d core levels in soll, x-i 'ay i i lmLo^mi i i s io f i measure-

[ii«iit:; on the sample. An iudependent check on Du: i.uv<H-,ii|e was made by

the analys ia of surface x-ray d i f f c a c t i o » u x p f i i m o n i H on the sample

1 1 6 ) . Upon Pb depoaltion the recorisl.ruct mn t : h < i n . ) » ( | i u t o a ^3x,/3R3no

pat.tern, which upon heating and cooliiig p.i:;:u'ii Mi ruugh a reversible

transiLiun: -^3x^3 R30° j 1x1 at = 470 K. I I i - . huu ld be nrjted that the

exact transition temperature depeuds i ; ln jny ly i,n Hut Pb coverage

(13).The sample heating was providfd by p<i:::iin.j ,-t direct current

t.hrough Lhe sample. No temperature readLny w.i ; ; av.i j I n l i l u du ring the XSW

ihtiasureiitent. We calibrated the currenl: con i':.-poii.| nn.) I n t h« transition

observed by LEED and surface x-ray di l ' J r.jrt i, ,n m.Ki.sureinent s. XSW

meäsurenients were made on both the ruoin Le inpor . i l in ,• ( K ' l 1 ) -Jix-JjRIQ and

l lie liigh temperature (HT) 1x1 phases. D u r i n y t l i * 1 i n - ^ i t u measurementK

t he pressure in the amall transportable DI l V < :)v.uiil»• r wu;; niaintaJned a t

bcttcr than 10 Pa. The experimental seL-np h;tü in-on do^crlbed in Ref .

1 1 ' ) .

The quality of the aubsttate cryst.-i l L:; e i n . ' i r f l for XSW nieasure-

i i w M i l s , Tlie strain pal r.tjrns left and i t i l ruducod t ' i i w i i nputtering and

f k i m o a l i n y during sample preparation and l lie t > u l i : ; , - n u o i i t direct heatiny

ot the sample to above the t r a i i s i l i u n t r • i i i f . i on i i m 'u w?f« reveaied by

double cryslal topography [18| measureintüil ü im l I n - simples before each

XSW ineasurement. A strainfree region down l o <m .n i:a c i f ~ 0.2 mm was

ü<;l(K:ted wi th a slit system for the XSW H i o . j ü i i r i ' ü i u i i t •.-..



The vesult ;; n r in K ''W NHKISU feinen t on t he HT 1x1 phase us i ng a

(111) bulk. reflect.ion ,uc shnwn in Fig. 2. The measured values of f ̂ nd

*, obtained by a U:a:;l -ü^uares fit of the normalieed Pb L-fiuorescence

yield using the dynamica! Ihuory of x-ray diff raction, are 0.48 + O.O'l

and 0.96 + 0.02, re;:]'«^tivüly . These values are the same, williin the

experimental errors, «js; t IIOH« lor the RT -/W3R30° phase [f =O.SüiU.Ob.

*=0. 96*0.03] . The resulls oE ;i measurement on the HT 1x1 phase wi l l i a

(220) reflection ufc showit in l''ig. 3. The measured values of £ and 4>

are 0.60 + 0.10 and \ 0.01, respectively, wliile the expected value

of f for a 2-ü isol.rn|ii.i; liquid overlayer, äs explained before, is 0.

The fluorescem.'e yield profile <;orresponding to f = 0, that is, for a

liquid layer, IH alau shovm in Fiy. 3 (curve marked "LIQUID"), Clearly,

our results do not Hiippm l. t)io presence af a 2-D ieotropic liquid PL

layer on the surfact;. In facl the HT results are the same, witluu Mit;

experimental error, .1;: l li<; ctjui-fesponding resulte for the RT VSx

phase [r=0.64±0.12,-l> i.a'üll.O^

The next queaLiun JLI: i l' L he Pb atoms are not in a randoni diatri-

bution in the form uf a 2-D iaotropic liquid, whaL other possible

structure(B) could ywe iise tu the 1x1 LEED pattern of the HT phaüe.

One possibility LH l hat t.lie tlT phase is an otrdered phase which

leads to the 1x1 l.r.ir.n [jnt.Lei-n, (In a previous LEED, Auyei timi

desorption sl.udy on l lu> f;o(lll)-Pb system for a Pb coveragu uf l HL

Metois and I.e Lay | ̂ U | uLsfiL-ved a similar tevetsible traiiaition eil

somewhat hlyhur leui(>Mt tit m c, ,md the tlT 1x1 pliase was attribul^d lu du

ordered Pb overlayei ). Hnwcvei-, it would be a coincidence if the new

distribution uf L ho Pli rilumi', in Ihn ordered 1x1 structure inainlaiiui

practically the samu (III) .md (220) Fourier components äs t liuae ioi

the -jlxjl R30 plidLii-, ti., <il,:;ci vcd in the pr«Henl;

The second possible explanation c<m Im '(ivcn liy noting that the

XSW method !• not sensitive to lorig ranyo oi-dtn . A large value of f is

ÖD tndication of strong local order, that is, prcferential bonding of

the ouerlayer atoms to the surface atoiiit;. Thuü Lln- 1x1 LEED pattern of

the HT phase could arise froni ̂ 3x̂ 3 H30 dum.-iLim v/incti would still have

l.hp Borne Local geometry äs in the RT [>ha.se. In l i i i a oase the F.C.'e

would reirain ptractically unchanged äs obüt-i vud in tht: yresent study.

Thia is consistent with the DHM theory | 14, l l ' j which predicts that

reg iuns smaller Ihan the correlation lemjlh i r t . t i n solidlikü properties

.in the "liquid" phase. In the 3̂x̂ /3 K lll' s l nu:l ui e, tliere are three

e<|iiivalent ways of placing Lhe overlayer /iLoin:; un tlm surface, These

üre referred to eublatticeB. In each of llifse tiiililritl,ii:es an overlayer

atcua has the same Local geometry. Preriürn.:« o T tioina i IIH af these sub-

Lattices in Ihe overlayer will have* an (.-IfiH'l ul dos l rucl ive interfe-

renr:e in all diffraction experinientis. Thirf wunl'l wipe onl Ihe fractio-

riii l order spot due t o the overlayer and l In; l /;! d i f f i fict ion pal.tern du©

I.D the substrate undernealli will b« letl. Tlu- >li:üifi|x;arance of the

overlHyer fractional dlffraction spota in n dil 1 1 tn:l.aon experiment may

be associdted with a disordered overLiyei, bul l In: dt:tual nature of

disorder remains unknown. The ambigtiity in Lhe n.'ilure of the 1x1 phase

i s conspicious even in an elaborate LtliU st iiily uf the reversible

trausUion Si(lll)7x7 j 1x1 at 1140 K by H'>inn?t t ,irid WoLib (21), Though

th«y frequently referred to a iattice yaö im»].-l lor t In; HT 1x1 phase

l.hey could mit rule out the possibi l it i*-s »l » >\ u-diM-ed 7x7 or a true

mel led surface layer. On the basia of dyiicuu ji\ l l.l-'.lvD ritid t ys i s Zehner et

a]. [22] conuluded that laser annealcd Si(l|])1xl üurfauu is essential-

ly bulk like, i.e. ordered. Zehner el e i l . | ?! | l,il«r concluded, using

photoemission apectroscopy, tliat ttie 1x1 anrtiici- i" not ordered, but a

iJiüordered 7x7, possibly mixed willi 2x1 siru^lnn-. Tromp et al. [24|

ühciwed, using ion channeling and Moukitn-j 1 1 - < -hn I'JIKJ, t hut the laser



annealed 1x1 siirtace i « << i l inonlered 7x7 surface. These exaiiiplca aliow

the complexities in l. h*? t i i i r t l y a j s i of diffraction data from a System t ha t.

produces 1x1 diffraci iuu j i a l t e r n .

The XSW nu'Uiod u::es d i f l niction only from tlie Substrate cryst.il to

set up the standing w,wi> f i e l d . Then via the detection of an inelast.it;

signal, chariicterisl n; n[ l hc overlayer atoms, it determines Lhe

Fourier components «l t l i c n v i ' r t a y e r atumic disti ibution, which need nut.

have long ratige.- ufiii ' i . Tiif a t i u J y of local ordei- can ehed lighl 011 Hit;

nature of dlsorJer J n a s y s t i - m , äs has been demonsLrated in the priüseril

study.

In a recent ( j n^ü ic l r t ü l . ! ^ and inelastic neutton scattering s t u d y

[25] of dynamical fu::f"ni:;i? nf l he 2-D ayatera, the ine 1ting ot int<sn:a-

lated alkali-met.il l . iy i - i -ü li.iu«; been investigated, These exneriiiM^nl:;

show that the 2-D i » > ' i l i n q [irnceös exhibits coexiKt lug solid! ike uni.i

Liquidlike dynomicnl l > f l i r i v K U H - .>uer a wide ränge of tempeira1_ure. Jus l

at the melting p o i n l , « ic f inci l by t h e softening of tlie layer sli*Kii-

elastic constant, Ui< i l i l l .u:;ion is nut very eignif icant. At h igher

temperatures L h u < i i l l in: i y f ? niution of the alkali-metal atoms becomes

nwre dominant and ü»' a l k d l i-ruetal layers t r an B form into a rotaLiona L ly

Isotropie 2-D I i < i u t i L Hl i f ;L lu ; i this is the caee for the Ge(l l l ) ~ f h

eysiem reinainu lo tic j n v « s t njdled. An increasing diffusive m o L j o n df

the Pb aioms should t j ' ; r ^ M i - c t e d in the aiiiplitude <f) of the F.t . ' , lot

the (220) measurcinciil . In [ i f i nc ip i e , a d i f f u s i i o n t:oefficienL uoiilil b«

derived, wliicli w n i i l d M ( " > M u|, l lie possibility ot the «pplication of «SW

to Lhe etudy of dyiv imic , - i i rcsipüiitie.

In conclu:;h>n. w*' li.i1-"' i turlo high temperature x-ray Btanding w

meaßurements at .] ' F " ' i < i U u < . ? nf rjpproximately twice the Oebye tuinpt'

l.ure tif the substrate. In the dYiiaiiiitJril t l i f u i y au a t u j i i i c form factor

moditied by the Uebye-Waller factor appcais t o U; .KJequate for an accu-

i-ate description of the atanding wave i i n t d . Hy (n.1 < i p p l Lcation of the

high temperature x-ray standing wave mel.liod t o l h« U e ( l l J ) - P b eystero we

oblain evidence Lhat the high temperature ( I x t ) pliase is not pfoduced

by a l rue two-dimensional Liquid, rat.lior i L i ippi-a i f ; l.n be composed of

aniiiU Islands of the original crystal l im 1 l . i y t - r .
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Figure captions:

Fig. l (a) A d jmoi i s ionaL solid overlayer- Hera t he adaLonis are ad-

sorbed on l he ( 1 1 1 ) eurface of a diainond type la t l jce . All tlie

adatoins ar<- : ;huwi i l.o be at the aame dietance in tlie |111| di iec-

tio« äs u o l l ri-s in t.lie [220] direction. d,., anä ^ are Lhe

planar di ;;( . » M C C K tm the (111) and (220) reflections respwcl i u u l y .

(b) A 2-D L i j o l j ' i i p h - l iquid overlayer. All the adatoms are sti l l at

the same diri!.;im:e in l he l l l l j direction, but not any mt>re in the

(320 1 dii-ci:! j o n . TIÜH ratidam distribut.ion of distances in tJie

(220) d i i ' i > ' - i l im w i l l r^duce the (22Ü) Fonrier componenL of Lhis

distritaL in i i LO «ei-o.

Fig. 2 Measured ( i ) i i i n i calcniated ( --- ) ref lectivities For G

refleotion .Hinl l ho i;tirrespondi»g Pb L-f Juorescence yioli iü (•,— ) au

a func t ion of WiWf-length of the incidönt K-rays. A is L he

wavelengt l i i:orre:;ponding to E = 15.5 keV and satisfies l he 8t.-ag<j

condil ion: . ' d i i h i O A .

Fig. 3 Measured ( > ) nn<l ualcuJated (---) reflectivities [or n ( > ( 2 2 0 (

ref lect ion J i n i t l i e corresponding Pb L-f luorescence yields (»,—) äs

a Euncl jon . > ! w.wHorvjLh of the incident x-rays. Tlie f luoreacence

yield e x p ^ M t n J rnnn a 2-D Isotropie liquid Pb iayer is showii by

the curve nu-ifJi«d ' J . i

Diffractedbeam

3526°
- -1112]

[1101 Incident
L • • *•* * •

beam
(111) (220)

surface planes

Adatoms

O Substrate atoms in the dtamond structure
(such äs Si, Ge)

dai = adatom distance component in the [111]
direction

da2=adatom distance component in the [220]
direction

!..!ü-
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