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UN,I^CE ROUGSENING OF Pb{1TO)
STUDIED BY LOW ENETTCY ION SCATTETUNG

1sc Pboro) de ud4qB wq ds

d. d*.ud a{.6 d rLc Pb(1D) !ur4

The Pb(lro) !u,r& ba beD dudnd in 8rclr d€i r ryirh 3ny pGibl! surfee

!&Ie mellhs. Itnughding !fl.ds hav€ ben
obsdkd oi B nnmbei off..(no) srf&A sudee mellihs j3 dpdinerirlly proEh
d Pbor0),/! md A(r10),,6 rr€ bushoirs €n{l L dispred in sft cs6,
qs. Pdor0) ? 6 ah dddFd ordq i.€si'io! ss Epqsd b @{. o Pdo r0) d
250 K,? m.fi.d noi loun,r in oihs dtrdi63 ob Pr,0l0) md a(ll0) .he eflei
n w.rr6iabri5h!d. otr othd rc(rr0),ulao, e.s. a(ll0), P(ll0), rd r(lr0),
ih! lolghenitrg hansiiioo i! roupl€d 1o a 2D $!l.c phE€ transiiion. The 3i.1e
ol .he It is sunmdted in Table lIB The iabl$ sulm&ir6 iesults loi lcc(rlo)

(p{i e) sd wiih atr qd€r-disrd€i i'$irioo
(per b). sin@ @ugb{;s L defrred E ihe dirrseDce ot the heighth€isht @Be
laiion luncrion ii b more d.&ly n.suEd by diffr&lion hchniqua. h red 3Dace
.xp.imnialiechniquE rh. numb.i of srcts whnh inceee ai $m. i€mps,.ure
ie Ed E rhe €isoahrc of rcu8h€ni
bd of {.F is .n &c6sibl. paramehr, so !. ffnd ale viih dirft&iion r.hniqtrs
rougheoing .bamdeDed hy dep nu mb d6. Aootl,.r p oin. or .onlusion is ihe ob$.
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s,te. Nati' at sqhe btnr6, aJ Ptt n) s zd r, .. 1*

ih€ 3paha d 3000C sa.cqniyal€ni 1o lolyqkidllibe cu *e inkryrecd 6 ther
mal disdd.s hh buhnus d.p6 ree lound ar 600"C.r5 Nd boshenitrs ss
Epoded up 6 900 K tED EDAD .xp.dmenk." Ldq rcusb€nioE sa fdtrtrd by
!h€ sde idlniqud al 1070 K.:0 Th. 'EIS !6ulb or Rlt 10 {et. D&.lt dis.u$.d
e brilg dtr. io Dismnic themal vibraiioB.36 Th€ thedy piedi.is in gcndal

Fughcoios eDsi.ion hrdatur€ olaboui fR = 0.7 "M, wbqe TN is.be btrll '
nd.ins llmpdatu& Srta@ heliing k .hon.i..Dy dircued vnhiu hole.ular
dynlni6 cJcdaiiotuz dd ihdmdyrmis r? So f& ih. rh@ry DsLd ro qudii

a €hould bc obsEEd, es.,logdi.hmi. siowih
ot.be rdlt.h 6uif&. layer ihicln* In the rollofing re eill
Epoi r6ulb ol lil flqsr ion & bdos expedhetu vhich sirc addi.ional €F
id€n- of surlae ronshmirs and srt&€ heltids di Pb(110).
becn publlhed pr.viouly.qHe Tb6. {ill be sumE&is€d 3hdnly and discus.d

The dp.rimental dab &e collcde
ktins, i.e. 6urf&. .h rnnding, !eut
(Nlclss), dd plain ion ynD n€g
r hN ualykd ion beam f.oo r0
rdac. .horeling aod th€ NICISS. Th€ iufac .hain€lins usd .so mod6, i.e. lor
'ard s.ihing of the incided ion3
usins e p@ition sosilive dd{.dr.. Thk mde ! hue sudac channelinsa: u lons
d the (sr*ins) mel€ or iocidde c Lepi inall enousb 6u.h ihd .oial pani.le

rur&.ioo is obiain€d.rt Fo. ihe &cord hdd€ ol dpd'iion ve o* a lim of nighi
(ToF) Bysem. rh. prinary b€aD
sdkrios ibsl. of 165! loi ih. det.dion of back&3itded neuhals wet*pihe

zinuthai asle. By rhi8 nGft ih. p*iodkily
or tbe surtae is mnjiord in lcal rpac 14 StiuduBl phae rdnsi.iom aE esily
ooniiored c E.ll E quaRdive inror
irs the TOF 3yst.m in .h. NICISS @
of incidloc. i6 vdied. Thn iyp. oI .xperim€n. u56 th€ sbado{ corc lllqt ji drd*

roi mD yield neduitnenh an eledrubrir
malyer (90' sphqic J i5 u*d. Fu{b.i dpaimental detajL h.r ben publLhed
prcvioudrr4i6 The sy6eE prolidd ale . LEED sclup ror prcbins ihe psiodicny

ol the surfle in Eciprodl sp*.
.oirlaied 10 sood Lf,ED pdGdB. The qumtiiaiiw .valuation or rhe channeline
pdierm; conpa8bly 5impl. b-au* drcic ion eadsirg lodd cs he ued
in our roge ol ioh enssid *hdea LEtrD omd6 dd.il.d I v cud. analy:isand
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pr*oi reulk in rhe to' rDperaruE r.sim ftd sbod
lisrre t shoFs sudae chqoeling rcsutb jn .b!

b6drtark ng q blo.kiDs nod. bd@n 160 ard 300 I( qq 3 !us! of ih. d
s lufffci.ni b coRr rhe qy*31 lunae shudure

iron rhe 0i0) b rhe (001) s{er dn*rion. oihd ros indq dnedions de&ty
i.srv.d a iiGolity nioina in rhb Dod. orion &diaitrs & rhe 0il), {lir)
,d 0i4) .ulr&e diEtioos. rhe hiDiDum yntds e. s qu,rildive Ecsur. or irE
d€p demiiJ of the sudae ser ihe yietds ee hish{ in.o(p&ien *jib, e.s.,
^u(rro) c P(no) ,hich &! known io form r'.ber l&sr lened {hen pEp&d
c!.elully.sr? MoE inrormalion .boui skps .d be obhined s[er u6ing rbe Nlctss
md. vhnb aL. pbvids i omdion shoui ihe lulf&c htiie pdsdqs sd lur
f&. pojni der&b (Tsble r).5 we addcd bore ihc mrFis or rhe fiht !o $ono ,!y*
d;i.ne. The .urr&! ie @h'drd dd .he ohradion is in ihe idpqduoanse
rcpoied hde independ€nt lrcn ih. kmpdsruE. The Nnber or lurf,ce poini
d€Ie& al5 d.p€n& liril. on bnFeBrure. The 6orf&. rhdn vibrarionsl mpti-
ludd folro*, Dehye b€hleior. we frDd D qpDsion of rhc (110) s}r&e arm
disiec oltrp ro l0% which i€ t.rger.h4 rhc oormal bBlL rholmat.xFnsioo Fur
ih,mor., ihL dplo€ioo i€ anisoropic, i.e. rhqeis m.nd. in .hd 0i2) diEdion.

8 0  1 0 0



snh1 M.rnt.tu s,ne. n@,rdit xPt(lJq s\a tt..

!h!d. D46d.dd 6 rrc !d4! (drl!2 'u

Lo b b6 rrol drB, d! 4$ +
hpdnllc, d{ 4,. .h! rro rrq (ffi,b''

This ie pGible il ih. poini def€ds e. iiddonly dGhiblhd ovq ih.3udae, shi.h
i€ slc io *son.. Sinre v€ us NIcIsS, ih. dara.E
fq rh. (rio) diG.ion vhdes tor the (li2) dndior ihe *cdnd lqd is block.d'
E lons 6 .h. ssfac is wln ordd.d. The asreloed oI the nomber ol d.f..b lor
the .so dn*riors indi€t! ilFi rhc nnjority or Poiri dered6 is in ihe bt luilac
hyd. In lis. 2 w shos the paitems lo' rhe frw&d rd&e chanrclins expaim.n.
.o, rbe 0i0), (rir) ud a hish indd o, tand@ d;e.

I ih. .ldric &ibiog pdcnti'l lomcd by ih.
sulra& aiom. The rsdon *€ i6 almcr hdroPic, i c the strrfac poi.niial is
plud aid s. hrv. ih€ ce o{ plaod emichen€Ii48
ft obi ajn the im s or the enusaiion or rhe eulrr@ pocniisl du. b rhe conei
ldion ofpqpcldictrlar morentuo oarhe peLidl€s du ns.hanndins TheEidrh
or th. patrdm is difldent due .o .h€ dirqqr tridihs or il[ houshs lormed alons

0t0) dd 0D)esm in th€ Llo.tins nodcin Fis.l. Th€& pr.k suctrot$y
eEni!. io pdinl d.feds bui b deF6 on tl,e sudac rhich block rhe fioDshs Tl'.
.Bje.toy lengr[6 &. ol ih. ode' of l0l'tt€.omtanb, i.e. ien&€ {id.hs of rhe
or,l.r or 30 ,{ nay b. su6cn b prcdu@ rlee paiErns. Thse fndins6 aE bed
on MARlOwtr cal.ul.tions.{

lr tbe idpq.tuE ot rhe dydd is rais.d fu hq {e obsrve najor .hoss
ol ihe chsoeling patens lor th€ low indd dn&iiom. All diE.iiois chais€ inb
!'ndm ! ile parkto6 ai dis.ind tenpoarurd. Figtrr r 3[osr ih. .tre.t a ! p loi ot
rh€ shspe or th. chauEliis Daikm s Gmptrdue r' (1r0) md (li:) Tbesha.
nqpksed Brhespsr @i;o dfih! patiern, i.e. heishi/widih o! 3prtial.xic$ion



ri6 ,. su& tu'b! F rtu d ft(n0) k 'h. (') (rio) d (r) 014 'd@ 6cdw d

6.!r i t imglidEd.cel.Th.4l ldun.l l l*

in ih. diEtioo p.e4dicul.r to lbe 5u &e silh rdpect to thc widrh priUal b
lbe sure€. Nalmlly r. isohopi. palhn yields .he 6hap. t.0. A n.' !6ut n
tbe obviou .nisoeopy or ile GhpqsinE d€Febdene dt the dn.tuBl chus*
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of ihe su &c rhe dilteEn.c bciwen rh€ {lio) dnd {li2) dt{tioG lmoMh

io ?0 K. The oblious itri.4rcrn.i
fie .nersie lnd .h. diJl'.nB of ih€ ldiviioh cneryie to. lbP tolhaiion dd

dep dc.., ldpe.iElv.r? For th6€ rdd6 .he lo{ index dcF e€ romed ai

rofa hnp€8h6, hcrc (00t) ,i€F whi.h block l[e ch.nnelins sloDs ilE (lr0)

di*dion, .omp&ed io nishd ind.x 5i.ps thich {e n&dcd .o blod tbe (li2)
E hink ror {hL iyp. ol anisotopy'�5 q 5t

some*bal hishd bmFeriuG i.e. 500 x, dcq b .h.3uda.c ndting poiht of

530 X.r so rhe dilodd kn by MEIS Dly nd be th€ rougnlrins obe'ved bv

LtrEDart sd xPD,r and by IEIS io this worlt

Ar itrt€rstins insighi irb!M mush.nins giB th€ conPdi$D ofth. dihtrthal

tlo.kinsplibosdrAu(ll0)sdPb(]10)d?00I{dd4:0 K,!€petivclv(Fic I
T[e rcushflinsi!comLina.ion {ith theodd-dkordd hmsirion o{ Au(u0) C wll

di'r'Ish.d.:q3d ^u(110) ai 700 K i5 a dkodded, mDsh Lc(rr0) $.f&e ed ft

tr* ii hde I a 'siudard toi ihe P(r'0) {.rre T|[ agrtnsi etven rr

eipalim.n.al dat. of ih€ iso suda€
rbo ihe mp.lo* hmDeBtut i,im.hal paileoe Thae aN sisoiffonilv ditrqenl

osins b the O x2) rcoNr&iion or iLe A(tlo) slfd€ small diftd€nc ec

due.o ih. ditrqene ih the latii.e spncing of rhe (li0) dn{lion orPb dd Au of

2.92 I dd 3 50 d, Gp€ctiv.ly, vnnh n*s the hisb index chanels {idd in ih.

cEeorPb. Ra;ins ihe i.mp.BiuEorPb(llo) under rbe expe mflhr.ondiiioG

120
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tu d hi Pblr.0, dd F, ^!( 'rcj n.Fr@rd

au !, ! ftoq bFdw iddd 0 x , !d, roo k ,&ddd, Dld {r i t.,

ot Fis. 4 cau. all dihtrrhal d4.od.n.i6 ro y!n;h, .hc .oiv. h.in! 3iDply a
dBishi lin .' ThL {s ihe independdi @offrm.iioo or ih. sud,e neuin[ tu6r
ob*n.d by MEIS,. wirh ne d primq iom ai simitar s.duding cotrdniom ft fird
p.D.r.ron inrd d(pq layeB. as ! ninnnum in ihe uibtrrhal yietd dep€ndcoc
.b. 0D) dileiior i! prcndned b€c.ue .tong rhis diEdion rh. bulk .boqet: ee
onpr.r.ly opeD. ll pin.iple .bis ob€qsiion .dutd b. ued b gaus. .he ihictoes

9€

I



sr./r& dni4./ r,r./d4 tu!&{q t Pt(tr) snttd t' 1q

F!. s. Me tucLns Fn.!' d Pb{n0) d i! d $0 x b. {& l1{) dsdm b

of th. moll.n l3yd on top of ihe bulk.iydsl a *a dooe hy MEIS.' Ed. witbout
dddled tEiecby c.lcul ion. w.6n onlt siare lhai !'rhin" layd ot qu€iliquid

sirudD* is o€ing e rold€Ed" bul! dydal. Usins th. p6iiioo !d8i.iv. dde.ior
in th€ chdn lios md. we lind 3dme rdditiooal touodinC' bd*en 420 Dd 530 l(
(ais.5). Th.630 K paitm sho'n i3 v.ry similu b.h. obhined tot siraios along
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Enefqyinev

rtu6 Fb(1r0) d . r6d6 d ,i. pituy das rd i@ 4inub aiEriM (ilr) dd (1i1)

ahighind€xor,randon diFdioo. Bui.h*echqssarcnofurihcorcotofsr'lfee
merling. Th.y i iei. sme f,aiknins or .Le .ra@ h quslitsriv€ 4rcemni wirh

ainany {e i.po{ sdne durr ot io! yietd meaurcmcnh of s.+ &a.tarins
iion Pbo10) in ri8. 6. !e+ i! Lrc{n io underso quand

ils Pb.,cre The .fred, n3n€d "sru{Lelbfg

G.illa.iond,6q0 i. nndqdood s ! phE. inhdernc .ll.d or.tr d&hon v6v!
dsldior  

 

i3 ih. g. l, dare ini.nding *iih
icllly r€onui. The difl.d.e ot.h. tre+ pb

dd ne!-Pb+ inkretioo poktritub caus, s a lunciion ol ih. disiu.o of.re
6i dppb&b, ud h€nce a i fundion ol ih. H. vclo.i.n djflaren! ldh len8ihs".
Ths€fore the Frriclc &quncs a diftcRrr phae whid! ir irf! causinc rht inier
faenc lf€d * rhe exi. ol ihe nixins rsion of irr {,ve rhdion. ^i rcom hr
pqiurc r€ ffld an aimdhil d.pcnd.ncc of ih€ ,npriiudd of ihe ion yi€rd 4 n
fuodion of the H. ion.n,sy.'s ror dc dd.d-pqked 0i0) dn4iid the p.al
ioiflsitis at 0 54 eV and 0.33 kev hale a niio ol r 54, {bde6lor ihe {li2) di,
rdiioh rh€ ihbi3iiy raiio i3 l.2a ai rn ihe qusiliquid Dhur
rhe pe,l inrciiy rario tu l.0 rd bolh diEdions siihjn the.xD.nftnid s.arcr
or rhe dara (rig,6). Sin.. ihe iiequ€n.y olihc Gcillations is not.hdging $.



I Ptlttn) ttrt,

.ao .xdtrde rll the n(hrnism whid *duld invole s chitrse of eilhs the 15 He

.raruE The intnsi.v mdii' ol !h. io! *ld
crrd Fprded6 ih. AusB rcurrlis..ion p&l or rb. ion surflc iner&rimJrs

The Auger neobalisa.ioD ie r.r & nol GnPcsitrF d.pendenr5{ Tb. n.utrEiiotr

d.pen&, hos.vq, on ihe ftqiebiy lersih ot o. .h. Dudbet of 5b@ th€ Dn

p*e over durine th! ihiaadion,6F! i e lh. n Galisiioh be@ne lzirtuthallv

d.p4d€!t by ;riue of th. ihi.rdoB
diEdion. In the udpl.studi€d h4 the H. ione SDplc' mrc.l{sons at.h.

FdDi eds. whetr tbey &a.rei .long th€ .lo*d pack€d dir*iiou, (lio), lomparcd

b the nth- ad (lir) dn{!ioE. ln ih. &mpersttt i.sion or sutre. n l.ing

lbe avd:sp dltibe b.iweeo the sud&. aions should br rudomized h.ne no

rinuihal depcudd.. G oL,qrcd (ris d)

Inrbist po{ pe $DE{b€d.h. tnov! dsia dn lc(l l0) 3udad rhnh 8hd rhe

lrer or 6oirace rcushening (Tabre t) ro 3 8rcator ddail *r 3um.!ied ou daia

ot LEIS dpqiFdk d thl Pb(110) su aa indudios rhe 5u c Dlliing.f,et

Th. roughenins i. d.rly dcndndra&d uins s surl'ce .hnDn€lirs iechnique. The

dsia also sivr lvidena lor sn ani$.ropv ielahd b the d?P *rudu' ir rh' sr\hc'

The &imuihal bloctins palhli i&hniqu. conffiro ihe sutac Deliing .rcd The

$m. rchdqur in a @mp&i5@ otP(rr0) d& {ith a(tt0) d{^+ow6 s* 6c

i*o su .c!s roim .n rlnod ideniical rcush, dkddemd surt&e phe d 4:0 ind

?00 l(, re€p€dively. MeauEm.nb nalins cxbFiv! ue ol th! shddo* .onc .fed

(Tabl€ 2) s'v. evidcnce ro! vaancy romarion in rbe bp surrrc lsvds and ror an

'honalousmi$topicla ice€xpmsiontfed Th€smeh.hniquehBbenu*d b

m6oi. {h. n€d implirud6 dr ihe ihrmal sud&e don vibralio' Thev lollo{

the hish knp daluE ip pdindion or i [e Dcbvc thdrv The dilianc! 6dv*n th.

fiBt sd sond llys {s.ls neEurcd Tllt d;ime bd'an ih. bp p13nd k

cdnt&cd by 20% + 2% @opred to ih. bnlL dktse,in agrcoent *iih prvious

EIS rcsulk.' Th. @dr ion d-EuB dishtly Ri.h indsbc knp.Rbrc'

Thk rcrL ir suppo{ed by ihc D.uieh€ ldf.buosssm€iachrli (DFc) we thDL

A. Pavldska (Clanslhal) tor rnding ihe In dsra:' prioi to Publicirhn
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