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é ª , a sij Ge mpd auiees wm g om a low teë em m widz mod aed SM B¤M-KEÔ,m w ( SK) MBE meú £d . X-m m ed ah

d ä m ala rd ed Êä , md X-r-7  veme -eanm ze me¤ ®emenu wm dme Ø CM - da m ² e a uc¥ 'ü d ¤ Gd S ap edat -

6ee. TTze ×" ed EWÒ, Ene-- ad ¤ ú ieb ,e¤¤ d Ée Ge-layer indicate ² a Ge m y dª ,.e into SH aye md Eom Ée mvened uµ egm

oe nm£"' eah d hut a the Sij Ge M g h ee- m e m' " " Åµ egmn a tmd¤ Ø k m mim- , w² heh Ca be , aim- ted &om ² e volmne d

Ée Ge g d 07 æ Ée ,m cage- m a e M¤Ed¤ cm be ava Û , d ¤ ¤ Ge a d lÇ -ub laye - Ée av× ù Ð " ch e- w. sued &× Ée

pure X-ray -peeÀE Eeaeezivity . Ú" £" µ oeimmd Ge m the SiGe dobz w¤¤ egumated u 15 % - 25 % by X-my ,pectalar rd ed vity

and by tbe ¢ ch e-- d Ge så lam - U em m uiu were eod m ed by Ä M oh m -m m.

®nch um -z X-EZy rd eeÉ ity and M w m e ¤cattedzzg, SiJGe m ed¤́ ee- - BB E g o--d z a low teape -MR

1 Introduction

GeJSi superi atti ces and/ or Ge- Si all oys wiÉ nano-

stRECtums have attmeted gmat attent i on due to thei r m t -
standingi y optical and elect maie pmpen id l - t . u e

34 metmional clustem ( " Ge huts" ) , which are F m by

the conventional Stransk i - k mau nov ( SK ) F mvth mode at

hid E tempeM m ( fmm 5Þ æ to 750 Ô ) , m usud l y
formed ¶ top d the Si l ayerl61. h mcent seveml yem ,

Cheng et al [7] have rePOEted a m d´ ed sk g wwth tech-

ni que , which pmduced MO qEEd i ty Si-Ge al loy m o-

stmcu m a much lower p m v1h sempemtum ( fmm 260 æ

t0 450 æ ) . Atomi c aBree m em-copy m d scanning elec-

tmn m em- eopy showed that the SEEd- ee d the SUGe su-

perlatt ices is smoother g own ± low temperatum than that

g m¼h a hid E tempe± um . Exteaded L my ú ¤OEPUozz
nne stn zetUEüg studies[¤] indicated that the mixing of Si

and Ge at the i nteEf ace of SUGe may h the mason why

etnacttsme have att racted gm at

standi ngly optical and el ectE
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th e Si f Ge m ped att i ees g om at low tem peÕ um fom the

m m oth su d - c e . Th e Ce d i st r i bu t i on depend enee on th e

depth i n Si cE7 SEal has been detected by SP Echm t m n X - m y

rea eCHon met hod l ' ] - h th e p m en t work , th e F U i ng i n -

c iden t X - m y rd eet i vi ty an d d im zm scat t ed ng meth ods

were u t i l i ze d to p m be the gEn f ace and i nteEf ac i al stm etu res

in SU Ge SEEped atUees p wwn at low tempem tu m . D ue to

Ge a m m on i nto Si layer i n t he Gej Si i nt ed ace , th e mi x -

i ng of Si and Ge was pm ved to fom E a re gu l ar 3 ¤d i men ¤

¤i on al ( 3 D ) st m ctu m arm ys .

2 Experimental detai ls

" 'e sam le used in the present work is a 6 period

SUGe superia uce wiÉ the Ge-wetHng layer thickness d

38 A . All alms wem depo¤ited by MBE and m about
44P - 5Þ A Si layer w  mt depoeited m a bçEEer on a

si ( 1Þ ) wd er . Ò2e SUEf ace d the Si wafer was deoxi -

EH± , . ,,d then six periods d GeJSi M ayen wem F m a
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a tempemtum of 260 t for Ge and 450 æ for Si , m pee-

tively . One pertod d Gd Si consi sts of a Ge layer and a Si

l ayer wiÉ thickness d 5Þ A .

Grazi ng incidence X - my scatted ng measurements

wem cant ed out at the di EEacti on/ scatted ng station on

4 B9 A beam li ne i n Beij i ng Synchrotmn Radi aHon Facil i ty

( BSRF ) . Ä e X - my energy of 8900 eV wm picked up

by a monochm znator im en ed m the beam l i ne . TT1me

types meØ umm nu wem made : a ) specul ar ä m wi th

the same detector angle p and the sample angl e Á ( ¬ =

Á ) , which E' COEd s the intensi ty paral lel to the mcipmeal

space vector q, , ç the detector i s swept at twice the m -

gu lar M e d the i ncidence m d e z b ) OE- specular scm

m É ¬ = Á + 8 , which mcod s the intensi ty of dib se

scatter diverged from the sepcuIar ddge by scanni ng in

the u m way § specul ar scans but ì th a d i å t ob et in

the sample and e s . c ) transvem scan or omega- ä m ,

where the scatteri ng aE181e 2 0 = Á + p between pd mazy

and scatteÓd beams is kept constant and the sample m-

tates . Si nce the scatteri ng angl e 2 0 is ve® smd L the

omega scans correspond to the intensi ty d ist ribution in m-

cipmeal space al ong the li ne q. ± constant . Specul ar m-

n ´ ivi ty pma les Ø a funct ion of inci dent and e wem Bt-

ted using the Bede REFS ME RCURY code . 111is uses a

genet ic al god thm to mini mi m the log absol ute devi ati on

between the experimental data m d the si mulated on¹

fmm a struetuEªE model accod i ng to the sample p mð h

parameteÄ " ini t ial . The stm cturd model cm be adj ust -

d duri ng manements .

3 Results and discussion

Fig . l shows the specular CUR es for the sample , cor -

meted for the fonm d dÄ Ese scatter mea8121± in s = 0 . 10

oEset longi tudinal diRuse m m . ì Ee on-set off - specul ar

and the best f it ted curvØ ÷ × the gmM h parametem Ø

the i ni ti al stm cturd model am also pl otted i n Fig . 1 .

MOÓ than 20 OMers Bmgg peaks d the Gej Si superi att i c-

¹ am obsew ed . Ò 1e periods and the layer th icknesses of

the samples weÓ determi ned from the ma nemenu . A

model of 6 identi cal bi l ayem buEemd by a Si layer and

covemd by a thi n Si Oz l ayer was used for the si mu lati on d

the specular mEectivi ty . 111e parametem foll owi ng fmm

the best a t am l isted m Table 1 .
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Tabh 1. The begt Et parametem with the structural model

accod 1ª to tIBe F OÍ h m mmetem . The thickEBegs t and the

M ed a-Ce wsdth e an h uMts of A . p and h an the mam

dendty of tbe mm and the corn î £adkØ bulk mated d h

EÛ" ecðvety .

ldE,en Si-M er G+ layer Si¤layez

435 .5

47 .5

25 .6

7 .0

, F3 . 1

37 . 1

SIA

Gdsa efA

U eee S t te d m SUI t s sh o w t h a t t h e t h i c k n e ss f o r e ac h

l a y e r i s i n ap e e m e n t w i É m sp e c t t o É at e µ e r i m e n t s f r o m

th e p w , t h p a m m d e m ex c e p t f o r t h e G e - l a y e r ( t h e gr o M h

t h i c k n e sse s m 4 5 0 A f o r S i - b u E e r , 5 0 0 A fo r S i - su b l a y -

er ) . 1TEe f l t t ed th i c k n es s of G e - l ay e r s i s m u c h l ess t h an

t h o- e d t h e n o m i n a» p u M h v al u e s ( 3 8 A ) . × 1e EWu d 1n e ss
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Fig . 1 . Speed ar and ofs speed ar ä ans fbr Cd Si supedatti c- s

wiÉ the thieh e-- d GeHlayer d 38A . 11he k i essi g h inges cm

not iden" led due  dze expe iznentad msolut ion . Mom É azz

2 ·-ozdeZ SEEpeztaØ ce BESØ peak s am ½ , ew ed -

£-11

0 .09

0 .07

@S e

0.03

0 .0 1

¹4
EF
d

PB I

~

3
QJ tA- BKÁ 10- ä

Fig .2 . ReciproeaI space maps h T SUGe

superlatti ce Á" ' ² at low tempemtum .
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Fig . 3 . Th e fl tti ng m d experimental em e- for

É e sample scan of the EaRaver- e sea ter with É e

deteetor at w o Braa peaks d 1 .m o an d 1 .810 .

( h ) wem ob tai ned by mat ch i ng h m sets d exper i men tal

data for each samp l e t o t hose d th e cOR espondi ng si m u -

l aEed on es wt th a f ratom l mod el wi th i n th e di ston ed wave

Bom ap pm xi m ath n [1£] - U e Stted pam metem are l i sted i n

T ab le 2 . Th e corm l ated lengt h e = 11Þ A and th e H u m t

fact or h l = 0 . 7 , wf l i c h i nd i cates t he m u d 1ness i s more

X ä ß at ä Ð ¿ 74 1

2¤dimensi onal . By measuri ng the tmm veme scatter d ong

di gerent Á and e ( Á ar149e i s º t Ø 00, 900, and 1800,

m ped i vel y in our expd ments ) , the simi lar fb ted param-

d en may coÐespond to the L di mensional isl ands inter -

face m å ness . ì Ee rati o of the corml ated to uncom lated

mud meè is 15 : 85 , which i ndicates tha the mud mess i s

leî cod oEÄ .
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Fig .4 . Experimental and fltted speular ma eeUvi ty curvü ¤

An abe»act Ge-Si aIl oy layer was inserted in the Gd Si

interfat e beneath the {h - layer .

T abh 2 . T he nt ted a b a m u er i ng p@ram etem . Th par ti at

corr etated inteE×face ts ó m med . g h the con -etated len gth ; h E

is the EZ× À factor , and L Fh m pm gents É e h ted ace m uo neþ

dtmeEØ £EZ; FEz is th e eer r e lated æacuon d the inter face

m uO Eù  .

Ge¡ 11Þ ó1Þ 0.h 01 0.1, Ð, m

Ä Ee a tted i nterf ace wi d th mak es a con tr ibu t i on to

both of th e M e hd o t --hei d Et corm lat ion m t16 1ness an d

th e eomposi t i onai F ad i ng as i n spec u lar seatt ers , th e

sc at ted ng vec tor has no i n - p lan e Ø mponen t . H owever ,

th e ofT- sp ecu lar scat t er i s sm al l . 11111s t he l ar ge i n terf ace

m dth above th e Si - layer a the Gd Si i nteEf ace ( T ab l e l )

i s pd m E 7 d ue t o t he compo- i ti OTEal gr ad i ng . Ú 1e laqge i n -

t ezf aee wi d th of Si - l ayer m ay coETespond to th e el eetm n

dm si ty F ad i ng resul t i n g fro m th e m gu l ar " i nven d hu ts "

pm a l e arrayi ng beneath th e Ge - l ayem [7] . T o Et t he m u 6 1¤

ness to be a m ason ab le val ue , we assu me th at th em ex i sts

a sub - l ayer of Ge - Si m i xi ng at t he Gd Si i nterf ac e . × 1e

assu med mi xi ng l ayer woEb l i k e a compoei t i on mi x i ng in

spec ul ar X - ray m EeeHvi t y . Ò 2e specu l ar X - ray m n ec t i v iÉ

i s Bt ted agai n wi th a su b - layer Ge -Si m i xi n g i Emen d be -

neath Ge - l ayer at t he Gd Si in t erfac e . 1TEe E Ãed m SUI ts
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1Tze and resul ts i n Table 3 am al I masOEtabl e and

the th ickness of each layer i s £oasistent m th that of the

nominal p mð h paramd em . Fig -4 shows the specular and

eorEÊ ponding E¢ ed ctEWes for GeJSi SEEpmlatt ice with a

Ge- Si mixi ng l ayer im en ed a the Gd Si inteEf ace . Fmm

the simul at ion wi th the new stmctund model , the compo-

si ti on of Ge i n the addi t ional Ge-Si mixi ng layer

( GeJ i 1- z ) i s h m 0 . 15» 0 . 25 . As m esti mation , we

cm tak e z æ 0 2 0 . u e mi n ns layer wi l l cost about 11A
Ge for the fomu ti on d GesSi l - s sub -l ayer - 'ITEemfom ,

the total thi ckness d Ge- layer is 34A in each per iod . It is

consmtent wiÉ É a d the p wwt h thi ckness of 38A . How-

ever , the same specul ar X - ray sea ter a tt ing m É dib rent

azimuth angles ( Á = 00, 900, m d 1800) m d the above

diEuse scatteri ng resul ts suppon that the i nteEf ace has the

island- l i ke pmi l leL L e . , the compoei t ion i slands .
In eonË" t to the usual EMEW-sized Ge " hut elustem "

commonl y g mm on top of Si l ayers usi ng the convenSi onal
st and i -k rastanow seH-organim d p £Ú h mode , the " F o -

ove isl ands" or " inverted huts" Si Ge cE7stal l ized soluHon

can be formed beneath the Ge wet6 ng layer and F mm in-

Ø rt into the Si layer i n Gd Si superl attices prepan d by

MBE in moa tled SK gmw1h mode under low p m ð h te-

mpemtum[7.s] . u e formauon d the " invend huts" de-

pends on the Ge thi ckness in the Gd Si superlatHces be-

si des the p mð h Ç mpemtun s . By a two shell model , EX -

AFS studieslsJ show that the mixi ng of Ge and Si atoms

may take place in a m ne d 3 - 5 monolayem aEÉMEEd

Fig .5 . Cmes- -ec60a tzazzsmi- - ion eleeuon micmecopy

pa tem for Gd Si m per laØ ce e wwu at low tempemtmü ¤ × Ee

stEpedaØ ce sM ICô m is eleaz4y shown ¤ ú e pauem . Regular

arrayed island- l i ke dou m obBen ed ( Ä e uni t used in the

pastem U A ) .

Cm - s- sect i on tr ansm i ssi on elec tron mi crosc op y

( T E M ) has been done to pm v e the above X - m y sc at ter ing

m SUI ts ( see Fi g . 5 ) . T E M pa¢ em c l ea14y show th e super -

latu ce sM CM m . 11,e bl ac k th i ck l i nes are Ge - l ayer and

the ø ay am i s Si . R egu l ar aETay d dark - g ay i sl an ds or

Mz-i ps am seen beneath th e Ge - laye r i n th e p an em , wh i ch

corresp on d to t he Si - Ge al l oy sM Òct un s . × 1e Ø parat i on of

th e i slands i s ú out 10 50 A , whi ch coz espon ds t o th e cor -

EªEl at i on l ensd E ob ta ined f m m th e X - m y d ia zse sea ted ng

Eü su i ts .

4 Conclusions

In summaE7 , X -my speed ar renecti vi ty and X - my

transverse scatt ering techni quee have been used to charac -

ted m the inteEf aü , tm ctum of Gd Si superiatti ce p wm

by the modi f ied Stmnski - km stanov at l ow g oM h tempem-

tum - 'ITm resul ts demonstrate that Ge dim med into Si

l ayer , whi ch mSUIts in the rel axation of the l att ice st rzUn

and the formati on of i sland- li ke Si Ge nanoetREctuml dots .

Ê m nano-dots am m812lad y armyed beneath the Ge layer .

Cross-sect ion TEM pañem s pmved our mSUIts .
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