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Sili con layered str uctures containin g porous silic on modiÙed w it h vari -

ous thermal treatments and epita xial layers deposited on porous layers were
studied w ith a num ber of complementary X -ray di˜raction metho ds using
synchrotron source . T he metho ds of characterisation included recording of

ro cking curves for reÛections with various asymmetry as w ell as pro jection ,
section and micro- Laue top ography . I t was found that oxidising and sinter-
ing of p orous silicon seriously mo diÙed the strains in the porous layer and in
some cases even inverting the sense of strain with resp ect to that in initial l y

formed porous layer. C onsequently the dep osited epitaxia l layer usuall y w as
not laterally coherent w ith the substrate. Some of the investigated layers
w ere not stable in time and after few months p erio d exhibited signiÙca nt

lost of coherence of porous skeleton.

PACS numb ers: 68.55. {a

1. I n t rod uct io n

The layered structures wi th porous sil icon are of im porta nt perspecti ve ap-
pl icabi l i t y, especial ly in sil icon on insul ato r (SOI) techno logy [1, 2]. A considerable
cogni ti ve interest in porous sil icon is also connected wi th i ts interesti ng structura l
pro perti es and som e unusual pho tolum inescence phenom ena.

The structura l investi gatio ns of porous sil icon were described in [3{ 8]. The
m ost characteri stic e˜ect described there is a signiÙcant increase in la tti ce param -
eter in porous layer. In vi ew of tra nsmission electro n m icroscopy (TEM) resul ts
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[6, 8] thi s e˜ect may be expl ained as the resul t of oxi datio n of porous skeleton
wa lls as wel l as due to the broken fragm ents of sil icon present in the pores. The
porous sil icon is a ki nd of nanostructure because the di ameters of porous skeleton
fragm ents are in the range of several nanom eters.

In our f orm er investi gatio n [9, 10] i t wa s possible to pro ve a latera l inco-
herence of porous lay er wi th respect to the substra te using rocki ng curves for
reÛections wi th vari ous asym m etri es. In case of epi ta xi al layers deposited on the
porous layer we observed a pra cti cal vani shing of the porous layer peak expl ainabl e
by addi ti onal deform ati on of the porous skeleton.

In the present work porous layers obta ined wi th impro ved techni que for
appl icati on in m anuf acturi ng SOI elements wi th EL T RAN technology [2] were
studi ed. The layers were studi ed wi th di ˜erent X- ray di ˜ra cti on m etho ds using
synchro tro n source.

2. E x per i m en t a l

The porous layers were form ed by electro chemical etchi ng in HF soluti on
of highly boron doped Czochra lski -grown sil icon crysta l . The further appl icati on
in ELTR AN technology incl uded the depositi on of sil icon epi ta xi al layers on the
porous layer oxi di sed in further technological pro cesses. In order to im pro ve the
structura l perfecti on of the epi ta xi al layer a numb er of therm al processeswas tested
leading to oxi disati on of the pores and/ or mel ti ng of the to p part of porous layer
accordi ng to the soluti ons described in [1, 2]. The epi ta xi al layers were deposited
by m eans of chemical vapour depositi on (CVD ) m etho d at 9 0 0 £ C wi th a growth
rate 80 nm / m in.

The structura l inv estigati ons were perf orm ed using synchro tro n source of
X- rays at HASYLAB. A num ber of compl ementa ry X- ray m etho ds both wi th
m onochro mati c and whi te synchro tro n beam were used. The im porta nt point of
the inv estigatio n was recordi ng of rocki ng curves using the probe beam wi th very
smal l diam eter of 50 ñ m. The ro cking curves were taken in sym metri cal 333 reÛec-
ti on and di ˜erent asymm etri c 511 reÛections. The rocking curves were recorded
at E2 stati on usi ng radiati on of 1.1 ¡A coming from pi ezoelectri cal ly stabi l ised
doubl e-crysta l m onochro mato r.

The im porta nt compl eti on of rocki ng curve and plane-wa ve to pography was
ta ki ng of Bra gg-case section to pographs usi ng whi te beam wi th wa vefront l imi ted
by horizonta l 5 ñ m sli t. The topographs were recorded at small (10 cm) and large
(30 cm) Ùlm -to -crysta l di stances (m easured along the incident beam ). A sing le
exp osure pro vi ded a numb er of Laue spots corresp ondi ng to di ˜erent reÛections,
whi ch were indexed wi th num erical pro gram simula ti ng the di ˜ra cti on pattern.
The compl icated character of stra ins in vari ous parts of layered structures requi red
however a lso the use of micro-Laue metho d wi th a pi nhole l imi ti ng the size of the
beam to 1 5 È 1 5 ñ m . The micro-Laue m etho d was essential in vi ew of frequent
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overl appi ng of the stri pes coming from di ˜erent layers. The whi te beam inv esti -
gati ons were system ati cal ly perform ed for vari ous glanci ng angles f or obta ining
to pographs in reÛections wi th various asym metri es wi th di ˜erent di splacement of
stri pes or spots.

The importa nt com pl eti on of X-ray m easurements parti cul arly in vi ew of
di scussion of interf erence m axi ma were the m easurements of resistance proÙles
wi th spreading m etho d real ised wi th the Ùne step of 0.2 ñ m.

3. R esul t s an d d iscu ssio n

Simi larl y as in the other papers [3, 4] freshl y manufactured porous layer
exhi bi ted increased latti ce parameter wi th respect to tha t of the substra te causing
deform ati on of disti nct maxim a on the low angle side of the substra te peak. It may
be seen in the representa ti ve rocking curves shown in Fi g. 1 tha t thi s maxi mum
is relati vely high and narro w. The other characteri sti c feature is the presence of
subsidiary maxim a, whi ch in case of the curve 1a is very sim i lar as in the case
of rocking curve for epi ta xi al layer, however the m axi ma are less disti nct. The
di ˜erent locati on of the interf erence m axim a in the curve 1a is well expl ained by
m ore di ˜used pro Ùle of the resistance characteri stic shown in Fi g. 2.

Fig. 1. (a, b) Synchrotron ro cking curves in 333 reÛection of 1.1 ¡A radiatio n for tw o

p orous sili con layers exhibi ting subsidiary interf erence maxima in the vicini ty of p orous

layer peak. In the curve show n in (a) the maxima are located similarl y as in the case of

solid epitaxial layer.

A very di ˜erent situa ti on was observed for the sampl es conta ining epi ta xi al
sil icon layers deposited on the previ ously described porous layers after anneal ing
or oxi dati on at 6 0 0 £ C. The rocki ng curves of these layers recorded at a rel ati vel y
short ti m e after pro cessing are shown in Fi g. 3. In both casesthe curves exhi bi ted
three di ˜ra cti on m axi ma | two smal l maxi ma were located on both sides of large
m axi m a corresp ondi ng to the substra te. The m ost shocki ng is the fact tha t the
m axi mum tha t may be attri buted to porous layer is now located on low angle side
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Fig. 2. (a, b) The resistance proÙles measured w ith spreading metho d for the same

p orous layers (upp er curves) together with those for epitaxy deposited on these p orous

layers. (a) The proÙles for the sample as in Figs. 1a and 3a, (b) the proÙles for the

sample as in Figs. 1b and 3b.

on the substra te m axi mum. Thi s identi Ùcati on m ay be in parti cular conÙrmed by
the resistance pro Ùles shown in Fi g. 2 conÙrming the existence of su£ cientl y thi ck
epi ta xi al layer to pro duce dom inati ng m axi ma. Simulta neousl y the thi ckness of
porous layer was decreased and to gether wi th the attenua ti on by epita xi al layer
should cause much lower height of correspondi ng maxim a. The positi on of epi ta xi al
layer peak on low angle side of the substra te is also reasonabl e in vi ew of i ts higher
latti ce param eter in com parison wi th tha t of heavi ly boron doped substra te. The
locati on of the porous layer peak on high angle side in ro cking curves shown in
Fi g. 3 pro ve, however, the inversion of the stra in in porous layer.

The di scussed phenom enon m ay be expl ained as a ki nd of cementi ng of
the pores by the m ateri al wi th hi gher therm al expansion coe£ cient tha n tha t of
sil icon. Af ter cool ing thi s m ateri al probably shri nks and expands the remaini ng
porous skeleton.

The other interesti ng phenomenon wa s obta ined in the case of epi taxi al layer
on oxi dised porous layer for the measurements perform ed after m ore tha n six
m onths seasoning. In thi s case the rocki ng curve, shown in Fi g. 4, conta ined onl y
two maxim a and di stinct di ˜usi on ta ils of the substra te m axi mum. Tha t may be
expl ained by possible further tra nsform ati on of the porous layer in whi ch the oxi de
in the pores lost i ts cementi ng pro perti es and probably i ts further growth spoi led
the coherency of the porous skeleto n. In Fi g. 5 we report an interesti ng pi nhole
pattern in very asymm etri c reÛection of thi s lay ered structure . A very di ˜used
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Fig. 3. (a) Ro cking curve of epitaxia l layer deposited on the same porous layer as in

Fig. 1a af ter thermal anneali ng perf ormed at 600£ C taken in 333 reÛection of 1. 1 ¡A

radiation and showing inverted location of the porous layer maximum. (b) Rocking

curve of epitaxial layer dep osited on the same porous layer as in Fig. 1b af ter oxidisatio n

p erformed at 600 £ C taken in 333 reÛection of 1.1 ¡A radiation and also show ing inverted

lo cation of the porous layer maximum.

Fig. 4. T he rocking curve in 333 reÛection of 1.1 ¡A radiation for the sample analogou s

as in the case of Fig. 3b after six months seasoning. T he curve exhibi ts only tw o distinct

maxima pointing lost of coherency in porous skeleton, which now pro duces the tails close

to the substrate peak.

Fig. 5. T he Bragg- case pinhole pattern taken for the same sample as in the case of

Fig. 3b where the porous layer forms a very di˜used separated spot and its location

pro ves the lack of lateral coherency of di˜erent layers.



288 W. Wi erzchowski et al.

spot, com ing f rom the rem aining porous layer, is disti nctl y separated from the two
rem aining, com ing from the substra te and epi ta xi al layer. The mutua l locati on of
these spots is di ˜erent from tho se, whi ch m ay be expected for latera l ly coherent
tetra gonal ly deform ed layers.

4. Co n cl usion s

The inv estigated porous layers obta ined wi th impro ved technology pro vi ded
rocki ng curves wi th di stinct interf erence m axim a sim ilar to sol id epi ta xi al or di ˜u-
sion layer. It was also found tha t in the structures obta ined by therm al oxi disati on
or anneal ing of the porous layer and depositi on of sil icon epi ta xy the inversion of
stra in in porous layer was observed. The perform ed m easurem ents proved also the
ti m e instabi l it y of som e ki nd of these structure s.
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