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!ll7.8-9 
OOP!Ellll A!!IDBPH!!CI!Ji5 SIYOO!N 'lrBJIJ!i! ii."3JUJ!!S_ iBy i!l_a_ i!llci![ellllZ:ii.e, 

D .. JT .. a .. Ooc::kayme*"' z .. hlliil,.,. JD_JM_ D.warte* ~ S .. A .. Soli!I.g*, 
.Sd:noo]. o:£ Physics a1Ill.d *lEJl..ectton IMii..croscope mrl!ilitw 
IDJ.tm.iwers:iit:y o:f Sy~y;r Am1Sh'all..ia .. 

1l'he ai.Jm of i!:1tri.s dii:fraction sib!Jdy is to d~e 
wribetlh.er tlbere :i:s a JPlC01IlOI!il10ced iti.:f:fte.ra!li.Oe :iJm >:tlill.-e il!li3:i!llllllei 

:in v.dri..dhl :P aztld ::a are i.J:n.c:czr:J?O:rated .:imto -tine amorpllilclll.s 

s:il:icollil :rmeit::Wo:rlt.. Sel£-smippcrti.lng .spec:i.Jmelm.s"' 5\Q.lmmn tllri..cl/!1' 
of iPiilre am1d &pe.d a-S:i:S ~e prEJ!?arei!l 'fr:l.:y g].OQQ itisclll-arge 

ldet::~itioll!l o£ s.i.JliED.e ~m pfrilos:P~e a.Iaod Gilb:oraJme .. 

fte ele.ct"~!I!l di:f£ra.ctioJm iirteDS:i:cy I({s» 'loliaS cQ].].ed:eCI fum 
a. Phl].i:ps 1E:iM!.431D cler:t:rol!!l rmii.c.r.oscope 'O!PP.....ratim:J.g at 3~W II' 
1IllS.fumg a.Iil eJ!.eCil:.rlOn e!lle:r<gy ].css spe:ctt:Iamett:er "tbo rem:cw-e 

:iw-eJl.astica].].y scattered. e]..ectr:oJmS.. 'Tihle illlli!:.emsiity ~s 
processed [A .. Sproti/1" !!J:I .. R .. Jl'l'...c:Keil!l.Zie art!ld I!) .. .Jr .. E .. C~ay.me .. 
PhlL !!!lag_ !B 54, ll3 U986i i to g:ii_we me rad:iLa3. 
tdistrWetion £m1nc'""~o!l!l 

'lribe Gfr» .for Jbe.aw:i].y phospihlo:rmlS doped a-S.i:a ri29% P as 
O.e1t:a::mi.mteii ibly EDS D a:nd :for :heav.i]:y bo:rorrn tdope.d a-Si:E 
~ 39"% iS as de't.e~erll !by iEiEILS D are Sfu!OWiiil .iJm me f.ig;rare,.. 

1togett:.fu!er 'llw-.i m -me <G ~ r » .for llll.Didoped a-Si: H3:.. 1l'illle:re are 
obw~o~ di£f~~es De~een the effects of ~e ~ts .. 
I::o 'tt:ftne case of boron,.. ~ adjacent. anaxfuma ii..n G«r» occu::~r 

at r=l .. '9lQ.±(J}), .. rGS.A anrl 2 .. 37/:ttD .. OzA.. liJlelta:iJlerd analysis sihlo.ws 

't1blat tfruese oc:a.lD. !be imrterpre1t.e.d as a S1I!1.perpos.i.tiell of 
peaks cJlose 00 t..1ne ne.ighb.o1I!I.riDg atoms in tlne J.b.Dro;n 
icosahedron «l .. SoAD «L~S- Palatn~w A .. A .. ~o~na ~G 
A-A- illlechli!:ai.:!l.o- Sov _ Pitrys_ <Ceystallogr. 213 73 « :!l.983 »J 
att!l.<Ci m "tine S.i-Si distaml.ce .fun Ue alnerollito'illl.s si].:icon 

\{2 .. 37i.» .. In me case o£ plbospho:itUJs,.. tine :first~ 
:in G({rD oa:tt:l.-T"S at r=2 .. 29:±iDl .. lTII2i, W:icill :is s:irg;mil:icaE-tly 

slbDrter than the first EaX~ of ~doped a-S:i:E at 

:?-:3.Jj!;.~,.©.~.,.. T'nere is "'" :broadenllJ!!lg oi!' m:is ;peak. omd 
il:ne!llce no evidence of S:i-S:i ibolmiti.ml.g at tine ummdopeCI. 
distamce oil' 2-37A- Y:be max~ at 2-29A probab:!l.y 
corre.spoOO.s to tln.e S.i-P distance.. 'T!hte P-P distaJmce is 
approxilmate:!l.y 2-25A fum e:!l.emeillta:!l. pibospiborus «i!i!-illl­
<Greelllwood a,]]Q A.. Ear.msiba.¥.. "Cfule:m:ist.cy of the El.emezmt.s:. " 
Pe:rga.JJDOlil. Press, OxforG.ar ].'984., p .. 554D _ 'Fihte compo1D!md 

si
2

P :is bo:w.;za [Won tG .. Fritz ~d E .. O.. JBerke.mtho.ff .. 
z_ Alnorg_ M.lg_ <Cih!eilll. 2139, 25!! U957H as """ am>I>:i!:piboill!s 
solid"" :fanned by lbeat:Uag phosph..i..De aDd s:i].a.Jl!l.e t.=ogetlner .. 
JI:t is ~:i:te Jl.fteJLy that the heari].:y P-doped spec:iJmelm 
can:ta.:Uns "tlris c:ampom:nd as the pr.ilmc.iJ!?al colllSti:tt:iilemrt .. 
Since the pealk :is narreli" we aeail]ce "\that this carnpo1Illlm0 
COlll:tai.mJ.s mna.inly Si -JP bo:mCs and fe?oV" Si -S:i or lP-JP iboOOs .. 

This stDdy indicates that heavi].y B-Goped a-Si:B conta.i~s 
sig;ni..:ficant amDiWltS of B :in tl!le fo:nm of i!:he stab1.e boron 
icosahedron.. As a consegmence lE is not 1Wri.:fol!iiilly 
distr.il:rated tllr.olllgho1Ut tile ne'bior.k.. On tie ot.lb.er Jhland. 
.in lb.earily P-d,opeO a-Si:E, phosphor;us :remains OODded to 
silicon in a ~.:fied network .. 

a-Si:H(Pl 
p 29% 

Radial. distribution 

;,ho~~h~~;~~~~r !n~ovte:tz 
and heavi:!l.y boron doped 
a-Si:H .. 

!ll7 ..9-1 Tim ~IC:,fflOiii!OCLIJ!flC S~ CI!W!IGIE: Dl 
SiiliiGIJ!l Clln'SlrMS OF ZIDOJLIU: ZS!H)_ lBy H. """' I<min..,.,.,.,ld, 
H. """' ll!elldmm and J".c_ J".......,.,, Laboratories of' Applied 
iF'ihys:iics and Orglmic Chem:istry, Del:n: University of' 'Teclht­
l!!IOl<>gy, lWoJrelliltzweg l, 2628 c.J lllelf't:, n.e l!iletberlands_ 

n.e s11:rin!ctm-e of' a large {200xl50x25() Jllllll] orthorlllmlibic 
~Plmma) simlgle ccystal of' ZS!!I-5, including t:he t"""Plate 
i<m (tetrepJI:"'iPYl...........U,_) :is presemted_ C<mt..-..ry to 
l:iiteratm-e data t:he PJI:"'iPYl-li-propyl :frag>meots pointimlg 
:into t:he s:llmsoidal and straight cbmme:l both hmre ClliDC 
torsion angles armmd lfilll"- 1'be t"""Plate ion <>C:C'Upies 
:four i[lCSit:iicms fum a d:iisolniered """Y: boo arom>d D and 
amntber boo arom>d a ·~· peq>eodicular to 111. 

X-ray pl:>t>tographs are sbmm o:f crystal.s of' ZS!!I-5 {S:ii/All 
=: 3001) in the as-synthesized and ca:J.cined f'oi1111 • Cal­
c:iim!ti<m cl!mnges the sy.mmetry of' t:he crystal.s to ::rmmo­
clfumic. Fig. l shmos details o:f rvta.ti<m pbntogra.pbs 
armmd h o:f a calcined crystal of' ZSIM-5 at dif':ferei!llt 
t"""!P":nllil:ures- 1'be reversible JIIIIJIDOClinic/orthorh<mibic 
transiti<m (l!DO hysteres:is; tnmsit:ii<m temperabire "'330 

lK). previously st:udied with DID and Silicon JmMil ""' __. 
der 5a111ples of' ZS!+-5, is clearly observed- 1'be o!rtbo­
rh<mibic simlgle ccystal d!anges into a JIIODOClinic liDilllti­
dolllain aggragate .men t:he tElllljpenltm-e :is lowered_ 1'be 
dama:iim; have COIIIIDDD a m>d c axes 'Oilbile. altenmtely. a "' 
911-5" or 89-5". 1'be deviation of' a :flnlllll 911° is caused by 
a d!ange in the direction of b in the (100} plane- The 
d!ange in the direction of b can be ~ized by a shear 
of' the (010) pentasil layers al01111t [001]. iDdnoed by a 
d.istortimn or displacement of tiDe T4 and T. rings fumter­
connectimlg the layers (Fig. 2). Both shear def'onmtions 
have equal probability leading to a twin domain struc­
tm-e given fum Figure 3_ 1'be space group of the lll<>n<>­

clinic phase liiOSt probably is P2 1/n-l.l-

c 
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Fig_ 2-
(100)-Pentasil layer 
sboori.ng T.. m>d 1'" 
rings heavy dark_ 1'be 
as-synthesized ZSI!+-5 
f'lnlllleWOr'k is CG~~~Plet­
ed by linking neigh­
bouring (100) layers 
via ~try centers. 

Fig. 3. 
Part of 
dama.in structure in a 
DODOClinic t:wiimed 
(ca:J.cined} crystal of 
ZSI!+-5 seen along 
[100] _ Defonoed (100) 
pentasil layers at 
both sides of "" are 
heavy darlr outlined. 


