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hlatc~iiils \vhicll inwqmratc. rrgl~lar macroscopic feat urcs 

s~t~)f~~~~~osr~l 011 t lie ~~nrlr~riyii~g t-ryhti11 lattice, are of potmtial 

illtcr<‘st ill t 11~’ ap])licat,ic,ll to r’l~yslal ac~c.t*lcl~ators alI4 mlifwmi 

racliatloil w~~rws. \I’(, Itnvc wwtlt ly I,~~IIII an iilwstigatioll 01 

orl(s 511cli iilatwiill. p<“‘otls Si. ill \.vllic.h prows of raclii up to a 

i-iv tcrls of lal t.ic.c, spacilrgs aw c~tchctl tlLrough finitr volrlnws 

01’ d sit:glr, c-ryzt al. ‘1‘1 IP potfwt ial rduction of losses to parti- 

(.I,Y l~~~I)~~~-llanr~clrtl along ill<> pow5 111akes this a ver>r intcr- 

<‘5t illg Illalvrial ill crystal ac0~liv~ators for r~~lati\~ist,ic. posit iYcl>, 

<.l~;il~;ml pari iclvs. 011r willIts on matrrial prop~rl its wliicll are 

ittlportdlit if] t !lis cvlltc~xt will 1X pwscmi etl. The conscqucncvs 

i(,r part ii.l(. i rarlslwrt will hc tliscilssvtl. 

Introduction 

‘1’11~ 511c.c wsf’lll clcl~loltst,r.at ion ant1 thcorrt iral rintlvrsl alldiug of 

11hc> ]I!II’IIOIII(,II,)I~ (II‘ 1 ht- clrnli7lclillg of Iwatnh of ~llilrgc(l I)artim 

c.iii~ i~lorig axes an<1 planc~ of syrrlllivt ry in tryst allinc, soliils’ 

Ilie led wv~~ill invwt igatorsLm’ t,o hllggwt the possil,ilil>. 01 

‘i<‘ IIVIIIP~ for acwlr~rating particle5 irl which the lat tic<- fic~ltls 

\wr~lti play tllv rolr of tltcb Inagnc‘lic. tl.itlisp0t.t in conventional 

ac,ct>l<,i-at or<. .1 sigriificallt ol)staclv to hr ov~rcwn~~ ii !llc tlis- 

hij>iltiv<’ pmu’~wi to \vlli,,ll il Iwrll;l of i,liatp‘fI pal.1 ivIes is hlll)m 

,jYlPd \I1 ["'I"'1 rating a solid I~ar ]"'"kiW part i<~kY, t.lw chilrl- 

7(.lillg pm~‘135 itsc.!f pmvi4m R cigrlificarri mlric.tioli. Irl this 

C’ilV’. ~llullipli~ hc,attcring 011 tII(s Ill~(.l(‘i c.ali 111, llr~glecteti: Ilow 

i)\-cl‘ t11at 011 1 !lV (‘l~‘~~l1‘0115. ivhilt, I.~~IIIc~YI for channrlcrl prli- 

f.1~‘~. is il!llx)llant III tllis papvi’. wv pvill use wstllts u’c have 

r,i~t;,1n~~<l ~4S~~~~\11WX to cvalitatc~ t ILv unlit tancr growth of’ t hf. 
I,(‘illll. l11(~11. \V(’ cIt~ic.rilx~ 0111' IY~S~il1.CIl 1 ,jlrst nocv gctlillg u~ldvt 

\:a!:, to ili\mligarc the possibility of csxploit itlg porous Si ill 

1111s ;~l~l~l;vatio~~ a~ a ~~Ivi,Ili 10 1’11rtl1u wdl:cc thv ~lih’ii~)il!ioti. 

C!rystal Accelerator Transport 

\\'i, hiI\.? r('( 1wtl;" Illl~l~l~ti~li~‘ll ilL1 ill\~ostigittion of cllarg?rl 11FlY- 

tit I<* tranij)ort iii (.ryKi als in I II~ colrtf~st of tllc* applic,dliotl ul 

r.ry~t ;:llinc~ soli(lb ii1 part iclc ac~c.c~l(~l.atioll. ‘I his illcluc!cTs both 

cr)YI ?I a~wl~%rt<,l~ U,Il(‘f’]>T h ‘L-7 as \rrll as bean1 “ol)tic-5.“” In 

t 11v (‘iixr of btror~g ai.wlwi~tioll of Ilca7.y part ic.lrs 7~2 > rl,,,, 

bc’ liit\~v f;~il:rcl t IIt’ follcwillg (~xf)rm5ioll~ I’m 1 II<> 3lc’alt s(tliill’(’ 

rntli:15. mean squaw arlglr, arlcl rlllh (7mil t and 

(,,J) = ; [(!!s$ __ :] 

(P) = rr(ot)l,,“, [p# - I] 
.-- ~ 1 ((,?) (ti-l:,)l:d = -!!& [& - -.. 

J=-!-TE 
] 1 

IV~I~VT : is t!ta* c1istallc.c~ of propagatiorl into tile cl,ystal. 0 = 

( l:‘/r~, ,( ‘. t hr. ;Icwlmatillg lir,ltl Iloullalisctl to t,llca inc.itlmt par. 

t i,,li‘ fcs~ m~mg~-, 1’” ii III<* illit ial rr:o~nc~trt~~~rl norrllnlizrtl to rI?,c. 

ancl b’ = i’O/~)~I?. )‘I,- IS rll(’ “hp:irlg cu1151;1;jt of [lj(s tlarlll,]ilic 

c.h;lrilicl wr~ll. It5 5pwilic forrrl d~~tw~~~ls ou t liv Illc~tic~l llwcl lo 

construct t hc COII~~IIIIIIITI potc~ntial of ii sl ring of aton,?.’ F~I. 0111’ 

purpows ii s~ifIi~c~ 10 1~1~ ,t t~-l~ic.cil vii1111~ 01 :! x lO”~~\~j~~~~. I) 

is the multipIt> scatterirlg velocity space “c!ifFusioll” wefiic.ir~lit. 

Ll’c have IISC~‘(~ 

vi, L 
II = :7r!.j.\‘%\.,t) - 

( > 
I. ,I 

I??, 

i\.l:(‘i.(’ r’,.; IS thr <.lilSPl,.i1lj rlmt rot1 r;iclili<. %,;,I ix I II<, I~II~~~I~PI 

or valf~I1c~c~ rl~Y~tl.o,ls , dnd X ii I 1~ II~IIII~MT t1cvliit.v d t h(s ~‘~y5- 
Tal. I.Ogarit]ll~lic t]r~]~~lldcllcl~~~ 011 l)art ic’lr c‘llerg!’ have fw?n 

rlrglrctcYl i~llrollghollt : 1. ,I ii rl cmllstant \villl d tj.l)icai ~3111~ 

E 10. 

Eve11 a11 anhit i011s accc~lwat ing pptiir~r~t of 100 (if~\i/(711 
taking. for warnpIP, a 1 ‘I’cV pmton to lOO’Te\ in 2 = 1O’cln. 

:riII lvii\v a c\-f’lllctioll 1~~11~~ \ril II ai) i‘lli miiittnliw i^ 2 .5 x 

Itl--“ratL/~:t11. 

‘l-his is soli~c3c.lbat I~LI.S(T 1lra11 t 11~3 (.llilt111<~1 ;~(‘(~ypt ali< ~3:’ iiilri 

tle~~hannelirig nollltl IN, ~~Yt)wtc~rl to ii< cur. cvfvi for Illi\ c’strt’riw 

raw. It sholiltl lw notd t that ! hcs Irarnlorlic IWII al~proxillla- 

lion is I)c~c.orning sllsl)fv-t iii this ciisr. Iloiwvr7. if aI1ytilillg. 

it woultl be cqwcletl to bv t 00 opt illlist ic. ‘1‘11(~ (‘ollh(~(jll(‘*l(‘(~s 

of t,he Irrlllt,il)l<, scat tc+rkg incw~sc~ as i11v a~wlwat ing gratlic-rlt 

ticw~asc~. ‘I’hercfow. tile pob7il)ility of wcluc-ing 111~ nlillt iple 

scat Wring whilr n,aintailiillg cryslallinity autl cl,allrrr~lirlg ii of 

intcwst. It might also lie su in ot11m applications. for t’xalllm 

plr. Iwanr stwring illid foc.llssiilg or IlPl.hdpS ril<liiit iw cooling 

of ligilt part,iclw usilig (.llilllii(~lillg r;rtlii\l ioll. 

Porous Si Studies 

In ail ;ittcsrtipt lo clc’velup lnitt c,rials ivit II profwrl iw corlll)iLt i- 

I,lc with theoretical pwtlict io111; for solid s-tat? awc.lrr-aiors. \I-(’ 

havr init iat,otl an ilivc‘st igal ion of pwouh silicon. NIIII~P~.OIIS 

lmpcrs ha\-cx 11wn p~~l~lisl~c~l 011 ~OI‘OILP silicon and 1 hc Ilossi- 

ble applications to tlvvicr t rchnology”-I” 01‘ as his11 qualit!. 

liltm4.’ ‘I’0 clatr wc art‘ Ilot airare of ilIly invt3tigation of this 

Irratrrials with respwt to application? ill ac.c.clcrator tmltrlol- 

ogy, It leas l~c,en shoxvir in tlicw pwT.io1la stilclim 111,11 I Ii lllv 

,iiamrW’i. of’ the paws call lx c-or~iroll~d, (2) thca fx~ws can IIc 

IIlid(~ ]““l”‘ll’lic.rllill. lo I1 ~(1 iurfaw of lirta silic.c>n s~~hstra~~~. i111(1 

i:j) tlir porous silicm has a (‘r!‘stallill<‘ 5trl1c’l~u-CL wit11 a 1attic.c~ 

twllslailt largc,r tharl tlial of c.vystallil!v 5iliwu. It is not well 

111ld~i.ht0od IIOLV rtraigllt t IIP twfrs aw oi ‘0 wl~al niilxinillltl 

lrngth t,lw pores can he rnatlr to prnc~trali- illto the sul~slralo. 

‘I‘hc structure of the matwial in the n&glll)orl~ootl of the pow 

edge is not, well known. ‘This ccrtainiy mill impact thr, cham 

ncling pro])W,ic~s of t Ilc~ paws. I3c~c-auw t llc pow cliamet cr ror- 

responds to :~bOut fonr unit cells, it is rrasollablc to speculat,e 

t,lie poteiLtia1 well niight be vv~‘y fiat,. rising sharply near Tliv 

pow cvlgc~. IIowevcr. tlic work t,o h drscril~c~l 5liows tltcw is 

ii c~orrlplcs. tilrlc~-tl’l”‘~~‘l“111 dlcmistry hvllicll ialit‘ t)lac? in t llc 

,~or~s. Mwh IIIOI‘P work is nccdw~ to nncltmtantl I II<’ ,>mpc~ 

1 itits oi‘ this rliatwial importan’ 111 0111’ al’])lic ;itiolir. ‘l’tlcwv~i ic.211 
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r11orlrl5 tvill rrr~~loul~l~~rll~ IICYYI to lw I(*filled as a mnwqwIiw. 

l.iillg dil itllr)tli/iIIg ~~rocch5. 011 /j-tyl)C‘ (I~o~C~ll t]0IX’(]) I)llIk. 
srrrg c’ rrydal silicon. v,y’ I ha\-c initial cd ii pm.css to I~KKI~~c~c~ 

I~~i’orrh siliwir sanrplcs. Tllf rkt I-olytc is c.orllpoS'tl of 50% 
IIF,’ i~(.id ant] .iO’% c-t1 idno hi 1 cirrrc~r~t clriisitir% iu 111~ rangr of I ,‘t] 

$0 Irl~\/rlIIL. halnplrs t,hal, Ila\.c, lxvw ]~rorlr~c~~tl hy tliis m~yl l~otl 

h;:vc~ l)wIr ill\.wl igatrtl losing irrl’rarwl I‘ourii,l t.r,arlsifhrrlr spcc- 

t I‘OhW~,~. 

].‘igklm 1 in t I)(* at~~rlm~~cc~ 5p~~~~t r11111 at roor~1 tc>lnIwiat,lrc> 

lo: a ;~-t,vln’ ~iliwll wkwllw salnplr~ iu 1 he spwl la] riirlgy 100 

I 0 .iooo (‘Ill--’ ~I’IIC tli?t?L \Y(‘I‘(‘ IikkC~ll !ihillg a fjolnrlrl D:\:j.O] 

3.00 I , , 
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*AYtlwwtl m-1 , , 

Fiqliw I : Itoc~lll ttvnpt~r;rtliw alw~~~l~a~~cc~ of pr,ypc silic-oll. 

b’l)rrri(~i. trarl5fol~m irrfrarxyl s~~~~rtro~~l:oio~rrc~trr~ fitted wit II a 

irir~rc~uy rdr111lil1111 tc~llriritle (hlc’l’) tlcdcy tar. stud Iil31, lw,rnr- 

s])lli 1 (‘I‘. (‘olll]~arii~~ll Of f“ig. 2 which is a sI]wt rrrrri I’or slighrl) 

iillo~li/wl [Imroli-) .ili~mll, to b‘ig. I ~.cx~~al~ wm~t~al ~~C‘LV l’~iiiu17~ 

ill lli~, il~~~.ir~il wki8,1r Ilc’a~- 2100 iili~] 2’1110 ~111-~. Tht=b~ fv;it ur(“s 

3.oo r-------- 1 ’ 

I 
12 0. 
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I’iqllw 2: Sl’[ 11 I ” 1: I ! dr~o~llx4 pt!‘p 5iIimn at foo11~ t(7rlI)fyat ut3’. 

i~w Ix~lic-kwl 1~ i,c. ~~13 twl to oxi~lr~ (Si-02) format i011 at 1]1e an. 

<,riizs><l hl.rFd(~~ ;irl(l to SiLTI vil>rat iorlill !~wtlcs. rc>sl)ect,ivr]J, ‘]‘]I(, 

S))t‘c,t I illrl ‘01 it I IlO/! t liirl; +3ri’I)lf> of I)oroilh qilic,trtl is ‘ihmvli iii 

ki%. :<. I Ilii \illilI)l<, \vil> l)u>viclcyl I,y 1 Ilr. ~~I<yt ric,a] p:~gin(v~1.i~lc, 
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Figure 3: Absorbancn of IOOp t,hicl; sarriplr 01‘ ~porous silicorr 

al room trmpexaturr. 

dcpart.rrlrnt~ of Texas iL!!hI I:niversily. It contnills ports \vllic]l 

have an awrap dianwtrr of 20 A. S’ milarit ies l~c~twee11 the 

t ilick pomus sample and tile slightly anodizc~tl sar~~plt- carI 1-p 

SCfIl ill t.tle regions Ilear 2100 alld 2!)00 cn-‘, Xt xvavelcyjgt 119 

larger than 2100 cn-l t llr esprct~rd silicon phor~oi~ spcctrunt is 

c-orliplrt,c~]j~ covc~d by the nlult it utlc of absorption peaks occur- 

rillg ii) this region. .,Ygain, the40 peaks are at t rihutcd to oxidt-s 

51lcl1 as Si-02 antI to Si-II c.o~~~plexes wllicll 11ii\~ foriid in tllr 

I~MYS, Thr, timP-tleI)erltlC11t Iwl~avior of t.his hg wwhgt 11 

aIrs:orption is SIIWVII in Fig. 1. It is clear that the compl~ws 

-, 

o.Lm I 1 * 1 1 .-.-I 
two. NA. .?700. 3. . 42OD. 

IAVENULIBER < cm -1 > 

Figure 4: l’irnt~-d~~~t~rltlr~I11 ahsorl~aric~~ of I OOj~ t Irick sarllplc* 01 

porous silicon (a) 1 day, (h) I Z days, and (c ) X3 days aftvr 

anotlizilig. 

wspollhi t)le for t lir, at)solptioii wntiniic lo fol.til for- iin c~slcv~lt~l 

period of time aft,er tile anotlization ptwcess is complete. 

(:unrwtl~-, we aw investigating thr, rff’wt 5 of various auntw- 

illg tc,:rlI)c~~atr~~,c,h and ditfvrmi alri~osj~l~rrc~i 011 tlic, forrnatiorr 

(if t llca coniI~]t~rs alld Ilave p1a11h to 1~5~ Ipivton charln~~lil:g m- 

psri Inwit 5 lo II~PBS~I‘C- t IIC ht raigilt II~S‘~ of 1 hc- p>~ w. 

‘I’lie authors would like to t I~anlc Dr. Ihii Parlwr and 

11~. b’ivig Yue for provitlirr p onv of tlte pui-<b~ls siliwn wn~plc~. 
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