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Corona Bmnh Discharge (CBD) represente a new type of a high- 
frequency corona dimcharge. One of the principal characteristics 
of thim diaeharge i e  that  corona occupiae a whole volume between a 
special bmsh-ehaped dElt~Esodef4 in s diecharge chamber I 1 , 2 , 3 1 ,  

The reaulte of the study of the  double-eided high-frequency 
corona brurh discharge (OSCBD) when a new type of Tsela coll Is 
urnad an a power supply - the three-phraa Tenla coll (3PTC) ( 4 1 ,  

which givee uniform output voltage in each operating pulee - are 
presented in t h i n  paper. 

The experimental device ehown in Fig. 1 hae five brush-shaped 
elestrcdea IBBl-BBS) placed geguentially i n  a glass tube (GT), 

that is a DSCBD tube. The DSCBD tube is connected to a ventika- 

tion syrrtern af a capacity up t o  150 d / h .  Inner diameter of GT 
and bruah electrodes l a  I1 cm, and length of GT i a  algo 11 cm. 

PIG. 2 

Pins of the brush-ehaped electrodes are fastened to the  electrode 
meah (1 lineJcm w i t h  element wire of 1 mn in diameter). The guard 
rings (GRI on t h e  electrodes, with theirs cross - sectional radius 
greater than a critical*onc, are ueed far electrostatic shielding 
t o  prevent edge breakdown. The elecLrodce of such conetruction 
does not  make a considerable obetacle to a flow of operating gas 



through them. The electrodes BB,, RE,, and BBS are connected to 

one (hot) cnd of 3PW, while the electrodes BBz and BRl are can- 

net ted to another, grwnded end of 3PTC. 

, When 3Pn:  is energized, corona discharge ie establf  shed and 
it ermrpletely oemples the epace between the  all eltctrdee and 
e m i t e  uniform light: from the whole volume of double-sided corona 
brueh dischatge (DSCBD). It i a  t o  be noted that  DSCBD i a  very 

stable in the whole volume between electsodem. Characteristics of 

t h i s  discharge are similar t o  those of corona brush discharge 
deqcribed earlier I1,23 . In Pig, 2 is shown s part of t h e  DSCBD 

spectrum for second posLtlvc eyetem of Hz 1337.1 nm (1) and 

357 .7  nm (21)  for a i r  a t  atmnpheric pressure and voltage of JPTC 
U-250 kV at frequency f m 2 O O  M z .  With air-watar vapor mixture as 
operating gas, one gats  in dimcharge nitrogen oxide. which with 

water vapor forms n i t r i c  ac id .  

Pulse corona can be uaod for abatement of  SO, and NOx from 
flue gssea 15) . In DSCBD active corona occupies practically the 

whole volume of diecharge tube, go that one may expect a great 

eftleiency of thim type of discharge in application far flue gaa 

cleaning from SO, and y. 

" Studies  w i t h  use QL larger number of electrodea than five 

using 3PTC as a power supply with various voltages and fxequencfea 
are in progress. 
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: : ~ ~ p l v  ; I n t  :!:c rnc:cy .;ourit I;lr rhy 
; lc : rurba~rt~n t l t r t ~  I %  t lrc F ~ C X  tn I ? I C  

conp:lnFrxr tl~nv. and ~ h c  cncrr; stnk :s 
.:r$cnu< cli\r~;.arl(ln. in bcnwcn :s a carn- 
7Ila::lrcd r :~lnl inmr cr?crq rrnqfcr rcrnm. !,ur 
;!IF. icr::i nrccccr ro zcm a~wr r j l ~  rnlu:ne 
nccupic:l I I ~  thc !!uid. On nvcncc. rhe torn1 
cnc:ry t ~ i  rhc pcrrttrh3rinn flow IS cnnsrr.nr, 
. , vh~ch  1:npticr :bar cncrsy i r i pu r  a n d  
rli.,crpar:r)n balnnce in h c  long run. 

tc:nltknhlv rimplc obrcwa~ion is tht 
~L-I- to L ~ C  \vholc argurncnr. 'ihc marhcma- 
: I C . I ~  CreFt in [!re zrrurnent 3rc s~ rnp l y  rhc 
. ipqlicx:nn a i  nvo ~ r e H  hmvn lncqualir lcs 
7s~clc:nrcd :rids rhc nnmcs of Cauchy and 
I'nt ni2e  

(:aucl:v snrr L!X if n iunc!ion is squnrcd 
2rS h c r t  : n t cv tcd  :o:rr 3 r m o n  ni u n i t  
mlucc!, h e  rcrulr ic bieqcr &an r i  it i s  first 
rnrcqmred and z'le r n r c m l  squ~rcd. %in- 
c a r  <a?-; that if a func:~r,n vanrshc~ at thc 
ends nl' In  intt7-xi o r  lc-gth ;I. rhcn r h ~  
i n r c m l  oi ::s square :s bounded bv 3' ir- 
:mcs ~ f c  in:cynl  ai irs d c n v n r ~ r ~  squanrtf. 
T E ~ c s e  :ncqualirrcs ~IIolrn 2r cg r n k  thc 
inrcpal ifcEning *c dissipanon md con- 
ctruct 3n ti3per baund in rhc f o m  of a 
:nrn3lc:d:: dlifcrent-!nokinq :n rcmlh  

TIC acalj~ical rrcps a n  Sc zc~-nrmcd 
1 v 1 f  3r.y cornpnnsan :Imv. Rut :r rum< our 
rhnt c f i ~ o ~ i n ~  3 cornpati<on !low n i  :hc 
Ibm in 5qum 2b ~qclds n lmwr upper 
5nucd h a 3  3 comn3r:son flow o f  the  :i.m 
lL7. Wx+ F ~ L I U ! ~  his bt SO? RouehJy, .hc 
arqrccnr  is 3s I3llnws. Thc Jirslpar~on o f  
rhc mr :!ow cr,tlrlscr of h r e  ccmr:  one 
?:?rctcnrins tllr iomparlsnn !low, onc 
rcyrc7snr:nr: Br pcrrurbarson !low, and 
onc re=resrn!ine rhc:r i n r t nc r i on .  The 
iircr can Sc calcul3tcd c ~ a c i l y  and h e  
~ c r o n d  :s c r y  ro rrrar. The inrcnct~un 
: c m  :T. IS usual, Chc 2 1 q  uric. But h e  
:c?cnc::un t c m  15 non-tern onIv whzrt h e  
c.-myarrron :?ow has non-ztm shear. So for 
3 znrnnznrun :low !ik 3, rhc :nrcmrlon 
:crm oniv comcs h m  rhe h l n  :3;ers nezr 
h c  ~ e t d  rvnl!s. D c  lssr nep In tsrrmaunq 
rh. rn rcncznn t c m  IS to obstnr *hat 5lnc.e 
!l~c ? t m r b a r i o n  flow is m m l v  t c m  at rht 
nqld u ~ l l s ,  :t must bc small ~n &t:c ramc 
131c:f. 

T'hc anahn~s iusr dcscnbcd mvsr be done 
caxfulkr.. w c c  he m : ~ r r u d e  at'rhc F ~ C S T  

:K 'LhC " ' l o ~ d 3 ~ "  I~>TTS lllCI'C3SCS 15 d!t:~ 
t h ~ c h c c s  ciccrcasc<. Hmt~rr:, tt rums our 
:n3r $c ~ h c 3 r  hwr thickness Ir c h o ~ u n  
pn,ncrl:., :hen ht <urn oi h c  sccencl and 
rhrrcl terms rn [he diss~pannn IS gunnnrctd 
rn hr nc;itlw. Xcncc the :jm t c m  - ivh~ch 
1% h n w n  nrcciscTy - ~ i w ~  rtrc uppcr bound. 
D~wnnc and Consranrrn rcmnrk that ; t  IS 

PC=>:;IC:I#I possible rhar o h c r  cnmpnrlson 
:lna=ru rnrshr :ILT c w n  i ln~rr upper hnunds, 
i r r r  'hcy h ~ s ~ n ' t  mphmd 3nv inorc. l l l c  
'ic!d :s occn to anlnnc zvhn XIII~F 10 

c o m ~ c t c !  . k J  of counc. nhc rcchniquc Ir 
.~yp!tclirk tn t l r l r \ ~  In rnnnv othcr <con- 
c!  nr?. .- . nc :ontrtbucron O F ~  Dncnnr: 3nd Gin-  
Franrln I $  ihnrc-GrlJ: 's). 'ntcrr : l n a l \ ~ ~ t  p u t r  
:hc Jimcn~ioncl vfurncnt on 3 l i r~n  
rnorrnc. .it I c x r  :n zhc ca<c ,>i rhc  p r r ~ c n t  

pmhlern. ( I > )  Sincc 1/19, 2 a p l ~ n ~ x ~ ~ ~ \ ; j t c l t '  I C V ~ : I  ~ : ~ ~ t ~ \ l ! c r .  ( c )  i:x ICC~IIII,TI:C< T I : ~ - L ~  :TC- 

cquals 0.04, :hc actual rlir~ip:irrun ir I x:tblv clcrncntnr: In rcnns r l ~ c  :cxr! ( b !  

considtnblv rmnHcr r h n r ~  rn~qIlt t.: CY- m;t~ticma~~cs, 3lc ! l r ru~h r r i  ctrurr: :-c::- 

pcctcrl slmplv h i n m  rhc ~l r r r rc r~ t innn l  crlr- innnvnrivr. 'l'llq p-p:: ni nnai:.;iq x n v  qrv:! i mate Ktmcrnhcr 'tl~nt rhrc r c ~ u i t  IF  .In u r p c r  I W C L ~ I ~ C  3 rf i ic: lhIt ~ t ~ o l  In 111~.  ! : .n l~ , i \  

bound, and Ihc u u c  dl rq~ynr lnn  IF pntnshlv I m.lnvrcrcn~jsls atid cncinccrr. 

Plasmas join ?he Eght 
against acid rain 
From Qrswma Lister a1 Central Research 
Cabararor~es nT?ore E*.4II. daves. UK 

THE knolvlcdqc :hat sc~cnt jsts i n  Rurqia 
and Iht U S  rcrrc c x h  dct-elopinq qsrcrnr 
far dc l i r t r inq  t l c c w n  S c ~ r n s  i w r h  .flcV 

Hotwr*cr, r rscarchcrs from chcsc ::vu 
nations, tagchcr r r i h  adlers fmm ]anan. i 
Gcrmmy and Polmd, 3re plann ing :o use 
this ttcholoqy in the szlr a y i n s r  auno- 
spi~cnc pol luuon 3nd gcid min. Paniculnrly 
mrzcrcd a r t  rhe flue Tares, inriudine 
nirmqcn oxtder -02  and ruiphur dior- 
idc IS0.j. which ire crniocd f n m  cncnl-  
less coal burning stnrions rhrouqhout -hc 
worid. 

T h e  use oi "c-bcamr'' for c o n m i  ,I(  

~mosphtric pollution ..mr onc  o i l  n l ;~z le r  
of dcr r lop inq rcc!~noloq:ca d:scussr.d ?.r 3 I 

NATO tvnrkshop on "Xon-?:~crpnal f :IS- 
ma Techniauer fur Pollurlnn Control"  held 

plasmas in which ihc alectmn rcrnyentam 

uon, his prcfcmntial heating oi  cicc- I Ac:a a:lz:i. - ext ra  Enr.:~orn.-:.:.~l s Zrwer  .md 

mns mn?limjses , I l c  dissociari,,n J : L~ght @cmons:ta:ron Ilcrr. :rG.ar.sool~s wnrch 

ionisarion uf he p,xkmrund gas ro iijnn ; U S ~ S  e ~ e s r o n  beam tecnnologj 'Q clean un : : ~ I P  

ndictls that. i n  turn, dccurnpnsc rnrlc 
compounds ,which may Sc pmsenr. N r n -  rcsptcr i \ r  acids. and drcse m:lv rhrn !.c 
rhemal plnsma tcchniqurs arc parricukariv 
c5cicnt whcn toxic rnsrcr~nlt nn: prescnt In 
%~;3'sm%ll conccntr~tmn~.  3s IS Chr C ~ S C  Ljr 
:?uc e3s cmlssiuns. I t )  r l ~ c  pmccsr. . i ~ c  
tcrnpenrurr oi rllc 3 9  0 1 1  IlqulCl '?c::I$ 

collccrcd by P ~ C C I ~ S L ~ I I C  pn'ClpltStnrF cir 
hag f i l~cn.  Al rc rnat i r~ ly ,  r inmmnnr:1 , S1 I ,, 
is 1nrnuIuccd i n to  rhc gas. thcsc ~ c 1 J s  can  
bc cnnlrncd ro arnrrlrmlum sltlph3tc. .II?J 

, 3mmon ium T U ~ ~ ~ : I I C - ~ I : ~ J I C ,  :~-Itich I:I:\~ he 
rrcarcd need nnlr bc ~tcrlt1ic3nrl!+ 7c.r- rccnwrrd In pn~vdcrid i o m l  n l ld  ~ s c r l  .IF 

turbcd. This ionrncrs u-lrl~ dlc xcc ; l i  1 a r n c u l r u n l  k r t ~ l i s c r .  +Iht t i n t  Inwxrtcx- 
thcrma! plasm3 srn for !iquld and ~ ~ l j i d  I: r ion t  inrn irntii:ttinn + p i  Iluc cnscs :rcnr h!. 

m n c  dirpos:tl ['"P!~sIYI:~s c3n C ! C ~  uy :rur El)nm C~rpa~nrit>n in jnp:~n 111 ltK;rl nntl 
b x b r d "  by .\lcr.vn L r y r w  I'li;.rrcl !L+d qincc !hcn rllc ~ c c h n o l { ~ ~  hhs tlcvn Ilrilvctt 
%\? I991 p231. T h c m z ~ l  plasmns r,yc.nilv ,171 exhnusr cnscs fmln clnall 1111- .u\d srld- 
opcnrc 3~ $35 ~ c n i p c m ~ ~ ~ c  r11 2 :srv i r l t rn tn~ ptnwr ;rlnnt!: i nd  n cn:!l :in. ,111lity 
thousand dccmcs k c l v ~ n  lt ld I ~ C  11rln1 pj:i~at. .\ p1;1111 11% 1K3t ..~~:tlt~lntlttn C ~ ~ C ' C  l r o ~ r ~  
gcnenrcd bv r hc prnccss prr\r*t~lcr 3.11 nr.iti II~IIIIC'II I\+III 31ro ! > C C C I ~ I I C :  ~ ~ ( Y K I H I I ~ : ~ ~  

ct'ficicnc mcsns tlf J c c n i n n o s ~ n s  :~rc:: ' In lnpnn i lurlnr: lo[?:. 
concc.r~int ions oi hazardnus ~msrc. I 1:-hcam tccilnolnq. !ns ~ h c  ZisnrSvnn- 

E-beams c3n bc zrhcd rt? tin. hicl~-c l~v- .c  rnerc n i  htch caprtzl .inJ :llc ::crci :r> 

decumns into 1 Ijrcc tmlunlc: ,ri iluc 21.1. ,tiie!cl pt~rcnt~nlkv 1137.nrduur :<-n:~ nki?ch 

producing 1 cascndc nisecondqr). clccrnlsz. nn. ~rrnduccr l  :rr thc Frnccss. Onc rriq<! tllc 

:\ wry lame ~nlurnc plasma is Ctirn~c-i. I ;ilrvxnrnve r c c h ~ ~ o i o q  IS h c  ;oninn .:IT- 
which can bc uscd ru 1111tinrv rhc COnVCnli%H c l l : i r ~c .  a C O ~ ~ ~ ~ I I S Y ? ~  rrcrnt cnrr::i: 'o 

of SO: and NO, cn~ l rnn inan ts  :&I t!~r.ir r l lc lidd ni 'nnn- rhcmnl  WIFIC :~ntr:c-r 9 



I 71,. principle behind h c  corona disrhargc 
i :< L+C cErcauen of plasma filarncnrs - small 

1 
h ~ ~ r s t s  of plasma - zenentcd whcn s hiqh 
mtr3qc i s  zpplicd hcmrcn 3 wisc filarncnr 

: nnd a metal pEarc. Hifik vIccmc !iclds 3rc 

, ~ z ~ r c d  in Ihe  :?cads of I ~ C S V  !ilamc:~rr, 
, .shrch prnduccs larqc numbcrs of h c  

c t e c ~ r o n ~ ,  35 in c - b e a n  renctors. 
I k s u l r s  ro f3r hnr bccn rncoqngnc, 

~lthouch rhc gas volumcs ucarcd to d m  
b x c  bccrr constdcnbly ~ m a l l c r  than thotc 

1 uslnc c-Scams. Corona discharges kart rhc 
otenuai sdvmraqc ths firunp cosrs rnav bc 

( La;!?. xduccd, i m c c  L I I ~  urc ihe rrrne 
\v1~-?13rc d c c m d c  c n n i i ~ u n u o n  as In the 
clectnc prccrplurors vfcd in conrmrtonal 
"+.\rt scrubbers" lor  tlue 3 s  conml. If 

I c l : l~cr  oi thcsc merhud: :F ro rcplnce 
' mnwn:ional tcc!mcllocy, rhcy :wH nccd to 
' usc leis rhan 3% of rhc rot31 c?ccrncnl 

ymryr of rhe gcncnror. 
! or?= of hc maror pmb~~rns  for bob ' rcchnoloqies i s  "scz~lc-up"' :br spplicarion 

8 :o ~nodcm large p w r  plants. .A npicnl 

I c031 burninc p m r  planr expels g3ser ar 1 
of marc than 1000 rnJ !lrL1 pcr sr,c;=- 

+ .I oi plant power 3c 3 gas rcmpcnrure of 
:3O 'C. hsu!rs srponed bv Norman Frank 
ai E b a n  Environmental, Grecnsburp, 

I ?:rrsburgh, US, kdlcatc h a [  he Inyea 
' 

clccmn beam rxnnncnr plmr bulll to dafc 
I ha=. a mpzc!r: 10 handle car f low of 
75 000 mJ hAi, while Lu~qi  Civ~rano of 
tLIc ENEL Thermal md Nuc!cw Rcsenrch 

I Ccnrrc, .LLlan, ImIy, has had resulrs h m  3 

, tcqt n z  corona discharge reactor ararlnq 
' 

100 m'hr" ' .  TI?c rnaqn~ruac u l  rhc pm- . . 
-a,..-7 ,..,s rema:nlng ro be sol i ra  IS lilvsmrtd 

, Sc thc 4 GW'e etqztrrqtts o i  ckectncai 
;mvt:: Dnu  pmvc: s:atlon in Yorlishirr, 

, LK, whtc:? expels 7700000 m'hr-' of gas 
lnto the stmosphcre. Thc LK powcr 
Zcncnrion cornpanlcs arc kcplng a rmtch- 
:ng 3 ~ e f  on the nmv rtchnology. In rhe 

mscarch pmgmrnmc using cnrnna drs- 
clinrgcs for thc rcrnwnP oi  :~oxiouq gases 
rs bcmg cnnduc:td in Czechoslovaki3. 

Son-hemla! plasma tcchnnloqy is ob- 
~iously ar n formarr r .~  q t 3 y  and rhe *.vr~rk- 
chop rrprscnrcd onc of rRc first s r c p  ;n 
b n n ~  the rescanrh coinrnanir,. roqcdlcr. 
kCg151311'.~ pnrturc and public nr3rcncqs 
ai cnvimnmcn~al pmhlcrns ~ r c  likclb* to 
p m ~ d c  *c drive for n r s  ;cchnologicr for 

I h MI-. I I 

i theory 

SINCE ir ~ ; 3 f  C ~ ~ S C O ~ C F C ~  br -1 51ilir nt Bcl? 
hbonror i t s  in 1956, ~5.z ";omus" form of 
~ilicon 53s r c t t w d  c~nSicuous but mod- 
t n r c  study, mmnlv for diclcrlnc applica- 
nons such as the elccmc isolation of s~iicon 
~ntccmcd dcv~ccs. T ~ e n  :n 1990 h i q h  
Canham ni :he Defcncc IZrrca~h ;\qcncy 
(DM) ar Malwm, CX, dcrnonstnted d ~ a r  
pomus silicon can cmlr ~-isiolc ltcht 37 morn 
remocnrurc. This qcnenrer! 3 qmnr deal of 
intcrc<r Sccausc o i  ihc pa:tncriI applrcs 
uons :n opucal Inrcrconntct and Jispl? 
rcchnoioq)., anti 3 large number of Inborn 
:ones 311 owr the .world sractd mscarch In 
pawls siiicon. ,Clam t%an '00 papcrs ha* 
bccn published in chc nva Tars sincc h i s  
first report. However, the rntchsn~srns 
involwd in !urn~nesccncc from pomun 
rtIicon 3rc sull unc!car. 2nd the= 1s 3 

rigorous bcbarc conccrntnc :rs ori*n. 

mcanrimc, noxious cmtssions srr btinq ' bulk sll~con :n 3 hydmfluoric-md-bascd 
, n ~ n ~ r n ~ s c d  by String conr~naonal "wct soluljon, which lczds to the hrmatlon o i  n 

.cmbberr" on rhe llmon.1 Pourr'r D m  ncwark o i  tiny inrcrconncctcd pores. 
I pm-cr plant and the I GlVc PmrrGcn ? Tlesc ports complcrclj~ c h a w  rhc propcr- 

: 31 II31cliEc. In his pmccss, limcrtonc tics of $e rtlicon. Depending an h e  
::, ,on:rrred bv rhc intcracrion uidr SO! to 
q-psum, 3 harmless by-producr sold to 
Sntisn G ) ~ s u m  for prodxcuon oi *all- 
hoard. Plans are also weit arlvanccd for h e  
introductron oi ilx-unl eas-.;rcd cornbincd 
cycle :urbine phnrc h m  IQQ3. NOr  
mrsslons arc :a SC rcduccd b~ 3 ir:milt 
;Immrnmc for 311 IXEF pnarr plznts to 
~ntmdacc low NO, burners by 19Q7. 

, ~ ~ c c u o c h e m ~ c a l  condiuons, rhc width of 
I rhcse pore<, and rht. remainins stiican 

I paruc!cs. vanrs bcnwcn 2 and 100 nm. 
T h e  k n o n  of w i d  (he porowty) ranges 

, bcm-ccn "096 md Q0%, and curkc arcns 
1 3s hign as 600 m' c n  ' haw 5ccn rcponcd. 

I Although mosr :vorkcrs nurv a q e e  tl~sr 
qunnrun snc cffecrs In :he 'hnaocpstal- 
lircs" wn~c'n cnnsrlture *e ?omus silicon 

pnllution contml in r i i t  ne t t  h :r:m :I 
wide variety o i  non-ti~c:m<rl plawla ~ c s h -  
niqucs n r c  c u m n ~ l y  hc:nc in\rxricatcri ro 
mar such pmbltrns ac pcml anrE Ilicscl 
vch~cie ~? i l l au<t ,  pnllu~cd -.ra:cs and fumcx , 
fmm paint btrobs. E:rn ;kc stncils f m n ~  
>our I Q C ~  k b ~ b  5nusc :nay onc tx ?w 
rcrnovcd by s plasma rraclor, ~i :hc 
t c c h n o l o r ~  can bc dc:rirtpcd LO hc cnm- 
pact and in~~?rpcnsiw. I i  

!hc Carnbndcc workshop %as ~C pan~cipa- 
:roll ei~crmt~srs fmm former Ex te rn  Bloc 
cuunnncs, whosc r c s c a ~ h  e~Tons In pcrllu- 

sccrn ro c o n t n d ~ c t  rhrs :heow. Orhcr 
~ I t c r n a t ~ $ ~  mcuplanatlons, such 3s h c  1um1- 
nc7ccncc oi SrI-!, spccw.-c tlr ~nnrphu~us 
r ~ l ~ c o n ,  rcqulrt iur,clcr rawct:gatiun. 

.Closr o i  chc mpcrrncncc ~ccic:ng re.?- 
dcncc for rhc q l ; 3 r l t ~ ~ - 5 k ~ ~ + ~ I ~ L + f r  r n o ~ c l  
invcsuqnrc r h t  pho~ulunrncsc~ncc prnccss 

i 
Iphoroluninesccncc is rhc c n i ~ ~ t n n  ni l i rh~ 
*Am n marenal under pirnrnnx mcitarinn~. i 
Bur at is clcnr that ock: ccncrrmenrs. such i 
ns rncxurmenrs of uprrcal ~Osorprior nr 

' 

thc dic1cctnc funchon oi ?ornu< tliicnn 
I~:TIT, shou!d prr rnsi~br x t o  ~ h c  rncchan- : 
I s ~ s  invnlr~d.  A: CSET, Car cuam~lc, s c  
hsve rccenrly invrrilqa~ed rhc o p r i c ~ i  i 
absorpr~on of k c - n a n a ~ t ~ a  -omus vlicon 
films (detached fmm h e  s ~ i l c ~ n  subsmrc). 
The  zb~orpt lon coe:Zc:enr ..LT measured 

s h t e m )  u-~tll rcspcct to ScIk ,ilicun. In our 

i 
\n.ns shified to\r-.ards rhc vrsibte :3 '"SIcc I 

samples the s u c  ol' ~ 5 r  n ~ ~ o ~ ~ ~ ~ ~ ~ l i t t ~  
rlccrcasrs 3 5  rke porotirr ~ n c t c a ~ t s  znd we 

round that the s31k oi Lhc ~Ssarpr~as! , 

coct5citnr incrc3sed ;:a:clris d ~ c  bluc: 3s 
t l ~ c  width of t!~e silicon ?3~.rc:r5 ~ C C X ~ F C ~ .  

This result 1s consis:cnr w:rh h17dcnlng oi 
rht band-gap by quanrcm con~incmcnt. i Of d ~ c  rnodc!s proporcd io ~ ~ p l a z n  rhc . 
opttcal propcrrics of pomus sii~uan. i?? 
quanrum-sitt-cffccr modfl rs :he onlv onc 
Tor which rhroreoc31 calcu1nt:ans h r . ~  bccn i 

pmpenics. r t r ~ n l  aircrnative ccplanauons 
haw alfn bccn pmposcd. :\ cmup at thc 
.LIm Phnck ln~rirutc rn Sn:rrzarr, Gc:- 

made that might 3ns:r-cr nvn 5 3 5 1 ~  ~ U C S -  

ttons: li) why i s  rhc Iumrncsccncc ro bnchr? 
:iI) 11-hy is chc lummcsccncc :n ;hc rSislble 
ni lqt ,  and wh!: docs i~ sh f t  :'mm rrd cn 
green whcn the p r o s i p  1s rncmscd? 

:\ J Rrad and co-workerr .tr Cambtidcy 
Un~\~rsmty in the UK, in co:lal~r>nuon I V I ~ ~  

the grnup, h 3 w  c~Icu131cd [he 
propcrccs of silicon quantum wm (-7. 

Rry. Drt. (1902) 69 12311 and urcd rhc 
mnIts ro nnzlyx rhc iurni~~e-:ccncc prnpcr- 
tics of pnrnus silicon. 3 c v  mndciltrI 
pnrnus slEicon 3s nn as<cmblr: ~ r l  cilicon 
:trirrs of rrcrancular (nlrc <r.c:ron ~vlrt: 
th r rhcss  Imm 12-27 r\ .::id crny lo r~r l  a 

Lion conmt  In many arcas 3i-c ma~chinq mnny, for =ample, has s u ~ ~ c r t c d  rhnr thc 
I 

rhrxc o i h e  =st o i  rht world. Press rrprlns ' lun~nesccncc anser fmrn a sl~lson-oxugcn- 
hsvc rcccntly h~ghlichtcd ~!!c :rnrncnse 1 I~ydngcn-bascri conpounJ. 
c.r.c1mnmcnr31 pmbierns faced by hcsc 1 1Howcwxr. :hc obscrvatlon of visible 

! cnnnmcs. buc IinEc has a y c a r e d  on rhe 1 crnlssron k r n  porous siricon jn conrncr 
;:!r:c' :nwmcnt In so iv ln~  rhcsc pmblenis. ! wirh hydrohutlrrc ~ s i d  < a  cr-rtcrn thnr 
E-icam rccba iaq*  113s bccn dcrrloped fur ! cnnralns only a ncrliclbEc grnnunt of Si-(3 
:?uc .seamcnt in Poland, Russia 2nd I xcordlnq :o lnimred mcasurcrncnts ' Ic  
; i~t  U h l n e .  .tnd for -.nrcr punficzr~on from Jcm-Yoel C!1nralvlel nr r hc Ecole l'oly- 

I 
:':K-:on- in Russla md Ln13. :\n x u w  i rcuhnjquc rn ? ~ I ~ I s c ~ u ,  FI~IICC) :vnuhd 

tirsr-pnnciplc~ pscudo-p01cnrr:11 itclll~lqcc. , 

T r e  surlncc o i  tach sillcon wlrc *.ms ' 
a~surncd  :a be s31un1cd rrqCt 3rrfrnqcn 1 
atoms [this 3ssumpt10n 1s cn~l<t \ fcnt  '.f.ith I 

: ~ p c r i n ~ ~ n ~ a E  dmz1. Their :nlculara~)nr 
suiyzcn that ~ h c  Cundarncnfgl Imd-cap of , 

3 s~llcon wtm mucrurt is hod1 " Jiwcl" .rnd 
larcsr rhnn !he bsnd-cap in hulk ~llrcnn 
hu lk  sllicnn hls m *':ndrrcct" Cland-qlp I 

I 
tv!r~ch mcms bar whcn clccrrnn< and 11oIc.s I 
rccnmhrnc :'cry fcw arc :urncd i n t o  
p'norons?. TItc hand-gap s i w  .nc:casc% ns 
.tic rh~chcss  of the ~llicon <vircr dccrc3sc:. 
?'or a quannrm :nE :\idcr 1h.m - 25 .I. j 
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FIGURE 4.5 
Hollow-cathode magnetron ion source. (Courtesy of V. Yiljevie, VIVCA, Bclgmde.) 

Magnetron ion source with axial extraction.' 

4.3.2 Hollow-Cathode Magnetron (Figure 4.51 
Spmjal design and constmction details of the source 

The hollow-cathode magnetron consists of a diode with two coaxial mlinders 
placed in an axial magnetic field. A cylindrical anode is around the cylindri&l mesh 
cathode and leaves a free optical axis through the ion source. Anode (1 8-mrn 0 x 60 
mm) and cathode (55-mrn 0 x 60 mm) are insulated to the base flange with the 
extraction aperture in its center. The discharge plasma is established inside the 
hollow cathode. When the discharge is established and the base Range connected to 
the a n d e ,  an ion clrrren t is obtained even at  low accelerating vol tags. 
lon source material and vacuum conditions 

The discharge chamber is a glass tube WO-mrn 01, the ancde cylinder A1 or stainless 
steel, the cathode mesh stainlrrss steel wire (0.4-mm a), eight Iines per centimerer, 
and the insulators are made of lava. The base flange is nonmagnetic. 
Application area of the source 

Accelerators, ion implantation, SIMS, ion beam analysis, opticaI spect roscopv 
Deliverer or user 
V. Yiljwit, Institute of Nuclear Science V I N ~ A  Atomic P h y ~ i o  Lab., PO Box 521, 
l 1001 Belgrade, Yugoslavia 






