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V.IIICIC A is tlw :IIISOIIIIWICC. atid Nq is tlIc  IILIIIIIWI of ]IIIO!O cxcitrd lI(IIc.s.  “1’IIcIc.[(Mc.,  II is [iv(vl I)y

/? (IN - Y’(,Y
“ : i 1 ‘.]W (1’.]: + Y’J~”s  - IN

(6)

1 tlcxc’lolcj  1.(]. (1

A

‘;] ‘ i 1’.]$).5 (1(]; i Y’(,)().$

:111(1  lhC. Ic.s; mlsivily  A’ i< p,il,c.11 Iy

f;: (y ),? ( . 1 . . 1  ?
?. )<)

‘J”IIC dalk cut Icl Il Clnt~rlc.{i SIicS of llIc  Si ] .} Gcx/Si 1 Ill’ dc.kxlor  is llmllliollic  c.lllissi(l]l litllilcd-J*8, p,ivc.11 by

(/)

(s)

(9)

V.IIICJC.  AI) is the. dc.vice iitc.a md A*4 is
(4 NISl WIt 'J'tlc. Cllrll'.l\ll l(~iw.( )fl!lOS iJ-x(ic.~./Sil  lll'(lclc4l[)r
is(lolllitl:tlc.(ll  )yll]c.[l;  tlk cut IcIIl  tl(~isc.,[:i~’c.lll)y

( lo)

lhc. l<ichat(lwu

i,, : +) q 10 Af, (11)

(1?)

I(mft (l/K)
“J”tlc.Sio.~(;co.~/Si”  )111’ dc.lcclws v.wc. ftiluicalc(l

l’ij:IiIc 3, 1’1oI of J{~l’2  VC.ISUS  I/k’l” fw IIIC. Si(l”lGc(~.q/Si hy f.lowillf  dc.gc.tIc.ldtcly  dolwl p-lylr, IIclmoclildxial

1111’ dclc.clot  tit -().5 \F I)i:ls. Si(j.~(ko.~  l;lyCls (~ll{l()tll~lc.s i{lc.I~()liQl]ccl])  tyl,c.Si(l ()())
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l:igwc.  4. l~xlcfnal qIwIlutII cf[lcic.wy vs. v.wckmfqh
fw the. sillplc-1ilyc.1 Sio.@().-#Si  1 II 1’ dc.lctl~)l (~) tild

Sl:lcl:c{l lll}’(lc.lccl(li (k).

v:afcis byh~lll~., ‘l”tlc.Si~.-l(ic.(].~ laycus V. C.IC. fJ,IORrII  tit :1 sulNIi  I[c.
tcrII]jc.i iIIIIl  c. c)f Sso “c usill~ dc.iil~.ll[fil IKMOII  ~~ lI]C (l(~jl:llll SO1lI ($..

‘1 ‘lIc. dcviw sh Itclwc. itwlpcu dc.s ~1‘ -Sllhshatc  C4UIW1S  WI(I h-tyjw
~u:ild  litIgS v.hich  (lC.(l IIC. IIIC. ]W.1 i]d]C.ly of 1110 wlivc (lcvicc. mcaq
to Sll] q M MS C.dj:c. 1 t’ak ay,c..

~, 1)1’1”1’.C’I{)R  (: II F,l;ACJ’J’I;lS’1”1(’S

j,] Sinpk-lnyc.t Sij.xC;cix/Si  llll’(lclccl(Jl

l“i$.wc  3 Sll(w’s lIIC. plot o f  J(Jr~ Vc.lslls I/k’l’ fol the.
Sio.’/(;(](~.Silll  ll(lcl[Cclot”t”  [1[ -(lSVl)i:i~. ‘I’tlc.~lilio]i ic-c.tlli~sic~ll
lillli[c.(1 cLIIIclIt cl]:~rmlclislics  v:c.lc. olIscIvc(l  [iIId t h e  llIc.1111:11
]mtc.ilti:{l  h;~ljic.r aIICI tlic. Ric.l]alds(m  COIISMIII A** WC.IC.

dc.tc.llllild to lIC 0.050 c.V HIK1 4 . 4  ACtII-2K”2.  ‘J’tm c. ffcc[ivc.
I,;lllicl Y’ vi’aq sif,[liflc:iillly ](w;c.I llI:UI lIIC. C.x]ICCld  Si(JmyGco.~/Si
WICIICCMUKI  offsc[Altl,(.-  O.? c.V)duc. to ll~c. (lc.f,c.tlcli  ilc.(lo]lillp.
concc.nhtdim  which  nmvcd  tlIc. l~c.l~lli lCVCJ  Mow the. v:ilc.IIcc.
lm11dc41f,c.c  'l"llc. c.xlc.ill;~l (lllilfltillll c. fllcicilcyfc)t  lllc.Sio,~(;co.~/Si”
1111’ (lc.lmlwis sll(]l~'ll illl:i~,.4. "l'lic. (lc.tcllttl  w'f\sc.{~{}lc.{l t()3()K
atd Iliad [II -().S V. ‘J”tlc. sJIcdIdl rc.sJIr)]Isc v.’as lIIc.i+sLIIc.(1 with
flc~]il-si(lc.  illt~tlli]l:\ti()ll  ~]si]lg a9~()Kl ll:lckll(~(lys () Lltcc.. AssliowII

itll:]~,.4, tlm<)l~of Si(].~Gco.-JSi 111} ’dck<l(M  illili:illy illclrawd v.’ilh ilwlca$ill~  w’wclcIIjI,llI  k~- 8 %, HI 4.s ~!lll all(l thcll
(kTlc.aw4i. ‘J’hcitlilial iliclc.:l~c.  () fc.filcic.tlcy  c) f[llc. Si(j.~(ic().~/Si llll'(lc.lc~l()t  rcNlllC41fr0tlt lllc. itlclc.f{kc  (Jfllic. frtc.-citllic.t
;Ilx(l[l]lio]l,  as slI(nvII  ill l;ig. 1.

J}i~,tllc.S (:l)sll()w'st llc.ltl(}(liflc[ll J(]wlcl]ll(l[(]f ~lllv~’c.tsll~llt’f(~] tllcSi(~.~(;c(].f/Si}lIl’ (ICICCI(M. Asl~[cdickdlly
lllc. ~]ll>cc41ill/,a tl:\lysis,l  llc]]l(~lu' aslillc;ll fol tli’<tllcl ;cllllic.llc.lf,y. “J”tlC. OJjtiCtll] )otc.llli:lll] :\lii Cl” ~’:i~(lclcllliiilc.(1  101)C
O.OM  c.V, Col  I cs]mdillf. to a cutof(  wwc.lcrlp,lh  of 23 }Ilti. ‘J’hc. ().4 A.lW {!] OIISC.I  vcd v:m tlj]~lil~xi[ll:ttc.1}’  t\I:icc. lIIc. calculaIc41
value.of ().18 A.IW frolll lT.(j. 8 bc.cwisc  UIC. II I(XIC.I  did 1101  I;Ikc. tlwscal(clill~ of (he. ]ho[o cxci[rxl  caIIic.Is illt(lc(jllsi(lc. ril(i(~ll.
l;.lwlic sc:~llclillp, (d Gulic.is  at Ilic Six{k]. x s[llf:lcc. lc.(lilcclc.(1  lhc. C:tllic.ls  l(m’fIt(l tlw Si~[;c].  x/Si illlc~fricc,ald Ihlls
illctcmc41  llm c.tllissiml codflcicml.

j,? Smkc(l 1 i 11’ (MxW

s I 1

Sir@ layw

I

Ill’

q= 0.4NW
Y’= C).(IMC!V

I 1 !
().0 c!.? ()..4 ().6

Ill’  (i!v)
(a)

(1.:

Q’
‘~,
:- ““cd

I ‘?’

C).(
0.0 0.2 ().4 (1.6

tl\~ (w)
(b)

l'i~(lIc:  S.h4c)(lifjc{l l`c)v;lcl]  ]1(][<( ~ftllcs ill~lc-1:tyc.IllIl' clc.[ccl()l  @)all(l  tllcst:lckc{l  lllt'(lc[cc(()l( tl).
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ut l(ic)pc!ci ‘J ‘k c.hlc.i IIal quatitutu  c. fficic.llcy
Sj . . . ..~l+-sic-f-- (11) of alI iiIlc.rIial  ]~llol(~tiiissioli”  (Iclcxlor.

““t is a ~ModDcl of abs(MptaIIcc.  ( A )  ill

si-sLlt)slr:ii(! Si]-x(;c.x  ]aycxs aIId  illk.iu:tl clLIaIJ(utiI
c.ffwicmy (Iii) w’hich is (Ic.film.d as Ihc.~kr”’ )&,r Rk

lit(ioof tlwc. ollczlc.d lmlcs 10 lhc]km)-

“*2$ ~t~$l.;g;),::  ,

c.xcitcd  }IO]C.S ( i . e . . ,  II : A  Ilj). ‘J’hc
ildunal  qualllum c. fficimcy o f  1111’

,Jf: $-
dc.lc<lors alc  Iillli(c.d  by ildfis{ic. holc.-

$:.,f)j,,();,-
~~~~i) -

)IOIC. rtlld  hole-]hotimi scalicv it]~! a~ WFC.11

phc40- -~ tis the IIIIIIIlm  of ho]c.s rvdircclcd  flolli
lllc. Si l.xGc.x/ail illlc.rfacc to t h e

cxcitwi bolos Si]-xGcx/Si  illtc.rfacc,  l;c.ducing  tlm

l:i,gutc.  6. ‘Ihc. Imrd diag[iull  of Lhc slackc41 Si]-x(;cx/Si  IIli’ (ic.lcd(II.
Si]-xGc.~ layc.t thicknc.ss Clillalmc.s  IiICf
iimnal tIIIalIt UiII c.fflcic.llcy Siilcc. tdmto
c.xcilcxi  t;olc.s v,mki suffcu-less ill&$lic

scai k.t hip,9; hmvc.vtx,  rcxluchip,  the. Si ] .xGcx Iaycu tllicklms mducc.s iljfra~czi rik.}t~]lion  as udi.  ‘J’bus, the ol,[il[ml  Si ] .xGc.x
laycl  Iilicklms i s  (ic.tc.liuincd Ily lilt tr:~(lc.-(]f(l]c.lwcc.ii almiliio]l all(i ililmnal qunll(ut[l  cfficic.llcy.  OiLc tqlploach  o f
acllic.vitlf, hij:h illtc.l[ml  qualllulll  cfflcic.lry V.filtml ]Osirlf,  almrlt[i(m is hy illcorpolalillfl  Ihill nlullijdc.  almrbi]lf. Si]. xGcx
]ayc.rs wi]icil tile  Slackc(i  I)c.lwc.c.[i  Si Iml i iC.1s.  “Ihc. Sclmltatic  c]oss-  sc~tion of a slacked Si ] .xGc.x/Si  )1 1 i’ dc.lcclm is iliuslril[cci
ill lig. 6. ‘1’hc. irlciividual  Si]. xGc.x layc.t ilas ili~il Iij ciuc. 10 Inc. stllali  Itlicklms ali[i lhc. nlm)ri][iol] ftmll C.acil l a y e r
Collllilmlcs  10 Ihc total almrl][iml. l;utlhc.rllmc,,  (lLlclc) tllc. :lJJ]Jiic.(i clc(llic  flclIit ()M'tlrtit  llcSis[lllslr:ilc(7 .-(iirccli(~ll), tllc.
]Iimlo-c.xcitui  hole.s litwciill~!  ollposile. 10 ?-dilcc.{i(ul  wiii k rcdircctcxl  towal d tiic  Si sullslralc. “J’llisl!’iilfllttllc.i illclc.asc. [he.
ildc.ilml qIIan[LllII cftlciclry.

'J"tlcs lwCltill] )ilc~lc)tc.s]]()l[ w.[)fat y~licitls [/{ckcLili li'dctcfl(}i w!l~ic.l] cI~}isisls oftil[ct5()A -thick] }+- Si(].~Gc(].~  laym
wilicil tile.sc1mt11c4i 1} ‘ ~()()A-tllic~  UIKiOl)C~  Si ]ayc.lsisstmww  ill ]~if,. 4 ([)). ‘J~]c. ~ccollcc.llt[:itiorl”  aIKi 101011 colw[lila[iml

$atc .30 CA arl(i 4 xI() ~ WI ‘3,1csjoclivc.iy.  ‘1’llc.aclik’c.(iclc.clol  alc.a~  arc. I,?5XI()”3C111-2, ‘lM oj)clatitlfl kwq~c.ititLuc.  aud
h i s s  v(JltafI.c. ate. 30 K alKi -(}.S V  (]msi{ivc 10 tllc. to]) Sio.-iGco.~” layc.i), rc.sJlcdivc.ly. “J”tlc [lc.1(’clor  Sll(nvs  hloari
]lil[~l,:~lc.sJ  j()ll$cv ~llicilc Lll()fl[ l[; tl~)ljlld2 ()~llll. rlllc. ])clll: lc.sJ)(~ilsc.lic.s altilc)illi(i 5}lr11v;iltl  6%, Cxlc.l[l:tl [lll:tllllllll C.fflciCllcy.
'J'} Jc. rcsI)[)tIsc. RI~I(lLI:lliy  (lc.cic.:Isc.s  ti$tlIc.  wfivclctIgill  illcic.aw.sarlda  sllmli  lltlillj)is(~l)w.t}’c.(i Iic.ar 14 jltil. ‘J’llc. cic.tc.cm
lll:~llifcsls  almul 4 ali(i ? % c.xtc.~llal qLIalIIUrIJ  c. fflcic.llcics  at 10 plii allci IS pill w’avc.ic.lifilhs, rc.sjwclivc.ly. “J”his s t a c k e d
Si(;c/Si  ]IliD{lclc<l{)r,  illgc.[lc.rtll,  c.xllil,il$  hi~im (l(l:illllllll c.fflcic.ljcy  illlilc l.\\' li{rc.gir[]c.  (k~l()Jllll) lilarltllC sill~lc.- layc.1
Si].lLGc.x/Si lili’dc.[cciws wilil tllc. sai]m Gc c(~~lcclllliltic~ll, (iol)illg cwnmibatiml  arid Si].x(kx [Ilickllc.ss dLm to (Iic.
iNIIIarICCIIIC.IIt  of itllcl 11:11  qLIaIIIIIIII c.fflcicticy,  c.sjmcialiy ill the. kmf, ~wvc.lc.]lf,[h  lc.~.itllc  wlic.tc plmt[vc.xcik.d  Mm have. sltimli
kilmlic C.10~iCs  to (10ss ovc.t a jmlctllial h:ifl  icv,

'l'llc.lil()cliflcd  I~c)w'lct]  I1c~lc)fd  ic.slackcliS  i(ic/Sili ii'(ic[c(t()l issil(~R’ilil]lig,S(t)). Siltliim  tolil:ll(  ~ftilc.s i[lpjc.-l:tycl
SiGc/Sil lli’(ic.lccl(~l show’n ili);ifl. S (a), (ilc]do[ islitic{ir forhv<<]ii’(.- ().15 c.}T),  t~llcitllc. ]~c)lcltlial b:lf[iCl  ahci llic
c.ll!is!;iO1lc(wfflcictlt  c) f(i.05Sc.V attd 1.4 ~~catLlt. {lctc.{lilillc{l,l  c.sjw(.iivc.ly,  ‘l”imlji~,ilc,l  (!] c~fthc. smckc,d  SiGc./Si  }Ili’
(iclcc[(}l  ]M(wicic.s  a highc.i rc.sjmlsc.nc.  ar ti]cc LMoff,  lhclchy  Iilillii[lizirq! Ii)c. C.xtc.llsicm of Ihc. cwloff  v,wvcic.[l~[il  allci lhc.
assoc ialcd coolitl~  lwIuifc]l)c.t)l$.

j,3Nl~A’1’

“Jh~. fjgurc  of tllClil, the. tmi,sc  cquivalc.nl  tc.t[l]]ctahuc. diffctclmc.  NIiA”I”]()~]  ], fm [Iic. Si] -xGcx/Si  IIit’ dc.kz[w  crui k
cfllc~ll:l[c<i  fr(~lll tllc. rc.si~~llsc.  1ll(~{lc.l. NliA’I’ for tllcSi]. x(ic.x/Sil  lii’(lctcttoi iiltlic.l.Mr]}trc~.iO1l  isp.ivc.llhy

(13)
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CIJ-l CN f WAVE  I [ NC;l [ { Ic (pm)

}:igmc  7. “I”lw calculated NJ{NI’  fol IIIC. Sil .x(ic.x/Si  1111’

(lCICCIOI al ?93K lmckgmum.t.

whc.te. R trtld iti arc. the. CUIi CM rioisc.  and rcsjmsivity,  givcm by
}iq.  9 a]id 1 I, rc.slnx(ivc.ly, rrrMJ hf(l) is the. blacklmdy  sJwltal
radimlt  c.miuam.c.. Pot lhc. b:wkglcrutld limited NIiAljl,  llIc.
C. UIIC.111 noise is dolllinatcd  by die. tmk.gloulld cut[c.iii, ruld is
give.11 tty

/‘- ‘ - ”

k ‘---
~ 2q JAR JVJ(k)dk Af

8 ~h

l~igule’1 shows the c.alculalcd  NliA1’ fot II IC. Si] -xGcx/Si
111}’ (lckxlor  as a fullclio]l  of ihc cutoff wrvc.lc.llg[ll,  assawiillg
?93K Mhqyound,  a 50 pIII sqwrrc. pixel a!ca, Af = 60 }1? slid
f/2 optics a t  “J’S (WK slid 65K. “1’hc. illilial drwc. aw of tlic.
NILA’J’ as h kc incicaws  flolu lhc lowc.r SJWLIU1  lialil of 811111
is (lUC 10 lIIc.  illc.t case of llIC Markbody rcqomivi[y.  hlJiA’l”
(lc.cIcasm  a$ lhc. cutoff ilmc.rrws furlhcr  (luc. to the ilmcasc  of

dm Ilmttlliollic clllissiml  d:irk cuIIc.]tt. Also showi itl l;ig, 7 is the. background linlilcd NILAl”]~, which  doltililmlc.s for Xc
s!lmllc.r tlma 10.3 ~lnl mvd 1?.0 pIII for ‘1’= 6SK and 60 K, ]c.spczlivcl  y.

5, SIJIV!MARY

Ml) sill[!lc-lrryc.r aud shw.kcd Si]  .xGc.x/Si 1111} dcmlors  with  culofi  wavclcngills  of -23 pm lmvc,  twm succmsfutly
dc.mmlsbalcd  wi th  lhctinio]iic c,tllission  limited dark C.utlcn)l chalaclcrislics.  A lltl’ ])llolc}rc,s~)c)llsc  mi(xic], siaiitar  to dm
IImlifml }WIIC.I l{qualio]l  was  dc.vc.kIlJc41 fcu wave.lc.II~Ihs corlc.sjw]ldillg  t4J plIoto  II c.]lc.i gics  lC.SS dIaII tlIc. l~c.t I]li cIIc.Igy  and
liJyLwJ  v’ilh lhc. 1 I 1}’ dcklor slwhal rc.sJoIw ill this  w~avc.lctlfilh m~ioli. A  si~rliflcalltly illl]novc.d (:] was  oblaillc.d  for dIc
slacked 111 J’ dc.lcc.lol  due, to the. rtmrc. c.fflcic.llt ccrllc-c(ioll of d IC, ~dmlo-cxcilcd  ho]c.s,  ccmlpalcd to the. sillglc,-layc.r  1111’
(t Clcclol .
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