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Abstraiit
silic0n rlafcrs r\crc etche(l in-lltl^g\or solution nith temper'l1urc \ar\ing frorn 35,,(. to 50,,(. li)r,10 minrlrsl()ttol\cd b\ \\cl etchiDs iD IIllor using .\g nrDopartictcs r; .1.n;ir-,, 

.. 
1 ',;;,,;;;,,,;"; 'ir,ri.,,, ',,1n .,rr.,".r,chltraclrrizalions pcrlormed on thc s) lh(sircd ntllonirrs using tc(hniqur\ liLe ( \,\ tS ,pi.,.,,,r.,rirr. Sl_ff 

"naxlll) {re l-cportc(l o\er nraioril\ ol lhr sp(11rum, thc rellcctaricr r)l rll re nrnorrirc tilnrs arr lcss rti.rn r,1,. thr
tr(' liun(l to bc n ithin _5nnr to _i2nm.

Kc\ norclSi \atlorrtLcs r:h-'uicaJ ctcltttl.. oplicl) *lre.c lhc oritlatro, ol'Si a1a's occLrr. l30th lhc proctssItbsorllton- optical rclleclton 
occur sinLrrraneoLrsr) 11 rhc si suriucc. rihjle rhc chlrg. rsI'Inlrodu0tion cxchangcd through thc si s.bslnllc. .,\g salr Lras lrrgSll

applicattorl is rcr',' hirh and il hls, bcen,slrrclieci i. t,'" galvanic displacc'cut rcacliou on Si *rtjr ,\q salls isl' . ., rr l-1.. llt- t.t1.,.t'l-rr.. ,.. \..,..1t,,..]\ t. .u\ lr st

clL:cttochctlricaL- irlopcrtics in solutroDs eonraililg tltesihcon silicon botrds on thc Si sLLr'licc. I liis lcacls to thc

l l.l,l ,. -. I 
,rlr. .nrrr,lcr .lL.rrn,t.,.r .ui ..r...11_ .r.b,,qrr..,.r ( ..,.1 r.., ur rl-: ,.t-.rrrt.I t......, tr)rnJl Lrrt lt.r\ l. \cd !, rtJlLlcLJblu t.!-scarch inlcrcsl. solution

1-hc cncrgv Ievcis of thc r\g .\g s),srsm lic uell bcjori rhe
St VB edge iu I Il;,Aqt.!Or solutiou. l'hus tS a couscctLlcncc

',l lt( Dt..Ct..i,, h,,,l.lt.l. !' (.Ltr, ...1t- t., lt. 1.,t.ui \.:
l r. . ,,r Jrtrr t.,lb1 tl. t.,,Ill\ .Lt!,. .,,.r!. .,t.rtt!,rl
Srnultancous clcctrochcmical proccsscs inclLrclilg clthodrc
and anodic reacttons occur.on rhc Si sur.lircc cxposcd 1rl Th,.
l. ,r'r.rc ,,1..r.o| n ttr 'r .1. \, rr, \r,"tJ... i . .ut . .u.

oxiciizcd (anodic lcaction) ancl sLtppll, rhc electlous lil.tlrc
.\q rcductiou (cathodic rcaction). 1he cor.t.csponrliurl
'cr\ ltntt . r.r Fr r ll t.cd Lrr ' c .r,^ lt, ,_-cl rc. -u,.,,,
l-qLrauon (l) {qarhodic rcactioIi) a1lci I]qLralion (2) and
[qualron (-])(anodic r.caction). r.hich occlu. undct.ncath .\ !l
nanoparticlcs

Cathodic lieaction :

Ag' , e 1.u ' A!ls) (t )

Anodic llcacti0n:

Si(s) 2111() , SiOr i 4H I .le \ (Z)

Sior(s) - 6IlF ' Il,SiF(, - 2ILO G)

l:lccrroloss lnetal r.leposition (l:\11)1 anrl .lectrolcss ctcliilt!,
iravc bcen \\idcl) ut\'0s11!tated aud nol thc l:,\11) rcchnicruel
has bc-en c\telcl.d to thc lablication oi. r arioLrs
iall0slt Llcl ufcs.

'lhc high aspcct rtlio ol thc nanou,ires ltvpicallv on the
'r1.[1 o1 I'r,r r,. ] .u, -rr,l r..r1..lr .. -,. .^r.i.r. .,rrlr
sttrourdints lta(ls to,tptrcill al solrop\ as obscr.r.trl il]'rJrtl.li .lr.,,l t, .rrlt... \..,r...r.r .,.r ,r .l .n rr
clianclcrs and ploximitv. conrbincrl ,,ith ,,ricr,,n scirlc
L r r l)l.r . .:t,t t,, rrt..l(..tltr_ .,ptt..r pr,p .t. .. r. \ r.'l(,t- .ic -nd llt-lt rq.u.lrIotr. ,. rre l.:,. ..,,.r, ..t
lhjs papcr.

lhc lcnarkably lcduccd r.cllectjve prop.rty o1.Si\\\,s
sLlgqesls thc Danoslr.Llcnllcs as a calclidale ibr anti rellective
slulacL' stluctures 'lh. stroD-q broadband absorytion
indicatirlg,.t1ic 

.iDteracrion ol ii.qht o1- r.arying \\a|clength
\\ith SiN\\rs thich rmplies its porenrialilics r,, 

"ul,r,tc" 
il,"r'\-.''.r. .rc. r,i,rlr,urr l^,.r.J iulrr, cl-

lhe high peltbrmancc light trapping shemes harc thc
potcnlial to cnhance short citcuil pholocLu.l.eut and
ll . riIor. ,'rr. rcrrcl rt r- n(t: rolJ- -cJl. o1 o. ,11 

1. 11 u.
25,t1, 

r.

?. St,nthcsis Mechanis^m of Silicon Nanorrircr 
A!,prrticles on the Si surl.acc oxrdizc the Si unclcrDctrtli it

rhc ncthocl *,c ha'c usecr ," ,,;,n.-,;"'rrrc "rrrcon i:li,il;:::.:f;,:'il1il:i:::::T,';:';]:Tl:,::.::;
nano\r'ircs is based ou ihc ealYarlic displacemcnt rcactron. IIF acicl. 'fhus the /\g parlicles glarluallv sr'k iuro thc bLrlk'lhis llllplics lhat thclc is a cathodic p.occss *heLe silrcon und,r'r" rrlr...,,,r ,r"r,r*,,.i o,,rl' g'aduall1, c'rcrgcrcductio' ol metal io's takc placc a'tr a. arodic p'ocess *ith thc elapse oftl.catmcnt 1irre.
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-j. lirperimcntal I)clails

I Ite LLllr asourc balh sol\ en1 clcrllltq seqLlcncr t as lirLlo* erl

in ouI crpeiDrcDl. ID thc ctchLrg solutiotl. thc conccl)tliltion
ol Ig\O, ard lll: \as 0.02mol I antl i -lnti-rl I .

rcspccti\ el\'. Ihe fortllation ol Sl\\\Is has bccn clonc Lrsrns

l siDrplc irldrsenonslr clerclopcd l-eflon cell tdl Ll\11)

ihr slnrples \\'crc heated dtllclcntly \\lth eacit sitntpl.
clched ir clillircnt lclrp.rature. tllrec santplcs harc hccn

trcill.d in tcurpcrllLrlcs l-i'.-10'.-1-i ('and lhrcc slnllrlcs
Ncrc tr.a1.d il] j0-( l:ach senrplc rras dippcd llt tlrc

so[Ltiort 1or J0 mLnrLtcs.

\1tt'r'r:tching in Ilf .\e\O:. sohltton thc sltpl.\ \\ith -1,i'.
-1{)' antl .15-( trealmcrlt tcmjtcl!lLuc NcIc lit|thcI crclted
\\ith ll\O.. Ihc sanrples tlcaLccl rn 50'C tr-np!'riLlLlrr \\ere
kcpt rLnctclrcd.

lhc obtaiDcd sanrplL's \\'erc conlaiur-(l of rc.sidrral .\g l!rcr
nncl othcI corrlamiDlrtioDs \\hich \\cre LcntoYcd lTl !ofirJlrsll
clcrnills \\ith lll\\ lrs lou!. as drc restclual larcl hls not

conre o11.

J. ('lraracterizatiol ol the \ano\r'ires
-l hlec charactcljzallon lecllltic}rcs hars lgsn perlbrruc,:1 tirr
st nthcsizr.d n!no\\ ll cs nanely, 1) Scanniug Lleclron
Nlictoscop-r (JhOLlS\l- 6.190 I.^) 2) \-r'rt' dllliaction
(l)\\ i0,10 -\'Pert Pl{O)3) t-i\'' specrroscop\ (l'\' l20l\,) ro

strLcll thc uurlpholog\'. 10 llltd 1hc lalctsizc's ald thc spcctral
hchar ioru ofthc as svnthesizecl sanrples. rcspectir rh.

5. llcsults and l)iscussion

5.1 Smnnirrg Llettron Microscopl (SllM)

I igrrrr, / shons SIr\'I irrage's ol the as snlhesize,:1 santplcs
t|clLtcd in 50"( tcmpcrattLrc \'hich shorr s lraces of
nanost ir cs

(b)

liig. l:(a) Top ric* inule ol thc as sr.nthcsizcd sallplcs:
(b) Cr-oss- sectiona) intagc ol thc as slrtrhcsizecl saurplc

-\n abunclanl !nbLlnt of A-e particlcs can bc secn as lir hcl
etchtng has utl1 becn clouc altct erchutg n,ith llI basccl

aqLreous soLLrlion conlainir't! sih el urtlate.

Our r-\perimeulal lt'sLrlls rldicare rhat the oxidation and

dissolutiol 01 1hc Sr subsl[11c do not occl]r alontside the Ag
cleposrts. but beneath thenr. Peng et al.'also ploposed il Itis

report that oxidation arld dissolution of the Si sLLb!trate

occru uDclemeath tire clcposited sil\ er particlgs in thc
prcseuce of aqueous 1'erric ritlate.

\foLeor cr'. Nlorinaga ct al." and Kint ct al halc reponed
tliat electrochemical Cu deposiliou simultanc'ouslr,
accornparics the localized oxidation alti dissolution o1'

silicon. *hich take place urdcmeath tlie deposited Cu antl

turduces pits m the salne positiotl as a resull of ctching \.ith
dilute FIF solution. ]lecenll],. \lilsugi et al.! reportccl prt
loln'ialron inducecl br Cu colttannnation in dilLrte 1l]:
solulion. TheV proposed that the local r'edox couple bcl\\cen
Cu and thc nealbl Si sutfacc is essential to thc fbnnarion of
localized pits. lfiich rrerc lbrmed at tlte same posltjon as

the (lLr islands

'"t
l

qi

(a)
I-ig. 2: \lechanism of silicon nanolue artal lbruation
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ln thc initiai stagc of silver deposition. Ag ions rl rhe
Vicilrty of the sjlicon surfacc capturc e]ecfons from tlic \-B
ofSi. ancl are dcposlted in tlte fbrm of metallic Ag nrLclei on
a nauoscopic scalej (1-1grl.r:2).

Shallorv pits uould inmediately form ul1der.r]eath the A-g
ranopa icles. due to rhe etching of SiO" bv rhe HF
solutlon: then thc Ag particlcs euter the lonting pits
(figute 2). Therelirrc. the Ae par.ticles trappcd in lhesc pirs
do not rrolc horizontallv This illustration is consislent n ith
oLrr SllM obscn,ations, rvhich conllrntcd thal lhc o\idatioll
ard clissolutioD of the Si subshale occulrcd lront bL-neath
thc Ag particles that are happed rD the tormcd pirs .\: -{_s

lanoparticles are pinncd bv the pits and .annor nto\e
horrzontally on the silicon srLrf'ace. local etchine in the close
vicinity ol Ag natiopanicles occurs. and deeper pits form
o\jng to thc conttnuolts etching a$av of the SiO,
Lrndcr.r'iealh rhc Ap particles aDd the sinking of tire Ag
naDopalticles rvilh plolonged in1ntersion in tl.le solutjol.t.

Simuitaneously. largc quantiries of nanoscale Si nccdles
plotrutled outrva|d liolll tlte inlerspaces between the Ag
palticles on the Si surfacc. 1'hesc phenomena imply that thc
appearaDce of Si nccdles nral' bc ascribcd to thc srrking of
Ag particles rnto brLlk silicon. because tl.re ,.glo\\,th" of Si
necdles is ult1tossible in this case.

5.2 [iV Spectroscopy

lhe study of the spectral behar.iour. shoued excellenr
antircflectton propefties. /.igure -l sho\,s thc reflectioD
curvcs lbr the samples hcated in j5.and .l5.C uhjch rrere
liuth.r etchcd rrith II\O. and r.flectlon cur\e fix jantple
tlcatcd in 50"C \ hich \ as kcpl unctcltcrl.

--6 r

t, 1 t "

69

values of 69ro at thc silicon band edge ( 1100nnr).

11 is also notcrvorthy that thc specilal dependence ard rhe
magnitude of tlte total reflectance for our samples are mucl.i
inrproved compared to those found in the ljteratule. Il.t the
sarelength range of 400 650 m-n. our samplcs havc
tlpically shoued a constaltt total reflcctance of < 2,lro. R1,

comparison. l{appich et al.e obtainecl reilcctatce valucs ibr
nairoporous silicon ranging fion,2 l0 %, and -2- 2001, ln
anodized nanoq'ilc Iikc stnlctLLres in thc 300 850 nnt
rrarclength raltge. Au ultr.ahigh surfacc ar.ea drie to a high
dt'nsrtr of Si\\\,s: the subwavclet.lgth-stl.Llctur ed (SWS)
surl-ace of th. Si\\\'s. ivhich could supprcss tlle teflcctioo
orer a sidc specnal bancl*iclthr" and a possiblc porositl,
gradienr rhroushoLrr rhe Si\\\'s. could be altributed lo tltis
renrarkablr lo$ rellectance o1-the as svt]titestzed satlplcsII.

'I'he absolption chalactctjstics neasulctl by Lr\,-
spectroDeteL sho$,n rn lrrgrrrc, J( ) a.Dd l:i,_!trt ,lrh1 clcarlv
shorvs that the absorption peak shiftcd fi.onl \\a\cleDgth
rangc 800rnr 1000nrn for.Si subshate to 400nm-65Onnr lbr
Si narorr,ir es

100
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(b)
l'ig.4: (a) Absorption characte.istrcs ot Sjiicon subshatc:
(b) Absorption charactelistics liu Silicon nanou,ir.c

'fhis indicales the bandgap ruodificatioD of Silicon duc to
cluantull conllltcment efli'ct r. l hrs strons btoacibancl

. w I. ,',I t !, r-', -c
0

2AA 400 600 B0o 1000 120a
Wavetength (nm)

liig.3: Tolal rellectance culves for the samolc treai(.d.t
l5'Cl. 45'C and 50"(' tempclanr.c.

It is evrdenl fiont the abovc llgures that thc samplcs treated
at diflcrelt tent]leratures. both etched and utetched shou,s
sir-nilar behavioLLr. lhc reflectance ofall thc nanorvir.e hh.ls
wele lcss thau ,l,l,i, ovcr ntaior.itv of the speclrum iiolr UV
,' rlrid \Itl-l r,r'lnlr .l,l l^(g111 r,, 111c1,.i.1... U,,Ilr O
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optical absorytioD can be attributed to the significant

reduction of the reflectance and the strong light trapping of

the nanowiteslr.

5.3 X-RaJt Diffiactiott (XRD)

l he stluctrrral properties of the two unetched samples both

treated at 50oC temperature were investigated by X-Ray

dr ftiaction photometrY.

Moshfeka Rahman, Mehedhi Hasan, Zahid Hasan Mahmood and Sahn

6. Conclusion

The direction of the silicon peaks obtained Am :-

50 55 70 75 80

Position ["2Thetta]
(b)

Fig. 5: (a) X-r-ay diffraction spectra for sample treated in

50'C temperature (b) X-ray diffraction spectra for another

salnple treated in 50oC ternperatue.

Figur-e 5 shows the X-ray ditlraction spectra for the two

samplcs.

The size of synthesized nanowires determined by these

XRD spectrun is in the range of -5nm to -32nm.

I'he forn-rula used to calculate the sizes of the nanowires is

as follows:

19 .4 A'/) -_-" Acosd

diffraction spectmm was very strong shosq
crystalline conditions of the silicon nanorirtl
reflectances of the as s)'nthesized samples $ere folmd -
as low as 202; therefore, the behavior of the Si\\'s
closely resembies a multi-antireflection coati=ne-

reduction of wavelength of absorptivity peak iaphes 1
increase in bandgap of Si nanostructures compared ro

which enhances the possibility of increasing eflicierrc-v d
solar cell based on theses nanostnlctures

Relerences

L V Lehmann. " Elcctroch enr isl ry of Silicatl htslrunenlalut-
Science, lvlaterials and Applications" (Wiley-\'CH-
Weinhenn, Gennany, 2002).

J. Qi, A. M. Belchcr. J. M White, "Spectroscopl of
individual silicon nanowire," Appl. Phys Lett S2 (I6). 26l6_

2618 (2003)

A. V. Shah, M. Vanecel(, J Meier, F. Meillaud, i Cuillet. D

Fischer, C. Droz, X. Niquille, S. Fay, E Vallat-Sauvain. \'.
Terrazzoni-Daudrix. J. Bailat, "Basic effici€ncy limits, recent

experimental results and novel light-trapping schemes in a-

Si:H, lc-Si:H and 'micrornorph tanden'l' solar cells," J. Non

cryst. so1.3 3 8-340( i ) ,639-64512004).

Tsakalal<os, L. Balch, J. Fronheiser, J. Shih. M "Strong

broadband optical absorption in silicon nanowrre fllnrs".
Journal of Nanophotonics, Vol. l, 011552 ( 2007).

K. Q. Peng, J. Hu, Y Yan, Y. Wu, H. Fang, Y Xu. S. T Lee'

J. Zhu, "Fabrication of Single-Crystalline Silicon Nanorvires

by Scratching a Silicon Surface with Catalltic Metal

Particles", Adv. Funct. Mater., 16,387 394 (2006).

H. Morinaga, M. Suyama, T. Ohmi, "Mechanism of Metallic
Particle Growth and Melal tnduced Pitting (N.4lP) on Si Wafer

Surlace in $'et Chenrical Process", J. Electrochem Soc

1994. 14r.2834 (1994).

J. S. Kirn. H. Ny'orita, J. D. Joo, 'l Ohmi, "The t{ole of Metal

Induced Oxidation lor Copper Deposition on Silicon Surface

" J. Electrochen. Soc. 1997, 144.3275 (1997)

8. N. Mitsugi, K. Nagai. "Pit Fonnation Induced by Copper

Contarnination on SiLcon Surface lmmersed in Dilute

Hydt.ofluoric Acid Solution" J. Electrochem Soc. 2004, l5l'
c302 (2004).

9. J. Rappich. S. Lust, I. Sieber. w Henrion, J. K Dohrrnann, W
Fuhs, "Lighl trapping by formation ol nanometer diarlreter

wire-ljke structures orl !rc-Si thin films," J. Non- Cryst Sol.

266 -269 ( t ), 284 -289 (2004).

10. Y. Kanamori, M. Sasaki. K. Hane, "Broadband antireflection
gratings fabricated upon silicon substrates." Opt. Lett 1999.

24,1422 (1999).

I L C. C. Striemera, P. M. Fauchet, "Dynamic etching of silicon

lor broadband antireflection applications" Appl Phys. Leti

2002, 8 l, 2980. (2002).

12. Nolan, M. O'Callaghan. S. Fagas. G Creer, JC "Silicon
Nanowire Band Gap Modification", Nano Letters, Vol 7' l4
38 (2007)

13. Erik Carnett and Perdong Yang. "Light Trapping in Sillcon

Nanowire Solar Cells" Nano Letters )010
ta020213015404 t(201

Counts

400

100 L

5.

6.

"1.

65 70 75
Position [o2Thetta]

(u)

80

Counts

16000

9000

4000

1000

0


