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Fabrication of branched gold cauliflower-like nanostructure arrays in dc magnetron

sputtering system
Nourolahi H*, Bolorizadeh MA?, and Behjat A%®

'Graduate University of Advanced Technology, Kerman, Iran
2 Photonics Research Group, Engineering Research Centre, Yazd University, Yazd, lIran
3 Atomic and Molecular Groups, Faculty of Physics, Yazd University, Yazd, Iran.

Abstract

In present work the growth of branched gold (Au) cauliflower shaped nanoparticles on Cicada’s wing nanocone
arrays have been investigated. The gas aggregation dc magnetron sputtering nanocluster source was employed
for fabrication of the samples. It was observed that the operating conditions of dc magnetron sputtering such as
gas pressure in the aggregation chamber and discharge power controls deposition of charged clusters. By
changing the operational conditions different nanocauliflower-like structures were grown on nanocones. This
Au nanostructure with cauliflower shaped surface feature was monitored using scanning electron microscopy
(SEM),and energy-dispersive X-ray (EDX) spectrometer analysis. The optical properties of this branched gold
nanostructure arrays were also studied. A reduction of light reflection and consequent light trapping suggests
use of this branched structure for achieving broadband light absorption in Photovoltaic devices, as a result of
the plasmonic effects.

4S 3513 392 5 Wb el Hlsastls glajlila iU s (gl Sl
A [F L Sly3 Ol 5l I8 i sdas 55 b 4
et sl sl Ol S dle IS JS S35t
el ol gl e 53 ol 35,0 Sletigy bw g
35 G3LE ol el LSt iy, [Pl
LS (S i nly e s 55 o8 AL AS g 5 e

)':."_w OJ‘_«i)‘b@u 6[.’[-«&) 4-&.:4 CJ‘)J )JL_’ Ul sl 63 p

¥4

PRV
S5 Sde o Ol Sl 5L sl bl sl
Slatipes 53 5 Lla S 15 a5 3550 sl Oldeis olss
oslaul L;_wj.v—w) 5 sl ‘O.QJ:{Jl ‘u.<.::4_.l Calises
Gl U ol a8 3 o (ol led [Y,) o
o3Il 5 (555850 L Db la bl sl b 6l s

S IO - VI PURS PRI NG | PR BV | o POV PR P


http://www.sid.ir

&

|

Sl pad e sl&ila

658 bl s 53 Lk god Slweslel
o3lizal b (638 il aul b elad oo ld b Slasa
ooy by s Obr GuaKe BLsaS A,
-~ sl s o=l DSR1, Nanostructured Coating Co.
A dolins bl s 5 As bl W SBUT S s Sl
Cracks A o8 a3 @) ditens 0L 2 05,585 3 (5 jracks
Lo g b glaadsr 5L AS b et e e 3 ges
SIFKe LS s
D3 Sbhe V)T LS Y BB s adyl L a5

baw g GBI gles o Db Gua B

5 Jlesl Jles o ST 58 L plasay AESJCRVISPIRE I
33 e opl 3 eSOl A ke 5L e VY B eNY
OS,T 58 0L Kl .cils 15 Sols WO 5 VY 3 50w
ks (SCCM) w5y aSa ol 3 kel 00 b Fr oy
€2 C1 (W/FTO/ai)B (O aind) A clads yos .S
sla el e Jlesl Ll s 53 b/ ge oy JL) C3
Y el e sl (gilueslel (05 2K Ol 5 S8Les
ol 5 gles 5 05,28 5l Aol lls Kos sl el i
ISELPY

o g

eals 0lid ) ISs s B A sbadis 4 by e SEM sl
e 355 gas olod T s ol s Sltle &S Wledd
5ol en 4 Cq 5Co Cy sladsl o by 0 SEM sl
58 0L Jlesl Ll s ol sal Y IS 55 (Co) Y 5
ol £l Vdsdr o SlimaY aolp s coline alss Ol
Sb el esls Ady slandS S 5l al,T C3 wged s ol
Sib Sl ik ST Y S s el st Ol
oS S SU et oS 5 B el st &1 (EDX) X5
G s doles Lascie ) BLsS oKiws 3 el azdll sla
S 5450 ohs AULG 5 Aula, AuLb s sbds EDX

Al e 4Bl bl U W obaw slaal,l 5l 8 cads

of 9 W8 o it S cmositd a0l AWl
Ol jlo oSt
1PRF LT Y oY

G P oo o ad Sl Sl 2, ) [0]52
ooy S B b g5l b sl [0]e
[Ple—ul gldn s slad w5 (25 el o Jhsudyl
laslr b sl 1L o Olddzes i pledl s -l
o Ll o5y olsst Sl eslial 5 o syl o b
TN (e A P W N (R
el a8 Ol e 3L Sl a8 das e 0L | (gl sy Sl
2L [VIssi oo iU cl b glaby e 56 5l glalyl
Slanls 85U S5l slall cole ¢l Jos Jiss S allis ol
g Sheslaal Ll se 0 23 i JU3l Y 55 555 30
o3 2K LS s ST (38 cuslil ad g 5t
S S slaslst 531 anlT al alesls 611 e OL
(SEM) 5 531 iy (6415 2 s oalil Lo b
(EDX) X s (55 b S 3l ST oSy o
Gl Lo b 5l anll ol Sl ol Bus plbaasiie
e an s UL Ol S s S sl glas s
L baslotba ol 51 esbizad S yeudly I3 51 36, 5 (31l
s e olgin L el Dol o 8 Lle ol sl
s, 5 39

o ot Jb 5 FTO/ s i Jols Cale Y 505 4
$b 51 slalyl Lels « (Cryptympana atrata Fabricius) .
5> e sl s s bl Sl OF mhaw by s
S8 5 LAs esls i e ke Vi)t mlae ol
sl dr (sleSa T 05 SSL (sl s L el JolS eslizd
» i b of 53 s dgl o S sk oo
e KA e Ak Ve s 5 Sl DT oK
B At O gl 53 al3s Yo ke w0 oSud et 3 Lo ga
4 Sl ol oo 4 1) b ) slebs Sl S Lle 2 U
S0 2 Ol slilodl 05 S b gl 5 550 S JalS 5k
S gl A3 i sliss ST L adds Yo e w1 Ll e o

Lds K Ul glos 5 badd 505 Culg s B3 BB


http://www.sid.ir

&

o 21 WS o il S paoiid 4ol Ao

~—— 0‘)“)L° olKuate
——
L 1A LT Yo
1000 .
ann b Aula
00
—
= e
: o
300
> y .
100 AuMa LA . — lm.'lh.‘ln nnu : .
% - 0 3 0 12 14 16 it R A3 G0 el JLAQ b - ! =

Enorg:tko\-")
Mo slanls |8 56 w1 5 EDX o Sy s
68 sl SBBI s @ slane Sl Ll ) Jgas

C1 C2 C3
(mbar) o857 5 Sles | v | o) W) o
(W) adss ol s VY Ve VO
1o

Refection(%)
5 4 &8 £ 838 3 8 =

S

%o w0 ew 7w e0 w0 100 T
wavelength(nm)

C2, CL Wb asily jltle 5U sl sl 3 550 Sb5L s il 0 S

sydoee 3Ll isn 5 (DDA) cualh fisocuds gladde
&S DLA Jue b 5 [AJ6as <L) LUl baw s (DLA)
has 3pde SIS oa a4 e O3 OASBLSL L ad gt
Sl Sop by S el w lal Sls ol 5l alis
S Do sas e R 4 Gl L s s e
St bl JS s do e aw Wb e Sl s o
s BB Al oIS IS sl Ll e 51 5 e laestls
Mot S s S S ol s 4 M slgalt bl (Vi
Soo 2 Mo 3 3l g5l Blay Y i, (Y (lsas oBaws
S5 580 50 Sl (F il 55 (b glaad ols &5 Y 55

.)jjﬁ l..él:.:.a 45@")) ))‘P-f .}a...o": a.l...:;)bc\:-l...i ML&—&SJ;

)

e WV T LS s 5 s WO Ol Jal i s FTO ais(B) s

C3 €z 5 s B s Ll )b

i Pald: 473

SeY @Oy (Co)se oy opt Jb o byyw SEM s Y IS

SO V- 400 bx 1

DL ol JSA Q)Lild du‘d M_Y .]a.v“f;r L’ ( C3 cC2 cCl)Qi S B ol

N sk
6305 b O amlin 5 aisad e 51590 Sl (G50 i
a.\.aTOJ.i_ich...ﬂ')MlSu,ichdﬁau@u oY b
JB Ol 4 (15 JS sad > el GRBSL Olge
Sl oSl s 5 e Foml K sl Sl s
U g 2 Shes bl el UYO Sy L5 b essdos
2 B cBll e s Wi ele i n jne 4l
S Ol 005 3l b el s 0Lz 55 28 AL sS
calil el 2 4 ANOSST S8 Opmen 2t 55
b el laad gt ddy 5 dis e oS gLl Sl 4 et g

Tl o3 gl Gas 2 s 4l CLl LGS e s


http://www.sid.ir

&

of 9 W8 o it S cmositd a0l AWl
~—em— Ol jlo oSt
Slysiite slsidls 1PAF LT Y14

s e 0L ) (g i UL

&S 4o

AK;'..A: JL&.&‘ .12{‘].2 S S esls plis n.LJ:(l;u‘ EOr L>
LS}J:" JLL:}.LS aK;’.wb BE JLQ.‘“ .12{\].2 JJ:,S L> J..A)Lgaj.]m
e 55 S5 sland 5k 5355 S o sl wsdls
4{0}:} JL: Q‘Yﬂ) ;JL; 6La‘la_5j.>ufb J)P-_})‘ J.ZLs szb
03 gd e Y 5y sl sl %jﬂsgj,;jrgaxdwﬁ
b olS B ad @5 K eld Jol SN Solg

.J)j\k;abﬁﬁ

[Y] GongJ., Li G. and Tang Z. “Self-assembly of noble metal
nanocrystals: fabrication, optical property, and application.”,
NanoToday 2012; 7: 564-85.

[Y] LiS.Y., Wang M. “Branched metal nanoparticles: a review
on wet-chemical synthesis and biomedical applications.” Nano
Life. 2012; 2: 1230002.

[Y] Ren H-X, et al. “A cauliflower-like gold structure for
superhydrophobicity”. Journal of colloid and interface science.
2009; 334: 103-7.

[¥] Wang L., Imura M., Yamauchi Y. “Tailored synthesis of
various Au nanoarchitectures with branched shapes”. Crystal
Enginnering Communication. 2012; 14: 7594-9.

[4] Tang W, et al. “Formation and Photoluminescence of
“Cauliflower” Silicon Nanoparticles”. The Journal of Physical
Chemistry C. 2015; 119: 11042-7.

[7]1 Yang Y., etal., "Nanoimprint of dehydrated PEDOT: PSS
for organic photovoltaics," Nanotechnology, vol. 22, p. 485301,
2011.

[V] Hong S.-H., et al., "Replication of cicada wing’s nano-
patterns by hot embossing and UV nanoimprinting".
Nanotechnology, 2009; 20: 385303.

[A] Bhattacharyya S., et al. “Growth and melting of silicon
supported silver nanocluster films”. Journal of Physics D: Applied
Physics. 2009; 42: 035306

[4] Hippler R., et al. "Characterization of a magnetron plasma
for deposition of titanium oxide and titanium nitride films".
Contributions to Plasma Physics. 2005; 45: 348-57.

[Y+] Ganeva M., et al. "Mass Spectrometric Investigations of
Nano-Size Cluster lons Produced by High Pressure Magnetron
Sputtering". Contributions to Plasma Physics. 2012; 52: 881-9.

S35L S 3 358) pg alse 3 i3 el ] e
Go S5 gbaad bl 5 plan JL L SloL 36 4Y 55 2
Sy bl 5 o5 D3 e SIS bl o0 S sl
3 g gp ok s Y 53wl slml Cor e (gl b 5
Sysl s a WS S i Sl e S
S e ala e 5o U AN S5y p 5 S sl s
o 5o oyl U AN 5 B slaby S sl s s
s 3 Jlsl Lyl 5 oles 4 ol awda b oaY 3

Sy dal g b WIS IS T s ol false il
S ol Gl D35 el g, oSl Jsb il
o U Wb iy dlasl e g 5 i Ol ol gl
Oy a5l Kos G b 51 0] s bl 8550 Sld &)y
S s 0801 58 (Sbe 33 il e e Vsane adss
LT o il edd L3S (slgadl sl 5 555 0 il
LS o Jos ad g 125 sl L S8 S Ol 05T 58
Sl o 58 SLas il el os aLsaS ble oS

DT g e i o3 Rl 4 s 05551 0L e &5
S50 e lsasls ksl o Jb slalas 1 syl s
ik s aer Gl Glens Sl ol s Llegds
53 Say s Jl glaliad cnl s e OF mlaw 51,5 5L
b 53 Bk Dl Ol el el Ll e oIS IS e
LS s s @l el cle 4 Kb e Jb
T sl a gyl Cond 4l 325 b 3 sd e o gedsb
S gl slajlstle WS e a3 s e VL
osb AL gt sladghe Jlie sy Sl s eslind
S sy 0SSl Ll g RBL el L (S
e 4 sl opl S el BB S S50 Wbl e e IS
R op 2R S 5o 5 Sl Wb Sl ol e e
Upe 2alS 5 el hoS ombaw slgpedly L 0T 2l 55,
SRl Cle 4 S IS U 0S e sdalia | mlan 20
5 based plo banlion iy o 4 mho cobie o


http://www.sid.ir

