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Numerical Investigation of Low-Loss Hybrid Silicon Plasmonics
Waveguides and Metal Plasmonics waveguides in Quasi-coplanar schemes

Majed Akbari', Abolfazl Chamanmotlagh?
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Abstract- In this paper, a numerical method has been utilized in order to analyze of Low-Loss Hybrid Silicon Plasmonics
Waveguides and Metal Plasmonics waveguides. Using silicon instead of noble metals (e.g. Au and Ag) is an advantage in
designing of photonic waveguides due to have low-loss in comparison to noble at telecom bandwidth. The presented results
show that the new model has smaller structures and have better performance in the terms mode confinement and propagation
loss.
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2 Quasi quplaner waveguide

name Description Expression complex
Propagation .
B cc?ns?tant imag(-1) No
Attenuation
oz constant real(-}) No
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” meter in dB g-blexp z
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Neff EM loss Mode size at -10 dB
Au 1.78 0.2398 (W/um) 0.0208 (um?)
Si 1.94 0.0247 (W/pum) 0.0392(um?)

@z 50 ol ok (0Z) ju Aed> Ceend g 00y
WS e et | Lasl

KO 5 z9e Jsb b Jgazr (nl po &8 el onal V oo
el @/c L: )J‘JJ QT )‘J.CLA g9 00y olj 6La$ )0 Tge Sde
Sot 3, 5l sl Tand gl a8 jel Ce s € aS
oolaiwl jogil B+ Culbrs L (AU o(Si) oSl
YJS» )0 e Ls Ja.u).c LSL‘bfA‘)b ).JL...» RGO EPR W
Ol il as mls YUSE ¢ VUSS ool ol
@ 1, 4=1550 NM zso Jsb (slp Lol o o (S sl
53 ol pe s e ol HB g el lp eSS
o b Smble ny GBTALS o e 2t & S
SR oo aS 45Sles Cowl ol ools oyl @Yb slalgs
ol Tl 0 D Y jo SO aS la Tl ol
b X oz 0 g e (eeeblise Gl
‘}Aal Ao 4O (G g0 aS oS U‘y_‘@ t}"‘))L‘) Y W
QS oo Colaa TEM 4l & jg0 4 | 055

o 0951 yzse 90 b laipe sloyially plo ¥ o 5o
A oo (s F10dB o ve sojlail 4y gy e bl .ol
1550 NM a.>b ;0 005, -10dB  SG =SU1 lae coals oS
ool b ol jiS>oS N? =2.405 (UMY &>
Doge @ Olee &5 0 plgiee (e Gl S5
aS B oo i bl yudores WS oy EXP(RY/Y0)
ol e o487 2bls walys 092y (Sgemdly pge (Sl
Odgl g wwler alse 00l g 5l AL las]
Oy m S ol slaglase e o 4 plSe
99 om0 Ol il (Bl S 009 (Sl 5 (VL
oS b g R, 97y pile (eesd Sebse g )
w3 oe ey o 4 @Vl Jl9 ) 99 e j8 b
Sy > ol 2575 a4 gse slaxl gln |y Sily s
Colas glp 650 5 G3ges laxl ln Jl prsle

#YY

|E| at 2g=1550 nm _

e ol o Ho [E] (SO S Glase ojlas! (Il Y IS
Ol by 2=1550 NM zgo Job ;0 QCPW  SeSidw
.Mé‘sn OL»&-; ‘) ML‘A’O

x108
3.5

|E| at 2,=1550 nm"

2o shol do 53 [E] (S Ul laso o3l JrlBg y ¥ S5
Olose Ly 20=1550 Nm zge Jgb ;5 QCPW (g3ls
2 o0 LS 1y (omabliso

5 dgaoe Glll 18 e gate S 5l aslllas ol
Sl Jo il a5 cwl oals oolauwl (ulS )8 (s05e>
G dw g sum 90 sLad o | bl ST lo
6) " sipe de T 5 olaml slade 8l sl ol
8L lp |y JeuSle SYolas o] jo aS Sgud o oalawl
Do 5 hane glsol glys a5 05 o Jo ,Lacl slacals
Oyge a4 a5 Vol laled 39500 )8 4 (550 e
il )y Ojge 4 (Slej Sigela
E(r,t) = Re(E(r; )e ! 7)
= Re(E(r)e!* )
Cood sl)ls 070 4B Sl sl (V) (g dolee o

M

29250 Coomd b plp Ll Coll sl ogige g (b

*poundary mode analysis


http://opsi.ir/article-1-285-en.html

[ Downloaded from opsi.ir on 2026-02-03 ]

S (o oSty VAT fyage Ve b A

i~
<

edndex,
3 ro — r~o P
_—a R e

Ef!tectivq_\_rnod
o
ts31

—
o

500 1000 1500 2000 2500
A ()

Ol J&s (@ g0 Jsb wome p Fgo puail 4SS
T Job w2 (punbliog sl

&=l

[1] K. Tanaka and M. Tanaka, “Simulations of nanometric optical
circuits based on surface plasmon polariton gap waveguide,” Appl.
Phys. Lett., vol. 82, no. 8, pp.1158-1160 (2003).

[2] D. K. Gramotnev and D. F. P. Pile, “Single-mode subwavelength
waveguide with channel plasmon-polaritons in triangular grooves on
a metal surface,” Appl. Phys. Lett. vol. 85, no. 26. pp. 6323-6325
(2004).

[3] E. Moreno, F. J. Garcia-Vidal, S. G. Rodrigo, L. Martin-Moreno, and
S. L Bozhevolnyi, “Channel plasmon-polaritons: modal shape,
dispersion, and losses,” Opt. Lett., vol. 31, no. 23, pp.3447-3449
(2006).

[4] Y. Satuby and M. Orenstein, “Surface-Plasmon-Polariton modes in
deep metallic trenches- measurement and analysis,” Opt. Express,
vol. 15, no. 7, pp.4247-4252 (2007).

[5] 5. G. Veronis and S. Fan, “Guided subwavelength plasmonic mode
supported by a slot in a thin metal film,” Opt. Lett., vol. 30, no. 24,
pp.3359-3361 (2005).

[6] L. Liu, Z. Han, and S. He, “Novel surface plasmon waveguide for
high integration,” Opt. Express, vol. 13, no. 17, pp.6645-6650 (2005).

[7] L. Chen, J. Shakya, and M. Lipson, “Subwavelength confinement in
an integrated metal slot waveguide on silicon” Opt. Lett., vol. 31, no.
14, pp.2133-2135 (2006).

[8] R. Zia, A. Chandran, and M. L. Brongersma, “Dielectric waveguide
model for guided surface polaritons” Opt. Lett., vol. 30, no. 12,
pp.1473-1475 (2005).

[9] M. Hochberg, T. Baehr-Jones, C. Walker, and A. Scherer, “Integrated
plasmon and dielectric waveguides,” Opt. Express, vol. 12, no. 22,
pp.5481-5486 (2004).

[10] B. Steinberger, A. Hohenau, H. Ditlbacher, A. L. Stepanov, A.
Drezet, F. R. Aussenegg, A. Leitner, and J. R. Krenn, “Dielectric
stripes on gold as surface plasmon waveguides ,” Appl. Phys. Lett.,
vol. 88, no.9, pp. 4104-4106 (2006).

[11] F. Kusonoki, T. Yotsuya, J. Takahara, and T. Kobayashi,
“Propagation properties of guided waves in index-guided two-
dimensional optical waveguides,” Appl. Phys. Lett., vol. 86, no. 21,
pp. 1101-1103 (2005).

[12] B. Wang and G. P. Wang, “Planar metal heterostructures for
nanoplasmonic waveguides,” Appl. Phys. Lett, vol. 90, no.l,
pp.3114-3316 (2007).

[13] COMSOL RF Module User’s Guide May 2011, COMSOL 4.2.

FEA

D9y0 8 4 g

99 53 (blisng iU Sl b Lo gl ¥ Jguxr )0
Ol a8 o oo lis bl Ll eals &l g0
O Cad () 3905) 5SS Sl a wlas sl
Seond Gl e ol cnl o ol 58 la e ge
Mo 51 a4 S a8l Sl po sosRge
o

o bl glo el 45 Cal (5y9p0 45 ol LS
lasy g5l dige 29, G 5l ooliiwl b pzge (i 6l

Ol a4 Sl g zae jlaxl Jlade ol o S conl oalds
O dmlie S Sl oald a8y S A S g Soa
S aasee Gl Vo Jear 50 pzse 90 slaally
» 6FSgsS sl Gl peSilew il p leyzse
PSS 4 sy e ol (nl &5 Sl (G318 9o b aunlie
LS 5S35 pezge olad s

S92 @ Jsb bl » Sl RIS Ll o
@l & ol ol plowl (Gl 290y g 0 Slas
Ol o e dll bl ol ouls ools las ¥ SS o ]
ol oml slagse Job jo (Va5 wes e (las IS
Lol (3230, 42U 5] i YL (oS jerge oo

Sl aglh Vere ny Slogse Jsb o zee cal (¥
olils YL 5 Sl slagse Job sl Js o)l @b

Dloe Hmb Dol 4 ]

S azms ¥

Slade Bl 4y s 4l (6,55 jzge 9o allie pl yo
oledl 6Tl » gose By, So L Sl g zge jLaxl
aS obpoge aS oly lad gl .l ) 0,50 Sgdoe
syt odlitd oSk 3 s il Gl & T o
goe Dlaxl e oog S Sl 4 Sl gl
bld 4 umes o)ls L8 LSle 4 cod g
Slr o7 Cupe Ko Wlgioe S 035 yiS2eS G5 ool

2l by go oyl


http://opsi.ir/article-1-285-en.html
http://www.tcpdf.org

