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Fluorescence Decay Rate Enhancement With High Quantum
Efficiency Using Multilayer Hyperbolic Metamaterials
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Iran, Tehran, Velenjak, Shahid Beheshti University, Laser and Plasma Research Institute

ma_mahmoodi@sbu.ac.ir, m.ardekani@sbu.ac.ir, m_gazmeh@sbu.ac.ir, h-tavassoli@sbu.ac.ir

Abstract- Decay rate enhancement of quantum emitters using nanostructures have been widely studied in the last
decades, thanks to the development of science and technology of light-matter interaction in nanoscales. Hyperbolic
metamaterials (HMMs) as artificial nanostructures providing high photonic density of states (PDOS) are highly
promising in this regard. In the present paper, we investigate PDOS of a hyperbolic metamaterial component consisting
of 6 alternating gold-alumina layers, using FDTD simulation and the Green's function. Non-radiative and radiative
(fluorescence) spontaneous decay rate enhancement of a quantum emitter nearby the structure is calculated. The results
indicate the fluorescence enhancement of a factor of 10 having quantum efficiency of about 50 percent.

Keywords: Fluorescence decay rate enhancement, Hyperbolic metamaterials, Optical engineering, Photonic density of states.
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® Local Density of States (LDOS)

AS$

400

slonl 5 daJsSlse sopiegs il i anlas
a Sohy pole sl g dlse pleord T o Lol
4 oleysld @ Bpgal 5 (il )3 ohg b
So o> Wb IS ES e g0 led

abii wojluygield (hm (JoNge) (sesileS S
Slgol clo slas;lid jsels 4 az g5 b ojg el a5 ol
S50 Zeedsb xSl b alajlisle o (g gl
e telugl [ el dlgel,d 0,5 o 1,8 aslllas
oo Bl Jdo 4y a4 s dlgy cwiige bl L
2 S SRy orzer 9 Sz son b ol
5 sl sl 1 iz slaclle Sz
u**-’l-’ Cugd g [3](5)&3).19..43 ‘[2]6;‘“’ Lgbboﬁ)lf
o ¥ alie cpl yo il oo o953 4] uile,eld
aasll 5 Mo wsline 4 & 5l ool LS5 oolel
Jsb jo a4 (axly Joko ¥) VoM Cuales U plas 2
B sdddae sy 5o gl 08¢ 5l 55,5 lagse
L oole a0 cwol 485 1,8 asllas 0,90 o)ls
0,138l solgddn do oy S b s FDTD g, 5l oolasu!
o SSI  55 Sy ol 1B b g ead gy
chow sl venm alols o egilsS il SO olgie
£l 5 Sigish el JSx () JS8) L

N RV VO E PR S PR PE IR AL
olwyeld bl wssieo
U { .

S ©0g8uagS IS 5 seyd b (g Ll

Y . c w2 . é PR
oy S sl (JBr 4 pegtlys St
g gn odle Hlas g akal  Las o s Sy

L AlLO,
2 Fermi’s Golden Rule

ASL g yawd B WWWLOPSIIT Col (o a5 cul jliel gyl g0 j0 dllin oyl


http://www.opsi.ir/article-1-1677-en.html

[ Downloaded from www.opsi.ir on 2025-08-03 ]

Olnl S568 (5,5l 5 (cwtigee S Greasl 5 (! SEsied 5 Sel (RS ety S
VYRV o V8 el s o5yt oSl

Sl b o sals bl S cueS
Glli.’> Mlm 6‘)9 Jlis L)"‘ )O C,uu:‘ é:.u‘ 6[.@0)‘)5‘
P9, 3 Selelae de il (b5 Sois8 sl
o é")“ﬂ‘ ijaéjé u_i; 9 oy oalawl u-’)f ('::L:
oals 1,8 @) Lol p oges gliwl, 4o 90,1581 & jglxe

Gk ()5 oy (s0ses adlge agmge S Cewl oall
salys S slacdl JB> L blie ;5 akl,

[8]>g:
p= :% Im(Gz) M

olis e Seigd slacl> gli;- Sloges Y SSS o

Slade aiiin 09, 00 Hlanl aF jghilen Lol ouls ools
Jﬁ“a )é 9 w‘ J‘“‘"ﬁ"b INARES

e ygo ol (L8 4 yegilb Al e Sl 255 slazge

o3k o el JBs

x10°
244

LDOs)

204

164

124

8

Partial Local Density of States

a4

600 800 1000 1200 1400
Wavelength (nm)

o)l D jslne )3 (sxdge Ssish slacdl S ¥ S
Liag T3 (6ol Vo 4 £ 51 UKo go)slin obel,

264

224

18 4

14 4

104

6

Spontaneous Decay Rate Enhancement
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* Near and Far field
® Quantum Efficiency
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