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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
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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.

NN
ASL g yiawd B WWW.OPSILIT Colu [ a5 cuwl jliel gyl a0 0 dlin )


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

[ Downloaded from www.opsi.ir on 2025-12-17 ]

Olnl S568 (5,5l 5 (cwige (RS Greadl 5 (! Seigied 5 Syl (sl A8 ey S
VYRV o V18 el s ol oSl

[ = 2 ficl Hine i) 2P (heoye) M)

@ b as Sl 5l 5l S Seilesle Hipe o7 55k 4
slp s o bl S8 pog ol Iy
W = wip S OB L ply (oS8 a5 Cnl Sgigd
S ol J&> o bk byl bl lals 4
(el atsly oyls I8 o1 0 el a5 ase
S Rl Slbl e cwaige 5 i b ol plo
3 pyye by, 5l Gl Wl e Seisd >
ol & fgion Gigd ol SISz canige
SEF 5 Blbeendly waid » e slolsle
o JUlS) Ml agzg o 4 5,5 oLl [6] Jli S
Sl Cusgaze Gl (Seendy sla lisle (o2l s
e ool Sllllhs solgdn slgal 3 (8me b aidly oo
ol 4285 sl il yold cwaige o ooyl 5 oolawl
Sy slode 5l 6 pFo s Sl slesl 5l e
Wb sl o 0l slecdls (JBs (i e o>

WS oo @l S5

Dipole T10pm
I —;

10nm
I

 AROs

Au
5 Lol ¥ 7 51 JSae sglgdim oolold o)l381 1) S
DL g 51 gl 1+ alols & (S S0 b

S Slgal 3
e Eyman Slge Syslenn )8 £9,0 b plojen
A Gy war (Sl elen b Glsel 3 sloas
4 lge (ul 5l golB atws (lgie a4 golgdda slsel 8
O s O Skesl Jlaw 5 cwnbloe e (Koo

® Local Density of States (LDOS)
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Spontaneous Decay Rate Enhancement
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* Near and Far field
® Quantum Efficiency

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


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

