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ABSTRACT

Photon transmission can provide high speed, low power dissipation and
non-distortion for signal transmission which can overcome the problems caused by
line width. IC has been developed to be at the scale of nanometer, and if we want to
replace it with optical path, it will be necessary to keep them in the same scale.
However, due to the diffraction limit in conventional laser, optical cavity should be at
least half-wavelength but causing the volume exceed of IC’s transmission scale.

To deal with this problem, SPASER has been developed for it’s surface plasmon
amplification to achieve the feedback mechanism, making the cavity much smaller
than the wavelength that breakthrough the traditional limit. Moreover, we can
concentrate the source on the scale of nanometer that improve the embarrassment
compared to the conventional laser. To sum up all above, we can notice that SPASER
will play an important role in the near future, and in our study, we focus on this topic.

The rest of the study is organized as follows. Because of the photons replaced by
surface plasmon in'a SPASER, we introduce the theory of the surface plasmon,the
physical mechanism and relative parameter in chapter two. Besides, in this work, we
simulate the SPASER with the finite element method (FEM) and optimize the
structure in two-dimension which will be the same result expected in three-dimension.

In chapter three, we research for the optimal structure by different geometric
designs. Taking six different structures of SPASER into consideration, “Three-layer
semishell SPASER” has high local field providing strong feedback effect on SP
amplification. Beside, with the half-metal compared to full cover structure, we can
reduce the power dissipation in lasing mode. We can conclude that “three-layer
semishell SPASER” has the best property in comparison to the reference purposed
before: higher local electric field, lower gain threshold, higher quality factor and the
best Purcell factor.

In chapter four, based on the optimal structure-“three-layer semishell SPASER”,
we modulate the semishell thickness of gain medium. With the experiment, we can
find that with the higher thickness of shell, the result show us the lower gain threshold,
higher quality factor, higher Purcell factor.
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SPASER (% Surface Plasmon Amplification by Stimulated Emission of Radiation 2.
» X %HU i+ F % (plasmon laser) » &_
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T atend 4 BARR LY PR HE LT IR > Al s PR RS RS
e k3 T RER o F — fé)iar—,u PERT N TR /ﬁ‘p‘a*ﬂ%’-’r( 5 R R
Frend B 3 o TR - A FEERT Y - sk *‘ﬁ‘d RSP AR S AN 2
TEARAF LG BiFL nE > T2t LAt R ,,;rbs]grs—a T AREER > D 2R A Hh P
B 87 g e3Fens oo JF 8 = E 3 LR (Selection Rules) o R g &2 4 Frena 3 (5% o
H 23N = 40 (1)= e fz(stimulated absorption) (2);1 3+ i4( spontaneous emission )
(3) = jgest (stimulated emission) o £ 11 = & PF S E Bl Y E- BRI P 0SB
F# E1qr E2 [26, 27] :
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EXHERIFAIE 27 RF A A EHESETOREFHEN S RFai £ 4
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B 18 » X ezt Ff B
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Laser ( Light Amplification by Stimulated Emission of Radiation )
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SPASER ( Surface Plasmon Amplification by Stimulated Emission of Radiation )
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fjfs\s:f f5 5ten o B 2 p g HAEEUE (spontaneous symmetry breaking ) » & * spasing
A% eh4p = f 33 (phase coherence ) » %]yt spasing:rud = * ¥ fiL2 2L firip 4 4

(nonequilibrium phase transition ) - [4,28]
R PRI

s 2x g spasing g B o 4ot At e $HAL

AN ]FB'—7 l}%ﬁd FI%;E
it (trapped mode) B i ehzbig st % > o

+% (reduce symmetry ) w;—a DESY:-E £ 8.
f”"a ﬁ 5 & A 5 3 LR U 3 S R A S d F Ot JR ey

az:

WA TR R

e e SR - [13]

e-h pairs
Y
Excitation Exciton Plasmon
*
\ I Energy
l transfer

Gain medium Nanoshell

Bl 22~ % pig 35l R & o %”,’%—3"‘9‘»1’ |

2.2.3 ¥ %k (pumping source)

P R M BT FREFE NGB R ET T 0 TR

s
R NE. S A SR R <

OB AR LERHE TR
BB F HEEE s R B N TR
ﬂﬁ%aiﬁéﬁkiﬁwﬁigﬁ’ﬁ% E%PW%(ﬁ%@)ﬁﬁﬂifg
(gain/active medium ) #% it & 514 spasing %+ - @17 - & hd_> Higg v u § e
LRI REAG DRI AR ITEF A KT 5 bde i&rﬁﬁd‘ﬁlﬁi o ?f}fi

Tlshmamg il o e q,\,;f%igg_ A ’}ffm,;f%,),%y’" rLG ek Sk Bl o

F Ak AR I AT

% =88 (optical cavity/optical resonator )

B2 0 2F AE LR S 6 T (FASTED 5 kA
CHEEE SRR E 2
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7_\

2.2.4

4ol 23 1o 0 T bk JRER
tk &Tﬁr’” Rw kot AR RSB E TS
"F L F SR wm& FOSTEA SENS o Bl gt R SR LG B8 B
(output coupler) o & @G &9 » Higstin™ bd P IMLJRIZHATAL 0 T PR AL
Hd h3 P dF AL i P N A B e d 2 RdRak £ A i A

4G Fed g I RdE ¢ k03 3'1'\/1;»7\' = [26,27]
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gtk A 4 w AR r]Spasing mode n\d 2R RRFAT 2RE
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ot kR kERBHTERFY S 25nm e
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2.2.5 ¥ F A F (gain/active medium)
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(\x
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