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Outline
Introduction

Gain solution to the loss problem

• Conquering loss of localized SPs

• Low Loss and Stimulated Emission of SPPs

• SPASER and nanolaser

Compensation of gain without loss

• Modification of the surface states

• Alloying (n doping)

• Low temperature

• Sandwich structures

Summary
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Nanoplasmonics and its applications

Areas and applications of 
nanoplasmonics:

Surface Enhanced Raman Scattering

Near-field microscopy and 

spectroscopy

Plasmonic Metamaterials

Negative Index Materials

Sending signals across microchips

Medical applications, and many 

others …
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Applications of nanoplasmonics

Many existing and potential future applications of 
nanoplasmonics suffer from damping caused by 
metal absorption

Theoretical predictions

Localized SPs:

Lawandy, APL 2004:  Compensation of loss by gain

Bergman,  Stockman, PRL 2003:  SPASER

Propagating SPPs:

Sudarkin, Demkovich, Sov. Phys. Tech. Phys., 1989

Avrutsky, PRB, 2004;    Nezhad, OE, 2004
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Localized SPs and gain

532 nm laser

pump
R6G&Ag

filter
pinhole

mirrormirror

R6G laser

fiber

The mixture of Ag 

aggregate and rhodamine 

6G dye was pumped at 532

nm and probed at 560 nm. 

The scattering of the 560

nm light was studied as a 

function  pumping. 

The enhanced scattering

was used as the evidence of

the plasmon enhancement.
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Enhancement of SPs by optical gain
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[Noginov, …, Shalaev,  Opt. Lett. (2006)]

Six-fold enhancement of Rayleigh scattering was observed at the increase of the 

pumping.
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Surface Plasmon Polaritons (SPPs)

Surface Plasmon Polariton (SPP) is an 

electromagnetic wave propagating at 

the interface between metal and 

dielectric.

Reflection is measured as the function 

of angle . At critical angle 0, when  

kphotsin= kSPP , light wave excites SPP 

 there is a “dip” in the reflection 

curve.
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Theoretical modeling of SPPs

Note the square root dilemma!
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What about active systems?

Transparent systems: enhanced 

transmission

Active “metals”: zero transmission, but 

enhanced reflection

Square root dilemma is eliminated in slab geometry, where both directions of kz coexist 

and their coefficients are defined through boundary conditions

Note: frequency domain-simulations are valid only below lasing threshold

Re

Im



k Complex plane 

should be cut along 

the negative 

Imaginary axis
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Stimulated emission of SPPs
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Outline
Introduction

Gain solution to the loss problem

• Conquering loss of localized SPs

• Low Loss and Stimulated Emission of SPPs

• SPASER and nanolaser

Compensation of gain without loss

• Modification of the surface states

• Alloying (n doping)

• Low temperature

• Sandwich structures

Summary
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Laser - size limit

[ Hill et al., Nature Photonics, 2007]

103 nm

InGaAs
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20

SPASER - stimulated emission of localized 

surface plasmons

Optical Gain + SP resonator = SPASER
[Bergman, Stockman, PRL, 2003]

[Stockman, Nature Photonics, 2008]

Outcoupling of SP oscillations to 

photonic modes  laser [Zheludev et 

al., Nature Photonics, 2008]
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SPASER design

Calculated SPP mode, 

l=525 nm and Q = 14.8.
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Absorption, Emission and Excitation 

SP absorption overlaps 

with emission and 

excitation (absorption) 

of the Oregon Green 488 

dye.
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Absorption (1), excitation (2), spontaneous emission (3), 

and lasing (4) spectra of Au/silica/dye nanoparticles.
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Emission decay kinetics

Pumping: 466 nm, 90 ps pulses

Detection: 480 nm

Spontaneous emission kinetics
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Emission cross section and radiative life-time
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Purcell effect as a possible explanation for the 

kinetics shortening
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Excitation: 466 nm, 90 ps pulses

~480 ±5 nm, 1x106 mW/cm2

Stimulated emission kinetics
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[Noginov et al, JOSA B 1996]
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At the laser wavelength, dye absorption is low, emission and SP 

resonance are strong
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Pure Oregon Green 488 dye

Emission in OG 488 dye (0.235 mM) is 200 times stronger than in  the NP sample.

Still there is a sublinear dependence of emission on pumping. No lasing. 
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Compensation of loss by gain is 
possible but it is hard

Easier technological solutions are 
desired
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Ab initio calculations
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Elongation of the SPP propagation length by 

high concentration of rhodamine 6G dye

calculate L

With increase of the R6G 

concentration (up to 30 g/L),

W decreases  L increases (!!!)

Possible reason: modification of the surface electronic states
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Nearly 30% increase of the 

SPP propagation length

[Noginov, Gavrilenko, et al., 

Opt. Express, 2008]

WL-1 [Noginov, Podolskiy,… OE, 2008]
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Shift of the Fermi level and reflectance 
spectrum in alloys (n-doping)
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Au-Cd Alloy: reflectance and extinction
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Outline
Introduction

Gain solution to the loss problem

• Conquering loss of localized SPs

• Low Loss and Stimulated Emission of SPPs

• SPASER and nanolaser

Compensation of gain without loss

• Modification of the surface states

• Alloying (n doping)

• Low temperature

• Sandwich structures

Summary
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Low-temperature measurements in Ag films

0

0.2

0.4

0.6

0.8

1

1.2

44 45 46 47

Angle (degrees)

R

300 K
194K
115K
70K
8K

-0.05

0

0.05

0.1

0.15

0.2

0.25

0.3

0 0.2 0.4 0.6 0.8 1

Current (mA)

V
o
lt
a
g
e
 (

m
V

)

300K

77K



 

 
 

39

Low-temperature measurements in Ag films
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Reduction of the temperature does not lead to the significant reduction of loss in 

vapor-deposited silver film.

It may work better in thicker films.
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Outline
Introduction

Gain solution to the loss problem

• Conquering loss of localized SPs

• Low Loss and Stimulated Emission of SPPs

• SPASER and nanolaser

Compensation of gain without loss

• Modification of the surface states

• Alloying (n doping)

• Low temperature

• Sandwich structures

Summary
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Silver-gold sandwich 
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(1) 58 nm silver film

(2) 54 nm gold film
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Angular and thickness dependences
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Summary

•With Gain
• Conquering loss of localized SPs

• Compensation of the SPP loss

• Stimulated emission of SPPs

• First demonstration of a SPASER

•Without Loss
• Modification of surface states

• Alloying (n doping)

• Au/Ag sandwich as improved Au

• Low temperature (not very efficient)

•Applications include:
• Nanoplasmonic electronics

• Nanophotonics

• Biomedical


