
Functional Plasmonics with Energy Localization for Sensing, 
Optoelectronics and Nano Actuation

EM Radiation

Useful Properties:
 Strong characteristic extinction
 Plasmons: ~106 of incident E-field
 Absorption & scattering coefficients ~105 of fluorescent dyes
 Size-, shape-, Environment-, dielectric constant-dependent resonance 
 tunable λSPR from visible to NIR

Surface Plasmons in Metallic Nano-sized Object

White light spectral phase SPR biosensor
(Ho, CUHK)

US Patent Application Number: 61983211, Apr 2014

Spectral phase SPR biosensor prototype (Ho, CUHK)

Start-up fund from Zhangjiagang (Jiangsu) (matching grant - RMB 2M)

Wavelength-multiplexing phase-sensitive SPR 
imaging sensor (Ho, CUHK)

Shao et al, Opt. Lett. 38, 1370-1372 (2013)

Common-path spectral SPR interferometric
sensing  with temporal carrier  (Ho, CUHK)

Ng et al, Opt. Exp. 21, 20268-20273 (2013) 
US Patent US2013/0329230 A1 Pub date: Dec. 12, 2013

Phase-sensitive Surface Plasmon Resonance Sensing

Initial results: Dielectric
Nanoparticles act as metal NPs 
(scattering cross section)

Nano-optical 
trapping and 
sensing

H. Zhang et al, Opt. Lett. 39, 873 (2014)

Passive system (without gain)

Active system (with gain)

10nm
n=1.335
Dielectric 
structure

ST-NP: Au, 
nanoantenna
(90x50x50 nm)
C: height=600nm

width=800nm
R=3000nm

Pump-probe 
simulations

w bead-wo bead

P: dipole moment
r: location 
d: distance to ST-NP
𝛼: polarizability

With gain in ring
four-level two-electron 
model 
solid Rh800 dye in epoxy
gain level : ~ 400 cm-1

peak@723nm

Squeezing the local density of state (LDOS) for 
ultrasensitive plasmonic sensing (Ho, CUHK)
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Objectives

Plasmonic Nano-structure

with Energy Localization

Life 
Sciences

Engineering

Physics

1. Investigation of plasmon excitation in artificial metallic nanostructures and

their variants through theoretical and experimental studies for generating

energy localization and strong optical forces

2. Development of plasmonic device strategies for surface plasmon-mediated

applications

3. Demonstration of a plasmonic biosensing platform with in-situ SERS

detection capability

4. Establishment of a synergistic multidisciplinary research community for the

advancement of plasmonics technology

ZnO tetrapods with uniform size 
distribution; length ~700nm and 
diameter ~100 nm

e- + h+

Light 

Current 

ed

TiO2 nanotubes Ag nanodecahedra

• ZnO tetrapods or TiO2 as catalytic 
host

• Plasmonic nanocrystals (Ag 
decahedra) for energy harvesting

Unpublished data

Plasmon-enhanced gas sensing (Ho, CUHK)

Acknowledgement:
Collaborative Research Fund (CRF), Research Grants Council 
(RGC), Project # CUHK1/CRF/12G



Functional Plasmonics with Energy Localization for Sensing, 
Optoelectronics and Nano Actuation

Plasmonic Substrate 
Fabrication

Direct transfer of nano-patterned metallic film to 
flexible substrates (Cheah, HKBU)

One Dimensional Ag Grating on silicon Two Dimensional Ag Grating on silicon

Plasmonic Nanotrapping

Trapping on Au-NIS coated 
fiber tip

1mm PS 
beads

Fiber tip

Time evolution of PS 
trapping when 785 
nm laser went 
through OFF-ON-
OFF cycle

Figures A, I and J:
785 nm Laser OFF

Figures B - H:
785 nm laser 
ON

OFF

ON

ON

ON

ON

OFF

ON

ON

ON

OFF

Single 
mode 
fiber 

785 
nm 

laser

Optical tweezers with random plasmonic structures 
on fiber tip (Ho, CUHK)

Fiber based plasmonic optical tweezers with Raman 
detection, “Trapp-and-sense” opeartion (Ho, CUHK)

Trapping and sensing on 
tapered fiber

Trapping laser ON

Trapping laser OFF

Raman Signal from 4-MBA

Light-induced 
growth of Ag 

nanostructure on 
fiber

Lu et al, Plasmonics 7, 167-173 (2012)

PET (Polyethylene terephthalate, “Tereylene”)

US Patent Application Number 13/726,183 and 13/726,127

Plasmonic structures on flexible substrates
(Cheah, HKBU) 

Key contribution
Field enhancement is strongest occurs at critical coupling: abs = rad

(absorption rate = radiative decay rate)
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wavelength (nm)

 50 nm

 80 nm

 110 nm

 140 nm

 170 nm

 200 nm

 230 nm

Ag: period = 670 nm, height = 60 nm Au: period = 670 nm, height = 120 nmres ~900 nm

serves as an indicator for abs = rad

FDTD results      2D periodic arrays (-1,0) SPP
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Ag: period = 670 nm, height = 140 nm Au: period = 650 nm, height = 270 nmres ~900 nm

Peaks are 
horizontally 
shifted for 
visualization

Optimal Radius 
= 80 nm

Experimental verification

2-D Au array with period = 750 nm, hole depth = 100 nm and radius = 80 nm 
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Sensitivity = 753.0644 nm/RIU

refractive index (RIU) 
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refractive index (RIU)

Average FOM ~ 1420 RIU
-1

15 times 
higher than 
commercial 
SPR 

refractive index

Bulk sensitivity = 753 nm/RIU 

This figure of merit 
so far is the highest 

compared with other 
similar counterparts

Experimental results

d(phase-shift)/d can 
be very large and narrow 

when rad  abs

i.e. Sharpest phase jump occurs 
when the absorption rate is equal 
to radiative decay rate

Sensing with phase-based SPR spectroscopy
(Ong, CUHK)

Ong et al, APL  104 ,171116 (2014); OL 39, 501 (2014)
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Spectral differential 
phase

Spectral 
reflectivity Bovine serum albumin (BSA) 

antibody sensing

Dash line to 
highlight dip 
shift

Protein sensing results

Phase-sensitive Surface Plasmon 
Resonance Sensing (Cont.)
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Nanostructured Ag gratings  
(Ho, CUHK; Choy, HKU)  

New	   Physics:	   Maintenance	   of	   diffrac5on	   effect	   from	   a	   new	   Class	   of	   Macro-‐
Periodic	  and	  Micro-‐Random	  Plasmonic	  nanostructures	  with	  simultaneous	  spa5al	  
transla5onal	  symmetry	  and	  long-‐range	  order	  breaking	  
Poten5al	  applica5on:	  Wideband	  and	  polariza5on	  independent	  electrodes	  

H.	  Lu	  et	  al,	  Scien5fic	  Reports,	  submiHed	  

New plasmonic gratings from random nanoparticles
 (Choy, HKU) 

New class of room-temperature solution-process nano-
metal flexible electrode (Choy, HKU) 

•  Transparent	  electrode	  on	  glass	  
substrate	  made	  with	  new	  concept/
approach	  

•  Preliminary	  results:	  	  
S1:	  transmission	  (T)	  =	  83%	  (at	  
550nm),	  sheet	  resistance	  (R)	  =	  
140	  ohm/sq	  
S2:	  T=	  75	  %	  (at	  550nm),	  	  R	  =	  18	  
ohm/sq	  

•  Bare	  glass	  shown	  for	  reference	  

Lu	  et	  al,	  ACS	  Nano,	  8,	  10980,	  2014;	  
Lu	  et	  al,	  Patent	  Applica5on	  No.	  14/455,584.	  2014	  

(Gold nanorod core)/(polyaniline shell) plasmonic 
switches with large plasmon shifts and modulation 

depths (Wang, CUHK) 

H+	  ion	  Un-‐
doped	  

H+	  ion	  
Doped	  

HCl	  

NaOH	  

Au	  NR/(PANI)	  core-‐shell	  
structure	  

ScaHering	  characteris5cs	  

ScaHering	  spectra	  
~100nm	  shib	   Modula5on	  depth	  ~	  9dB	  

N.	  Jiang	  et	  al,	  Adv.	  Mater.	  26,	  3282–3289	  (2014)	  

20	  –	  220nm	  AuNS	  (Top:	  TEM,	  BoHom:	  SEM	  images)	  

SERS	  signal	  from	  ATP	  	  
-‐assembled	  core/satellite	  

nanostructures	  Q.	  Ruan	  et	  al,	  Adv.	  Op5cal	  Mater.	  2,	  65–73	  (2014)	  

Thiol	  group	  of	  
ATP	  (4-‐
aminothiophenol)	  
surface	  
func5onaliza5on	  
ensures	  binding	  
of	  Au	  satellites	  

Core/satellite	  
assembly	  on	  
ITO	  substrate:	  

FDTD	  simula+on	  

Monodisperse gold nanospheres and their core/
satellite nanostructures (Wang, CUHK) 

Top:	  TEM	  images;	  BoHom:	  Elemental	  
map	  from	  EDX/SEM	  (Green:	  Ag,	  

Brown:	  S)	  

Ensemble	  of	  
Ag	  

nanocubes	  	  

C.	  Fang	  et	  al,	  ACS	  Nano	  7,	  9354–9365	  (2013)	  

Increasing	  degree	  of	  sulfida5on	  

4Ag	  +	  O2	  +	  2H2O	  +	  2Na2S	  à	  2Ag2S	  +	  4NaOH	  

Evolu5on	  of	  ex5nc5on	  
with	  increasing	  degree	  of	  

sulfida5on	  

Spectral	  shib	  of	  
resonance	  peaks	  

Shib	  of	  Peak	  5	  
associated	  with	  a	  

transverse	  dipole	  mode	  

Sulfida5on	  of	  sinlge	  Ag	  nanocube	  

Single	  Ag	  
nanocube	  	  

Plasmonic and structural evolutions during the
 sulfidation of silver nanocubes (Wang, CUHK)  
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Plasmonic Nanoparticles 
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Optofluidic manipulation through Plasmonic Heating in Au-NISFlow guiding

Valving Mixing

Maximum flow speed 
~1600 μm/s 

Optofluidic manipulation and optical tweezers on 
random plasmonic structures (Ho, CUHK)

Plasmonic tweezers on gold nanoisland
substrate (Ho, CUHK)

100nm

1. Gradient

2. Convection

3. Thermophoresis

Powers: P1 (1.0mW) P2 (3.7mW) P3 (9.2mW) P4 (14.5mW)  Focus: 12 μm  Power density: μW/μm2

S1: non-annealing   S2: 400 oC 12m    S3: 550 oC 3h   S4: 550 oC 12h

500nm PS

100nm PS 1.0μm PS 1.5μm PS E. Coli

Photothermal effect

Optical Force > 
Thermal Force

Arbitrary trapping and 
manipulation

• Fundamental electrostatic limit, space charge limit (SCL) for photocurrent is a universal
phenomenon Organic semiconductors with unbalanced photocarriers mobility and high
exciton generation

• Although strong plasmonic resonances induce abnormally dense photocarriers around a
grating anode, Grating-inverted OSC is exempt from space charge accumulation (limit) because
plasmonically induced photocarriers redistribution shortens the transport path of low-mobility
holes, which are collected by the grating anode
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Jph ~ (qG)^(3/4) V^(1/2)

SCL disappeared: Jph=qGL

Photocurrent (Jph) in SCL regime: 

Sha et al, Scientific Reports, DOI: 10.1038/srep06236

Breaking the space charge limit in OSCs by a novel 
plasmonic-electrical concept (Choy, HKU)

Normalized Transient Response under an
1ms 625nm laser pulse illumination with
different illumination position

Dark

Under Illumination

Without Graphene

Graphene/Silicon heterojunction based high 
performance photodetector (Xu, CUHK)

N-type И-type

Sawtooth gratings 
(Scale bar: 1 μm. Gold film thickness: 50nm)

! !

Front excitation
( SHG)

Back excitation
( SHG)

Both linear and circular polarizations take part in 
SHG response in N- and И-type sawtooth grating

Y. Zhang et al, J. of Physical Chemistry C, 2014 (in press)

Circular polarized SHG in single-layered gold 
sawtooth structures (Chan and Wong, HKUST)

R6Ge xcitation wavelength:
514 nm, accumulation time: 
50s, laser power: 5 mW

Near-field enhancement: 1700

Li et al, Adv. Funct. Mat. DOI: 10.1002/adfm.201303384.
(selected as the frontispiece cover; highlighted as research new in 
MaterialsViewsChina.com

Highlighted in Material Views

SERS using metal NPs – ML graphene 
nanospacer (Choy, HKU)
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Novel Applications of Plasmonics
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