
OPV	  Device	  

UV-‐Vis-‐NIR	  polariza0on	  spectroscopy	  
Plasmon	  resonance	  peaks	  were	  iden5fied	  using	  UV-‐Vis-‐NIR	  
ex5nc5on	  scans.	  Polariza5on	  scans	  at	  peak	  wavelengths	  show	  90˚	  
shiFs	  indica5ng	  long	  and	  short	  axis	  resonance	  excita5ons	  	  

SEM	  
Nanocrescent	  structures	  were	  imaged	  
using	  high	  resolu5on	  FEI	  SEM.	  	  These	  
images	  indicated	  the	  NCs	  were	  well	  
dispersed	  on	  ITO	  substrates	  and	  have	  
~100nm	  diameters	  
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Mo5va5on/Background	  
Organic	  photovoltaics	  (OPV)	  hold	  their	  advantage	  in	  their	  
cheap	  and	  scalable	  solu5on	  processing,	  renewable	  materials	  
and	  ability	  to	  be	  processed	  on	  light	  flexible	  substrates.	  	  
However,	  their	  low	  efficiencies	  limit	  their	  coming	  to	  market.	  	  A	  
major	  aspect	  in	  the	  low	  performance	  of	  these	  devices	  is	  poor	  
light	  interac5on	  stemming	  from	  two	  main	  points:	  	  

	  1) 	  Op0cally	  thin:	  Ultra	  thin	  ac5ve	  layers	  (~100nm)	  
needed	  for	  efficient	  charge	  separa5on	  and	  collec5on,	  are	  oFen	  
too	  thin	  to	  absorb	  all	  of	  the	  light	  resul5ng	  in	  a	  semitransparent	  
device.1	  	  

	  2) 	  Spectral	  Mismatch:	  Organic	  semiconductors,	  such	  as	  
the	  well	  studied	  OPV	  polymer	  P3HT	  (red	  curve),	  typically	  have	  
narrow	  absorp5on	  bands	  blue-‐shiFed	  with	  respect	  to	  the	  solar	  
spectrum	  limi5ng	  the	  amount	  light	  available	  to	  be	  converted	  
into	  energy.2	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  Synthesis	  of	  new	  low	  bandgap	  polymers	  such	  as	  PCPDTBT	  
(blue	  curve)	  beger	  fit	  the	  incident	  solar	  spectrum,	  but	  s5ll	  
suffer	  from	  op5cal	  thinness.	  	  Similarly,	  op5cal	  studies	  to	  
improve	  light	  path	  length	  are	  not	  broadband	  or	  tunable	  
throughout	  the	  solar	  spectrum.	  	  This	  research	  agempts	  to	  
address	  both	  cri5cal	  issues	  together	  for	  improved	  OPV	  
performance.	  
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Nanocrescent	  Fabrica5on	  and	  Analysis	  
Nanosphere	  Template	  Lithography	  
Nanocrescents	  can	  be	  fabricated	  using	  the	  large	  area,	  three	  
step	  process	  as	  follows4:	  
1)  Nanosphere	  templates	  are	  deposited	  from	  solu5on	  onto	  a	  

substrate	  through	  spin	  coa5ng.	  
2)  A	  metal	  (Au,	  Ag,	  Al)	  is	  deposited	  at	  an	  angle	  to	  the	  

substrate	  normal.	  
3)  The	  metal	  is	  etched	  in	  a	  reac5ve	  plasmon	  etch	  normal	  to	  

the	  substrate	  surface	  
4)  Beads	  are	  removed	  to	  leave	  the	  crescent	  structures	  

d	  

Preliminary	  Results	  

Conclusions/Outlook	  

Device	  Fabrica0on	  
The	  device	  was	  fabricated	  by	  sequen5ally	  spincas5ng	  and	  electron	  
blocking	  layer	  (PEDOT:PSS,	  50nm)	  and	  ac5ve	  layer	  (1:2	  
PCPDTBT:PC71BM,	  100nm)	  on	  the	  ITO/NC	  anode.	  	  The	  cathode	  was	  
fabricated	  by	  sequen5ally	  evapora5ng	  lithium	  fluoride	  and	  aluminum	  
in	  a	  thermal	  evaporator	  at	  ~1x10-‐5	  Torr.	  	  	  

Materials	  
Low	  bandgap	  ac5ve	  layer	  materials	  were	  used	  because	  of	  
beger	  spectral	  matching	  with	  the	  solar	  spectrum2.	  	  	  

Absorp0on	  enhancement	  
Voc	  
[V]	  	  

Jsc	  
[mA/cm2]	  

Fill	  
Factor	   %	  Efficiency	  

NC2	   0.31	   -‐14.16	   0.27	   0.95	  
NC4	   0.46	   -‐16.07	   0.26	   1.50	  
Ref1	   0.61	   -‐5.80	   0.18	   0.52	  
Ref3	   0.61	   -‐6.41	   0.18	   0.57	  

	  Metal	  nanocrescent	  structures	  exhibit	  mul5peak,	  
tunable	  and	  polariza5on	  dependent	  plasmonic	  	  
resonances.	  	  Preliminary	  results	  show	  these	  structures	  
can	  improve	  the	  performance	  of	  OPV	  devices	  by	  about	  
a	  factor	  of	  2.	  	  However,	  op5miza5on	  of	  the	  fabrica5on	  
and	  tes5ng	  processes	  need	  to	  be	  done	  to	  realize	  their	  
full	  poten5al.	  	  	  

	  Once	  the	  process	  is	  op5mized,	  we	  will	  begin	  to	  
research	  the	  effect	  of	  below	  bandgap	  plasmonic	  
enhancement	  in	  OPV	  devices,	  which	  to	  our	  knowledge	  
has	  yet	  to	  be	  studied.	  	  Using	  the	  polariza5on	  
dependent	  resonances	  we	  can	  selec5vely	  concentrate	  
specific	  energies	  to	  study:	  
•  Exciton	  dissocia5on	  
•  Charge	  carrier	  mobility	  
•  Direct	  photocurrent	  via	  plasmonic	  photoemission	  
Our	  goal	  is	  to	  improve	  light	  harves5ng	  and	  op5cal	  
interac5ons	  for	  beger	  photovoltaic	  devices.	  	  	  
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Plasmonic	  nanocresents	  	  
Nanocrescent	  (NC)	  structures	  have	  unique	  plasmonic	  
proper5es	  as	  a	  result	  of	  their	  anisotropic	  shape4	  such	  as:	  
1)  Broad	  resonance	  peaks	  
2)  Mul5	  peak	  resonances	  
3)  Polariza5on	  dependent	  resonances	  
4)  Tunable	  resonances	  from	  visible	  to	  infrared	  wavelengths	  	  
	  
	  
	  
	  
	  
These	  nanocrescent	  structures	  have	  a	  ability	  to	  enhance	  OPV	  
performance	  by	  harves5ng	  more	  light	  that	  beger	  matches	  
the	  material	  as	  well	  as	  has	  the	  poten5al	  to	  study	  plasmonic	  
effects	  on	  OPV	  processes	  at	  longer	  wavelengths,	  lower	  
energy,	  not	  againable	  with	  tradi5onal	  plasmonic	  par5cles.	  

Plasmonic	  Photovoltaics	  	  
Localized	  surface	  plasmons	  are	  highly	  concentrated	  
electromagne5c	  fields	  resul5ng	  when	  the	  electron	  cloud	  of	  metal	  
structures	  much	  smaller	  than	  the	  wavelength	  of	  light,	  exhibit	  a	  
collec5ve	  resonance	  at	  a	  specific	  wavelength.	  	  In	  OPV	  devices,	  
this	  is	  used	  to	  concentrate	  specific	  wavelengths	  of	  	  light	  into	  
nano-‐scaled	  volumes.	  	  	  	  

For	  use	  in	  OPV	  devices,	  much	  of	  the	  research	  studies	  
spherical	  nanopar5cles,	  which	  shows	  an	  increase	  in	  
absorp5on	  and	  device	  current3.	  	  However,	  these	  structures	  
are	  limited	  by:	  

	  1) 	  Narrow	  resonance	  peaks	  
	  2) 	  Limited	  resonance	  peak	  tuning.	  	  	  

Ideally,	  plasmonic	  structures	  should	  have	  wide	  and	  tunable	  
resonance	  peaks	  to	  beger	  match	  the	  materials	  absorp5on	  
proper5ed	  and	  cover	  more	  of	  the	  solar	  spectrum.	  

Current-‐Voltage	  analysis	   Device	  performance	  

Performance	  Enhancement	  with	  NC	  structures	  
•  Broadband	  absorp5on	  increase	  in	  ac5ve	  layer	  
•  >2x	  increase	  of	  short	  circuit	  current	  (Jsc)	  

Using	  82nm	  nanosphere	  templates,	  the	  gold	  NCs	  showed	  short	  and	  long	  axis	  resonance	  peaks	  inside	  and	  outside	  of	  the	  
absorp5on	  profile	  respec5vely,	  although	  no	  polariza5on	  dependent	  performance	  was	  seen.	  	  The	  increased	  current	  is	  
believed	  to	  be	  a	  result	  of	  the	  increased	  absorp5on,	  although	  further	  tes5ng	  is	  needed.	  	  It	  is	  noted	  that	  all	  devices,	  
including	  references,	  show	  non-‐ideal	  current-‐voltage	  behavior	  and	  very	  low	  efficiencies.	  	  Similarly,	  devices	  with	  NC	  
structures	  show	  a	  decrease	  in	  open	  circuit	  voltage.	  	  These	  are	  likely	  cause	  by	  non-‐op5mized	  fabrica5on	  techniques	  and	  
condi5ons.	  	  Op5miza5on	  of	  the	  en5re	  process	  is	  ongoing.	  	  Nevertheless,	  these	  preliminary	  results	  show	  significant	  current	  	  
enhancements	  with	  plasmonic	  NC	  structures.	  
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Figure 1. Sketch of the crescent preparation process.

Figure 2. (a) Sketch of the particle geometry indicating the rotation angle ϕ for
double evaporation, the diameter dcoll of the masking colloid and a coordinate
system to be referred to. The angle α defines the circular segment ideally
covered by the gold film in a single evaporation step. (b) SEM micrograph of an
experimentally obtained structure in comparison with the theoretically predicted
contour after double evaporation (dcoll = 400 nm, ϕ = 120◦).

Figure 2 depicts an idealized geometry of a crescent structure as obtained by double
evaporation. In a single evaporation step, the obtained structure covers a circle segment
corresponding to an angle α. Following basic geometrical considerations, α is obtained as a
function of the tilt angle θ as

cos
(

180 − α

2

)
= tan (θ)

1 + cos(θ) + sin(θ) tan (θ)
.

For the θ = 30◦ used for this study, this yields α = 211◦. By double evaporation, the circular
segment covered by the structure is increased by the rotation angle ϕ. The resulting opening
angle γ is then obtained as γ = 360◦ − α − ϕ by choosing the appropriate ϕ. The maximum
crescent width ‘w’ of the metal is given as

w = dcoll

2

[
1 − (1 − sin (θ))

cos(θ)

]
.
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1)	   2)	   3)	   4)	  
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90˚	  


