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TRMC users
 
๏ PI: Garry Rumbles 
๏ Current users 
– Rebecca Callahan (liquid crystal donor materials) 

– Ryan Crisp (semiconductor NC	  films) 

– Andrew	  Ferguson (polymer:fullerene	  & polymer:SWCNT blends) 

– Nikos	  Kopidakis	  (polymer:fullerene & polymer:SWCNT	  blends; sensi*zed oxides) 

– Bryon Larson (polymer:perfluoroalkyl fullerene systems) 

– Hilary Marsh (conjugated polymers) 

– Alex Nardes	  (polymer:small molecule blends) 

– Obadiah Reid (TRMC technique development;	  conjugated polymers) 

๏ Alumni 
– Jorge Piris (built NREL’s	  original TRMC system; sensi*zed oxides) 

– Dominick Bindl (SWCNT/fullerene	  bilayers) 

– David Coffey (fundamental charge-‐transfer processes) 

– Smita Dayal (semiconductor NCs;	  polymer:semiconductor NC	  blends) 

– Josh Holt (polymer:SWCNT	  blends) 



Excitonic semiconductors
 

๏ Photoexcita*on generates excitons 
– Exciton binding energy ca. 200 meV 

๏ Small diffusion constant* 
– D ≈ 0.25−5	  × 10−3 cm2s−1 

๏ Short exciton life*me** 
– τ ≈ 0.2−1	  ns 

* P.E. Shaw, A. Ruseckas, I. D. W. Samuel, 
Adv. Mater. 20 (2008) 3516. 

** L. Magnani, G. Rumbles, I. D. W. Samuel, K.	  Murray, 
B. A. Gregg, S.-‐G. Chen, R. A.	  Cormier, S. C. MoraQ, A. B. Holmes, R. H. Friend, 
Chem.	  Mater. 16 (2004) 4586. Synth. Met. 84 (1997) 899. 

๏ Short exciton diffusion length 
– L= nm 

๏ Absorp*on depth 
– 1 α ≈ 100 nm 

๏ Exciton	  boOleneck 

Length scales: 

Dτ ≈ 5−10



Excitonic semiconductors
 

๏ Photoexcita*on generates excitons 
– Exciton binding energy ca. 200 meV 

๏ Small diffusion constant* 
– D ≈ 0.25−5	  × 10−3 cm2s−1 

๏ Short exciton life*me** 
– τ ≈ 0.2−1	  ns 

* P.E. Shaw, A. Ruseckas, I. D. W. Samuel, 
Adv. Mater. 20 (2008) 3516. 

** L. Magnani, G. Rumbles, I. D. W. Samuel, K.	  Murray, 
B. A. Gregg, S.-‐G. Chen, R. A.	  Cormier, S. C. MoraQ, A. B. Holmes, R. H. Friend, 
Chem.	  Mater. 16 (2004) 4586. Synth. Met. 84 (1997) 899. 

Poten*al solu*on: Length scales: 
๏ Efficient exciton dissocia*on, due to electron ๏ Short exciton diffusion length 
transfer from conjugated polymer to – L= Dτ ≈ 5−10 nm 
fullerene ๏ Absorp*on depth 

– 1 α ≈ 100 nm 
N.	  S. SariciXci, L. Smilowitz, ๏ Exciton	  boOleneck 
A. J. Heeger, F. Wudl,
Science 258 (1992) 1474.
 



The	  bulk heterojunc.on (donor-‐acceptor	  blend)
 

Length scales: 

– L= Dτ ≈ 5−10 nm 
๏ Short exciton diffusion length 

๏ Absorp*on depth 
– 1 α ≈100 nm 

๏ Exciton	  boOleneck 



The	  bulk heterojunc.on (donor-‐acceptor	  blend)
 

Length scales: 

– L= Dτ ≈ 5−10 nm 
๏ Short exciton diffusion length 

๏ Absorp*on depth 
– 1 α ≈100 nm 

๏ Exciton	  boOleneck 

Solu*on:
 
๏ Exploit efficient electron transfer
 

– Nanostructured	  blend of conjugated polymer
and fullerene deriva*ve 

Prac*cal difficul*es:
 
๏ Controlling the nanomorphology
 

– Need	  domain size comparable to L 
– Maintain percola*on pathways to collect
carriers 

๏ Predic6ng electronic structure of blend 



Photoinduced processes in a bulk heterojunc6on
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Photoinduced processes in a bulk heterojunc6on
 

D + A 
photon absorption ηA (exciton generation) 

D* + A 

exciton diffusionηdiff 

{D*...A} 

exciton dissociation ηdiss 

{D+...A−} 

free carrier generation ηsep 

Carrier D+ + A− 
ηcoll collection 



Photoinduced processes in a bulk heterojunc6on
 

D + A 

ηA loss pathways
 
D* + A D + A 

ηdiff 

{D*...A} D + A 

ηdiss 

{D+...A−} D + A 

ηsep 

Carrier D+ + A− 
ηcoll collection 



Photovoltaic	  device	  opera6on
 

C6H13 C6H13 

D= S 

S n S 

C6H13 

A=
 



Photovoltaic	  device	  opera6on
 

C6H13 C6H13 

D= S 

S n S 

P = J ×VC6H13 max max max 

P J ×V max max max PCE (η ) = = P 
inc inc 

A= P P

J ×V × FF sc oc η == P Pinc 

Voc 

Solu*on:
 
๏ Exploit efficient electron transfer
 

– Nanostructured	  blend of conjugated polymer Voc 
and fullerene deriva*ve 

Jsc 



Mobile charge carrier genera6on in a bulk heterojunc6on
 

Energe*cs:
 
๏ Maximize voltage output
 

– V = IPD − EAAoc ,max 

๏ Maintain driving force for carrier separa*on 
– ΔF = E − IPD − EAAcs exciton 

– Importance of ΔFcs? 



	  

The	  naivety of	  device	  measurements	  (1):	  novel acceptors
 

Reduc6on poten6al
vs. C60 (V) 

PCBM -‐0.09 

mono-‐indene-‐C60 -‐0.21 

bis-‐indene-‐C60 -‐0.25 

tris-‐indene-‐C60 -‐0.45 

EAA decreases, 
ΔFcs decreases, 
Voc should increase 

C6H13 C6H13 

D= S 

S n S 

C6H13 

A= 
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Reduc6on poten6al
vs. C60 (V) 

Voc (V) Jsc (mA	  cm−2) FF (%) PCE (%) 

PCBM -‐0.09 0.56 11.05 56 3.40 

mono-‐indene-‐C60 -‐0.21 0.69 10.56 54 3.92 

bis-‐indene-‐C60 -‐0.25 0.78 10.82 56 4.65 
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The	  naivety of	  device	  measurements	  (1):	  novel acceptors
 

Reduc6on poten6al
vs. C60 (V) 

Voc (V) Jsc (mA	  cm−2) FF (%) PCE (%) 

PCBM -‐0.09 0.56 11.05 56 3.40 

bis-‐indene-‐C60 -‐0.25 0.78 10.82 56 4.65 

tris-‐indene-‐C60 -‐0.45 0.69 1.86 40 0.51 

mono-‐indene-‐C60 -‐0.21 0.69 10.56 54 3.92 

What limits the tris-‐indene-‐C60
device performance? 
๏ Energe*cs 

– Is ΔFcs too small? 
• Inefficient charge carrier
genera]on 

C6H13 C6H13 – Are there states that
D= S facilitate efficient carrier

S n S 

recombina*on?C6H13 

๏ Nanomorphology 
– Poor charge carrier
transport?A= 



The	  naivety of	  device	  measurements	  (2):	  contact	  issues
 
ITO/PEDOT bottom contact 
LiF/Al top contact 

Cu
rr

en
t 

De
ns

ity
 (

m
A/

cm
2 )

10 

S 

n S

C6H13 C6H135 

D= S 

0 
C6H13 

-5 

-1.0 -0.5 0.0 0.5 1.0 A= 
Voltage (V) 

ITO/ZnO bottom contact 

๏ Contacts drama*cally influence
device performance 
– Large parameter space for: 
• Device architecture 
• Carrier transport layers 
• Carrier selec]ve contacts 

Voltage (V) 

Cu
rr

en
t D

en
si

ty
 (m

A
/c

m
2 )

 

Ag top contact 



Carrier	  loss	  mechanisms	  in BHJs	  (1):	  recombina6on
 

Energe*cs:
 
๏ Maximize voltage output
 

IPD − EAA – V = oc ,max 

๏ Maintain driving force for carrier separa*on 
– ΔF = E − IPD − EAAcs exciton 

– Importance of ΔFcs? 

Loss mechanisms: 
๏ Recombina6on 

– Geminate (interfacial charge-‐transfer state) 
– Second-‐order (free carriers) 



Carrier	  loss	  mechanisms	  in BHJs	  (2):	  trapping
 

Energe*cs:
 
๏ Maximize voltage output
 

IPD − EAA – V = oc ,max 

๏ Maintain driving force for carrier separa*on 
– ΔF = E − IPD − EAAcs exciton 

– Importance of ΔFcs? 

Loss mechanisms: 
๏ Recombina6on 

– Geminate (interfacial charge-‐transfer state) 
– Second-‐order (free carriers) 

๏ Trapping 



Probing	  photoinduced charge	  carrier	  dynamics
 

Desired features: 
๏ No	  contacts 
๏ Time-‐resolved measurement 

– n(t), p(t): *me-‐dependent free (mobile) carrier densi*es 
– npeak, ppeak: free carrier genera6on rate (efficiency) 
– n(t), p(t) for t>τpulse: carrier loss mechanisms 
– Relevant *me scale: > 100 ps to μs 

n(t) 

t 
p(t) 

t 

τpulseI(t) 

t 



Probing	  photoinduced charge	  carrier	  dynamics
 

Desired features: 
๏ No	  contacts 
๏ Time-‐resolved measurement 

–	 n(t), p(t): *me-‐dependent free (mobile) carrier densi*es 
–	 npeak, ppeak: free carrier genera6on rate (efficiency) 
–	 n(t), p(t) for t>τpulse: carrier loss mechanisms 
–	 Relevant *me scale: > 100 ps to μs 

I(t) τpulse 

t 
n(t) 

t 
p(t) 

t 

Probe 

Pump 

๏ General methodology: “pump-‐probe” technique 
– Time-‐resolved terahertz spectroscopy (TRTS) 
• Typically sub-‐ns 

–	 Transient absorp*on spectroscopy (TAS) 
• Typically sub-‐10 ns 

–	 Flash photolysis 
• Typically ns − ms 

–	 Flash-‐photolysis 6me-‐resolved microwave

conduc6vity (FP-‐TRMC)
 
• Typically ns − ms 



Pump-‐probe	  measurements
 

Pump 
๏ General methodology: “pump-‐probe” technique 

• Pulsed op]cal pump 

Probe	 

– Time-‐resolved terahertz spectroscopy (TRTS) 
• Terahertz probe 
• Time-‐dependent photoconduc]vity 

– Transient absorp*on spectroscopy (TAS) 
• Op]cal probe 
• Excited state dynamics 

– Flash photolysis 
• Op]cal probe 
• Excited state dynamics 

–	 Flash-‐photolysis 6me-‐resolved microwave
conduc6vity (FP-‐TRMC) 
• Con]nuous microwave probe 
• Time-‐dependent photoconduc]vity 



Microwave absorp6on probe of photoresponse
 

Probe t 

P(t) 

๏ Flash-‐photolysis 6me-‐resolved microwave
conduc6vity (FP-‐TRMC) 
– Con*nuous microwave probe 
• Power,	  P 

I(t) 

t 



Microwave absorp6on probe of photoresponse
 

t 

P(t) 

๏ Flash-‐photolysis 6me-‐resolved microwave
conduc6vity (FP-‐TRMC) 
– Con*nuous microwave probe 
• Power,	  P 

– Op*cal pump “on” 
• Laser pulse (τpulse ~ 5 ns; Intensity = I0) 

– Photoinduced carriers absorbmicrowave probe 
• ΔPpeak 

Probe 

Pump I(t) τpulse 

t 



Microwave absorp6on probe of photoresponse
 

Probe 

๏ Flash-‐photolysis 6me-‐resolved microwave
conduc6vity (FP-‐TRMC) 
– Con*nuous microwave probe 
• Power,	  P 

– Op*cal pump “on” 
• Laser pulse (τpulse ~ 5 ns; Intensity = I0) 

– Photoinduced carriers absorb microwave probe 
• ΔPpeak 

– Op*cal pump “off” 
– Carrier loss mechanisms restore microwave probe
power 
• ΔP(t) 

I(t) τpulse 

t 

P(t) 

t 
ΔP t( ) 

= −K .ΔG t( ) 
P 

ΔG t( ) = βqe .d.⎡n t( )µe + p t( )µh ⎤⎣ ⎦ 



Microwave absorp6on probe of photoresponse
 

Probe 

P(t)
 

๏ Flash-‐photolysis 6me-‐resolved microwave
conduc6vity (FP-‐TRMC) 
– Con*nuous microwave probe n(t)
• Power,	  P 

– Op*cal pump “on” 
• Laser pulse (τpulse ~ 5 ns; Intensity = I0) 

– Photoinduced carriers absorb microwave probe 
• ΔPpeak p(t) 

– Op*cal pump “off” 
– Carrier loss mechanisms restore microwave probe

power
 
• ΔP(t) 

t 
ΔP t( ) 

= −K .ΔG t( ) 
P 

ΔG t( ) = βqe .d.⎡n t( )µe + p t( )µh ⎤⎣ ⎦ 

t 

t 



FP-‐TRMC apparatus
 



Photoconductance transients & The TRMC figure of merit:φΣμ
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Photoconductance transients & The TRMC figure of merit:φΣμ
 

P(t)
 

t 
ΔP t( ) 

= −K .ΔG t( ) 
P 

ΔG t( ) = βqe .d.⎡n t( )µe + p t( )µh ⎤⎣ ⎦ 

I0FAnt=0 = pt=0 = .φ
d 

ΔGt=0 = βqeI0FAφ(µe + µh ) 

ΔGt=0φΣµi = 
βqeI0 FA 



Extrac6ng	  photocarrier dynamics	  from photoconductance transients
 



Extrac6ng	  photocarrier dynamics	  from photoconductance transients
 

I0FAnt=0 = pt=0 = .φ
d 

Free carrier yield and exciton lifetime known/ φn;τ n 

measured for neat polymer (donor) 

Exciton lifetime measured for the specific blend τ b 

(donor:acceptor bulk heterojunction) 

Free carrier yield in blend 
φb = 1− τ b (1−φn )τ n 

๏ Determine free carrier yield, ϕ 



  

   

Extrac6ng	  photocarrier dynamics	  from photoconductance transients
 

๏ Formulate kine*c scheme with relevant
genera*on/loss processes 

๏ Determine	  free	  carrier	  yield,	  ϕ

dn 
dt 

= ...(relevant generation/loss rates for electrons) 

dp 
dt 

= ...(relevant generation/loss rates for holes) 



  

   

 

Extrac6ng	  photocarrier dynamics	  from photoconductance transients
 

๏ Formulate	  kine*c	  scheme	  with	  relevant	  
genera*on/loss	  processes

๏ Determine	  free	  carrier	  yield,	  ϕ

dn 
dt 

= ...(relevant generation/loss rates for electrons) 

dp 
dt 

= ...(relevant generation/loss rates for holes) 

integrate rate equations 
(often numerically) 

n(t) = ...
 
p(t) = ...
 

๏ Solve for n(t), p(t) 



  

   

  

 

Extrac6ng	  photocarrier dynamics	  from photoconductance transients
 

dn 
= ...(relevant generation/loss rates for electrons) 

dt 
dp 
dt 

= ...(relevant generation/loss rates for holes) 

integrate rate equations 
(often numerically) 

n(t) = ... 
p(t) = ... 

๏ Formulate	  kine*c	  scheme	  with	  relevant	  
genera*on/loss	  processes

๏ Determine	  free	  carrier	  yield,	  ϕ

๏ Solve	  for	  n(t),	  p(t)

need µe & µh 

ΔG t( ) = βqe .d.⎡n t( )µe + p t( )µh ⎤⎣ ⎦ 

๏ Fit to photoconductance transients as a
func*on of incident light intensity 



  

   

  

   

 

Extrac6ng	  photocarrier dynamics	  from photoconductance transients
 

๏ Formulate	  kine*c	  scheme	  with	  relevant	  
genera*on/loss	  processes

๏ Determine	  free	  carrier	  yield,	  ϕ

๏ Solve	  for	  n(t),	  p(t)

dn 
dt 

= ...(relevant generation/loss rates for electrons) 

dp 
dt 

= ...(relevant generation/loss rates for holes) 

integrate rate equations 
(often numerically) 

n(t) = ...
 
p(t) = ...
 

need µe & µh 

ΔG t( ) = βqe .d.⎡n t( )µe + p t( )µh ⎤⎣ ⎦ 

๏ Fit	  to	  photoconductance	  transients	  as	  a	  
func*on	  of	  incident	  light	  intensity

๏ Determine rate coefficients for
determine all ki & γ iphotoinduced processes 



Photoinduced perturba6on of	  microwave	  cavity resonance
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After photoexcitation 
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TRMC 6mescales
 



TRMC 6mescales
 

Timescale 1: Peak photoconductance (Carrier yield)
 



TRMC 6mescales
 

Timescale 2: Sub-microsecond carrier dynamics (Equilibration of trapped & mobile carriers)
 



TRMC 6mescales
 

Timescale 3: Microsecond carrier dynamics (Carrier trapping/de-trapping & recombination)
 


	Probing solar photoconversion using flash-photolysis time-resolved microwave conductivity (FP-TRMC)
	TRMC Users
	Excitonic semiconductors
	The bulk heterojunction
	Photoinduced processes in a bulk heterojunction
	Photovoltaic device operation
	Mobile charge carrier generation in a bulk heterojunction
	The naivety of device measurements
	Carrier loss mechanisms in BHJs
	Probing photoinduced charge carrier dynamics
	Pump-probe measurements
	Microwave absorption probe of photoresponse
	FP-TRMC apparatus
	Photoconductance transients & The TRMC figure of merit
	Extracting photocarrier dynamics from photoconductance transients
	Photoinduced perturbation of microwave cavity resonance
	TRMC timescales


<<
  /ASCII85EncodePages false
  /AllowPSXObjects true
  /AllowTransparency false
  /AlwaysEmbed [
    true
  ]
  /AntiAliasColorImages false
  /AntiAliasGrayImages false
  /AntiAliasMonoImages false
  /AutoFilterColorImages true
  /AutoFilterGrayImages true
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /ColorACSImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.40000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /ColorConversionStrategy /LeaveColorUnchanged
  /ColorImageAutoFilterStrategy /JPEG
  /ColorImageDepth -1
  /ColorImageDict <<
    /HSamples [
      2
      1
      1
      2
    ]
    /QFactor 0.76000
    /VSamples [
      2
      1
      1
      2
    ]
  >>
  /ColorImageDownsampleThreshold 1
  /ColorImageDownsampleType /Bicubic
  /ColorImageFilter /DCTEncode
  /ColorImageMinDownsampleDepth 1
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageResolution 96
  /ColorSettingsFile ()
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /CreateJDFFile false
  /CreateJobTicket false
  /CropColorImages false
  /CropGrayImages false
  /CropMonoImages false
  /DSCReportingLevel 0
  /DefaultRenderingIntent /Default
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /DetectBlends true
  /DetectCurves 0.10000
  /DoThumbnails false
  /DownsampleColorImages true
  /DownsampleGrayImages true
  /DownsampleMonoImages true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /EmbedOpenType false
  /EmitDSCWarnings false
  /EncodeColorImages true
  /EncodeGrayImages true
  /EncodeMonoImages true
  /EndPage -1
  /GrayACSImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.40000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /GrayImageAutoFilterStrategy /JPEG
  /GrayImageDepth -1
  /GrayImageDict <<
    /HSamples [
      2
      1
      1
      2
    ]
    /QFactor 0.76000
    /VSamples [
      2
      1
      1
      2
    ]
  >>
  /GrayImageDownsampleThreshold 1
  /GrayImageDownsampleType /Bicubic
  /GrayImageFilter /DCTEncode
  /GrayImageMinDownsampleDepth 2
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageResolution 96
  /ImageMemory 1048576
  /JPEG2000ColorACSImageDict <<
    /Quality 15
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000ColorImageDict <<
    /Quality 15
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000GrayACSImageDict <<
    /Quality 15
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000GrayImageDict <<
    /Quality 15
    /TileHeight 256
    /TileWidth 256
  >>
  /LockDistillerParams false
  /MaxSubsetPct 100
  /MonoImageDepth -1
  /MonoImageDict <<
    /K -1
  >>
  /MonoImageDownsampleThreshold 1
  /MonoImageDownsampleType /Bicubic
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /MonoImageResolution 300
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /NeverEmbed [
    true
  ]
  /OPM 1
  /Optimize true
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \050SWOP\051 v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.25000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXBleedBoxToTrimBoxOffset [
    0
    0
    0
    0
  ]
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXOutputCondition ()
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXRegistryName (http://www.color.org)
  /PDFXSetBleedBoxToMediaBox true
  /PDFXTrapped /False
  /PDFXTrimBoxToMediaBoxOffset [
    0
    0
    0
    0
  ]
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /ParseICCProfilesInComments true
  /PassThroughJPEGImages true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /sRGBProfile (sRGB IEC61966-2.1)
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




