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SUPPLIMENTARY INFO: 

Device fabrication: 

Inverted devices were fabricated on patterned ITO-coated glass substrate. The ITO substrates 

were cleaned with RCA treatment (a mixture of hydrogen peroxide (H2O2), ammonium 

hydroxide (NH4OH) and water (1:1:5 by volume) at 80 °C for 15 minutes) to make substrate 

hydrophilic. The zinc acetate dihydrate (314 mg), 2-methoxyethanol (3.14 mL), and 

ethanolamine (86 µL) was mixed and stirred vigorously for 2 h at 60 °C in air. The precursor is 

now spin coated at 2000 rpm on to cleaned ITO substrates to get a smooth ZnO films. Crystalline 

ZnO films were obtained by subsequent annealing of substrate at 250 °C for 30 min in air.  The 

blends of different weight ratio of PBDTTT-CT:TP is mixed in anhydrous chlorobenzene with 

blend concentration of 12 mg/mL.  These blend solutions were spin coated on to ZnO substrate 

inside the glove box at 1000 rpm.  The Hole transport layer MoOx (≈11 nm) and Ag (≈100 nm) 

was deposited by shadow mask method through physical vapor deposition at a base pressure of 

10-6 mbar.  

For SCLC measurements, the electron only device is fabricated on to ZnO coated ITO substrate 

working as electron extracting and Al as electron injecting electrode. The hole only device were 

fabricated on to MoOx coated ITO substrate working as hole injecting and MoOx/Ag as hole 
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extracting electrode. All the films were coated at 100 rpm with blend concentration of 12 mg/ml.  

The thicknesses of active layer were measured using Dektak profilometer exhibiting thickness in 

the range of 1.5 - 2.5 µm. 

Internal quantum efficiency measurements:  

The internal quantum efficiency ηIQE(λ) (Ref 1) was obtained from the following equation: 

η𝐼𝑄𝐸(𝜆) =
η𝐸𝑄𝐸(𝜆)
𝑎𝑏𝑠(𝜆)

 

Where, ηEQE(λ) is the external quantum efficiency and abs(λ) is the percentage absorbance. The 

overall abs(λ) absorbance (%) of the devices is calculated from the transmission mode spectra of 

the films coated on ZnO-ITO substrates. It was made certain that these films were identical 

(thickness) to films used for the active devices. 

Reference:  

1) Jinsong Huang and Yang Yang, Origin of photomultiplication in C60 based devices, 

Applied Physics Letters, 91, 203505, 2007. 

2) Gilles Dennler, Karen Forberich, Markus C. Scharber, Christoph J. Brabec, Igor Tomiš, 

Kurt Hingerl, and Thomas Fromherz, Angle dependence of external and internal quantum 

efficiencies in bulk-heterojunction organic solar cells, Journal of Applied Physics, 102, 

054516, 2007.  
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Excitation density dependence: 

  

Fig. S1 Excitation density dependence with ΔOD(t)(all transient are probed at 920 nm excited at 700 
nm), Inset shows the normalized ΔOD(t) vs excitation density at 0.5 µs and 5 µs. 

 
Fig. S2 Concentration dependence on the TAS. 
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Comparison of transient signal with different acceptors: 

Blend (1:1 wt/wt) α A 

PBDTTT-

CT:PCBM 

1.07 7.27 x 10-12 

PBDTTT-CT:TBP 1.13 2.68 x 10-12 

PBDTTT-CT:PlP 0.28 1.24 x 10-7 

Table 1: Parameters used for Power law decay fit of different blends transient decay dynamics.

 
Fig. S3 (a) Normalised absorption of blends of 1:1, 1:2 and 1:3 with respect to their maxima. All films were spun 
coated from 12 mg/ml solution of blend in chlorobenzene at 1000 rpm. (b) normalized IPCE with respect to IPCE at 
λ = 500 nm follows a consistent behavior absorption of blends and indicates increased contribution from TP 
excitons in charge generation. 
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Fig. S4 Transient absorption of PBDTTT-CT:TBP (1:1) probed at 920 nm and pulsing at different wavelength. Inset 
shows the efficiency of charge generation at different wavelength. 

 
Fig. S5 Transient decay dynamics of Pristine TP excited at 470 nm and probed at 720 nm. The red curve 
is an exponential fit of the decay . 
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Fig S6 SCLC measurement showing the J- V curves for electron-only(a) and hole-only(b) devices consisting of 
different TP compositional ratio in the blend. The applied bias voltage is corrected for the built-in potential (Vbi) so 
that V=Vapplied−Vbi. 
 

 

 

1 2 3 4 5 6

0.20

0.40

0.60

0.80

1.00

1.20

 

 
Cu

rr
en

t D
en

si
ty

 (m
A/

cm
2 )

 Volatage bias (V)

 TP
 1:3
 1:2
 1:1

0 1 2 3 4 5
0.0

0.5

1.0

1.5

2.0

 

 

Cu
rr

en
t D

en
si

ty
 (m

A/
cm

2 )
Voltage bias (V)

 1:1
 1:2
 1:3Al ZnO/ITO

TP LUMO

Ag/MoOx MoOx/ITO

PBDTTT-CT 
HOMO

(a) (b)

Electronic Supplementary Material (ESI) for Energy & Environmental Science
This journal is © The Royal Society of Chemistry 2013



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles false

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.6

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJDFFile false

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends false

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage false

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile (Color Management Off)

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 150

  /ColorImageDepth 8

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /FlateEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 150

  /GrayImageDepth 8

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /FlateEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /FlateEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /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 <>

    /ENG ()

    /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.)

  >>

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [595.276 779.528]

>> setpagedevice



