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ABSTRACT: The composition of blend films of poly(9;8ioctylfluoreneeo-bis-N,N-(4-butylphenyl)-bisN,N -
phenyl-1,4-phenylenediamine) (PFB) and poly(@l@ctylfluoreneeo-benzothiadiazole) (F8BT) used in prototype
polymer solar cells has been quantitatively mapped using scanning transmission X-ray microscopy (STXM). The
resolution of the STXM technique is 50 nm or better, allowing the first nanoscale lateral chemical mapping of
this blend system. For 1:1 blend films spin-coated from xylene we find that the F8BT-rich domain is over 90%
pure (by weight) and the PFB-rich domain contains 70% PFB. For 5:1 and 1:5 blend films processed from xylene,
the minority phases are found to be intermixed, containing as much as 50% by weight of the majority polymer.
Films prepared from chloroform with a 1:1 weight ratio have also been imaged but show no features on the
length scale of 50 nm or greater. Additionally, the performance of photovoltaic devices fabricated using films
prepared in an identical fashion to those prepared for STXM analysis has been evaluated and compared to the
performance of chloroform blends with varied weight ratio. By studying the influence of blend composition on
device performance in chloroform blends with a uniform morphology, we relate the performance of xylene-
processed films to the local blend composition measured by STXM and the degree of nanoscale phase separation.

Introduction concluded that the most efficient photocurrent generation
mechanism in these blends is the dissociation of excitons at

P.hOtOVOIta'C devices based on k_)lends of donor and acceplonyq pEp.rich/F8BT-rich interface followed by charge transport
conjugated polymers are an attractive route to low-cost solution- along the columnar structuré4?Recent photocurrent mapping

proc_essed solar C(_aHéOf_partlcuIar interest to the developme_nt studies, however, revealed that photocurrent collection is most
of this technology is the influence film morphplogy upon dev!ce efficient within the micron-sized domains with no evidence of
performancé‘. Because of the low exciton diffusion length in 5 appancement at the domain interféfdstore recently, time-
co_njugaiﬁd tpo']}]i.m_eri (té/pm_ally less t_han 10@“? IS ?ylpoth-_ d resolved electrostatic force microscopy (EFM) measurements
eS|zeh | at € rI1CIe}’r1] evices require ‘E\m Im 'mﬁeylm');elo have further supported the photocurrent mapping studies by
morphology with phase separation on the length scale o clearly demonstrating that the domain centers are responsible
nm but with bicontinuous networks for efficient charge collec- for the majority of the generated photocurréht

tion Mixtures of the donor polymer poly(9;@lioctylfiuorene- Understanding the origin of the intradomain charge generation
co-bisN,N-(4-butylphenyl)-bisN,N -phenyl-1,4-phenylenedi- : g the onigin ot ; 9eg
mechanism necessarily requires a technique that is capable of

amine) (PFB) with the acceptor polymer poly(Sictylfluorene- - o )
co-benzothiadiazole) (F8BT) have provided a model system for mapping the bglk comppgpon of thesg blend s'Fructures with
10 ’ both high chemical sensitivity and spatial resolution. Although
the study of morphology effe&s!® and charge generation and .
L 14 an array of advanced techniques has been used to probe the
transport dynamics in polymer blen@i&:14 Blends of PFB and .
. - . chemistry and structure of PFB/F8BT blends, none have
F8BT spin-coated from a low boiling point solvent, such as . . : L . .
combined a high chemical sensitivity with a lateral spatial

chloroform, exhibit a smooth surface topography with a fine resolution of better than Am 1819Here, we report a systematic

Eﬁﬂi Zf 'ﬂiﬁgﬁggﬁ%%thae Leingtgjﬁﬁle Ogrﬁtnzoﬁiggtn%naf;e; scanning transmission X-ray microscopy (STXM) study of the
P 9 9p ' PFB/F8BT system. By measuring near-edge X-ray fine structure
xylene, however, show a more complicated morphology char- (NEXAFS) spectra with an X-ray beam of spot size of 50 nm

actgrlzed by columnar, micron-sized domathsAlthough or better, STXM is uniquely capable of quantitatively mapping
devices based on chloroform blends outperform those from - " '
the nanoscale chemical composition of polymer blend films.

xgi? de Efns;,g;?egm;?é?ctién Sgrrforl?ragcziﬁe?g;g: ?rr]e?rt]:SBy comparing the STXM compositional maps with the photo-
characteristic IF:an th scale of their re;/ ecti%/e film morpholdgies voltaic performance of the corresponding organic photovoltaic
g P P " (OPV) devices, we are able to explain the relative macroscale

Snaith et al. linked external quantum efficiency with the f £ vl vl | ;
interfacial area between the micron-sized domains and hencelc o 1'ance ot Xy ene-proqgssed polyfluorene blends in terms
of local nanoscale composition.
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Cambridge Display Technology Ltd. The molecular weigivg,J Using the formula OCK) = u(E)pt where u(E) is the energy-
and polydispersities were 135 000 and 2.3 for PFB and 151 000 dependent mass absorption coefficiemthe film density, and
and 2.4 for F8BT, respectively. the film thicknessu(E) was calculated for PFB and F8BT from
Sample Preparation. Blend solutions were prepared by dis- the NEXAFS spectra of the pristine films of known thickness
solving each polymer in separate solutions and then mixing theseassuming a density of 1 g/émFor calculation of the effective
solutions to give the desired weight ratio. Films for STXM analysis thickness of PFB and F8BT at a given point in a blend film,
were spin-coated onto oxygen plasma-treated glass slides whilehowever, only the product @f(E) andp needs to be known, which
films for device fabrication were spin-coated from the same solution is gained from the pristine NEXAFS spectra with known film
under identical conditions but on to PEDOT:PSS-coated ingium  thickness. For a blend film, the X-ray optical density measured at
tin oxide (ITO) glass slides. As both oxygen plasma-treated glass a particular point can be considered to be the sum of contributions
and PEDOT:PSS surfaces are hydrophilic, we expect similar surfacefrom PFB and F8BT. Provided the X-ray optical density is known
segregation effects for films prepared on either substrate. AFM as a function of position for at least two energies, the appropriate
images (Digital Instruments Nanoscope llla acquired in noncontact Simultaneous equations expressing the total X-ray optical density
mode) were taken of films on glass and PEDOT:PSS-coated ITO in terms of the sum of contributions from PFB and F8BT can be
substrates and identical morphologies observed. Since the morphol-solved to yield the thickness of the principal components for each
ogy of laterally phase-separated polymer films is strongly influenced point. In this way PFB and F8BT thickness maps were calculated.
by surface effect® the identical morphologies observed for glass Assuming equal polymer densities, chemical weight % composition
and PEDOT:PSS substrates provides confidence that the samenaps were calculated by dividing each thickness image by the total
surface segregation effects are seen in both cases. After AFM andthickness image. As image analysis based on only a few points
thickness measurements (Dektak 6M) were performed, the films can introduce unnecessary error, final determination of chemical
were floated off onto deionized water and picked up with copper composition was derived from the NEXAFS spectra line scans.
TEM grids. These grid-supported films were transferred to a Chemical composition at each point along the line was determined
nitrogen glovebox to dry. Films spin-coated frqmwxylene were by the least-squares fitting of the blend spectra to a sum of the
prepared with weight ratios of 5:1, 1:1, and 1:5 PFB:F8BT while pristine spectra. For each point the NEXAFS blend spectra were
films spin-coated from chloroform were prepared with a weight found to be fitted well by a linear combination of the pristine
ratio of 1:1 PFB:F8BT. 1:1 blend films from xylene were spin- Spectra, indicating that there is no ground state intermixing of the
coated with thicknesses of 88 nm with a roughnessb® nm (as mr* orbitals. From these line scans the composition images were
measured by profilometry) by spin-coating at 1500 rpm from rescaled to match the more accurate fit determined from the spectral
solutions with total concentration of 15 g/L. 5:1 and 1:5 blend films fits. Further details of the data analysis can be found in our previous
from xylene were prepared by spin-coating solutions of concentra- communicatiort?
tion 20 g/L at 3000 rpm and 15 g/L at 2000 rpm to give films of Total Electron Yield (TEY) NEXAFS Measurements. TEY
thickness 86+ 3 and 86+ 2 nm, respectively. Films from NEXAFS measurements were performed at beamline 10-1 of the
chloroform with weight ratio 1:1 were spin-coated from a solution Stanford Synchrotron Radiation Laboratory, California. Carbon
of concentration 8 g/L at 3000 rpm to give a thickness of480 K-edge NEXAFS spectra were obtained with a spectral resolution
20 nm (peak-to-peak roughness; while locally smooth the surface of about 50 meV at normal (99 so-called “magic” (50), and
of the chloroform films undulates with a period %50 um.) grazing (20) angles of X-ray incidence. The spectra were measured
STXM Measurements. X-ray microscopy measurements were in total electron yield (TEY) mode by recording the drain current
performed at beamline 5.3.2 of the Advanced Light Source at the from the sample; the incident photon flux was simultaneously

Lawrence Berkeley National Laboratory, CalifordtaDetails of recorded via the drain current from a gold mesh grid located
the experiment can be found at length elsewREBziefly, the TEM immediately upstream of the sample chamber. The NEXAFS spectra
grid-supported films were mounted in the sample chamber which were normalized as detailed by Watts et%a(A schematic of the
was evacuated to 0.3 mbar and subsequently refilled #gtatm geometry of the experimental setup can be found in Figure 2a.)

of helium. The transmitted X-ray intensity through the film was Device Fabrication and Preparation. Films spin-coated on
recorded using a scintillator and photomultiplier tube and measured PEDOT:PSS-coated ITO substrates were completed by the evapora-
as a function of energy (280-820.0 eV with a resolution of tion of ~80 nm of aluminum at less than 10mbar followed by
0.1 eV) and position (with resolution better than 50 nm). Transmit- encapsulation in a nitrogen glovebox with less than 1 ppm oxygen.
ted X-ray intensity was converted to an X-ray optical density In addition to devices made from blends studied using STXM,
(defined as OG= In(lg/1)) by recording the X-ray intensity through  different weight ratio chloroform devices were also fabricated. All
a region of the TEM grid with no film. As the intensity of the devices were fabricated with an active layer thickness between 80
X-ray beam delivered by the synchrotron varies with energy and and 90 nm. External quantum efficiency (EQE) was measured as
time (as the ring current subsidef)was measured as a function  a function of wavelength at intensities ofL mW/cn#, with short-
of energy for each sample as part of the measurement. In order tocircuit current recorded using a Keithley 237 source measure unit
provide sufficient data for quantitative analysis, the following (SMU).
protocol was adopted. First the NEXAFS spectra (OD as a function
of energy) were recorded for pristine flms of PFB and F8BT of Results and Discussion
known thickness. For each blend film, X-ray images were measured .
for at least five different X-ray energies, namely 280.0, 284.7, 284.9, NEXAFS Spectra. Figure 1 shows NEXAFS spectra of
285.1, and 320.0 eV. For each X-ray image acquired, full NEXAFS Pristine films of PFB and F8BT. The NEXAFS spectrum of
spectra (typically 259 points between 278 and 320 eV with 0.1 ev PFB is very similar to TF& but shows a slightly highen*
resolution between 283 and 298 eV) were also taken at each pointpeak at 285.1 eV and an enhanced peak at 286.2 eV. PFB has
along a line section of that image. Care was taken to limit dwell a much higherr* peak than F8BT, with the latter exhibiting a
times to avoid potential X-ray damage during scanning. As the |ower energy shoulder with absorption onseta84 eV. Above
aliphatic regions are more susceptible to X-ray damage than the2g7.0 eV the NEXAFS spectra of PFB and F8BT are nearly
aromatic regions, any significant damage would appear as a poorigentical, with the differences in their NEXAFS spectra between
fit in the 288 eV region of the spectra and as mass loss above 55, o4 587 eV providing the basis for chemical contrast.
289 eV when fitted/compared to pristine spectra that were taken . . .

The fixed sample geometry relative to the incident synchro-

with a larger spot size to avoid damage. However, we find that our | -
fits still accurately match the blend spectra and that radiation tron X-ray beam means that contrast in a STXM image could

damage does not affect our quantitative analysis. potentially arise from changes in absolute chemical concentra-
Quantitative Analysis. Image analysis was assisted by use of tion and/or molecular alignment of the polymer species of
the IDL widget aXis2000 (http://unicorn.mcmaster.ca/aXis2000.html). interest?® In order to assess the potential influence of molecular
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alignment upon our determination of chemical composition,
angle-resolved total electron yield (TEY) NEXAFS spectroscopy
was performed on pristine PFB, F8BT, and 1:1 xylene blend
films (Figure 2). Angle-resolved NEXAFS spectroscopy has
previously been applied to probe the molecular alignment of
films of the conjugated polymer poly(3-hexylthiophet{€fand

is an established method for determining alignment and orienta-
tion in such systems. By floating off the blend film from the
substrate, both the topside and underside were examined, and
since TEY NEXAFS probes only the top—40 nm, these 0
measurements also provide information about the chemical
composition of the surface layers. The NEXAFS spectra Energy (eV)

obtained from the pure PFB film showed little variation with  Figure 2. Total electron yield NEXAFS spectra of pristine and blend
angle, indicating that there is a low degree of alignment in pure films of PFB and F8BT as a function of incident X-ray angle. (a)
PFB films, consistent with previous ellipsometric stud&ghe Schematic diagram showing the geometry of the angle-resolved

. . L . NEXAFS setup, along with the observed preferential orientation of
NEXAFS spectra of pure F8BT films did exhibit a systematic rgpT \yith schematicr* and o* orbitals. At low angles the electric

angular dependence, suggesting alignment of the F8BT mol-field vector aligns with ther* resonance, producing a larget intensity
ecules in the pristine film. The stronget resonance in the  inthe NEXAFS spectrum. For normal incidence the electric field vector

20° F8BT Spectrum and Stronger F8BT resonances at norma' is Ol’thogonal to ther* resonance, reSUlting in a lower* NEXAFS

S PR N . signal. The reverse holds for the orbitals. (b) NEXAFS spectra of
incidence, shown in Figure 2b, indicate alignment of the F8BT pristine PFB and F8BT films. (c) Angle-resolved NEXAFS spectra of

molecules in the pure film such that the ring structures lie within 3 '1:1 xylene blend, with inset showing an enlargement ofthegion.

the plane of the film surface (see Figure 2a), in agreement with For all films the X-ray beam was incident upon the topside of the film.
recent wide-angle X-ray scattering (WAXS) measureméhts.

The NEXAFS spectra of the 1:1 PFB/F8BT films spun from assumption, the pristine PFB spectrum collected sl the
xylene also exhibit a distinct angular dependence, indicating F8BT spectra collected at 2@nd 90 were least-squares fitted
the presence of aligned molecules in these films (Figure 2c). to the NEXAFS blend spectra. The results of this fitting for
Given that PFB exhibits no alignment effects in the pristine each angular set of spectra collected for the topside and
film, it seems reasonable to assume that it does not contributeunderside of the blend film are shown in Table 1, and we find
to the alignment of the blend film. In order to test this that the blend NEXAFS spectra are well-fitted using this
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Table 1. Summary of the Fitting Parameters Used To Fit of 1:1, 5:1, and 1:5 blend films spin-coated from xylene. The
FBBT-20 1o the Angle-Resolved Elend Spectra of he Topeide and  0TIaiN sizes observed by AFM match those seen by STXM
Underside of a 1-1 Xylene Blend Film conflrmlng that they are columnar in natLh%I.Examllnmg the
STXM images of the 1:1 PFB:F8BT blend film (Figure 3a,b)

topside underside and the associated cross-sectional traces (Figure 4) reveals that
component 90 50° 20° 90° 50° 20° the 1:1 blend shows similar features to 1:1 poly(@igctylfluo-
PFB 0.56 0.58 0.67 0.73 0.76 0.74 rene€o-N-(4-butylphenyl)diphenylamine) (TFB)/F8BT blends
F8BT-9C 036 004 O 023 011 O utilized in polymer LEDs reported previousty.In particular,

F8BT-20 0.07 0.38 0.33 0.04 0.13 0.26 (i) the PFB-rich domain is uniformly mixed (discounting the

small F8BT-rich droplets less than 500 nm wide) with a

approach. In particular, we find that the relative concentration cOmposition of 70+ 3 wt % PFB; (ii) the F8BT domain is

of PFB is enhanced for the underside blend spectra, in goodMuch purer than the PFB domain, with a composition of up to

agreement with previous studies that indicated the presence o095 Wt % F8BT; (iii) the composition of the F8BT-rich domain

a PFB wetting layer at the filmsubstrate interfac® More is not uniform, with the F8BT concentration decreasing slightly

importantly, however, when the blend film is at the extreme With increasing distance from the interface; (iv) subsurface PFB-

angles of 20 and 90, the corresponding F8BT angular rich droplets are observed in the F8BT-rich domain for thicker

component dominates the overall F8BT contribution to the fit. films (not shown); and (v) the width of the domain interface as

Therefore, we conclude that the molecular alignment observedmeasured from the line scans (Figure 4) is 200 nm.

in the 1:1 blend film can be entirely attributed to the alignment  Turning now to the 1:5 and 5:1 blends, a general feature of

of the F8BT component and is of a comparable magnitude andboth blends is that the enclosed minority phases are not pure

the same orientation to that measured in the pristine F8BT film. (Figure 3d,h). Examining the cross-sectional traces displayed

As such, any contrast observed in the STXM maps can be in Figure 5 reveals that for both blends the composition of the

entirely attributed to changes in the chemical composition of minor phase approaches a 1:1 composifoh subtle difference

the blend films rather than to relative changes in alignment of between these two blends, however, is the degree of purity of

the individual components. the surrounding majority phases. While the PFB-rich phase in
X-ray Images and Film Structure. Figure 3 shows PFB and  the 5:1 blend contains roughly 10 wt % F8BT, the proportion

F8BT chemical composition images compared to AFM images of PFB in the F8BT-rich phase of the 1:5 blend drops virtually

50 nm

0 nm

" L8
e it [

15 nm

E s 0nm
il H PFB:FBBTI

F8BT % composition PFB % composition Height

Figure 3. 5um by 5um STXM composition maps (left and center columns) and AFM images (right column) of PFB/F8BT blend films. The left
column shows F8BT wt % composition maps while the center column shows PFB wt % composition maps. (a), (b), and (c) are of a 1:1 PFB:F8BT
blend film; (d), (e), and (f) are of a 5:1 PFB:F8BT blend film; (g), (h), and (i) are of a 1:5 PFB:F8BT blend film.
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Figure 4. Cross-sectional wt % composition and thickness traces of - ” - i ’ r 1

the 1:1 blend. Each data point represents the result of the least-squares
fit of pristine spectrum to a full NEXAFS spectrum acquired at that
point. Film thickness was determined from the X-ray absorption at the
chemically insensitive energy of 320 eV.

to zero between PFB-rich domains. This difference in majority
phase purity is consistent with the STXM results for the 1:1
blend where the PFB-rich domain is observed to be more
intermixed than the F8BT domain. The observed differences in
purity may be related to the different solubilities of PFB and
F8BT?8 or to differences in molecular packing of the F8BT and
PFB monomers that may produce different entropies of mixing
for F8BT-rich and PFB-rich domair#8.The data also show that
the 1:5 blend does not possess an extensive PFB-rich wetting \ g X /
layer consjstent with the observgtion by Higgins et al. that no I O 0 O . S B 45 50
poly(9,9-dioctylfluorene) (F8) wetting layer is detected by NRA ,

in similar weight ratio blends of F8 with F8BT (92 wt % F8BT). Distance (Lm)

Figure 6 shows a STXM image recorded at 285.1 eV of a Figure 5. Cross-sectional wt % composition and thickness traces of
1:1 blend film prepared from chloroform and reveals that no (& 5:1 and (b) 1:5 blend xylene processes PFB:F8BT blends. The
features can be seen on a length scale greater than 50 nmcompos!t!On of the minority phases in (a) and (b) approaches a 1:1
ea S h g g T composition as indicated by the dashed lines.
confirming that the blend is well mixed. (Note that the graininess
of the image is due to noise that exhibits a Gaussian distribution. pamss
Many other images of this blend were taken at different energies
with no correlation between image features in the different &
scans.) These results demonstrate that there is no additionafSSese
lateral subsurface structure on a length scale of 50 nm or morefig&=s
and agree with previous AFM and NRA observations indicating §
a featureless surface morpholégnd a uniform composition 8
normal to the substrafé respectively. Figure 6 also shows the s
NEXAFS spectra of the blend and least-squares fit to the pristine | 500“ B
spectra indicating a composition of 4¢ 3 wt % PFB, in SO ) AR 280 282 284 286 288 290
agreement with the solution blend ratio. This agreement provides Energy (eV)
an independent confirmation that our NEXAFS measurements Figure 6. (a) STXM image of a 1:1 chloroform blend image acquired
are indeed accurately measuring chemical composition in blendat 285.1 eV. (b) NEXAFS spectra of the chloroform blend film (squares)
films and are not skewed by changes in molecular alignment. With the least-squares fit to the sum of pristine spectra.

Correlating Device Performance with Film Composition.

In order to probe the relationships between morphology and As expected, the chloroform device is the most efficient,
device performance, devices have been fabricated from films followed by the 1:5 xylene blend, the 5:1 xylene blend, and
prepared under identical conditions to those prepared for STXM finally the 1:1 xylene blend, with the trend in xylene-processed
analysis. Figure 7 shows the measured external guantumdevices agreeing with previous measureménts.

efficiency for organic photovoltaic devices based on 1:1 xylene,  As a model system for understanding the influence of local
5:1 xylene, 1:5 xylene, and 1:1 chloroform PFB/F8BT films. variations in composition on overall device performance,

% Composition
(wu) ssauoIyL

_— o Data
e (b) — Fit 47 +/- 3 wt. % PFB
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Figure 8. Comparison of chloroform-processed devices with different Figure 9. (a) Distribution of local blend composition of 1.5 (squares),
PFB:F8BT weight ratios. 1:1 (circles), and 5:1 (triangles) xylene-processed blend films deter-

mined from Figure 3. (b) Calculated efficiencies of xylene-processed
chloroform-processed devices that possess a uniform morphol-blends (squares) based on the distribution of local blend composition
. . . ., compared to the measured efficiencies of xylene-processed devices
ogy throughout the entire active layer have been fabricated with (circles) and chloroform devices (triangles; data points for pure PFB
various weight ratios. Figure 8, which plots EQE as a function and F8BT devices taken from Ari#sand Snaith et &), all at a
Of Composrnon for these devicesl revea's that b|ends Wlth a WaVelength of 465 nm. The dashed Ilne SthS the fit to the chloroform
moderate excess of F8BT produce more efficient devices. This data used to calculate the xylene efficiencies.
improvement in efficiency with increased F8BT content can be ) ) o
understood in terms of a gradient of photoexcitations within ~_Figure 9b presents the calculated macroscopic efficiencies
the device due to illumination through the ITO electrode. Thus, ©f the Xylene blends together with the measured efficiencies of
once a photoexcitation is separated, electron transport throughthe xylene and chloroform ble_nds with 465 nm incident light.
F8BT networks to the cathode is more critical to device Here, we can clearly see th"?‘t in general the performance of the
performance than hole transport through PFB networks to the xyler!e-p_r ocessed devices is ’TT“Ch less than expected when
anode. With knowledae of how device function varies with considering local blend composition alone. However, the model
L 9 does explain why the 1:5 blend outperforms the 5:1 blend as
composition, as measured for these chloroform-processed

devi g ibl lcul h d ~“the former has a higher proportion of device area with
evices, it is possible to calculate the expecte MACroScopiC . mnasition lying in the optimum 6680% F8BT range (see

efficiencies of the xylene-processed devices based on the Iocally,;igure 9a). The model also explains why the 5:1 xylene blend
measured composition distributions of each xylene blend. o, tperforms the 5:1 chloroform blend, since the xylene blend
Figure 9a shows histograms of the number of pixels (i.e., relative 55 regions with higher F8BT content with improved efficiency.
area) vs % F8BT composition from each of the % F8BT images while the model predicts the relative efficiencies of the 1:5 and
in Figure 3. These composition distributions were then multi- 5:1 xylene blends, the performance of the 1:1 xylene blend is
plied by a fitted curve expressing external quantum efficiency counter to the trend predicted by the model. The lower than
at the F8BT absorption peak (465 nm) as a function of F8BT expected measured performance of the 1:1 blend, however, can
content based on the data of Figure 8 and integrated to producebe explained by the existence of vertical film structure not
the expected macroscopic efficiency of each xylene blend.  probed by STXM and hence unaccounted for by the model.
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Chiesa et al. have demonstrated, using scanning Kelvin probeConclusions

microsgopy, thaF a.PFB-rich capping layer exists on top of the  \yg paye quantitatively mapped the blend composition of
F8BT-rich domain in 1:1 b'Iends processed from.xylentle gnd that pER-FSBT blends using scanning transmission X-ray micros-
the presence of this capping layer reduces device efficiency by ¢ny ‘e find that for xylene-processed films the micron-scale

blOCk'n92 the transport of photogenerated electrons (o the 4omains in general still contain significant proportions of both
;urface? Thus, the limited efficiency of the F8BT-rich domains polymers. In particular, for 1:5 and 5:1 xylene blend films the
in 1:1 blends processed from xylene will further reduce the inqrity phase is not pure but can contain up to 50% of each
macroscopic efficiency of 1:1 xylene blend devices in a way oymer. By studying the distribution of local blend composition
unaccounted for by the model presented in Figure 9. in xylene-processed films, we explain the superior performance
The overall discrepancy between predicted and measuredof 1:5 blends compared to 5:1 blends by the higher proportion
efficiencies when considering local blend composition alone of the 1:5 film that have the optimum 6@0 wt % F8BT blend
indicates that ultimately there is another factor that determines composition. The distribution of local blend composition in 1:1
the poor performance of xylene blends compared to chloroform xylene-processed films, however, was unable to explain the
blends. The large difference in the boiling points of xylene and lower performance of the 1:1 blend, which is ultimately
chloroform means that these blends will differ not only in the attributed to additional vertical structure. Overall, the lower
degree of micron-scale phase separation but also in the degreg@erformance of xylene-processed films relative to chloroform-
of nanoscale phase separation. As xylene-processed filmsprocessed films cannot be accounted for by local blend
experience an extended drying time relative to chloroform- composition alone but must be explained by differences in the
processed films, both nanoscale and micron-scale phase separategree of finer nanoscale phase separation.
tion of xylene-processed films will be more evolved than that
of chloroform-processed films. This difference in the degree of ~ Acknowledgment. The authors thank the ALS for beamtime,
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efficiency. Since areas with high F8BT concentration are
expected to produce more photocurrent, the major phase in th
1:5 blend is expected to be more efficient than the enclosed (1) Halls, J. J. M.; Walsh, C. A.; Greenham, N. C.; Marseglia, E. A.;
minor phase. Similarly, the minor phase in the 5:1 blend is Friend, R. H.; Moratti, S. C.; Holmes, A. BNature (London)1995
expected_to be more efficie_nt than the surrounding majpr phase. @ %ﬁ (A;'.?Sggggér, A. 33. Appl. Phys1995 78, 4510.
This assignment is consistent with the electrostatic force (3) Hoppe, H.; Sariciftci, N. SJ. Mater. Chem2006 16, 45—61.
microscopy (EFM) measurements by Coffey and Gihgtnat (4) Halls, J. J. M.; Pichler, K.; Friend, R. H.; Moratti, S. C.; Holmes, A.
found higher charging rates for the F8BT-rich domains. For the B. Appl. Phys. Lett1996 68, 3120.
1:1 blend, the situation is complicated by the presence of the (® fgjzk'ey' K. M.; McGehee, M. DChem. Mater.2004 16, 4533~
PFB-rich capping layer that limits the efficiency of the F8BT- 4 arias, A. C.. MacKenzie, J. D.; Stevenson, R.; Halls, J. J. M.:
rich phase. Nonetheless, efficient operation may be expected Inbasekaran, M.; Woo, E. P.; Richards, D.; Friend, RMécromol-
from the areas of the F8BT-rich domain closest to the domain . eSCUErS]?%OJHfﬂ‘ZGOOiGgBM o A G Siva G Friend. R H
interface lacking a PFB capping lay&However, this region @) Ngﬁlo Let£.2602r53i35;3—135$.r eanl, A. L., siva, L., Friend, R. H.
has higher than optimum F8BT contert40%) and may have (8) Halls, J. J. M.; Arias, A. C.; MacKenzie, J. D.; Wu, W.; Inbasekaran,
efficiency comparable to that of the 30% F8BT PFB-rich M.; Woo, E. P.; Friend, R. HAdv. Mater. 200Q 12, 498-502.
domain, especially when differences in domain thickness are (9) ;Nigilril%lg-: Walker, A. B.; Verschoor, G. L. Blano Lett.2005
accounted for. While near-field scanning photocurrent studies L _ . -
found that the PFB-rich domain is more efficiéhEFM studies ) 5S7nf1_'th’ H. J. Friend, R. Hhin Solid Films2004 451-452 567
found similar intradomain efficiencies for the two domalfs.  (11) Snaith, H. J.; Greenham, N. C.; Friend, R.Adb. Mater. 2004 16,
The difference between these measurements may be related to  1640-1645. _ _
the different direction of illumination for the two technigdeés 12) g?&euighy’?‘bﬁwaggg’t'é (gn ;é.':méqu'r i&fé'!?j.%f;%;mwm
or indeed due to differences in polymer batches. Differences in Adv. Mater. 2003 15, 1708-1712.
the molecular weights of the polymers used in this study (13) Morteani, A. C.; Sreearunothai, P.; Herz, L. M.; Friend, R. H.; Silva,
(>100 000 g/mol) compared to those used in the EFM study C. Phys. Re. Lett. 2004 92, 7402.

(<40 000 g/mol) would also have a strong influence on the 8‘513 ;Z?:\Zz’a%; graa'?yé;h[e)' Icsé”_thmg"ceégggize 1J27'D2-6%r_h%?r?és b s
resulting morphologies, explaining the different macroscale Arias, A. C.; Donald, A. M ; Friend, R. H.; Greenham, N.Rhysica

morphologies observed for higher F8BT content films. E 2002 14, 268-271.
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