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reach 4 to 5%. [ 2 ]  To enhance the PCE by 
design of the active layer, one can design 
an acceptor with a higher lowest unoc-
cupied molecular orbital (LUMO) level to 
increase the open-circuit voltage ( V  OC ); 
this results in PCBM-like molecules [ 3–5 ]  
and C 60  bisadducts. [ 6–9 ]  Another way is to 
replace P3HT with lower-bandgap poly-
mers, thus allowing promotion of the PCE 
from 5 to over 7%, [ 10–14 ]  as reported for 
the donors such as poly[[4,8-bis[(2-ethyl-
hexyl)oxy]benzo[1,2-b:4,5-b′] dithiophene-
2,6-diyl][3-fl uoro-2-[(2-ethylhexyl)carbonyl]
thieno[3,4-b]thiophenediyl]] (PTB7) along 
with the fullerene derivative acceptor 
[6,6]-phenyl-C 71 -butyric acid methyl ester 
(PC 71 BM). [ 12 ]  

 In addition to material design of the 
active layer, the insertion of an elec-
tron transport layer (ETL) between the 
active layer and metallic cathode can also 
increase the PCE, the ETL can be alkali 
metal complexes (e.g., LiF, [ 15 ]  CsF, [ 16 ]  
Cs 2 CO 3 ), [ 17,18 ]  metal oxides (e.g., TiO 2 , [ 19 ]  
ZnO), [ 20–22 ]  self-assembled monolayers 
(SAMs), [ 23–26 ]  or alcohol/water-soluble 

polymesr. [ 27–32 ]  In order not to dissolve the hydrophobic active 
layers, the polymer ETL must be hydrophilic. Additionally, 
the main chain of the polymer ETL must be conjugated, oth-
erwise the low conductivity will cause poor device perfor-
mance. In 2011, Bazan and co-workers [ 28 ]  proposed an alcohol 
soluble copolymer of thiophene and fl uorene derivative as 
the ETL in PSCs with the active layer PCDTBT:PC 71 BM. This 
copolymer provides an interfacial dipole to the cathode, which 
can enhance the built-in electrical fi eld of the device and fur-
ther improve the PCE from 5.3% to 6.5%. In the same year, 
Cao and co-workers [ 29 ]  proposed another alcohol (with minor 
amount of acid) soluble fl uorene derivative, poly[(9,9-bis(3′-
( N , N -dimethylamino)propyl)-2,7-fluorene)- alt -2,7-(9,9–dioc-
tylfl uorene)] (PFN) as the ETL for PSCs with PTB7: PC 71 BM, 
resulting in a great increase in the PCE from 5.00% to 8.37% 
due to the promoted built-in electrical fi eld from the interfa-
cial dipole induced by PFN. The importance of the interfacial 
dipole in the performance of organic and polymer electronics 
has been reviewed extensively in the literature. [ 33,34 ]  

 In 2013, we proposed [ 32 ]  an alcohol-soluble, fl uorene-based 
conjugate polymer with crown ether attached to the side chain 
as the ETL for PSCs with P3HT:ICBA, resulting in an increase 
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  1.     Introduction 

 Bulk-heterojunction (BHJ) polymer solar cells [ 1 ]  (PSCs) with 
an active layer composed of a conjugated polymer as the donor 
and a fullerene derivative as the acceptor have attracted great 
attention because of their ease of fabrication, promising fl ex-
ibility, and capability for large-scale and low-cost production. 
Poly(3-hexylthiophene) (P3HT) with its high regioregularity 
and [6,6]-phenyl-C 61 -butyric acid methyl ester (PC 61 BM) are 
the most representative conjugated polymer donor material 
and acceptor material, respectively. The power conversion effi -
ciencies (PCEs) for PSCs based on these two materials can 
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in the PCE from 3.87% to 6.35% (Al as the cathode) or 5.78% 
to 6.77% (Ca/Al as the cathode). Moreover, chelating the crown 
ether in PFCn6 with potassium cation (PFCn6:K + ) resulted in 
promoted electron collection and thus further enhanced the 
short-circuit current density,  J  SC , from 10.43 to 11.65 mA cm −2 . 
PCE was also improved from 5.78% to 7.5% when Ca/Al was 
used as the cathode. 

 Here, we synthesize a series of conjugated polymers with dif-
ferent main chains and crown ether side chains (PTCn6, PFCn6, 
PCCn6, PFN, and PFNCn6; see  Scheme    1   for the chemical 
structures) to explore the effects of polymer structure on interfa-
cial dipole strength and optical spacing effect. We fi nd that the 
main chain of the conjugated polymer, rather than side chain, 
mainly determines the interfacial dipole strength meaning that 
the molecular design of the main chain is much more impor-
tant for promotion of the interfacial dipole and, therefore,  V  OC . 
We simulate the device with various ETLs and fi nd that the ETL 
is capable of rearranging the optical electric fi eld distribution 
established by combining the incident light and refl ected light 
from the mirror cathode and therefore enhancing the absorp-
tion of the active layer except when the absorption spectra over-
laps with that of the active layer, such as PTCn6. In addition, the 
polymer ETL can also lower the current leakage. Consequently, 
by introducing such an ETL, the PCE of the PSC is enhanced. 
Specifi cally, by introducing PCCn6 as the ETL, the PCE is 
improved from 5.20% to 8.13% in the PTB7: PC 71 BM system 
and from 3.02% to 3.91% in the P3HT: PC 61 BM system.   

  2.     Result and Discussion 

  2.1.     Interfacial Dipole 

 We synthesized fi ve alcohol soluble conjugated polymers with 
different main chain and side chain as ETL and their chemical 

structures and energy levels are as shown 
in Scheme 1 and Supporting Information 
Table S1, respectively. In the BHJ PSCs,  V  OC  
has been correlated with the energy level 
difference between the highest occupied 
molecular orbital (HOMO) of the electron 
donor and LUMO of the electron acceptor. [ 35 ]  
In addition,  V  OC  was also found to be infl u-
enced by the difference between the work 
functions of the two electrodes. [ 36 ]  Conse-
quently, introducing an ETL, that induces the 
interfacial dipole ( Δ ), which is taken to be the 
difference between the energy level of the 
metal cathode with ETL and the work func-
tion of the cathode, can result in an increase 
in the work function of the cathode (closer to 
the vacuum level) [ 27,32 ]  and therefore a larger 
difference of the work functions between two 
electrodes, resulting in a higher  V  OC . [ 36 ]  

 Results from ultraviolet photoelectron spec-
troscopy (UPS) measurements, which show 
the  Δ  between different ETLs and the alu-
minium electrode, are shown in  Figure    1   and 
their sequence is as follow: PCCn6 (0.73 eV) > 
PFNCn6 (0.66 eV) > PFN (0.64 eV) > PFCn6 

(0.60 eV) > PTCn6 (0.30 eV). The 2,7-carbazole main chain results 
in larger  Δ  than fl uorene and thiophene main chains, under same 
side chain structure, which are as follow: PCCn6 (0.73 eV) > 
PFCn6 (0.60 eV) > PTCn6 (0.30 eV). The higher  V  oc  of the PCCn6 
compared to the PFCn6 may also be caused by the higher polarity 
bridged atom (nitrogen in PCCn6) based on the similar repeat 
unit structures. On the other hand, we found that a higher polarity 
group on side chain results in larger  Δ  for the same main chain, 
fl uorene, as manifested by the sequence PFNCn6 (0.66 eV) > PFN 
(0.64 eV) > PFCn6 (0.60 eV). However, the  Δ  between PCCn6 and 
PFCn6 is 0.13 eV larger than that between PFNCn6 and PFCn6 
(0.06 eV), indicating that the structure of the main chain has 
greater infl uence on  Δ  than the structure of the side chain does, 
even though a higher polarity group, such as an amine group, is 
attached. As mentioned above, larger  Δ  causes larger  V  OC  applied 
to solar cell device. P3HT:PC 61 BM and PTB7:PC 71 BM systems 
are as shown in  Table    1  . PCCn6 has the largest  Δ  in our synthe-
sized ETLs, hence it possesses the largest  V  OC : 0.634 V in the 
P3HT:PC 61 BM system and 0.732 V in the PTB7:PC 71 BM system.   

 As discussed above, we found that introducing conjugated 
polymer as the ETL could increase the vacuum level of the 
metallic cathode due to forming  Δ  at the interface between the 
ETL and the cathode. Therefore, larger  Δ  corresponds to higher 
rise vacuum level of the metal and results in a larger work func-
tion difference between the two electrodes, which leads to an 
enhancement of  V  OC . Consequently, the structure of the main 
chain has a greater infl uence on  V  OC  than the side chain does.  

  2.2.     Optical Interference 

 In the solar cell, the sun light travels through the ITO anode to 
enter into the active layer, then the photocurrent is generated 
due to a dissociation of exciton formed by absorption of light 
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 Scheme 1.    Structures of polymers with different main chains and side chains as the ETL.
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by the active layer. The remaining unabsorbed light travels to 
the metallic mirror cathode and then refl ects back to the active 
layer and is reabsorbed. If the absorption ranges of the ETL 
and active layer overlap or partially overlap, the ETL will absorb 
some refl ected light from the cathode, which can be utilized 
by the active layer. Therefore, a suitable ETL material should 
not absorb the same wavelength range of light as the active 
layer to avoid possible loss of sun light. However, the absorp-
tion of PTCn6 is located in the visible region, which overlaps 
with the absorption of most active polymers. Thus, PTCn6 is 
not suitable as an ETL. If the ETL does not absorb the light, 
which is able to be utilized by the active layer, and meanwhile 
enhances the absorption of the active layer, this ETL then can 
further enhance light absorption of the active layer by redis-
tributing the optical electric fi eld. Some metal oxides, such as 
ZnO [ 20 ]  and TiO 2 , [ 19 ]  have been reported to meet the purpose 
by allowing the active layer to absorb more light and therefore 

improve the  J  SC  of the solar cell. Here, we used an ellipsometer 
to measure the refractive indices ( n ) and extinction coeffi cients 
( k ) of four ETLs and three active layers (Supporting Informa-
tion Figure S1) and we simulated the optical electric fi eld dis-
tribution using the ESSENTIAL MACLEOD software package 
(Thin Film Center, Inc., Tucson, USA). 

 Following the fi rst report on polymer optical spacers that 
enhance light absorption of the active polymer, [ 32 ]  we studied 
the structure properties of ETLs by simulating the optical elec-
trical fi eld distribution in the device. The simulated optical elec-
tric fi eld distributions of the device structure: indium tin oxide 
(ITO; 150 nm)/poly(3,4-ethylenedioxythiophene):polystyrene 
sulfonate (PEDOT:PSS; 25 nm)/P3HT:PC 61 BM(1:0.8)(60 nm)/
ETL(10 nm)/Al(100 nm) are shown in  Figure     2  . For the device 
without an ETL (Figure  2 a), the strongest peaks of the optical 
electric fi elds are not all located inside the active layer for the 
three wavelengths of incident light, 400 nm, 500 nm, and 
600 nm, which lie in the absorption range of the active polymer. 
However, after incorporation of 10 nm ETL (PCCn6, PFNCn6, 
PFCn6 or PFN), all the strongest optical electric fi eld spectra 
move toward the interior of the active layer region making the 
light harvesting of the active layer more effective (Figure  2 b–e). 
The same phenomenon is also observed for the other active 
layer systems, P3HT:ICBA and PTB7:PC 71 BM (Supporting 
Information Figure S2 and Figure S3, respectively). These 
simulation results indicate that the main chain and side chain 
structures of these ETL polymers cause little difference in the 
optical electric fi eld distribution when comparing the same 
thickness. We further investigated the thickness effect of the 
ETL on the optical electric fi eld adjustment, specifi cally for 
PCCn6 with the three active layer systems. The results of sim-
ulations for thicknesses from 0 to 25 nm at 477 nm incident 
light wavelength (which is the absorption maximum of P3HT as 
shown in Supporting Information Figure S1d) indicates that as 
the thickness of PCCn6 increases to 25 nm, the optical electric 
fi eld peak is located at the center, as shown in Figure  2 f for the 
P3HT:PC 61 BM system. In addition, the same result also appears 
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 Figure 1.    a) Energy diagram of the solar cell device with ETLs. b) The UPS spectra of different ETLs deposited on Al.

  Table 1.    Interfacial dipole between different ETL and an aluminum elec-
trode and the  V  OC  of the devices with different ETLs for P3HT:PC 61 BM 
under pre-annealing processing and in the PTB7:PC 71 BM system.  

Electrode Energy level 
(from UPS) a) 

Interfacial dipole 
[Δ]

 V  OC  b) 
[V]

 V  OC  c) 
[V]

Al −4.28 eV – 0.461 0.653

PTCn6/Al −3.98 eV 0.30 eV 0.494 0.713

PFCn6/Al −3.68 eV 0.60 eV 0.564 0.726

PFN/Al −3.64 eV 0.64 eV 0.572 0.724

PFNCn6/Al −3.62 eV 0.66 eV 0.607 0.727

PCCn6/Al −3.55 eV 0.73 eV 0.634 0.732

Ca/Al d) – – 0.613 0.726

   a)UPS data are calculated from the UPS spectrum (Figure  1 b);     b)The  V  OC  from 
devices with structure: ITO/PEDOT:PSS(25 nm)/P3HT:PC 61 BM(1:0.8)(60 nm)/
annealing 130 °C,10 min/ETL(10 nm)/Al(100 nm);     c)The  V  OC  from devices with 
structure: ITO/PEDOT:PSS(25 nm)/PTB7:PC 71 BM(1:1.5)(70 nm)/ETL(10 nm)/
Al(100 nm);     d)Since the calcium is too active to measure the precise energy level.   
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for P3HT:ICBA and PTB7:PC 71 BM systems. However, thicker 
PCCn6 also slightly weakens the optical electric fi eld strength 
and lowers the  J  SC  of the device. Thus, the trade-off relation 
between good optical electric fi eld maximum location and strong 
light intensity caused by ETL thickness variation implies a pres-
ence of optimal ETL thickness for the best device performance.  

 In order to further explore effects on absorption enhance-
ment of active layer caused by inserting the ETL, we simulate 
the refl ected spectrum of the devices with different ETL and 
calculate the change in absorption, Δ α . The formula used for 
the calculation is as follow: [ 19 ] 
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 where  λ  is wavelength,  d  is thickness of active layer, outI λ( )′  
is the intensity of the refl ected light from the device with or 

without ETL, and  I  out ( λ ) is the intensity of refl ected light from 
the reference device (glass/Al). To lower the light loss and avoid 
complication arising from the conducting layers, we simulate 
the device in the absence of ITO and PEDOT:PSS, and pre-
pare the device glass/active layer/ETL/Al. [ 19 ]  After the insertion 
of the ETLs, PCCn6, PFNCn6, PFN and PFNCn6, the absorp-
tion peak of P3HT:PC 61 BM locating at around 477 nm from 
the simulated absorption spectra is signifi cantly enhanced in 
similar extent for these ETLs as shown in  Figure    3  a. The dif-
ferences of Δ α  at the maximum absorption peak of active layer 
among these ETL are insignifi cant in three active systems, 
P3HT:PC 61 BM, P3HT:ICBA (as shown in Supporting Informa-
tion Figure S4a) and PTB7:PC 71 BM (as shown in Figure S4c), 
respectively.  

 As mentioned above the thickness of the ETL plays an impor-
tant role on optical electric fi eld distribution, therefore, we fur-
ther investigate the effect of thickness on Δ α  for PCCn6 with 
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 Figure 2.    Simulated optical electric fi eld of solar cell device with the device structure: ITO (150 nm)/PEDOT:PSS (25 nm)/P3HT:PC 61 BM (60 nm)/ETL/
Al (100 nm): a) without ETL and with 10 nm b) PCCn6, c) PFNCn6, d) PFN, and e) PFCn6 under the incident light of 400 nm, 500 nm, and 600 nm. 
f) Different PCCn6 thickness under the incident light at 477 nm (the absorption maximum of P3HT).
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P3HT:PC 61 BM. The simulated Δ α  at 477 nm shows a maximum 
at the PCCn6 thickness 15 nm (as shown in Figure  3 b), indi-
cating that using an optimal thickness of PCCn6 is necessary 
to gain the largest Δ α  for maximum absorption in the active 
layer, as shown in Supporting Information Table S2. The best 
performance and the highest  J  SC  of 8.59 mA cm −2  is reached 
with a PCCn6 thickness of 9.2 nm (thickness calculation is the 
same as in ref.  [ 29 ] ), which is not in correspondence with the 
simulation results of 15 nm reported above. We presume that 
the polymer ETL is semiconducting, rather than conducting, 
and the thinner ETL has to be taken to compensate for its lower 
charge transport properties. However, the simulation cannot 
take these points into consideration, which is why the optimal 
thickness in the device is thinner than that from simulations. 

 Consequently, the present polymer ETL also has the capa-
bility of optical electric fi eld adjustment for increasing the 
absorbance of the active layer. However, the main chain and 
side chain structures of these ETL polymers bring little differ-
ence in adjusting the optical electric fi eld distribution with the 
same thickness. As long as the ET material does not absorb the 
same range wavelength of light as active layer, which avoids 
possible loss of sun light, it can redistribute the optical electric 
fi eld, resulting in more light absorption in the active layer with 
an appropriate thickness of the ETL.  

  2.3.     Device Performance 

 The annealing process was found to improve the crystallinity 
of P3HT in P3HT:PCBM system, which can result in higher 

 J  SC . [ 2 ]  There are two types of annealing used in this work for 
the P3HT:PCBM system: one is the pre-annealing (annealing 
after spin-cast active layer and before thermal deposition of the 
metal cathode) and the other is the post-annealing (annealing 
after thermal deposition of the metal cathode). The latter type 
can provide higher device performance. The performance of 
the devices with different ETLs under post-annealing are listed 
in Table  2 . Because the metal cathode fi lm quality can also be 
affected by the post-annealing process, the effect of the interfa-
cial dipole would be less obvious, and therefore small changes 
in  V  OC  are observed. The performance of the device with PFN 
is not reported in Table  2  because it is extremely poor. During 
the device fabrication, a small amount of acetate acid is needed 
to enhance the solubility of PFN in common organic solvent. 
We presume that in the post-annealing process, the acetate acid 
may diffuse to the active layer and quench the excitons, leading 
to poor performance with a PCE of 1.83%.  

 Additionally, our ETLs are capable of adjusting the optical 
fi eld distribution and can therefore provide the strongest 
optical electric fi eld located within an active layer in addition 
to enhancing the absorbance of the active layer. Compared to 
the devices without ETLs, the device shows largely enhance-
ment on  J  SC  with the insertion of PCCn6 (8.66 mA cm −2 ), 
PFNCn6 (8.11 mA cm −2 ), PFCn6 (7.93 mA cm −2 ) and without 
ETL (7.45 mA cm −2 ) in the P3HT:PC 61 BM system. In par-
ticular, the  J  SC  of the device with PTCn6 (7.34 mAc m −2 ) is 
lower than that without an ETL (7.45 mA cm −2 ), which is due 
to the absorption spectrum of PTCn6 and P3HT overlapping 
and causing a weakening of the refl ected light from the metallic 
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 Figure 3.    Change in absorption with a) the same thickness of different ETLs and b) the different thickness of PCCn6. The simulated device structure 
is glass/P3HT:PC 61 BM (60 nm)/ETL/Al (100 nm). The insets in (a,b) are the amplifi cation of the absorption near the Δ α  maximum.

  Table 2.    Device performance of different ETL under post-annealing process (150 °C,10 min) in P3HT:PC 61 BM system with device structure: ITO/
PEDOT:PSS(25 nm)/P3HT:PC 61 BM(1:0.8)(60 nm)/ETL(10 nm)/Al(100 nm).  

ETL  V  OC  
[V]

 J  SC  
[mA cm −2 ]

FF 
[%]

PCE 
[%]

 R  sh  a) 
[Ω cm 2 ] 

 R  s  
[Ω cm 2 ]

none 0.640 7.45 63.3 3.02 1261 1.73

PTCn6 0.650 7.34 61.5 2.94 1446 1.96

PFCn6 0.650 7.93 67.9 3.50 1381 0.58

PFNCn6 0.652 8.11 67.0 3.54 1399 0.82

PCCn6 0.655 8.66 69.0 3.91 1770 0.52

PFCn6:K + 0.650 7.75 60.2 3.03 – –

    a) The  R  sh  and  R  s  calculations are the same as in ref.  [ 37 ] .   
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cathode to the active layer. However, the  J  SC  of the device 
with PTCn6 (13.20 mA cm −2 ) is larger than that without ETL 
(12.65 mA cm −2 ) in PTB7:PC 71 BM system, which is due to the 
methanol effect on the active layer causing a higher  J  SC . [ 28 ]  Sim-
ilarly, the absorption spectra of PTCn6 and PTB7 overlap with 
each other in certain wavelength ranges, which leads to a lower 
 J  SC  of the device. On the other hand, in PTB7:PC 71 BM device 
the  J  SC  with insertion of ETLs are larger than that without ETL 
similar to those in P3HT:PC 61 BM system. Independent of the 
type of active system, the different ETL has only a small infl u-
ence on active layer Δ α  under same thickness as shown in 
Figure  3 a. 

 The enhancement of  J  SC  shows obvious differences among 
these ETLs. This is because the ETL could also affect the shunt 
resistance ( R  sh ) and series resistance ( R  s ) of the device and 
therefore is also responsible for the enhancement of  J  SC , as 
listed in  Table    3  . The device with PCCn6 possesses largest  R  sh  
(1770 Ω cm 2  and 1152 Ω cm 2  in the P3HT:PC 61 BM system and 
the PTB7:PC 71 BM system, respectively), which corresponds to a 
small leakage current as refl ected in the smallest  R  s  (0.52 Ω cm 2  
and 0.46 Ω cm 2  in P3HT:PC 61 BM system and in PTB7:PC 71 BM 
system, respectively).  

 Furthermore, the electron transport was promoted as the 
crown ether side chain chelated potassium cation (K + ), which 
resulted in higher performance in the P3HT:ICBA device. [ 32 ]  
The PCE of P3HT:ICBA device is lower than in our previous 
report, as shown in Supporting Information Table S3, because 
the P3HT and ICBA, purchased from Rieke Metals Inc., are 

not from the same production batch. In P3HT:PC 61 BM and 
PTB7:PC 71 BM systems, however, the PCE of the devices were 
not enhanced. An explanation for why interaction of K +  does 
not work for P3HT:PC 61 BM and PTB7:PC 71 BM systems will be 
given in our future work. 

 In general, PCCn6 has a stronger interfacial dipole, which 
results in a larger  V  OC  and optical electric fi eld adjustment 
capability. Moreover, PCCn6 can effectively lower the leakage 
current and improve the electron collection in the device. 
Including all the advantages above, the PCCn6 device shows 
a PCE improvement from 3.02% to 3.91% for P3HT:PC 61 BM 
system, and from 5.20% to 8.13% for the PTB7:PC 71 BM system 
(the current density–voltage ( I – V ) curve is shown in  Figure    4  ).    

  3.     Conclusions 

 In the design of alcohol-soluble conjugated polymers for use as 
ETLs in PSCs with hydrophobic active layers for PCE promo-
tion, the conjugated aromatic main chain with the electron-rich 
bridge nitrogen atom is preferred. It able to introduce higher 
interfacial dipoles for higher  V  oc  and to enhance absorption of 
the active layer through its capability for rearranging optical 
electric fi eld within the device (expect for those with absorption 
spectra that overlap with the light absorption of the polymer 
in the active layer). In addition, its HOMO level should be 
deeper than the light-absorbing polymer in the active layer for 
blocking holes. Among the ETLs investigated, PCCn6 is the 
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  Table 3.    Device performance of different ETL in PTB7:PC 71 BM system with device structure: ITO/PEDOT:PSS(25 nm)/PTB7:PC 71 BM (1:1.5)(70 nm)/
ETL(10 nm)/Al(100 nm).  

ETL  V  OC  
[V]

 J  SC  
[mA cm −2 ]

FF 
[%]

PCE 
[%]

 R  sh  
[Ω cm 2 ]

 R  s  
[Ω cm 2 ]

none 0.653 12.65 62.9 5.20 640 3.98

MeOH 0.687 13.57 67.7 6.31 742 1.16

PTCn6 0.713 13.20 66.6 6.28 859 1.49

PFCn6 0.726 14.12 69.1 7.07 917 1.21

PFN 0.724 15.01 70.0 7.61 925 1.19

PFNCn6 0.727 14.86 74.1 8.03 1195 0.48

PCCn6 0.732 15.19 73.2 8.13 1152 0.46

PFCn6:K + 0.740 11.87 70.4 6.18 – –

 Figure 4.     I – V  curve of the device with different ETLs for a) P3HT:PC 61 BM and b) PTB7:PC 71 BM system.
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best and provides a PCE improvement from 3.02% to 3.91% for 
the P3HT:PC 61 BM system and from 5.20% to 8.13% for the 
PTB7:PC 71 BM system.  
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