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Energy Usage
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Renewables

Theoretical

Wind

Practical

Comments

Offshore and
Demographics

Geothermal

Needs drilling
breakthrough

Hydro 4.6 TW

0.3 TW currently

Biomass 20TW

31% of land, 0.3%
efficient,VWater

Solar 1.2 x 10°TW

Photosynthesis = 90 TW

National Renewable Energy Laboratory




Installed capacity!
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PV Research cell efficiencies
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Generic bulk heterojunction device

Mg:Ag/Ag

Metal contact > Ag LiF/Al

Al Ca/Al
Ba/Al

Active Layer

Hole-transport
layer Transparent contact

Transparent Substrate

MDMO-PPV

SOsH  SOzH  SOsH
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Fundamental understanding - Is this how it works?

Metal contact

Active Layer

Hole-transport
layer Transparent contact

Transparent Substrate
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Plextronics - Plexcore® PV NREL-Certified Performance

Jul 17,2007 11:50 Device Area: 0.096 cm’
Spectrum: AM1.5-G (IEC 60904) Irradiance: 1000.0 W/m>

o8 L omy  X25IV System Filter QE system
‘!Q‘Q!’ hl?=- PV Performance Characterization Team

<
E
5
g
=
)

Normalized QE (%)

| | I L ¢ [
-0.2 0.0 0.2 0.4 0.6 . . 300 400 500 600 T?U() %00

Voltage (V) Wavelength (gm)

Voo = 0.8563 V Lpax = 0-80664 mA A
.Je

I,. = 0.93132 mA Vinax = 06452V

J.=9.7013 mA/em®  P___=0.52048 mW

max

Fill Factor = 65.26 %  Efficiency = 5.42 %

National Renewable Energy Laboratory Innovation for Our Energy Future




Size matters

Device Area Vo(mV) JSC(mA/cmZ) FF(%) Eff.(%)

—=— 0.1 cm2 608.9 10.66 63.6 4.13
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Champion devices (P3HT:PCBM)

Realistic How?

V
(\;;‘ _ 0.65 : Lower LUMO (and HOMO)

J . .
(mA/ngZ) 14 Shift absorption to red

FF 75 Improve transparent
(%) electrode

Efficiency

(%) Larger carrier mobilities
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Device development Fundamental understanding

Cah‘: ode Active layer
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Table 1 Summary of device performance for various PV devices in the work. dBRP . ¥ p——
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Tandem Organic Solar Cells

PCPDTET

PCPOTET:P
PEDOT.PSS

Mgm c
48ev |

PC.BM

Biev

MO PEDOT pcgy TIO, PEDOT

Biav

P3HT:
PC,BM TIO,

Ll

Fig. 1. (A} Molecular structures of the active materials: PCPDTBT, P3HT,
PCBM, and PCyoBM. (B) The device structure (right) and TEM cross-sectional
image (left) of the polymer tandem solar cell. Scale bars, 100 nm (lower
image) and 20 nm (upper image). ITO, indium tin oxide. (C} Energy-level
diagram showing the HOMO and LUMO energies of each of the component

materials.
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Doped, single-walled carbon nanotube electrodes
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Plasmon enhancement effects

Also on silver nanohole arrays:

J,. (mA/em?)

—— Reference
- - 1nmAg
2 nm Ag ]
— -3nmAg | | |
—--4nmAg i 1 2 3
! ! ! Thickness of Silver Film (nm)
400 500 600

Wavelength (nm)

Silver nanoparticles on ITO:
Enhancement due to increased light
absorption induced by the plasmonic
effect on the particles.

Almost doubling of current and efficiency

A. Morfa et al, APL, 92 013504 (2008)
and APL, 92 243304 (2008) _
T. Reilly et al. APL 92, 243304 (2008)
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Air-brushed devices
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States v Bands

Polymer:PCBM
29eV

\/

CS Trapped

BRP = Bound Radical Pair = D*—A- = P+—F-

H. Ohkita et al (Imperial) JACS, 130, 3030 (2008)
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Competition with carrier collection

Polymer:PCBM
29eV

Re-associating

Collection

Separation

Geminate recombination
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Competition with carrier collection

Polymer:PCBM
29eV

Re-associating

Ry

TRAPS

\

Geminate recombination
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Transient Microwave Conductivity (TRMC)
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AGmax (AGt=0): Exciton (or BRP) dissociation efficiency
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Free carrier decay (t =0 to 200 ns)
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Trapping, de-trapping and recombination

| B | I
— Data Analytical function
— Fit —— Stretched exponential

Photoconductance (a.u.)

50x107° 100x10™° 150x10™° 200x107°
Time (s)

D,k

_ k o
= kt i De € L v Re-associating
(k+Dyy)e™ —Dyy 'BRP

[D7](t)

Geminate recombination

National Renewable Energy Laboratory Innovation for Our Energy Future



Dark carriers, MEG, Schottky devices
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J.M. Luther et al (NREL), Nano letters, 8(10) 3488 (2008)
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Concluding remarks

* The Energy issue
- We need to provide > 15TW
* Photovoltaics
- This is a very good, perhaps the only, solution

* Why organics?

- Chemistry

* Technologies
- Poised and ready
* Basic issues

- We need more understanding
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