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Motivation

* FLUXIM

Unser Planet bei Nacht

e

Der Antell der Beleuchtung am

weItWeiten Stromverbrauch
betragt 19%

(und 14% in Europa)
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Looking for innovation

Exploit multitude of novel synthetic materials!
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OLEDs for general lighting and displays

> low power consumption

> ultra-thin

> efficient wide-area light sources (up to 100 Im/W)

> high contrast ratio Sony ,XEL-11“2008
> wide viewing angle, ...

Flexible OLEDs White OLED

Ciba & CSEM Basel

9 .
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Multijunction Concentrators : ......_\ A“"l|||”’(

¥ Three-unction (2-termina, monolithi)
A Two-junction (2-terminal, monoithic)
Crystalline Si Cells

® Single crystal
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Optoelectronic device physics

Processes:
Charge injection (1)
Charge transport (2)

Exciton formation, transfer &
diffusion (3)

Light outcoupling (4)
Multilayer design:

facilitates injection
Improves confinement
reduces leakage

Anode HIL EML ETL EIL Cathode

9 .
® FLUXIM SSOM Lectures - Engelberg - March 18, 2009




Coupled continuity equations

9 .
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Research and development process

Prototype

Simulation software

9 .
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3 processes, one solver

charge drift-diffusion
& recombination

I

exciton
diffusion, transfer & decay

I

dipole emission /
light-incoupling

N 19D JB|O>

Optimization, Fitting, Sweeping
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=Y =
Inputs ( Software Architecture Outputs

L ) UTTOK Saminabr tig Lieon The (e Oty Vimakamns

0 e b oW

B ee ~OR »

el Pewmw

Dissipated Power Log €

:

EERE R

Structure

Glass 0 m device simulation software

110 100 nm § Column format:

Ancde Thermionic WorkFunction 5.0 eV » # Wavelength C+ Cs+ Cp+ nCs¢+ W Ws Wp Rs Ts As
HIL 40 nn  Electrical “sat/ATL.en" 380 2.1764940-004 1.0882470-004 1.0882470-004 7.25546
S \ 1.360309-002 1.360309¢-002 3.351569e-001 ....

R T e T » 385 0.000000e+000 0.000000+000 0.0000002+000 0.00000
o e e 1.39778%-002 1.397787e-002 3.2981309-001 ....

330 0.0000002+000 0.0000002+000 0.000000e+000 0.00000
Define 1.44177%-002 1.441777e-002 3.244772-001 ....
- » 395 1.9030830-004 9.515415¢-005 9.5154150-005 6.34403

D SO o Gemat 1.485623¢-002 1.485623e-002 3.203269-001 ....

e 400 0.0000000+000 0.0000000+000 0.0000000+000 0.00000

Resid CurrentCont le-2 Check NIter 1000
NoBxcCalc 1.520712e-002 1.520712e~-002 3.186284e-001 ....

° .
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Current-voltage modeling

Constant mobility

vV, =Wk

W = const

o
RN

N
E
z
<

Experiment
A 76nm

Simulation
» Constant mobility does not fit the — Constant mobility
experimental data

4 5
Voltage [V]

9 .
® FLUXIM SSOM Lectures - Engelberg - March 18, 2009




Current-voltage modeling

Field dependent mobility

o
—

N
5
z
<

Experiment
A 76nm

. e g imulati
» Field dependent mobility fits the ﬂ‘atc'é’ﬂstam mobility

experimental data —— Field dependent
mobility

4 5 6 7
Voltage [V]
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Current-voltage modeling

Field dependent mobility

Field dependent
- Constant

ment
|nm

tion
Lonstant mobility
"leld dependent
‘nobility
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“’ém IODE

DL
o

Position (nm)
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Light emission: dipole model

Dipole emission model with dependence on
> viewing angle

polarization

dipole position

dipole orientation

leaky in glass

- setfos software allows: Vi }9““’60' modes
T o———-evanescent modes

> multiple dipoles
> mode analysis

> performance figures:
CIE coord., CRI, SEIR, SIA etc.

L)

9 .
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Mode Contribution Avg P
, , , , 7 7 7 7 —_l - . -

Evanescent modes

Position «nm)

Guided modes

010 015 020 025 030 035 040 045 0S50 055 o060 065 070 075 08 08 090 0595 100 1.0¢

0.00
0.00 0.05
DipoleLocation.0

L a1 OC_ave |_SG_ave = |_AL_ave m |_GCM_ave & |_EC_ave

L ) -
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Outcoupling channels

Dissipated Power Weighted by Spectrum (Logarithmic)

Layer Structure 800 ! ' |
750 -

2
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OO O O

Air B Metal = Polymer ITO  Glass

guided |
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substrate /// Luft (n=1.0)
guided

//’
.’l
direct

emission
)
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Forward and backward emission

Layer Structure

Glass ﬂ

ITO
Comparison with experiment

Dipole location: Polymer [1.0]

Polymer
Experiment bottom —

Experiment top ' d_1 50 nm .
Simulation bottom

Simulation top

Thickness (nm)

Air

JoAir B Metaf't PRIRRTAC I ITEH S Glass

08,

P
O
c
O
O
.
o
o
c
@
E
@
Q
>
Ll

[V ) H
00
06,
060 ré X L ) \ L ) ) X )
0., B s 0 10 20 30 40 50 60 70 80
g;? o Viewing angle

040 e

0J,

010

0, , (Device: Al(15 nm)/PEDOT(60 nm)/

. . [76% PVK+19% PBD+5%
, g CGR-Red(x nm)] /

. " : X Ba(1 nm)/Al (15 nm))
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Non-measurable parameters

P3HT-PCBM/AI

@
Q
-
4
'
O
QO
_—
D
oC

. 'P3HTPCBM/Ag

| 1 I 1 I
600 700 800

Wavelength [nm]
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Organic solar cells

ZnO

PEDOT:PSS
Glass + ITO

Bulk heterojunction

—— Silicon
— P3HT:PCEBM

Dark Current

Extinction Coefficient k

N ——— S Under lllumination
500 550 GO0 550 700 740
1 Wavelength [nm]
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o

Bulk-hetero-junction with
P3HT-PCBM
Simulation:

Spectral EM field penetration
Layer-specific absorbances

1.041E0 +

-
-

Squared Field Amplitude (norm.)
o o o o o o o
- w 0 o -4 w

o
.o D
) .

9 373E-1 - /-

8.331E-1 -

7.29E-1 -

6.248E-1 -

5.207E-1 1

Absorbance

4.166E-1 -

3.124E-1 1

2.083E-1 -

1.041E-1 -

Wavelength (nm)

—As \A_ITO — A_PEDOT

,_w/ - A_P3H§\1\308M — A_Al

0EO

* FLUXIM

400 450 550 600 650 700 750
Wavelength (nm)
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PV Light-har

Photon Absorption Profile » Photocurrent Thickness
Scaling

y 80 nm is optimum!

Current | [mA]

e lsc max Simulation by SETFOS

R
e o - e e - e e e .

00 1% 200 250
Position [nm] Active Layer Thickness [nm]

Experiment: J. Gilot, |. Barbu, M. M. Wienk, R. A. J. Janssen,
Applied Physics Letters 91, 113520 (2007)

) *.
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Opto-electronic Simulation of OPV

Short-circuit current vs. thickness of active layer

<15

Purely Optical simulation

\ \\‘\_\ & |
\ el
4

o

|

' | ' 1
100 150 200
P3HT:PCBM Thickness [nm)]

. N n
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Electronic processes in OPVs

OPV Current-voltage Curves

Variation of the Langevin « Variation of the charge mobility

recombination prefactor

L Ue = 10° cm</Vs (fixed)

- Langevin
- Recombination Efficiency
0.01
0.05
5 ——01
0.5

L Hole mobility:

10~ cm*/Vs
- —— 10" cm Vs
F —— 10" cm'/Vs

Current [mA/cm’)
én

Current [mA/cm’)

Lower Recombi- ) . increasing hole

nation Efficiency ! T mobility
A 1 A A A A
05 1.0

Bias [V]

Must reduce recombination losses and increase the mobility!

9 .
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Charge Dorcition at Tine: 3.600e~06 o Elottric Field at Tine: 3.600¢-06 ¢

i 1 1 i

T T i T 1 T T
n (n"=3} = Efiold GWion}

p (n‘\ss, —————

{ R TN W S SR A N

10414 1 1 1 1 1 1 1 -390 1 | 1 1 1 1
238 2484 258 268 274 288 294 388 316 238 248 2958 260 278 288 298 360

® {nn) ®x (nn)

Recunbination at Tine: 3,.600e-06 = Currents at Tine: 3.6008e~06 &

i

l ' clu-ront.l {nlb’o'a"m —
N=Current (nH/Cch"2) e
P=Current (MA/cn"2) e

Rotonbination (Cn~-3we 1) s .

1 1 1 | 1 1 1 1 | 1 | 1 1
246 2%G@ 266 276 286 296 308 316 248 256 260 2860 296 300
e® x {nn)

e °
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Fluxim and the ICP

Q@
2004 2005 2006 2007 2008 2009,
OLED
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By
WP, i

-

Semiconducting

OPV

Fluxim AG is a spin-off of the
Zurich University for Applied Sciences, ZHAW
Switzerland
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ICP Team

Interdisciplinary team with Physicists,

Mathematicians and Software developers

982262

18202280

1996 Fachgruppe NMSA Spin-offs:
2002 Grundung CCP Numerical Modeling GmbH, www.nmtec.ch
2007 Grundung ICP Fluxim AG, www.fluxim.com

. www.icp.zhaw.ch
e . N
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http://www.icp.zhaw.ch
http://www.icp.zhaw.ch
http://www.nmtec.ch
http://www.nmtec.ch
http://www.fluxim.com
http://www.fluxim.com

] .
®* FLUXIM

ICP research fields

4 main areas of application oriented R&D
> microsystems, sensors und actuators

> fuel cells
> organic optoelectronics and photovoltaics
velopment
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o
Visit us at the DPG-Tagungen Exhibition in Dresden, March 24-2].
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