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® OLED efficiency

@ Viewing angle

® Emitter orientation and position
® One-dick operation
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The automated measurement table
automatically switches between
measurement instruments and
light-sources. The default
configuration is equipped

with:

@ LED light source

@ Photodetector

® Spectrometer

@ Empty space for existing sun-
simulator

For Solar Cell Research

A sun-simulator can be placed below the
measurement table. When Paios moves away
the instruments, the cell is illuminated by the
sunsimulator and the power conversion
efficiency is determined. Measure transient
electroluminescence, the EL spectrum and all
classical experiments with an LED. Everything
automated. Everything with one click.

For OLED Research

Measure the OLED spectrum and transient electroluminescence
without changing manually the measurement instrument. Using a
blue or UV LED Paios can also measure photo-responses of

OLEDs.
£2

Paios Research Cycle

tGY

Measured fully automated within a few minutes "I 1
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Photodiode Gain Settings

Photodicde gain is used for measuring small emission
signals. Attention: With high gain the bandwidth gets is
reduced.

Irradiance (W/m? /nm)

gornuso

® Fixed Gain (304 |

00 500 600 700 800 i
wavelength (nm) (O Aute Gain

eI CloiEsh) -
SERESEEE - 360nm-1100nm  FR43EF(E] ¢ 1ms-10min

a] DURE-OLEDZ4] « luminance, radiance, EQE, Im/W,
CRI, CIE coordinates
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Flexible Time-Resolution
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Transient photocurrent of a perovskite solar cell with linear time scale (left) and logarithmic time scale (right).
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The peak frequency of the imaginary part of the IMPS signal is related to the IMPS time constant (1sq). It is an
effective value of the combined processes of charge callection and charge recombination at short circuit:

Extract the charge carrier mobility from CELIV experiments.
The user can choose between several formulas to evaluate
the mobility.

1 1 1 1

E—— = — = —
24 fpey  Te

Tee
Tree  Tec

The peak frequency of the imaginary part of the IMVS signal is related to the IMVS time constant (ted). As
IMWS is performed at open circuit conditions the time constant is the recombination time constant:

Doping Density from CELIV _‘ B 1
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S L 100k 2t T e fy
M- .
Fteax Dltes o] wme The peak can be extracted more accurately by interpalating between the data paints, it is also possible to
%, Paios: 1004 CEA_okdthinP3HT whitelED routinei.aio - PV Version — use a smoothing filter.
File Advanced Help Options
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The dark-CELIV current overshoot (shown in blue) is integrated ..., O inerpolaton
to obtain the doping density. E[is0tEes bz 01 Fiter

IMVS Time Constant

Series Resistance and Permittivity “I"wd (o] oI
Selecte: ~ 3.86e-Ts
from Voltage-Pulse

From IMVS the charge carrier .
Extracts short-circuit current, the open-

e ———— o lifetime is determined. e .
e circuit voltage, the fill factor and the
s lid JOIT . maximum power point of a solar cell
- “ | 2 Measurement Data Basic Postprocessing [Py e m—— i Display Device Parameters | Simwlation
e . S
= A = -
s
! =
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Determine the permittivity/capacitance and the series Extract the parameters of the one-diode model for solar cells:
resistance from a small voltage pulse in reverse ideality factor, dark saturation current, series resistance and
parallel resistance.
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Mott-Schottky Doping Density from CV
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With a Mott-Schottky analysis the doping density of a
semiconductor can be extracted from CV measurements
(provided the device is thick enough).

Equivalent Circuit Fitting
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The most popular way to analyze impedance spectroscopy
data is equivalent circuit fitting. Paios has integrated a
routine for such fits.
User-defined or pre-defined circuits are available.

Series Resistance and Geometric

Capacitance from Impedance

6.8E-1

6E-1-| -“‘\‘_
e
o AE1- (=
H L, Auto-scate |
g e L
B
S e Series
et e 2322 ohm |
S16E-3-L | | | | | =X 41.92M Ohrr
206m o 1bo kb 100k 1ha O -
Frequency (Hz1 Geom [Fls3a7s2mr |
FA Leg-x [ Log-¥ 1B ) |
1E-2 Series
== Series Resistance ~
1E-3 [ = store |
E e 122287 Ohm
S qes- Parallel Resistance
Tu Parallel Resistance -
ERSTES r
H wp Store
[ 141.924 MOhm
2 e Geom Capacitance
- Geom Capacitance |~
1€-9-]
[ sen ] o5
1€-10-! | W | | | {
1 10 100 10K 0ok 1M 10M
Freuency el ) i Store Al
2 Leg-%x 2 Lag-¥ [ =iz |

A very reliable method to extract the series resistance and the
geometric capacitance from impedance spectroscopy data
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Charge Carrier Mobility from Mott-Gurney F|t
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In monopolar devices the charge carrier mobility can be extracted

from an IV-curve using a SCLC-fit.
Mobility from Transient

Electroluminescence
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Extracts the charge carrier mobility from the delay
time between voltage and EL turn-on.
Luminescence Lifetime

From the electroluminéscence decay after voltage turn-off the
luminescence lifetime of the

emitter can be extracted.

TELgh&eit—H 04

Sensing electron transport in a blue-emitting copolymer by
transient electroluminescence
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Numerical simulation helps to understand
your measurement results. Therefore we
integrated our simulation software Setfos
seamlessly into the Paios software

o Perform simulations of all Paios
experiments

e Simulate OLEDs and solar cells

@ Compare simulation and measurement
directly in the Paios software

@ Use our global fitting routine to
extract device and material parameters
@ Easy-to-use software interface

SPI @ FF58 REWEE K IRfER] » SetfostE 22 % AN FEOLEDF L B K OPV AN A H T 5E 4s &
FA¥RH: > Fluxim/A 5]kt Setfos 5 Paios Integration (SPI) S 2k ARER) T 14258 G F R AR B HIT
BE - JOESF LRI - B T AEEE - SRS - SEIRHR, » R, Cye » BAIRE » SFfEFIT
R R IEH I A SCLC/TPC/ICELIVITEL/DIT » #TH&1IMPS/IIMVSITPV » & 28 » st &S5y
Isc/Voc/FF/Pm > HfErEg HUCE » AREREAIBIAEN 1 - BEEUR » /T EEEEE.

Parameter Extraction

Use the Setfos-Paios Integration to extract device and material parameters:

@ electron and hole mobilities e doping densities @ series resistance

@ recombination coefficients e trap depth e parallel resistance

e charge injection barriers e trap density e electrical permittivity
@ built-in voltage @ permanent dipole moments o....

How Does a Material Parameter Influence an
Experiment?

Use drift-diffusion simulation to analyze the -0.25
influence of certain material parameters on an g -0
experiment. Easily sweep a simulation parameter £ -.

S

to understand its influence. g

_3 -0.10

> \
a
~0.05 H = Hole Mobility: 1.00E-5 cm2/Vs

— Hole Mobility: 5E-5 cm2/Vs
— Hole Mobili ty: 26-4 cm2ivs

DIStrIbuted Computlng 0.00 — Hole Mobility: 1.00E-3 cm2/Vs

0 2 4 6 8 10 12 14
Time (us)

Simulation of a photo-CELIV experiment with varied hole mobility.

With the Setfos-Paios Integration calculations can be distributed on
different computers over the network.
Save time by running simulations in parallel on different computers

swiss made Page 6 GSI - )% £, HTTR # » &3
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Schematic
device
structure

Simulation
domain

Device structure and simulation domain. The perovskite

Compact ~ Meso- MALI
glass 1o T.ozp TiO;MALl  capping layer SPiro-OMeTAD
\ \ \ gold
\ \
n-type Interface:
contact =~ — recombination
%

snm layer 5nm layer
with doping ~ with doping
(ions) I~ (fons)

r NG

H -type
Interface / H piyp

recombination &

400 nm contact

layer MALI and the mesoporous TiO2 is simulated as
one effective medium with one electron and one hole
transport level.

Paios Filexible time resolution 8 orders scale
Transient Photocurrent (TPC) Transient Photo-voltage (TPV) Current+Response As voltage pulse

Cuirent [mA)

time-regime; time-regime
RC-effects
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A
i i
i traps i

llrre regime
mobile IDI’|<

107

w0* 10 107 10t 107

Time (5]

1w 10t 1ot 10’

transient photocurrent (TPC)
measurement of a perovskite solar cell.
The LED light is turned on at t = 0 with
an intensity of approximately one sun.
The applied voltage is V(t) = OV. Al
and A2 mark two states of the solar cell
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@@ electrons & holes

FEE immabile ions

(charged cores of dopants)

<&@ mobile ions in MALI

Schematic illustration of the effect of mobile ions on the potential. a)
lons are close to the interfaces and screen the electric field inside the

bulk. The band is therefore flat. This is the state in the dark. b) lons are
distributed in the bulk and compensate each other. The potential drops
over the whole intrinsic region leading to efficient charge extraction.
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transient photo-voltage (TPV) rise
for three different light intensities.
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Current response to a voltage step in the
dark with V = 2V. The first regime is
governed by RC effects, the second by
space charge effects due to imbalanced
charge mobilities and traps. The third
regime is governed by mobile ions.

_Photo- CELIV%HQ%%EF E&ﬁjtﬁ%%zﬂu

Current-Density (mAfcm? )

Current-Density (mAfcm® )

|
-
w

|
=
=]

|
o
v

o
=

ul ul_
10° 107
Time (s)

L Il

10% 10° 4

Time (s)

10* 107

Measured photo-CELIV currents with 5 different ramp rates A in linear (a), in logarithmic time scale (b) and with correction
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of RC effects (c). The circle marks the second current peak. Setfos drift-diffusion simulations in (d), (e) and (f) respectively.
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What is Fitting?

Fitting is a process where
simulation parameters are

o N R (= o0
T T T

adapted such to bring
measurement and simulation
result in agreement.

Device Current (mA/cm2)

Fitting is used to extract By —y

0.4

parameters from experimental Device Voltage (V)

results.
initial parameter-set.

Global Fitting of
Experimental Results

If more than one experiment type is fitted
simultaneously, this is called global fitting. The
Paios software optimizes parameters in order to
fit several experiments.

The user defines the targets (what to fit) and the
parameters to optimize. The software does the
rest.

Use global fitting to extract device and material
parameters reliably and with increased accuracy.

What is Parameter Correlation?

0.6

0.8

IV-curve simulation (illuminated and dark) with

o N R =] 2]
T T T

-0.2 0.0 0.2 0.4 0.6 0.8
Device Voltage (V)

IV-curve simulation (illuminated and dark)
after fitting.
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Additional Measurement Features:
DLTS-Deep Level Transient Spectroscopy
OCVD-Open Circuit Voltage Decay
OTRACE-Open Circuit Corrected Charge
Carrier Extraction
DCM-Displacement Current Measurement
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TPC - Transient Photocurrent

Current (A)

Current (mA)

IV — Current-Voltage Characteristics

Available Post-processing Routines

10" ——————— Extracting the emission onset voltage of an
105 LV OLED . OLED

1O E - L |-V 48 E- OLED S8 -5 3% Extracting the mobility of a monopolar device
10'; OPVEE (i MBI A from Mott-Gurney analysis (SCLC)

10 OLEDES{ER T I-VERE SN > Extracting the parameters of the

10° e ] SMi B SetElE  1-V-  one-diode model
igﬁ R U4 Rt S S R Lh 2% Extracting FF, Isc, Voc and MPP of a solar cell
wotb i Voltage range -10 V to +10 V

—2-10 1V0liage3(v)4 > 67 Current resolution < 100 pA

For solar cells and OLEDs

TPV - Transient Photo-voltage

[Tpc, DSsC

STPCEIMEIARLEL - g Bills(

1 TPCENF AR ZMMFES IR
i ik it BB FRgAMER » FEATF A

1 EERTEWANRHRE

TPV Lifetime, CdTe

/. — 101_ NG o N 7 B >
| WHTPC AR Tl 3 HURBHAE FAL. KEMECA ALK
LTS % Mobilty - 2 e L I TRV
DR B A trapping 2 A%, 8 W Hh 2% T DUS B ECR lifetime
10°

Pulse length: 1 ps to 1000 s Automatic calculation of the

Time (ms)

CE - Charge Extraction

-8

Available Post-processing Routines

Extracting the recombination coefficient from charge
extraction with varied delay time similar as in OTRACE.

DIT — Dark Injection Transients

Current (mA/cm?2)

o o o

Current (mA)

10"
Offset Light (1)

i
107

Offset voltage -10 V to +10 V
For solar cells

10° charge carrier lifetime
For solar cells

CE%?M&?KI%% TENE

L Charge Extractlon uc-! S|

| TR o SRR SR P E]

| MLRFHAERRAL - EWESECE  CELIV — Charge Carrier Extraction with Linearl
| ST R T g y

| Increasing Voltage
| WSt b R R
| I THRHURA - HFRORAR
| AL P R T

—100 — T v v
Photo-CELIV, P3HT:PCBM

—80}

For solar cells

0

Time (us)

L L 1 1 1
10 20 30 40 50 60 70

—60

20 For solar cells, MIS and OLEDs

Current (mA/cm2)

—20

0

15 20

10
Time (us)

CELIVERZEERA MR TR - EE540 BRkEE
SHEIECR - CELIVEEANLRIHsE RN EIRAEHS > HEER

o
©

o

o N

.E.)IT, HoI‘e-OnIy‘Device‘

e (=)
T T

T

DITENF A EZHHT &
MR 3R F 23 IR+
TR - BTG 2514
A— N RO =
FRFAIIES I N FE 0 A
ol ) AEEN T ES =R ARG D)

R S I T o

FIDAZ SRR ot DU OLEDES 1 « 258 MR MIAYREE B
£ > FTLABRELER N T - SR BRI (] 2RI E AT B S %
MIPBIIERAESR - R EER o
Available Post-processing Routines

Extracting the charge carrier mobility

20
Time (us)
Available Post-processing Routines

Extracting the series resistance and geometric capacitance

0 10 30

50

Extracting the doping density from dark-CELIV measurements
Extracting the geometrical capacitance and the

series resistance from dark-CELIV
Extracting the recombination coefficient of solar cells

from OTRACE CELIV

For mono-polar devices,
solar cells and OLEDs

TEL - Transient Electroluminescence

Voltage PD (mV)

10

TEL, OLED CBP- Irppy3

TEL £IHOR 2 AR EMOLEDSS A HARAEN R T B oh R A KB FF e - &
M2 e n— N Ehor B R ENESEVE S - @ ELE S A pRbE I
RS S fB] 2 [R]fydelay time A LR E 4805 - I ELE SHYE R ]
S EI A

For OLEDs and highly efficient
solar cells
Available Post-processing Routines

Extracting the average charge

Extracting the PL lifetime carrier mobility

Time (us)

[ +]
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MELS - Modulated Electrolumlnescence Spectroscopy

MELS, OLED ;
= 2F T T VROV EISENIEOR LA B AR B R E R BB ME S AR HEES
5 20 — V=47V (HERENNESEARESERTELESHEARE - MELSHRifZTOLEDZE
=15 — v=80v |l NEMIIEHEEL
& 10 ' Frequency range:10 mHz to 10 MHz
d : Offset voltage -10 V to +10 V
5 i For OLEDs
102 163 1c|)4 165 166 10’
Frequency (Hz)
IMPS — Intensity Modulated Photocurrent Spectroscopy

FiMps, Opy T

10° 10*

IMPSFISRATFTAH LA AL EET?E!’JT*?%J » KPHEE
JEIREEE S IR - HERREDEE
T EFR N RS FR PRI ERAR i

Frequency range:10 mHz to 1 MHz
Offset voltage -10 V to +10 V
For solar cells

J&Q_?%EE%R*ET%EZ fﬁﬁ
SIS EN EII— 1 NYE D E S

Available Post-processing Routines

Extracting the charge transport from the IMPS peak
Frequency (Hz)
IMVS - Intensity Modulated Photovoltage Spectroscopy
“M0fivs or_— T T ] IMVSEIIEOR SIMPSER » RIELE T A TR © EF
100l NN SIHRAU R A ER R T -
sl >N\ Frequency range:10 mHz to 1 MHz

60 iff i
40l r-
-20}f-

ok

Imag(Z) (mV)

100 150 200 250
Real(Z) (mV)

IS - Impedance Spectroscopy

For solar cells

Available Post-processing Routines
Extracting the recombination time from the IMVS peak

6 e - ISEMEAZ R 72N ARV ENECA - BEaT LLENOPV 5] LS IIOLEDHZE
_sNETOLED [ — veav]] LGSR A 1
= N — v=gvV BRI ER R E L EEIN— Y MESSORAEERES - BIREHERT
o 4 v [ RS R (R S S R -
g3 Available Post-processing Routines
B2 s i Frequency range:10 mHz to 10 MHz @ Fitting with Equivalent-Circuits
3 Impedances up to GQ Extracting series resistance,parallel resistance
D i Offset voltage -10 V to +10 V and the geometric capacitance
e For solar cells and OLEDs
10© 10° 10° 10° 10" 10° 10" 10

Frequency (Hz)

CV - Capacitance-Voltage

280 _
_ 260} CV.OLED . CVENMFEAZEMESFAIEFRREMZREE - ERRE BRIt mE
Soa0l BFIC-ViHhE -
8 9o0l| — f=1kHz C-VIi & AT LIS HI SR N R - DUROE AREREER. -
8 200|| — f=10KkHz |/ Offset voltage -10 V to +10 V
® 180l — f=100kHz [ = For solar cells and OLEDs
o
§ 160 Available Post-processing Routines
140

Voltage (V)

-1 0 1 2 3 4 5 6

Extracting the doping density by Mott-Schottky analysis
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Low Temperature Module & & &% Multiplexing Module

* PaiosfirA &MISL5a# /] DIMEORSRA T 3T« —RMEFEEEMA25
* E SRR DL GREE SR 7

 REALHERGL « SEMR B A

- MIERERENE RS RIP a2 b RS 5

 SERDEIRZELED - SePRlgs Sl

o A DAPHbG sR R Ry R E M I SR
Temperature range: -150°C to +200°C

Dewar size: 2 L

Filled dewar lasts for: 4 h

Maximum temperature ramp: 30 K/min

Peltier Cooling Unit (7k/&/54)

I SR B IR TR A2 RAE R
oo ZRT - (RO RIE R eSS RERT H =20k o At
» A& T — T Peltier o B R TE R 25
» A SCE B S A -

<HRESEHE! -50°C(-20) to +80°C

Peltier/2#] (EFREE)

Spectrometer Module

~SOLED S e
SRR

B CIE T
| CELERASNRSES
Spectral range: 360 — 1100 nm
Integration time: 1 ms to 10 min

Post-processing quantities: luminance, radiance,
EQE, Im/W,
CRI, CIE coordinates

Voltage Extension Module (SMU Module)

. = \ Y == =y s

SMUFRER AT AL D5 (R 245560V Nanosecond Pulser Module
Voltage range: 160 V . . .
Min measurable current: 1 pA Short (20 ns — 20 us) light pulses and bias Ilght
Frequency range impedance: 10 mHz to 1 kHz Can be used for TPC, TPV and CELIV experiments
Sampling Frequency: 100 kS/s Only available with Automated Measurement Table

Glovebox Feed-Through

Automated Measurement Table

HENE &R DLESIFEYEERIES - LEDYEIR - ¢
g [E] T U

S FENIAPHEA T LURFSun simulator i £ &
BIEEFEECHER - H B BB

Y\ F-OLEDH] DL EMOLEDIELFINEE » FRhTF
SHUIHEERIES FIYE Y - FrE EE B ol T

. B J
Paiost] DAREFEFR H R
MRAIEE P FE K E A S E P s
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Device Current (mA/cm2)

Palos

Paios &7 N B BC B R

Multi-LED Extension Module

Spectrallrradiance

0.8 1

0.6 1

0.4 1

Spectrallrradiance (W/nm/m?)

0.2 4

for Solar C

Setup Type | LED

LED-Type (138NN

white
1200 (IF)
1050 (IF)

0.0 T
GO0

Wavelength (nm)

(a)

Figure 5.17: (a) Selected spectra of LEDs used in the Multi-LED Module. (b) Setup Type selector for

experiment settings.

950 [IR)
890 [IR)
850 IR)

(b)

T T
Foo 200 aoo

Stress-Test Module

4.0

354

3.0

25

20}

Capacitance (nF)

1.5}

1.0+

-1.0 =05 0.0 0.5 1.0 2.0

Offset-Voltage (V)

1.5

Capacitance-Voltage curves of an
organic solar cell at different
degradation stages.

Device Current (mA/cm?2)

0.0 0.5
Device Voltage (V)

LED411

swiss made

Additional 15 LEDs, allowing for EQE measurements
at various wavelengths

Only available with Automated Measurement Table and

ell version

- a1

00 son 600 il Bag

lluminstion Peak Wenvelength inm)

900 1004 1100

(a) Exampe for an EQE measurement of different solar cells.

- AF I E AL

LA ROINEE i, WU, BCEDCIRE ST
ZACSE S

& H b Z S IR AT LA R s B

o 1] DASRI iy — SR

< IRTIF R A AR

Current-voltage characteristics of an organic solar

cell at different degradation states.

40
Time (us)

60

Transient photocurrents of an organic

Device Current (mA)

—25)

—20

—15

Photo-CELIV measurements of an organic solar

cell at different degradation stages.

solar cell at different degradation stages

Customized Sample Holder

ARG AR TE H

I DU 2 e REA D EE T

A LS H & SRR
UEEETERETIENIEE A

Multiplexing Module(4 devices)
o — AR E R4 g
Sk BAA R
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Samsung Tridonic ! ' SOLARTE powered by OPVIUS

OLED Displays OLED Lighting Next Generation Photovoltaics

OLED Challenges Our Customer’s Pain

e Which problem do we solve?

Up- o Cumbersome and costly trial-and-error
scaling optimization

o Unlimited material and device configurations

Clean room at
Fraunhofer Institute IMPS,
Dresden

o Monitor/control quality

- ) Design panels/displays, . . _
Optimize EQE, Color...  Monitor & understand Minimize losses o Understanding of operating mechanisms

T R YRR

e Qur solution: l I . I I

We introduce virtual experiments on a
PC with our easy-to-use software!

E * Moreover, we provide reliable

Extract charge mobiity  *“{Nowy etal JaP (201,4;*)\*_ measurement systems

w O G e S Simulated potential 100 individual OLEDs
) with metal grid & shunts

T C(f) for fresh & aged OLED . _ a;gzirfg; Iihcst;:::;/
OLED/OPV/PSCHy#iR : 2 HYR AR EA ]ﬁ@dl[%@ [FJRH -

Currents.

=
9 1z 32 4 5 & 1 8 8

CombiOLED-Del

1) BERAYEETT 1) &g BRI TR Z IR S (b
2) PR EEs 2) REMEREAMR IS FECE L
3) KRS 3) (EFIE R PRI

4) TEHCERER T R LHIEY R

Testimonials from Satisfied Customers Many Scientists trust in SETFOS

dipinass sumsl o Appkid Py s 50 (0T £18C1S. REGULAR PAPER
e

Charge Transperting Properties and Output Characteristics
in Polythiophene: Fullarens Darivative Solar Cells
Vo Taury Tasi,Heriube Goko, Ossen Yoshinsws, St W, Tabssh Sugsw’, s Sususns Voshisma

PENSICAL CHEMISTRY _
Letiers L

Effect of Nongeminate Recombination on Fill Factor
in Polythiophene/Methanofullerene Organic Solar Cells

8 OPTICS LETTERS 4 Y035, s 51 B 1,2990 PPN —

Pure white hybrid light-emitting device with color

See:
http://www.fluxim.com/
Testimonials.24.0.html

ww. fluxir
//

e ———— AN ooty s U Brsrwers
5| A Setfos !
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Setfos@Ml SR et TR > B ATA4MESR

PVs OLEDs
, A
- N 4 \
4 Y a Y a
( \ \ / ( N
Y ]
Absorption Drift-diffusion Advanced Optics Emission
* Coherent/incoherent * Electronic charges * Scattering (ray, Fourier) Coherent/incoherent
layers * Excitons interfaces and particles layers
* Absorption profiles * lonic charges (Mie) Spectral emission
* Layer specific absorption | | * Traps, SRH * Birefringence Mode analysis
recombination * Quantum dot down Quenching
* DC, AC, transient solvers conversion
* Hopping interfaces
‘ | (tandem devices)
AN / Polar layers K / K /
G Emission u Drift-Diffusion s
b
* Dipole emission L 1o
* Full spectrum, CIE coordinates ) (E:ha.r;ge trla1ns!)or:t§¢ recorg.t;fma.tlon i s |
¢ Thin film, color filter & substrate optics _xtc' ont'p y‘T'::[s)F :acay,f fiustion, §:::f J -p
« Mode analysis interaction, , transfer, g
& saturation 3
b 3 » Advanced transport models: traps, |
£ .0s doping, EGDM 1n
3207 * Multi-layer steady-state, transient & !
go_s AC mode“ng <10 ] 0w N N w0 W W M W % WO 1 120 10
205 Position (nm)
§ 0
003 H
g Absorption ™
] E
@ Q. w2
:; « Charge generation profile S w
0 S¢ 10 180 200 20 300 e Layer specific absorption & f‘n =
ETL thickness (nm) optimization S -
Bt I —— * Short-circuit current and current o
& : Simulation matching in tandem solar cells T
E 300k Haze=59%- = e
E FOO000 0o ONCNOonooooo0OO0O000000 4 . =
% 500k | {~/ Advanced Optics ¢ =
E '« Efficiency improvement by scattering O
S 100} - = {ifpn
4 * Internal & external structures O
Bare OLED "« Joint device & structure optimization . pre \
i, * Birefringent materials & =
Angle (d ’ * Mixed quantum dots & scatter particles @4 15 2o 28 30 a5 40 45 S0 65 69
BIMRF &Dflﬁt ngle (degree) Relative position (nm)
Use the optimization toolbox to improve your Y Sweep material parameters to analyze their

device or to find physical parameters. influence on the device performance

Fit emission spectra to reconstruct the dipole distribution and optionally extract the intrinsic luminescence
spectrum of the emissive material

I]
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Setfos

Evmm evel

(BB ARt S E BRI M e A S E T T TR MR 23 AL K0

Carewrvees | Emian e 1+ | Gauvon sirgs 5 | S sings © | Oupu s © Layer structure z T om0 Emm 2 L |
- 4 e Trap densites -
Lperane Theinem [ corar | rerct von | samearseieg | : s a @ a7 v
o e Bl R n
« . T
e =i * mpen | Commanss
1 - — o - " | ;: (D) €27 ma |y
| - A e . o B Accaptor doping
o Y || [ - fa £
= o 2 L Donerdopion
- 0 -
@ A o | = i) P o ase ) Optica generaton eficency 0_1]
13 +
Energy levels an Langewn ecombinaton eficiencs 0 1
n o o4 ass
» = ma " i =t 1266 1267
¢ " am mo am o rm  mm mm em m two e aw 1950 1950
Ouace conrn i Warslengih S s
L — o gy s
Aty Comstant I 2
o x Emission Recombination
Reflected Additional information 4 u
Emites I €2 H 1e23
A\ Display wamnings E 1e22
ionsic [ s o H 121 J
play keyfigures g 1620 !
e 9E3 Visualized colors 1e19 /
85E3 Reflected 2 1:1; /
[ coron sanemes 8E3 emireo [N | || 2 1e16 |
A currents intrnsic [ 1e15 /
B Erecricna 75E3 1el4 /
o 1e
[ xcton enaites g e Electrical profiles 2 T lei2 //
A Mosintes 5 eses o tet
A Potensiat T ees L/ Band diagram 2 1?;3
B4 Recombination £ 1 charge densities E  1e8
& 55E3 S qe7
E U currents S 1e6
Emissive properties A & 99 I Etectic fiela % 1e5
 pp—— § 45E3 1/ Exciton densities £ '1123
) P wobites £ 13
E
ooz y & 3SE3 L Potential é 1:‘1)
IED I Recombination 1e1 -4
WA Raaistng agsle de. 1e2 il
25€3 1e3
[ rcene rae some Emissive properties 2 Ted. O i =
263 a2 T %
spectral % 15€3 Bl CkE color diagram 1e6 1
1e7 T I
X Absorbance 183 1e8 o
|[X Emissiod SE4 Optical profiles v 1191-8 f
L e-
X Normatzed emissi 0E0 a1 b
X Resectance 375 400 425 450 475 500 525 550 575 600 625 650 675 700 il M 0 0 10 20 30 40 5 60 70 8 80 100 110 120 130
/X Transminance Wavelength [nm] x [nm]
X White smission %
i —C+ —Cst —Cpt |=Recombination|

140

(R BRI &R IEEBR T (dipole)/r 4]

08

o 7 A! 88 Mcm‘- ‘M. .
: Ny 7 (> Optical Fit

06
05+

w
Spectral intensity [au.)

Wavelength (nm)

Satfos calculates the BSDF

Import scattering data

Design your stack

swiss made

Measurement

Radiaties dipsie density Ind's 1]

Gf.%&%ﬂﬁﬂl]

Run the full davice simulation

L] T T T
O Measarement
P e TN ) o — St
L
R e = e e ]
Glass g
]
=l
' E hth‘nunuu Haze=a%
g e
0’ L 3wt g
(]
(] Bae OLED 4
F &V e
“Uw ow owowow @
Anodey \ ¥ Angle (deg)
Cathode

Page 15

11828

Fitted dlpole distribution

\

128

Llo2g

L2

TEY”

V1ol

aExr

usyddn

SE2F

sEY

B

e

2] » R — 4
JA 35 38 37 38 39 40 41 42 43 44 45 48 A7 48 4% 50 51 K2 53 64 55
Relatve positon )

= 1mA 1SmA 08 mA

2EmA

Microlens Array (MLA) OLED without MLA OLED with MLA

evanescently coupled
(EC) o8

gulded mode (GM)

more absorption loss
in electrodes

Layer structure

Glass ()
70 @7 am)
38%

HIL(150 m)

Higher Air Mode!

LR —

ETL01 am)

[N10C WISG NILBT 1AL

1_GM  1_EC | INR]
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[FE U EFERD R RS S ESE R R T RRF TR E XHK]

Layer absorbances A_Aluminum Emission

Additional information 2 EE=Llt
0275
14 Parameter Value Unit
o380 @ Display optimization results
" /A Display wamings CPLd 69.0243212751979 nm
0225 09
= I Display key figures Cathode.d 35.0004301510963 nm
0200 i Visualized colors
g o7 Reflected ETLd 30.0013753824903 nm
0.175
= § o8 Emilted —
g £ EMLRd 28.9342098230369 nm
2 0150 g 05 Intrinsic
E —_—
2 o128 5 04 HTL-Rd 36 9950926825056 nm
< 1 E 03 Emissive properties 2 f—
0.100 | & Emilter.0.Dip 243009017200904E0 | none
Ba | CIE color diagram —
0078 04 Emitier.0.DipoleShapeWidin | 1.00000020405421 nm
e o Color rendering index: Emitter 0.Emissh " 2 45037 one
! 01
0025 Correlated color —
WU MmO e 00 SR T TS D SN B W K ame o) Emiter.0 DipoleOrientation 0.811231084741304 none
Wavelength [nm] © Deltau
375 400 425 450 475 S00 525 550 575 600 625 650 675 700 725 750 775 8 _ Gy frarg 0] — Cs* [targ 0] — Cp [targ O] — C¥ [targ 1] — Cs+ [targ 1] — Cp# [targ 1] — C# [targ 2] Cs+ [rarg 2] |1 Emitied color

Wavelength [nm] —Cp+ [targ 2] — C# [targ 3] — Cs+ [targ 3] — Cp+ [targ 3] — C+ [targ 4] — Cs# [targ 4] — Cp+ [targ 4] — C+ [targ 5]
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110.0 nm - 120.0 nm - 130.0 nm - 140.0 nm — 150.0 nm —160.0 nm —170.0 nm —180.0 nm —180.0nm | _Cp+ [targ7] = Ref. Emission [targ 0]  Ref. Emission [targ 1] 4 Ref. Emission [targ2] - Ref. Emission [targ 3]

—200.0 nm + Ref. Emission [targ 4] » Ref. Emission [targ 5] ® Ref. Emission [targ 6] ® Ref. Emission [targ 7]
. . . .
Dissipation power analysis Mode analysis
= Dissipated power n ITO
100 ! Stacked average contributions
1 e
% b 1 1.0
—_—
” =t gy // Substrate :
Y z :
70 ( /fb Hﬁ%‘ / light |
5. izl G A ! __iTomode
g™ / 3 A
g © (J,ﬁiﬁz g‘ : \ Plasmon mode
w0 H ﬁ_{ ei-" to1 -
e [
20 I
" 1
10 1 ITO modes can exist in
— 102 1 this region (for 600nm)
o 174 175 17e M aze a0 im0 181 sz 1ss s 1es 180 187 50 5 100 125 150

5.0 55 6.0 65 70 75 8.0 85 9.0 95 100 105 110

n_efr D d
Alg. nm|
Voltage [V] TO.d: —120.0nm  170.0nm 2200 nm — 270.0 nm — 320.0 nm — 3700 nm —420.0 ey [nin

B ABHEE AT

[a1oCa1SEaIBT 1AL &lGM.IEC INR|

Tt JOURNAL OF

PHYSICAL CHEMISTRY
R | g y- -t o N I [X Etectical power density o Max photocurrent
Letters (EEELHTERMax Plankigi ™ mmm. | -
Eectricalprofies A 85
Effect of Nongeminate Recombination on Fill Factor Zionm s0
. . Electicfield ¥
in Polythiophene/Methanofullerene Organic Solar Cells e ”
Ralf Mauer, lan A. Howard,* and Frédéric Laquai* %S:S;S:ﬂm g
\141‘.\ I"Ian(k Research Group for Organic Optoelectronics, Max Planck Institute for Polymer Research, Ackermannweg 10, %:2:2 Z:”::; E ::
D-55128 Mainz, Germany IR Hole mabilty E
5.0
. . - . X Potential E .
temperature. For the mtensny—dependem measurements, varik- < FEEETECEY g ::
ous neutral density filters were used to adjust the excitation. <) & 0s
H H H H terations 30
Fully coupled optical and electronic simulations were e 25
performed using the commercial simulation software setfos oIl
3 by Fluxim AG. For details, see ref 37. The model under study 10
uses an ultrafast, temperature- and field-independent charge o : o
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New Highlights of Setfos
Y ol . . .
iq, Birefringent materials

» Simulate devices with layers employing a
refractive index with ordinary fio and extraordinary
fie components

Optical axis

==
3

=t
s

Determine the emitter orientation in a birefringent
emitting layer

= Simulation

s
8
3
<

¥ Measurement |

Radiance [W'm-2"sr-1]

- Dipole orientation: 0.69

0 10 20 30 40 50 60 70
Angle [deg]

80 9 |

Ei Mobile ionic charges

* Introduce mobile ions to simulate perovskite solar
cells and light-emitting electrochemical cells

ETL MAPI HTL
¥ e et e ® electron
© n © P ® hole
© anion
+ -
+ + cation
(-] N
@ @@
e

* Fully coupled steady-state and transient modeling
» Understand device operation from electronic &
ionic charge profiles

Current (mA cm?)
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K’ Quantum dots

* Include quantum dot down conversion in your
optical simulation

Layer including
guantum dots
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Analyze the effect of incorporating quantum dots
in a color conversion film
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Ci Interface recombination

» Charge recombination and generation at
organic/organic interfaces
» Advanced injection layer modeling
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» Simulate tandem OLEDs and solar cells
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SetfOS for OLED s bicstiar 2 £ 0k b 4 &

Light enhancement(:—incoherent /i 3| #iUk t4 H Ye i 25) 550 %

Setfosgi i SRk griz it 2 setfost TR BRI RIS L R

(http://www.fluxim.com/references-1/)
i and lion of OLEDs

with scatter layer

Stéphane Altazin®, Clément Reynaud', Ursula M. Mayer', Thomas Lanz"*, Kevin Lapagna™,
Reto Knaack™, Lieven Penninck’, Christoph Kirsch™, Kurt P. Pernstich™, Stephan

Harkema***, Dorothee Hermes***. Beat Ruhstaller

*Fluxim AG, Winterthur, Switzsrland
Institute.

***Holst Centre, Eindhovan, The Netheriands

Physics, Winterthur, Switzerland
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Goniometric interface properties(CHIE 7 i43F14)
Angular scattering AFM-ITO-Tp
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Device B} 71 ifii):

Layer name Thickness

Air 1 | &
Glass 1 [mm
Planarization o | [um
o 150 Lﬂ
HTL 75 | \nm
ETL 75 lam_
cathode. 100, Lam.

Integrating Sphere Keyfigures

Integrated

Integrated radiance s (Wm-2]
Integrated radiance p [W'm-2]

Texture Keyfigures

Air-Glass RMS [nm]
Air-Glass Correlation length [nm]
Scattering Keyfigures

Overall Extract.Eff []

b
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Device C(Z: MUk 11 ifi):
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* loc counts the

counts the

of extracted ph

dc

, radiance counts the power

del

* Therefore if you have a variation of the emitted spectrum versus your swept parameter,
these 3 values may not vary exactly the same way.

hemisphere interface properties(H=EZK7 - HIFSFIE)
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Angular scattering AFM-ITO-Rp
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~ BN (R)EL A RE A RIS O E]
Hemisphere output of setfos does not
represents emission of OLED but only
‘scattering pattern’ created by the interface
if a ray shines directly the interface with an
default angle that set in GUI.

This plot represents scattering properties
(reflectance , transmittance) for both sides
in two layers surrounding the interface.

Hemisphere interface properties

Joint optimization of stack +
particle concentration
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B LUK A OLEDSRIKPHAE B HVRFECETEA T vs.
HLSR, 2D A, U, RIS, R IR. F )
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Simulation software for
design and optimization
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OLEDs, solar cells and modu PR F R &
R HEEficrosstalkfE R |
-------------------------------------- ov
Cathode
§ > /R\ B G
Cathode/ETL
Blue emitting layer
— - el 7 Rkt
(@) (b) Vi (© v
ov
Cathode

Side-by-sidepixellayout(a)oftheproducedRGBOLED display. The
pixels share common hole transport and injection layers, which
leads to a crosstalk current (b). In this normal operation mode, the
crosstalk current flows through the commonlayer resistance and the
diode (c). If the anodes of the neighboring pixels are connected to
the ground, then the current flows onlythroughthecommon-
layerresistance(alternativeoperation mode) (d). The gray resistance
represents the series resistance of thedevice.
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Loss due to low
global conductivity

Maximum output power [Wim?)
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-Metal finger
optimal width = O.1mm e

4 "~ _-Power = 24.

.. shadowing
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Metal finger width [mm]
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ST ERRNLKEERS, A THEIDCFLAM. . ZBIA] LIE 5 S5setfos [4]155 5,
LAt AR EHLBE LA S 9 8J0LEDsFI R FE Y BB R 4t

WHITE PIXEL

Cross-section view of an WOLED/CF display. Blue rays are assigned as primary rays, which are emitted from
the white OLED. White rays are reflected/transmitted rays and green ones are the rays reaching the detector.
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Geometry of the OLED layer.

- BIOLED B e FHIYEFE B4k

( Optical Crosstalk in WOLED/CF Displays\

White Light Emitting Layer

Irfadjance (W*m-2)
2.922e-05

2.1915e-5
1.461e-5
$7.305¢-6
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phelos

angular luminescence spectrometer

® OLED efficiency
® Viewingangle

® Emitter orientation and position

Phelos

® One-click operation

p 3 Ry Wt

Blue OLED
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Phelos+Paios+Setfos 5317346 IEOLED 284 & Yt /& B Emission Zone 57 A0 15
DLA R FEFEOLEDZRFTEL S Arturn off peak BIS2

Energy [eV]
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Figure 1. Energy-level diagram of the fabricated OLEDs. The
emission layer is only 35 nm thin, and the thickness of the NBPhen
layer is either 52 nm in the tuned OLED or 120 nm in the optically

detuncd OLED. P11 3 S AOLED SR {E: 45 /4
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Figure 2. Measured (symbols) and simulated (solid lines) angle-dependent s-polarized EL spectra for a constant current of 0.5 mA together with
the PL spectrum of the Ir(ppy)2(acac) dopant (a). (b) EL spectra at an angle of 30° for different currents. The shoulder at 570 nm is reduced
significantly for increasing currents proving that the emission zone is changing with current. From these measurements, the optical model yields the

emission zones shown in (¢). pgo 10 : PhelosEMIOLEDSS AT 25 fARFELSEHE » & 2cEmission zone M it SetfostE B &8 H,
(d)
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Figure 3. (a) Biasing scheme for the transient electroluminescence measurements. (b) Ilustration of the energy diagram highlighting the
accumulation of excess electrons at the HTL/EML and of excess holes at the EML/ETL interface that drift toward each other under reverse bias,
which leads to an increased recombination and the observed EL peak in detuned (c) and tuned (d) OLEDs. The insets show that this peak
intensity increases with on-voltage up to a certain voltage before it decreases.
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Dipole orientation & birefringence

swiss made
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PL vs. Angle

2 Host molecule: order-> birefringence

@@ Emitter: dipole orientation

Radlance [W'm-2'sr-1]

' FLUXIM
www.fluxim.com = N
Dipole orientation fitted from angular PL P h e I 0 S 'E“ ‘(l}-\lﬂ{ﬁ A
considering birefringence sk lll W AN > Al
o TR o SetfosBlIKAItE
N LIS Dipole orientation
ors \\ ] setfos
i e - PhelospRSetfos®& (SPI) DR
oz RINHISCHLE WSS REREINSE R
9% 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 Ph eIOSf‘tESeth S%’é(spl) ﬁﬂy

Angle [deg]
—Rad_p * Ref. pRadlance

We have to account for anisotropic optical refractive index (n,, n.) of EML host

(and transport layers)

ent dye-based

*Data: K-H. Kim, S. Lee, C-K. Moon, S-Y. Kim, Y-S. Park, J-H. Lee, J-W. Lee, J. Huh, Y. You and J-J. Kim, - 2
n ules for high-efficiency organic light-emitting dlwes.W

10.1038/ncomms5769 (2014).
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