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angular luminescence spectrometer

® OLED effidency
® Viewing angle
® Emitter orientation and position

® One-click operation
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Paios HEEM & S TLIRE

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

2L

KA : 60MS/S i[RI AFTE - 16ns
MR - 210V (FRAERAS ) - 160V (FEfC )

MRAAER - 10mHz~10MHz - B/ NrTAEAfT LA @ <100pA
Bl PR - 12Bit E i [E - 100ms
&R

A AN E T SR EF RN

FUrH e LA

OLED - LEC » s#1asff » | -Fa(t
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125 © 0dB-70dBF &A1
BEMEFH © 13mm?

B iE S5 © 350nm-1000nm
Hoftas (iERC) kB2

LEDY¢IE
LED_EF-Af[E] - 100ns
LEDSEIEEFH © 1.7cm?
LEDIRZHSE © 100mA
LED#its - H5¢

Photodiode Gain Settings

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

®) Fixed Gain (3048 |o

Irradiance (W/m? /nm)
O = N W s 0o

400 500 600 700 800 () Auto Gain
wavelength (nm)

Fe (ERCEER) -

measurement table. When Paios moves away J¢i# B : 360nm-1100nm  FI53if[E + 1ms-10min

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

o] DI3RE-OLEDZ:%] : luminance, radiance, EQE, Im/W,
CRI, CIE coordinates

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.
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Flexible Time-Resolution

Paios® B A RFIRTIBE

Contacting probes
with spring-
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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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CELIV
measurement

extracted
mobility
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Series Resistance and Permittivity Transport-Time from IMPS

from Voltage-Pulse

*, - Prios 201504 01_Belecic Aging_routine?_ part s - PV Version

0 |

: e . Easily determine the transport time from IMPS that
Determine the permittivity/capacitance and the describes how fast charges reach the contacts.

fee\::zere&stance from a small voltage pulse in From IMVS the charge carrier lifetime is determined.

_ _ Basic Solar Cell Parameters
One-Diode Model Fit _

e e . ==
] g "

e [ Now Do | [ =
17.500m 0%
1o%02

Hew Sarmple

Extract the parameters of the one-diode model for ¢ — .
solar cells: ideality factor, dark saturation current, ~ Extracts short-circuit current, the open-circuit voltage,

series resistance and parallel resistance. the fill factor and the maximum power point of a solar
cell
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Equivalent Circuit Fitting
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Mott-Schottky Doping Density from CV
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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.

Charge Carrier Mobility from

Mott-Gurney Fit
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Thickness d

With a Mott-Schottky analysis the doping
density of a semiconductor can be extracted
from CV measurements (provided the device

is thick enough).

Series Resistance and Geometric

Capacitance from Impedance
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4000 nm
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In monopolar devices the charge carrier mobility

can be extracted from an |IV-curve using a SCLC-fit.

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

The dark-CELIV current overshoot (shown in blue)
is integrated to obtain the doping density.

Mobility from Transient
Electroluminescence

Luminescence Lifetime
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From the electroluminescence decay after
voltage turn-off the luminescence lifetime of the

emitter can be extracted. Extracts the charge carrier mobility from

the delay time between voltage and EL
turn-on.
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Numerical simulation helps to understand
your measurement results. Therefore we
integrated our simulation software Setfos
seamlessly into the Paios software

e Perform simulations of all Paios
experiments

e Simulate OLEDs and solar cells

e Compare simulation and measurement
directly in the Paios software

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

SPI @ BT REHE R R IZ AR > SetfosT 22 A TG FEOLED L DL OPVAH | PH E A B 5T iU &
A% > Fluxim/A )R Setfos 5 Paios Integration (SPI) S ZtKAREBN T F & SN H AR TE AR B Th
RE > WIESERIUIREE - 2 LA TREER - SRS - SEERAR, » R, » Cye, » BT » ERPEFIT
R P2HF A SCLC/TPC/CELIV/TEL/DIT » #7565 IMPS/IMVS/TPV » 54 245 » Bt & fie 5%
Isc/Voc/FF/Pm » HifaiEg HUCE » iR EEAIHARA 7 » BEEER > /L EEE.

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 ~0.25f
influence of certain material parameters on an g -020

experiment. Easily sweep a simulation parameter £ ..
to understand its influence. ¢

370.10... 4

>

&
—0.05 = Hole Mobility: 1.00E-5 cm2/Vs

= Hole Mobility: 5E-5 cm2/Vs

= Hole Mobility: 2E-4 cm2/Vs

D|Str|buted Computlng 0.00 : . ; : B— Hulignmhtrllzuor:Ec]r:zws
Time (us)

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

Setfos Server Manager
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

Page 7 GSI/ -+ R &, HTTR//# » ¥
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What is Fitting?

Fitting is a process where
simulation parameters are
adapted such to bring
measurement and simulation
result in agreement.

Device Current [mA/cm2)

Fitting is used to extract e ee o3 oi os os N
parameters from experimental Device Voltage (V) oz a0 oz - adT s oo
evice Voltage
results. IV-curve simulation (illuminated and dark) with
initial parameter-set. IV-curve simulation (illuminated and dark)
after fitting.

Global Fitting of
Experimental Results

If more than one experiment type is fitted e
simultaneously, this is called global fitting. The e —
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? e ——_

Global fittingZgE(F#5Paios o] AL &% T-— NS E EIRHL &fitting - AAEHEITES HX LS 2
[B]AVAE S :Parameter Correlation
FLUFEREN BB -

ISRV AR T DHMTHHREY o e —
%i&%@m‘% ! ig nnnnnnnnn || Measurement Procedure st fequire and Manage Dot 8l Simulation 0 Ky Resuis
M (e iUy o G — .
NS — o \ FaTPC 5 | Mty volsge  ar er asteptor
ZE A E AR BRI T HEHL T ’
HSREVSEA B — 8, TS A S | - H—— =TT FF
Electres n-Muabil ity
-Mobikty !
enErr | =0u01 MO0
par 025 021 004
aaaaa 045 024 0
Bui.in. Valtage =0T 008 010 017 010
Ancde Kan ner [SOGE 013 005 092 008
Cathase Barvier =068 -020 006 097 032 = =
no JOBEN 018 005 003 018 .==. -
F;:,I:Iv::"[".uls;elﬁlc:[. 021 003 00 JOSE 021 096 -0.03 (031 -0]!.
(#]
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IV — Current-Voltage Characteristics

0w

105|V0LED |-V 45 2 OLED 25 (4
o 100h My BCHOPVER R LAY R
E 10:__ VtF%‘TéE%Yﬂ”Z&I\m/ﬁ\EYDM
SN R L

o™y I VA R B

otk i L

1 I ]
-2-10 1 2 3 4 5 6 7
Voltage (V)

TPC — Transient Photocurrent

Available Post-processing Routines

Extracting the emission onset voltage of an
OLED

Extracting the mobility of a monopolar
device from Mott-Gurney analysis (SCLC)

Extracting the parameters of the
one-diode model

Extracting FF, Isc, Voc and MPP of a solar
cell

Voltage range -10 V to +10 V
Current resolution < 100 pA
For solar cells and OLEDs

——1  TPCERMHG AR  EER TR HATHA

—25 _TF;C, DSS[CII_
L -20f  os| EEITPC EFR AT R Rl i DS B T ahRMobility -
E _15 — L=0.2 |- L\/L&E}:I:%%%{/:Fégtrapplngiﬂ%%
é ~10 : Pulse length: 1 us to 1000 s
5 | : : : :
O _gL §. ... I S i _ Offset voltage -10 V to +10 V
0 i o 5 For solar cells
0 20 40 60 80
Time (ms)

TPV — Transient Photo-voltage

=
o
(=
T

Lifetime (us)

For solar cells

=
(=]
=]
T

102 10 10°
Offset Light (1)

TPV Lifetime, CdTe STPCEIMFEIAZELL - tEEMES A LHoT MMM » 2
N RS S AT EMANIRPHRE it REMER B AYRPHRE A T
EEIRES - I TPV [ h 25 7] IS 2R lifetime

Automatic calculation of the charge carrier lifetime

CE - Charge Extraction CEEMIF A T B T2 M APHES Bt > A

For solar cells

Current (mA)

1L

0 10 20 30 40 50 60 70
Time (us)

Page 9
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Available Post-processing Routines

Extracting the recombination coefficient from charge
extraction with varied delay time similar as in OTRACE.
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CELIV — Charge Carrier Extraction with Linearly Increasing Voltage

-100

-80

—40 /

Current (mA/cm2)

—20} 4

0

Time (us)

DIT — Dark Injection Transients

CELIVEIRZ LA UHHEAE T 5% - B8 BRkEES
IR - CELIVEEANIRHRE A EN EIRA S (HE2EW AL
M5 HIt LS OLED R » 2825 FRuINS mryRR_ B HE
AU HL N BT - SRENEY FAT- I (R B 2RV I E AL B S 30 T
BoRAR > AR EER TR

For solar cells, MIS and OLEDs
Available Post-processing Routines

Extracting the charge carrier
mobility

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

o6k f

041 W

0.8 —[;IT, Holle-Only iDevicel .......... :

DITENHEOR EZ A F B M R T2 H IR T B s R > &
TESF 265 28 10 D0 — PR A R P P o B s e S N FEAE > At
M N7 FEL 7 U {EL (7 B IR B R T RS BB T R

L

0.2

Current (mA/cm?2)

0.0

For mono-polar devices, solar cells and OLEDs

Available Post-processing Routines

Extracting the series resistance and geometric capacitance

Time (us)

TEL — Transient Electroluminescence

TEL SRR 3 5 F ok MIOLED 4 33U 2 TR0 3o AR,

" TEL, OLED CBP-Irppy?3

ATy - B R 28 S5 (I — R bkot FU T E MBS EL
5% > EIELE SRR (S S A 2 [EHydelay time ]
DI REHE TR - SIELE SRR 2 il IS 2%

For OLEDs and highly efficient
solar cells

Available Post-processing Routines

Extracting the average charge Extracting the PL lifetime

S o8l e
£
o 6} v=o.0v | f . S &
o —_— V=7.0V : '
% 4 g
8 — V=5.0V
8 _
S

0 |

107 10* 10° 10*

Time (us)

carrier mobility

MELS — Modulated Electroluminescence Spectroscopy

25| MELS, OLED | . 5 0v|]

MELS Real (cd/A)

; ; 1 l
102 10° 10* 10° 10° 10’
Frequency (Hz)

[EISEMFEAR LG S F Ay B R E & EEIT— )
ESRBEEES - BEEENNESEAEHR TELES
AR AIHRAE - MEL SRS OLEDSS (4 N L far iy % Fn 15
/

Frequency range:10 mHz to 10 MHz

Offset voltage -10 V to +10 V

For OLEDs
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IMPS — Intensity Modulated Photocurrent Spectroscopy

351 Mps, opy T
3.0f:- [T
2l
S 25H = v_5v
320 — veavl// O\ I\
% 1.5}k TNV NN
© —_— V=0V
g 10f NN
- 0.5 oo il NN
0.0F; R AR RN T
10° 10° 10* 10° 10°

Frequency (Hz)

IMPS FI Sk Ze A M LARH Fth N e 9% - KBHRE FEI A TR B IR SIS
AR E RS SRS - HE M EEE SRS RN & — 1~ Ny
LSS - B FEER N RGRS F AR R L

Frequency range:10 mHz to 1 MHz

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

Available Post-processing Routines

Extracting the charge transport from the IMPS peak

IMVS — Intensity Modulated Photovoltage Spectroscopy

—140[

~120f
-100} - 0TI TR s N N WP
—60—% AR
—q0Ly
—201F

Imag(Z) (mV)

o

IMVS, OPV

i

11— L=10]

100 150 200 250
Real(Z) (mV)

IS - Impedance Spectroscopy

Capacitance (nF)

o= V=2V]]
_— V=0V
_— V=2V

“C-f, OLED:

6
5
4
3
2
1
0
1

0° 10' 10% 10° 10* 10° 10°

Frequency (Hz)

CV - Capacitance-Voltage

280

107

IMVSE AR SIMPSEARZIAL > A [E] i AE Tt/
PAT IR > EEAISREZR I/ N ER AT A o o

Frequency range:10 mHz to 1 MHz

For solar cells
Available Post-processing Routines

Extracting the recombination time from the IMVS peak

ISEMFAZ P TZ N HAVENEA > BEaAENMOPVL
A DLEMOLE DA 72 X £Lad (R i rafay 2 SR -
hasFHENIN E R R E & E&II— Y IMES3OMBERES
SR EIHE N ARE S YA ERIRIE A S F 850y E E
P o
Available Post-processing Routines
Frequency range:10 mHz to
10 MHz
Impedances up to GQ

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

Fitting with Equivalent-Circuits

Extracting series resistance,
parallel resistance and the
geometric capacitance

260
240

220
200
180

Capacitance (pF)

wol . J

CVENFAZ M FHIPE IR IEFREE - B lwE R
R 2 as (FRIC- Vil -
C-vihzkn] LIS FIRS YN Y » DUCEARERESEE -

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

Available Post-processing Routines

Voltage (V)

Extracting the doping density by Mott-Schottky analysis
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Paios 2 F HYZE I B

Low Temperature Module

« PaiosFr A £ ML # o] DMERIRZRAF Tt T
* AR R DL RGREE

< BELHERS

« WEERNA AR FE LI RA 5

* JEEDERUELED - Jeikillzs E e

o Al AP SRRy R E MR I BT e

Temperature range: -150°C to +200°C
Dewar size: 2 L

Filled dewar lasts for: 4 h

Maximum temperature ramp: 30 K/min

SRy

2has{TFHEDIEE FUR > R - BE e
(ERepiiiRES IvE v

& H bR ERE LR S E
«n] DUREE — 24 E
Rt LR

urrent (mA/cm32)

Capacitance (nF)
~
0

-1.0 -05 00 0.5 1.0 15 2.0

Offset.Voltage (V) -1.0 =05 0.0 0.5 10
Device Voltage (V)
Capacitance-Voltage curves of an organic solar Current-voltage characteristics of an organic solar cell
cell at different degradation stages. at different degradation states.

Lws (n2)

nt (mA/cm2)
|

Device Curre|
(Am) dnamud
[ | |

0 20 a0 60 80
Time (us)

Transient photocurrents of an organic solar cell Photo-CELIV measurements of an organic solar
at different degradation stages cell at different degradation stages.

Spectrometer Module
R IOLED 2854 e i
SETE N L2 AERY

H WG i TIEIE
A LR HIIMNEEEE

Spectral range: 360 — 1100 nm

Integration time: 1 ms to 10 min

Post-processing quantities: luminance, radiance, EQE, Im/W,
CRI, CIE coordinates
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Paios 2 F Y ZE i E-

Voltage Extension Module Multiplexing Module
(SMU Module)
* SMUFEEE AT DA fills 4 Fi s = 28160V s — RN EW4 251

* SEMHREREHRC
Voltage range: 160 V
Min measurable current: 1 pA
Frequency range impedance: 10 mHz to 1 kHz
Sampling Frequency: 100 kS/s

Customized Sample Holder

MR AR T E H

] DA 2 e R4 D Es

e LS H & SRR ECEE A
HHREETFERE TENIEE AR

Automated Measurement Table

*Paios 1] DUBUE FE46 H(H ] cE NS & T LLE SHTEYEERIIES » LEDYEJR » Y
RIEE P F K E ARG E s > [T E

S FAEVIRFH A A LURFSun simulatori £ 1l & 5 i
SREEECHEA - I H B sht

Y} FOLED A DL EOLEDHYELFIYEE » R AFEE)
B ERMESAERE > FrE RN H i T
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Setfos 4.X

F
»
pe
Samsu ng Trldonlc /': : 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

o Monitor/control quality Fraunhofer Institute IMPS
- . Design panels/displays, :
Monitor & understand 5 : i
SELTEE 52 HE T Minimize losses o Understanding of operating mechanisms Dyasden
Currents o
e

e Qur solution:
We introduce virtual experiments on a
PC with our easy-to-use software!

Ve

—— e
——aged

.

o 1 oz 3 4 8 & 7T 8 &

\.}3;. * Moreover, we provide reliable
Voiage (V) 10

Extract charge mobility .. Nowy etal JAP oo, IS S S
. 100 100 10F 100 100 100 0t 107 Simulated potential 100 individual OLEDs

— cttort r':;ﬂwl': 4 OLED with metal grid & shunts by T. BeierleinIBM Zurich /
Sresn R age . _ﬂ‘ Combivap AGS F1_UxiM
OLEDHY#kAY, * & R AR A T AR S [l

1) BERAYEETT 1) #ER T ERAAIS IR R IR R (L b
2) sl B 2) PRIEREAM R AZEFECE L0
3) KRGF 3) [EF o7& Ha A2

4) TRt ERER T S Y El THLHIH R

Testimonials from Satisfied Customers Many Scientists trust in SETFOS

PERIZAT CrpyisTRY
Letters e

.,
novaled %G

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

light-emitting device with color

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

ww. fluxir
1/

W n|

S?tfosﬁiki'??%’;éﬂf“iiﬁ’\]ﬁiﬂ? s 3 EAR RIS AR S Setfos DL S S AE B 2 SO A
5| FH Setfos !

54
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Setfos 4.X

Setfos@ Ml S E etV E R » B RTA4MESR

Emission

* Dipole emission

* Full spectrum, CIE coordinates
* Thin film, color filter & substrate
optics

* Mode analysis

s Plasmon

56 100 180 200 250 300
ETL thickness (nm)

< Advanced Optics

"

400 T T T T T
o :Measurement
e = :Simulation
€ 300 Haze=59%.
=
i
E 7 L
S 200 g-oo
@
S | TTomy TEEg
E 100F
= =
Bare OLED
{j L [

0 10 20 30 40 30 o0
Angle (degree)

Drift-Diffusion L8

» Charge transport & recombination

« Exciton physics: decay, diffusion, interaction,
TADF, transfer, saturation

» Advanced transport models: traps, doping, EGDM
» Multi-layer steady-state, transient & AC modeling

Chorge danaffas

118
1uiE
1and
1ite
115
= 1vu —
£ 1e1) n
= isi?
e — p
1898
1ad

a3 lad
B e
1e8
193
™
1a3

ET 1M 3 M 0 S0 80 T E0 S0 80 weH 130 138

Position (nm)

Absorption

Wavelength (nm)

FERREREEREE

Generation rate
RAGOEAEAR BEG

i 18 Hl ] iF a0 EL ] LL] 45 a0 L1 ] &0
Relative position (nm)

S MRF I TRE
G Use the optimization toolbox to improve your device or to find physical parameters.
9

<  Sweep material parameters to analyze their influence on the device performance

Fit emission spectra to reconstruct the dipole distribution and optionally extract the

:i intrinsic luminescence spectrum of the emissive material
Page 15
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Setfos 4.X
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Setfos calculates the BSDF Design your stack
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Run the full device simulation
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Fitted dipole distribution
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Setfos 4.X

New Highlights of Setfos 4
¥ ol . . .
iq Birefringent materials

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

Optical axis 5™~

Determine the emitter orientation in a birefringent
emitting layer

= Simulation
¥ Measurement

g

Radiance [W*m-2"sr-1]
e
2

8

— Dipole orientation: 0.69

0.00
0 10 20 30 40 50 60 7O

Angle [deg]

Ei Mobile ionic charges

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

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

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

18|

-
=

Current (mA cm?)

00 01 02 03 04 05 06 07 08 08 10
Voltage (V)
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K Quantum dots

* Include quantum dot down conversion in your
optical simulation

Layer including
gquantum dots

® 9
@ —
*
.
® g “y
"

Analyze the effect of incorporating quantum dots
in a color conversion film

0.10 & e
0.09 . —4%
T o008 4 —2%
5007

—1%

= Emission wie QD
E 0.08
,,, 0.05

400 450 500 550 600  6SD
Wavelength [nm]

Ei Interface recombination

» Charge recombination and generation at
organic/organic interfaces
» Advanced injection layer modeling

/,I—Y recombination .
ﬁ &

generation I

=3

* Simulate tandem OLEDs and solar cells
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@ Fast calculation on standard PC
@ Supports upscaling process from
lab to fab

=7 2
@Simulate large area devices such as OLEDs and photovoltaic
cells or modules considering ohmic losses in the electrodes.
@ Use a measured or simulated current-voltage (1V) law to coupl
the top and bottom electrode domains.
@ Optimize the device by variation of electrode materials,
geometry, etc.

@® Minimizes electrical losses

@ High speed computation with reduced degrees of freedom Metal Grid Opti mization
Experimental Validation =TT ideal case
450 . : 1 4 . i -Metal finger
| L A O S S ¢ Ng Bl optimal width = 0.15mm
% %08 -Power = 164 W/m
- SYAE I
- £ Loss due to

T | shadowin
% 350 */\ O PV > % 100, &
L E'®m
g OLED%% £ glLoss due to low
% 300/ 1o Elobal conductivity
3
- {éF H,\j “o 02 04 08 08 1 12 14 16 18

250l | | | \ /*E?u Metal finger width [mm)]

- Experimental [ | é J-L S Design trade-off in conductive grids:
e oy lEes . V=3.5V ! S | -Shadowing by metal lines
o _ 5 , 10 . 15 A o o -Resistive performance losses without grid
Foahion slom clasbiodelh burzantol ani bnin) Laoss allows to find the optimal finger width and

-.Successful comparison with experimental results from spacing
literature -Simulate the optimal grid geometry

Intuitive Graphical Interface
) Import standard CAD files

() Easy to setup

() Fast learning curve -
() Comprehensive
\F/rlgéj— c!lrgna Ieoin‘]gn idea

of organic PV module Draw and import the device
by CSEM Switzerland [2] geometry, run meshing

OLED Panel Optimization

Electrical potential distribution (V)

6:000e+00

= . Import local IV curve- &
- enter electrode
- specifications

] Referencel10x10 cm? OLED
] | = without metal grid OLED with a metal grid leading to

more uniform potential

© Design electrodes for OLED @ Minimize ohmic losses and optical
Run the simulation panels shadowing
with more uniform brightness @ Improve the conductivity of the electrodes
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Phelos

phelos

angular luminescence spectrometer

® OLED efficiency
® Viewing angle
® Emitter orientation and position

® One-click operation
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Normalized PL Intensity

. 0
0 20 40 60 80 -90 -45 0 45 90
Angle (deg.) Emission Angle (deg.)

Measured quantities

Efficiency: EQE, Lm/W and Cd/A

Spectrum and color per emission angle

Current-voltage-luminance (IVL) by
integrated SMU

Photoluminescence

Polarization

Specifications

Angular range: -85°to +85, resolution: <1°

Spectral range: 360 — 880 nm with 1.2 nm
resolution

Polarizers and macro-extractor lens included

Spot size: 100 ym —5 mm

Advantages

Easily couple measurement by Phelos with
simulations by Setfos

Determine emitter molecule orientation and
position

Combine experiment and simulation to analyze
the internal operation of your devices

Simulate measurement results by integrated
optical microcavity emission model

Phelos &RV R F RIHERH A IRE BIAE

FERTHER! !
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