- LP »"‘&\OHA% g,
Institute of Physics J ﬁ

National Academy of Sciences of Ukraine ; m

W St 4

DYHKUIA NTYCTUHU NOKANI30BAHUX CTAHIB B aMOPPHUX OPraHiyHuUX
HanisnposBigHMKax ana OLED 3acTtocyBaHb: eKCnepuMeHT i Teopisa

A. CmaHkesiy!, O. BaxHiH!, A. Kapgawyk?, I. |. ®iwyk?, D. Andrienko3

I IHcmumym ¢pizuku HAH YkpaiHu, 2 IHcmumym adepHux 0ocnidxceHb HAH YkpaiHu,

3 Max Planck Institute for Polymer Research, 55128 Mainz, Germany
TADF life
1

European Commission



Organic semiconductors for OLED applications
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According to a new market research report "OLED Market by Display Application (Smartphone, TV, Automotive, NTE), Panel Type (Rigid, Flexible),
Technology, Size, Material (FMM RGB, WOLED), Lighting Application (General, Automotive), Panel Type, & Vertical, and Geography - Global
Forecast to 2023", the OLED market is expected to be valued at USD 48.81 Billion by 2023, growing at a CAGR of 15.2% between 2017 and 2023. The key

factors driving the growth of the market include the rapid adoption of OLED displays in smartphones and growing investments in technology and
manufacturing facilities.
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OLED TVs are commercially available since 2013 LG 55-inch rollable TVs LG OLED lighting panels 2



Principle of TADF emission
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Density-of-States (DOS) distribution in amorphous organic semiconductors
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Determination of the Density-of-States (DOS) in organic materials
IS not a trivial task!

Experimental methods used so far for DOS probing

Ultraviolet photoelectron spectroscopy (UPS)

Inverse photoemission spectroscopy (IPS)

Kelvin probe force microscopy (KPFM)
Electrochemically gated transistor approach
Temperature-dependent space-charge-limited-current
Thermally stimulated luminescence (TSL)
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Our experimental method:
Thermally-Stimulated Luminescence (TSL)



Principle of thermoluminescence (TSL)
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Monte-Carlo simulations vs. experiment
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MC-simulations of occupational DOS at 5K for different energy disorder

10k

8k

6k

4k

2k

Temperature - 5 K- 10 NN - 50 meV

DOS
Gopos = 18.5 meV ODOS
Oopos
—=0.37
Opos

Count

Gpos = 50 meV

10k~

8k

6k

4k

2k

Nomalized TSL intensity, (arb. un.)

[=]
N
1

- Temperature - 5 K- 10 NN - 100 meV

’\ Gopos = 37.5 meV

DOS
ODOS

Gpos = 100 meV

=
o
1

mCP-CN (TSL__ =115 meV)

.. mCBP-CN (TSL__=102 meV)
\ CBP (TSL_ =77 meV)
N PB (TSL_, =60 meV)

e
o
1

e
=
1

e
Y
1

'. X o, (MmeV)
' mCP-CN : 177
X b} mCP : 140

PR ‘u Ry

0.0

Temperature (K)

TSL experiment for different materials

3k
| Temperature - 5K - 10 NN - 150 meV
DOS
i Sopos = ©7 MeV ODOS
2kt~
E L
> X
S I P05 ™ 150 meV
- \




Example of DOS determination in mCBP-CN by TSL technique

TSL curve measured for mCBP-CN Gaussian analysis of TSL Exponential analysis of TSL
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Activation energies by fractional TSL
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Two dipole series
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Static dipole moments increase energy disorder
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TSL intensity,(arb. units)
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In(l.,), (arb. units)

ODOS of CBP, mCBP, mCBP-CN
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Probabilty

Computed DOS distributions

[The same trend for o change as in TSL measurements ]
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BNCHOBKW

» Po3pobneHa meToanKa NPAMOro BU3HaYe€HHA PYHKLLiT T'YCTUHM CTaHIB Ta NapaMeTpy EHEPreTM4yHoro
6e3nopaaKy B NONIAPHUX OPraHiYHMX HaniBNpPoOBiAHMKAX

» BcTaHOBNEHO, O OCHOBHWI BKNa, B eHEpPreTUYHMM 6e3nopaaoK BHOCUTb e/IeKTPOCTAaTUYHA
B3aEMOAIA 3apAAiIB i3 MONEKYAAPHUMU ANNONAMM

» BnepLlue noKasaHo, WO iHAYKLiMHa B3aEMOZiA NPU3BOAUTL 40 3MeHLLIEeHHA 6e3nopsaaKy 3a paxyHOK
edeKTiB eKpaHyBaHHSA

» EKcnepumeHTanbHi pesynbratn 4obpe y3roaKyoTbes i3 AaHMMN MONEKYIAPOHO-ANHAMIYHOTO

MOAENOBAHHA ANA A0CNIAXKYBAHUX aMOPPHUX OPraHiYHMX HAMiBNPOBIAHUKIB
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