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Analysis of TADF OLED degradation by combining advanced characterization and device simulations

Fluxim AG, Winterthur, Switzerland*, Institute of Computational Physics, Zurich University of Applied
Sciences, Winterthur, Switzerland**

OSandra Jenatsch*, Markus Regnat**, Simon Zufle*,**, Balthasar Bliille*, Beat Ruhstaller®,**

[Abstract] OLEDs are often only characterized in steady-state to optimize device efficiency and analyze device
degradation. The combination of several electro-optical measurement techniques allows to disentangle charge
transport and excitonic effects more easily. By using complementary device simulations, it is possible to assign
the measured degradation phenomena to effects in specific layers and specify the location of increased trap

formation. With these insights it is possible to improve efficiency and stability of future OLED devices.
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Core/shell structured metal halide perovskites for highly efficient and stable light-emitting diodes

Department of Materials Science and Engineering, Seoul National University*,

School of Chemical and Biological Engineering, Research Institute of Advanced Materials, Institute of
Engineering Research, Nano Systems Institute (NSI), BK21 PLUS SNU Materials Division for Educating
Creative Global Leaders, Seoul National University**

OTae-Woo Lee*,** Joo Sung Kim*, Hobeom Kim*, Jung-Min Heo*, Min-Ho Park*

[ Abstract ] We demonstrate various strategies to implement the self-assembled core/shell structured
perovskites for highly efficient and stable perovskite light-emitting diodes (PeLEDs). The core/shell structure
could decrease the grain size of perovskite crystals and passivate the surface traps of perovskite grains,
maximizing the electroluminescence (EL) efficiency (current efficiency = 87.35 cd/A). Further, assembling 2D
perovskites as shell for 3D bulk perovskites could successfully suppress the ion migration in perovskite materials,

extending the operational lifetime ~15 times and extremely suppressing abnormal luminance overshoot.

14 : 10~15: 10

2 Wi~ a7 A% A k LED RO L—HF—
JUK I2CNER*, JST + ERATO**, Ju Kk OPERA*** Changchun Institute of Applied Chemistry+

ORRES BUEI* **, S3 dr o o tpes womk g 5] s woon gais ek o s

[EE] # 2 oo~ a T A H 4 MIBWT = EEFhEIRTED K3E 2 Ml 32 XY, LED OSB3 %
4 M S, mUVAMBETRIRPE 55— T, LED DAL F‘i%?ﬁﬁ%éﬂf%é ZDHRD—>
LLT, EASNEFR Y VT LRIEREBOMEEIEMIC LD HEMEESND Z &2 R H Lz, FERAREREAM L
—F—0FEHE AL TR ZED, KAH - Bl FTCWBEMO e 7 Ah A L —HF—%2FEH L,



S5-3

T 2AHA M/ REEOREES & LED iSA

HTER PR FBEATE B 2T DFFER}

OF¥E &2 , Al ALK, IHE AT, #7 E

[BE] ~a7 204 bF /#EE (CsPbXs, X=Cl, Br, D) 1%, LS L OREY A X1 L0 /A TRkt
EOHBENTRETH S, 100%385FLEFIR (PLQY) &L BEEOENIENE AR ML ERT I 05, Wit
FHMELE LTHEBE SR TS, AFETIE, Na 7 A DA I/ fEGROBUL e a7 o 7 =7 v A A WHGiE
L. 7/ s oREREC/ILZEME D LED HEEICE 2 2857 5,

15 : 10~15 : 20 RE (10 %)

S6 : EFEA 15 :20~16 : 20

FEE:
S6-1

S6-2

S6-3

A oEME (BATHERTE: THERERER

BAL R 2 FIH U B E B EROES L A EL R+ ~DibA

FURERRL KPR IR, AR KBRS A AR B SE T, NHK HGEB AR SE AT+

OBE o, fakk B, RN L%, #pFf sofTos o, xR 3+, KB o+, 1HK & HI L+
[BE] A EL FTICBWTIL, BB LAEMBA~ETZHEAT DO EBEENMEN L o7 v h V&R L <

AnbnTnd, LoxL, 7a8 VE&RIIMEENICRZE TH D128, ZERMENE AW THEF B\ EAR A 1

T B HAM /MRS BTV D, ABFZETIE, (LEIICLER T =T > b a U R & AR R O BRI S % ]

AT 22T, Li L0 bEFBEEMUNEmRE KB L, AHELHZT~NISH Lo THRET 5.

Algs D B RBIBLRRBOFIM : FIRFEFIEC X 20 BEERER
TRERPRFHR A TN, TRERPhRE T Z— TERFDFXT VT 1 ik o & —%=
O Ae3b*, kajl TG, KRIE MR, Wt AYRe s, il AT * o

[ZZE5] OLED MBSy 713 B RANCES M L, BEORE & BHEISWBEM D HILD, TIUT LD EM) O OBEHTEA
PR SN D720, SMERMIIRFIEELRET 2EELRERTH D, FWEMIT VI TREATLILLH DN,
Z ORI ARATH -7, AR TR 07 22 &0 5 FRAGIEARRETH LS 2 L 2R L, MiniksE & hilix
e IR THIRAEEEZRET 5. ZHUT LY Algs DR Ok 2 iR T & 272Dl 5,

LB E O LUMO AL BT A~ Lig AZIR

TR LR EGER A B T 22T, THER PR P T TER ™, 1% 7 U T 1 Bigetk o & —**

Ofel B>, &E  BLIees o

[#'5] OLED D&l & E7#kfg o Rmic, B FAE & LT 8hydroxyquinolinolato- lithium(Liq) A4 %
L. TS ZOREBEN TR BEDEN LN B Z ERMON TV D, ANFFETIE, RENRETHERE Algs &2
i Al ORENH 5 Liq FAZDRIT OV T, MEIZBSRE LR R X — BT 0EQEIPSIC L 0 | BHEAIC
LUMO {700 fim B F UM Ht A "7, £, EEEOF A ZERICIIA R ICamis | 2 /W 5 0lcx LT
BRI Tl R IR B #E 2 B 5 2 L%, Z 2 CRURIERE O SR HET BERE A~ OB L R LT,

12H 16 H (/K) 10:00~17: 20

S7: %k FaER 10 : 00~11 : 00
JEE /KR B (ORBRFFAL RS REERE T2Rmr e R

S7-1

BAE PHPS NV 7RIZRIT 3 VUV EEERBIEL 7 2 & X DR

W KPR FBEAEAE S 27 2% (WERFPAEE L7 hr =7 Atk s 7 —**

Otz A gif*, bkS Jobx, 5 IS, @i RS, TR Eepe

[EE] A6FEIE. VUV SEBERRIC X - T AL L 72 Perhydropolysilazane (PHPS) % f\W /=&AL Y 7D R Y
THESEICB W TEER, KRR OBE LT 1 AR DOKFET 0T 7 A VOMRIAE R E LTz, SREEIE DR
B s e a e 2980 PHPS FOKERREESIZHO T, N-H ICHET 25 & Si-H OBIZAENZ 23 H L
7oo F72. N-H, Si-H OBZI RN RO W SARE AN 2 Z & T WRE TORBEDIET D Z LB bhroT,

4



S7-2 A v v 2 EBHIALZE ITO REZEHEREZ AV 7=F1# EL
WERFARET L7 ha=g AL ) _—Ta vk Z—% REET LI =0 MRS
Omg Feil*, JIkS Fox, fik Hos, fm F, Mz —* [ fEs hg g, pgl G
[EE] SAEM S Z — o 2 BHEICHLDIA A TS O R T AR Z VT A v & 2 DAL ITO (REREHE
MBAERL, ZOEMEHWVTEREL 71 Z&2ER LT, (ERUICHETIT. RERFOURMEEZ R LI,
S7-3 A7y FHIR LR L 54 F < F23%— OLED
WERFAEEL 7 ha=J AL /_R—=Ya ¥ —*% HEA XS CHR—NLT 17 AFEH**, h—3 —
7 BRRR L
ORA KR, tmath BE EBH eI m i, fhE (o, fER mose
[EE] G EL 7 31 RICHOW LN DGR EZ A > 7 Y2y NTERTLHZEICED, T~y R —r
AT HAHE EL 734 ZA2/ERL U7z, 1B L7-AHE EL 534 A%, Mgz A S 7220 AHE EL 534 2 L [R%D
Bk, BREhFEM AR LTz, RO 7+ MY Y TRETIEIMEATH ST~ A7 ERO a2 Mo Sx Vo RE T - B
KRIBIZEMECTE, 74 P YA MOBREICER T 2R E 0\ Lo retts Lz,
11 : 00~11: 10 REE (10 47)
S8 : k- TAA R 11:10~12: 10
JER RS di— RS (HSRBpERR St B TRRHE)
S8-1 AL EARE TORA Y REBEZN LEFRE 7+ b T y7Far =Ty
3 T RVERFGERT*, AR BRI
OftE Bl—RR* > AR B 7%
[BEE] 74 b Ty 7arn"—var (UC) BREREOREEERICERT 2HITTh 5, 4Rl A8 AR E
THIFHR UC #9281 LT, ZOBEREIE, WIR L7245 i COBMIEE - a2 0 LIz A YV KERIC kY =&
TEBE 7oA L, ZEIEWERE D ER MBI S5, T ofEE, EROERR UC LY 100 FLL E@m\ V&
IWREFEB L, S HIZTIRIN LED YA AR KICEWT 5 7 L X U7 WL B LT,
S8-2 Tilted face-to-face alignment with optimal distance ¢FFO)REHEEHZE S\ oA I ) DRV DIVERKRE B BTG
LA FE BE Ye A1t oD ST AR HCE H 40
HHSRT AREARSEAT
OR T & , fum &we , )il i , HE D%, 12 Ll
[# 5] TADF M Bt & &7 2 mitkggfbiz iy, WMz ZRISODEEMITEE Th 5, A TIE, HFA=ET
ST U7= tFFO & 431} =@ #i72 RISC 218 2% FHESHI K SE A 2/ VR VB & WU 72 (T £721% TRZ)
% =3 TADF #48F TpIBT-tFFO % BA%E L7-, TpIBT-tFFO 13, fEk&&EMHIHE-S< IB-TRZ & #e0 | IB ik
DOSLAEFENRIR S, B—kE% 7 L7, $£7-. TpIBT-tFFO i3 IB-TRZ & F~X, JEMNITEV PL & IR & A
ETHHRER L, krsclCOWTIL6.9X106s 1 & FEHICKE REEZR LT,
S8-3 R RIRIN D DB R T 2 M2 2 L BN E WAL T 5 7 D ORIERE b & ORRRH] T 3

TUMIRZFR R BT ZERE ALY, JUNR PR EmAL = L 7 bo=2 X #fgit 2 —*
O M WE*, TH ME8*, WIS A, & e, LR B, PEpR —v 2 TR, BH i

[ZE] BIGHEACIBE SO 2 2 RAN T T 5720121, 81 & T1 DR A X —#E2 /ST 572012 CT MO
RIENEE LA, RO DITITETFERICED L 0 TIEZTAR TUTRLRVEWVW I FETL2EENH D,
AERTIEZ, FF—7 2777 —"HMIER LR RBIC 1T D 50 730K & & R 0 iR AR s oot & (bt
BICR O, ZofliERY x5 L COMEFREOREZHERT 5.

12 : 10~13: 30 B (80 47)



RERE:VIE ~-g il 13 : 30~14 : 10
FER - I 3LZ  (NHK BURBATRTZERT Biee 7 S AWTIERS)

S9-1 FHEL 7 4 27 VA BEFBENARESN ~FE - BE - B - AROEAEER ik~
Tianma Japan #EE . BIFEASHS AF5EBR750
OmFe FERR
[EEE] FETITHEED=— RS2 DOkt~ & Fiiis FLX-OLED & 2# ShThR 0 . 5% ITHEMBERO
HUL S B[ 2> D IR 2 ISA RITFAR BRI O Fl 5 E D> B £ % 12 1000 FFERE DL o> B0 A S {F 8 OLED S5 /L o B %
BT 5 & L bic, RE - WE - B - AAROBEITIFES & Wt Ui 1T RARDAH BL 5T~ 358105
Wi LD,
14 : 10~14 : 20 REE (10 43)
S10 : TADF 5314 & 14 : 20~15: 00

PER Rl RO (ERALERRS A Jebinbd BB S JERT)

S10-1 BRI OENHAL L R T HAEH EL R T
FUN K OPERA*, BAFEZEERZT BETSHE*
OMH IEM*, Chin-Yiu Chan*, FEA —*, Bl BKK**, 72 THER*
[ZE] @z OB A% R € OLED O%E8E, OLED 7 4 A7 LA WK %E & I T 272 E
WD —DTh D, AFRTIEL, @R W RMRERE LT LA A TN —RH 5w T BIGME LR %% (TADF)
DFET AR K= k&9 5 TADF-assisted fluorescence (TAF) #§## % € MBS 19 nm, CIE f# 0.20,
1,000 cd m ™2 RFIZAME & 7203 20%., BEEE 5%25(LRERI2Y 10 h L B2 779 # 6 OLED % EBL LT,
S10 - 2 ERRITHRS TADF 3 F DB LRt v v v~ A
FLINKRZ: OPERA*, JLJN K% I2CNER**, JUIN KA & B T 25t +*
Ok M #&* Umamahesh Balijapalli*, (L #i* Epa —*** W B EH EL* PR B, RS s
ek REE T R
[EE] LBERIRKEFHAICRB SN D E R VU I T, 2AOFTHEIFRHIPER L TR Y, A EL % 7-(OLED)
RO, SEIPOHENBRAERERE=X U VI ~OHFF L KE WV, AP TIE, FlE TR E#KE FWISER
4} TADF 43 F-(TPA-PZTCN) &% L, ¥4+ TADF-OLED (EL: 734 nm, EQE: 13.4%). ¥ & * TAF-OLED (EL:
901 nm, EQE: 1.1%)ZBi% L1z, & HICPI¥E L2kt OLED # B 7 + h &4 A A — R et F v 75
LT, 2WRICBITHEEHT A ATOARE v 7RI Lz,
S11: v a— M AEERSE 15 : 00~15 : 28
JER @ KA (ERAERRSt Selib Bl B F A J8T)
S11-1 AL EFHE & REBAMBEEIC X 5 B @R O
TIERFLRZBA B TR, TIERPEER T o # —* HCBPER AR, THERESFXT VT 4 0F
B —+
Om Aore** M de3b*, FHO Ethx, g8 By mFf ARx* +
[# 5] Algs<° BCP % 0& 1k (ET) MEHIBEREM L, FTNICADOBERZEKRTS. LW FETFN
DIR—NVEE TG SNDD, F— VBRI E 72 DHhE T2 T 500, & LIEE o= Fx—L LT
X725 OPENTIEARL, BRALM & EFFEORRIIRARENE . £ 2 TR TIE ET MBS
OLED #{E#l L ZDH# TREAFIMT 2 & L I, ZACERRE K OF BN E 21TV VB O 5 8) & /i i i %
AT,
S11-2 I AL X 5 B FTRE R A # EL SRV OB%

FRAEH NSCH, IWEKSE: AT L7 hu=0 AL ) _— g 7 —**
OFF BEif*, BN FT*, MR L&, B #EZ* M E e, R FHere

[BEE] AT 1 AT VA EEIT VA v LOBLED BB L7 EL SR ABRD LTS, BINS C & ILE
KT L HVINTIC K B TS i Al he7e 7 7 A BT HE EL /S x L 2 I SLUCHIed CHR%E Lz, AR L AT 280 th T fE
RN EL SRV A NIRRT 2 2 L2 FREICT 200 TH D, @ELT I WM LEZHMNS C23, i
T D E 1A & (ITERFNET A L, F8 EL SRV ORMEIC TR/ i R100mm ¥ To R 28 ik % 5

6



S11-3

S11-4

RRE —5 50

FELT7-,

Coupled 3D Master Equation and 1D Drift-Diffusion Approach for Advanced OLED Modeling

ETH Zurich, Zurich, Switzerland*, Fluxim AG, Winterthur, Switzerland**, Zurich University of Applied Sciences,
Winterthur, Switzerland***

O Simon Zeder*,**, Christoph Kirsch***, Urs Aeberhard**, Balthasar Bluelle**, Sandra Jentasch** Beat
Ruhstaller*** **

[Abstract] In this talk we present a novel modeling approach to describe the charge carrier and exciton dynamics
in disordered organic optoelectronic devices by coupling a one-dimensional drift-diffusion solver to a three-
dimensional exciton master equation model. While the electric potential, the charge carrier densities, and the
electron-hole recombination rates are efficiently computed within the drift-diffusion framework, the master
equation model self-consistently describes the full exciton dynamics, including long-range Forster and Dexter
energy transfer mechanisms as well as (non-)radiative decay, inter-system crossing, quenching processes and
exciton dissociation. Such an approach is especially useful where excitonics play an important role and are
affected by the discrete nature of the host material, as in strongly disordered organic semiconductors, quantum
dot solids, etc. We show that the proposed hybrid 1D-3D approach effectively combines the respective benefits of
the drift-diffusion and master equation models and accurately describes the characteristic steady-state and

transient behavior of organic opto-electronic devices reported in the literature.
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