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RGB Organic Electroluminescent Devices with High Color Purity and
Directionality

Fatima Bencheikh, KOALA Tech. Inc.

Abstract

We are introducing a new class of organic electroluminescent devices capable of
emitting red, green, and blue (RGB) light with high spectral purity and angular
directionality. These devices exhibit remarkably narrow divergence angles of 0.7°
(red), 0.8° (green), and 1.5° (blue) and outstanding spectral full width at half-
maximum (FWHM) of 1.9 nm (red), 1.6 nm (green), and 1.7 nm (blue). Such
performance was achieved by refining the recombination zone to boost optical gain
and reducing optical losses through meticulous material and structural design.

These results demonstrate a significant step forward toward highly efficient RGB

microdisplays for augmented reality (AR) systems.

Background and Motivation

Extended reality (XR), particularly AR, represents a rapidly evolving application domain where display
technologies must overcome hurdles such as cost, bulk, and comfort. The microdisplay and optical waveguide
combiner are central to AR hardware. Among competing microdisplay technologies, micro-organic light emitting
diode (OLED) and micro-light emitting diode (LED) are front runners. However, each faces drawbacks: micro-
LEDs struggle with efficiency at small pixel sizes, and OLEDs experience crosstalk and limited resolution as pixel
density increases. Optical waveguide combiners, which overlay digital images onto the real world, suffer from poor
light transmission efficiency (~1%), prompting a need for microdisplays with higher luminance efficiency [1].
Various strategies, including tandem OLEDs and nanostructures, have been explored to improve light extraction. A
particularly promising solution is narrowing the spectral and angular emissions of the microdisplay to improve light
coupling into waveguides. Directional, monochromatic light aligns better with waveguide gratings, reduces
scattering, and enhances overall efficiency, making it a prime candidate for compact AR systems.

In this context, KOALA Tech. is advancing the development and specifications of organic semiconductor laser
diodes (OSLDs) previously reported [2]. In our previous article, we demonstrated an organic electroluminescent

device emitting a blue light with narrow emission spectrum (FWHM = 2.5 nm) and high directionality (FWHM =
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1.1°) [3]. These characteristics, narrow spectral width and high directionality are key indicators often associated
with laser emission. Building on this, we now present improved blue devices and the first red and green versions,

all showing high color purity and directivity, essential for XR applications.

Device Structure and Fabrication

Unlike traditional organic light sources such as OLEDs, which emit light with a broad spectrum in multiple
directions, an OSLD is a type of organic electroluminescent device that emits light with a narrow spectrum and high
directionality under electrical driving. The device consists of a multilayer stack: hole injection/transport layers, an
organic emitting layer, electron transport/injection layers, and a top electrode. These layers are deposited onto a
Si0O: grating on a semi-transparent anode, forming a distributed feedback cavity. The grating enables second-order
surface emission and allows spectral tuning by adjusting the period to match the desired emission wavelength per
the Bragg condition.

The devices were fabricated using vacuum thermal evaporation on substrates patterned with electron beam
lithography and reactive ion etching. Electrical and optical performance was evaluated using standard equipment,

including a source meter and a spectrophotometer. Schematic illustration of RGB OSLDs is shown in Figure 1.

Figure 1. Schematic illustration of RGB OSLDs

Results and Discussion

The optimized blue device demonstrated significant improvements: maintaining narrow emission (1.7 nm), high
directionality (1.5°), and increasing operational lifetime (LT50) from 3 to 250 hours. Red and green devices showed
similarly strong performance: FWHM of 1.9 nm (red) and 1.6 nm (green), with angular divergences of 0.7° and
0.8°, respectively. The green device achieved an LT50 exceeding 250 hours, while the red device demonstrated an
LT50 of 150 hours. These devices offer color purity significantly better than conventional OLEDs, which show
emission widths over 50 nm with a Lambertian emission profile.

Furthermore, these devices achieve external quantum efficiency (EQE) enhancements of 1.4 to 1.7 times compared

to their OLED counterparts at 500 cd/m? brightness.
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Figure 2. Electroluminescence spectra of RGB OSLDs at 500 cd/m?.
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Figure 3. Angular emission profile of the RGB OSLDs and OLED at 500 cd/m?.

Conclusion

We have successfully engineered RGB organic electroluminescent devices with ultra-narrow emission spectra (<2
nm) and sharp angular profiles (<2°), showing strong potential for future microdisplay integration. The blue device’s
improved lifetime and the realization of green and red versions represent key milestones toward high-performance
AR light engines. Further optimization will target improved efficiency, longer lifetimes, and easier integration into

commercial display systems.
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Bkl GmEE) #lz32keAabEL, BEAREBONEICOWTTD
i ewF Lz, SID HAZEEHFE L 72 1970 ERFIREICHATDO 7 7 v b
NANT 4 AT LA (FPD) BFDER % L, D% 10~15 FEMEc7L—72
AN=DBRZ 5 T3 2 ERRTENT T, 2 L T2020 FRFIFTICHE LD -7
SH, ROTL—27 AL —=2BRIAHIELTHEIDNEL LLERFA, ST, -
¥ X ICESHHFRIERIED T LRI T 4 R 7V A Hifff, F-3 b1z A E»
HLWT A RATVLADBRELT 200, HDE50VIET 4 AT LA RCEELT., 2n h
FCICE 07T A AT LA MR EAETH L WAEEICE cHE BT C ‘ Y
Azt BnEd, 8 LOHEHIDOHLZICESEHEDT 4 A7 LA HffioREYE, F7-% DD EiIco Tk A 7%
2o CEEEZZWERWES, FO0ISMe WL T,

‘%’i’_x‘? v

\

S FL—v
%o@ FPD 0L %D %9@ . Bl
~TELT 7 ADLEME C~
1960 L3 ~2000 FtE £ To FPD R o 1980 i = A 75 @ FPD H-% v 7 7L — v il
T FE P BIAM 7 & Tl O FiF¢ (LCD H. OLED H 7 &)

= [E] F A4 RTL A4 OFEHL

<3 B,
o F 4 27 4 OAHEHE B4 7054 27 4 Eii

2000 4ELL#E @ LCD - OLED - PDP H1.0:(C 2010 FER D LIEFRIC A 5 T\ 2 L
KL - KL I 16 7= T3 % 4 <A ZuF 4 2T LA il
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B SID H A
o MUBIERA T 4 72 BHRT 4 AT VA MRS, BISEES . G EL e,
BHEBRBEFRS BT A AT VAMNES - NKA T ¢ 7 Hifs S
H i 20257 H 11 H (4) 10:00 ~ 18:00
S PR SAEIHEE -2 () +4 T4 2 eBIHSINE K H 213 80 4
2 k¢ SID £ 5 : 3,000 M
SID #E 8 : 19,000 [ (SID £ B %5 §%kHA)
P AR
THatE Web R—Y L F v o—RLTW-EEET,
FIRIAR LS4 50 444612 2,000 I THRGEW = LET, BN LIABRKHC P RatER 20 HEH
T = v 7B ANTLIEE N, BRNISEY RICZ I TRE LW - LET,
HIAY A B https://sid-japan.org/sid_jc 50th anniversary 5/  (7/9 £ THIALF])



https://sid-japan.org/sid_jc_50th_anniversary_5/

SID Japan Chapter Newsletter No0.89 (2025.7.1) (11)
[7urZa]
10:00 — 10:05 F—TF= 7 st E (SID AAE HaZR)
10:05 - 10:50 | &F Ny MR &mimEim (TV 256 IT/E&H~) | 4K ER (BT

#F Fv ME Mini-LED 0¥ & & i<

A EOFER T,

TV ~OLMBIB 2 L,
BT Ry bOfSHTSEn R X OB 2 /HE0 T 5,

IR IT/ Sk i

b RAEALTND,

10:55 —11:40

BMEATATOREEL Y a v bF 4 A7 LA HifF

BRI fFIE (NHK Bt ge i)

NHEK W igei Clk. 2030~2040 FIC@IT - EAT 4 TORKE D a VEEE L.

Z DFEBIZIET T2 AR FE B FE IR

DHLATING, KBITH, A 7= T AT AT EBDIT, 74 R7 LA ORI 5T 12 WL < AT 5.
11:40 —12:40 U k)
a0 1agy | EX T WM OLED, QLED & SBT 5EXA | &H XM

Av7 Y=y MEBEORRE KTV =y o Tdngyvarr =7 )

A7 Y=z v MZED OLED, QLED B AHFEI N TS, 22T, J AVEOKREEZFHE L,
BRI S RO E RIS LT,

HDA VI V=

v by REERBEAT — VEIROREEITV,

—HETBAMTE S0

13:30 —14:15 | SENSHFE~: BHF 4 AL LA BT E ZFOIRARE | LR BB (T8 K%
RS> SF {E 5 T/t 228 TiZ S8 | 3, SR k> THEICRY 5ob 5, A#ETIL, EhF o271

A DOIEFECE R (L OB, FEREARR, A H 7 U AR FoR, #REH & W o L mABITN A, tha g

TRREE - TNA

A e VAT AFEIICONWTELET 5,

T T

BUREBEROCH B ORI 7 F8at &

14:20 —15:05 18 OLED ~ A BE THER Uik

BUEMEAVIRIE S (TADF) 2y 13, ol B/ 4y FHETEIC & > T 100% DB — e HE REL + 5, A TILEER -

EiAMEE B8 L7z TADF O%y 135t & OLED OF A AFEFHIOWTHRENT 5,

15:05 -15:15 (PR7R)

15:15 —16:00 HBE LTV ORETNL ZAORFEEN R B (VxS T AT LA)

W N T O AZHIROWERZ L BT 4 A7 LA OEREEEIT, A~— 87 4 U O#LIZEBN LA 2 OAEEEFIZ OB -

Too TARTULACELED LML, SESERT A ATHANEDZ OBEBIZBET 5,

16:05 —16:50 77/ RImAT Ry =TREL TR RR (HFIEEH)
TART VA ERDITH

T A AT LA EFITFEOB

BN B & E O S TR Y B <

—J. KT H T T AAREEIC

BE LD

AREME . A~ BRET A AT VAIEHED R B3, FEERS Al V== E e G2k 2 i L7z £ T, ERO1T)

=TT 5,

16:55 -17:40

Rt 2 —<wr f VF—RXy AV HX—T =2 —R
BIRR~DELY $HA

XE B GhERY)

A= 7DD AN EA VT —Fy N EDHROA v F—T 2—A L LT, GaN RYEEKREZH =TI 7
YA RXINHT—EITELVBLOHEMT IZXAT7 77 47~ 0 w7 A RT A ANOFEBIZIAT 72E D A OBRIZ DOV
THNT 5,
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(BRI * GEEIE - FFEEIIAE S D TR H D £,




SID Japan Chapter Newsletter No.89 (2025.7.1) (12)

[SID HASER ]
Display Week 2025 i 5= FEREN

AR SID HAXEEISGHE (FHEAE)

SID HASZER Ik, #4F 7 A1 [ Display Week 54 ] ZFAfE L CH Y T3,

R acix, 202545 A 13 H (k) ~16 H (&) ICKEY v /7 € Chif#
X 7= SID Display Week 2025 D 2 v R 7 LHARICOWT, FOBHFOE T
WS 2 EMROERRIC X D, HARETCOMN EBIHETTo T EET,

SEL, X0V DHFICITSME 2733 k5% v T4 VBR (Zoom) TD
FfEEZ PEL TED 9,

ARERIT, T4 ATV AT 2 AH RN oRFEIREZ 1 H g
TEZ2BEABETH Y., EFYOHEMRICL2FEH Iy 70EEL DY
LT VIR IR A T E T,

SID 2B T WA b SMARE T, 4 [E D Display Week R & ICS IS #k %
LTWwz72K 2 & T 14/ SID 2EBERPBBRNICAE I N T T,

OB DIEZEHDFITD TEHNLZI W,

8=
o HIFf 2025 % 7 A 10 BH(A)10:00~17:00
o FEERX A v IF4 v (Zoom) KEEHOFKM|IT iR 72 0,
o Ff# SID HASHER
o fntE FEEd (Web R—YICTCTRKATIE)

. TR Web ~— A b HANICX Y v o — FHJRg
o X5 4K FEEHEROTvF—FEREZERL, FL¥VYTF—vavRILF G &
“BHEA 2L E T,

m SMERERKEED)
SID &8 : 2,500 ., SID JE&E 18,500 F (1 4E[H D SID £EEMAFE5 S nE ), ¥4« #EE
¥ SID JEE&B oS inE I HEINIC—FER O SID 28 &5 3 h T+,

(= B¥rit]
i i Journal of SID % Hi4E % TdD SID Symposium @ Digest Paper %R CRI&ECTE £9,
* Display Week, IDW D EEEFHRSC SID HAE 0 & iE € I F—IcaBREeTSMTE £ 7,
e 74 A7 L A4 1HHEE Information Display Magazine % R CZ FHILE 3,

m HLAAFE
UToY v 2 X0 BHLAALZI VW, HFOQRI—FH56THARETT,

https://app.payvent.net/embedded_forms/show/6822b49a51eed3265517597¢
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7R 10 B (K) Display Week 2025 #> 54 vHES 7075 A

1534 B8 - kv oav amhil (FTJE) WA

10:00-10:20  Opening Remarks & Keynote df B (Pry T4 RATLA)

10:20-10:50  Active-Matrix Devices MR — (2= 3 %)
10:50-11:20  Display Manufacturing i B (X T4 RTLA)
11:20-11:50  Display Systems I thie (V=—)

Lunch Break
13:00-13:30 EDEZF; Flexible/Stretchable et &3 e - brevaREHED

Display Electronics, Interactive
Displays and Systems, Sensors N . .
13:30-14:00 Py Y AR JbiE CILRS:)

Integration and

Multifunctional Displays

Automotive/Vehicular Displays L L
14:00-14:30 - P %ot (W)
and HMI Technologies

Break

BERT BEK
(V=—%3Iav&xs &Y Y)a—avX)

14:45-15:15  Liquid Crystal Technologies

15:15-15:45 OLEDs ME L3ET (HGHEPE)

Emissive, MicroLED, and . e
15:45-16:15 , IR HESC (GLATRRRT)
Quantum-Dot Display

16:15-16:45 AR/VR/MR Ha =8 (v —7)
16:45-17:00  Miscellaneous, Closing WA #48 (FEE R

BN E - 2y va v, GEHEE, WK OGEEIEREE S aTREES H ) 9,

m Web N—T
AT DEHR T Web ~— (https://sid-japan.org/20250605_dw25houkokukai/) % Z& { 72 & Wy,

B BSELVEDLE
SID HANH -+ I-—F%F (HAV—vxkXAaort W) HY ke $oEE7E 3 n,
E-mail : info@sid-seminar.org T297-0035 THESETT T KT 170
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[SID HASEREHE])

E20EY~—+k I F— BIEERN
A BB d~—%IF—KE GEALP)

KR T 4 27V A 52 S BHPIEE -BiliE 2 R, 74 271V 4 2ko

EWM#EZBELTCOLI 2L, XU, B - XF 7 v OfgeE - BiffiFic,

Ak - 2 HERL T O 2L 2HMWE LT, EFEEESFEDI AV IA VT
Bl 72 LE T, S ¥ 23— b oD, #E - BWE - fEko T 4 A7 LA
TERERBAT M, 74 2T VA EEE, Rb Iz b E2IY &L
BRIBICOWT, BUILHBEEZNEICFECEZ 2 HERKAETTIOT, BoToD
THEMEBEHELLTWET, BELDHICHEOBMEBEID 72X 0,

TR S

m B B H 202548 A 28 HOK) - 29 H(%)

m [AfiE 5k - Zoom Webinar I X 34 v 7 4 VBl GEMET ¥ R 13 PDF ClAR)
mZ & : e ASID & E:10,000 M
24 SID & 8:

HUATTIE -

fekt - 224 SID JE&H: 2,000 [

-+ k& A SID JE& B¢ 26,000 1,

(& A SID IELETHMI N i, —FEWMo SID 28&&1 52 oNnET,)
¥X¥ED SID FE28IMEDL S5 FATTDOT, AL TCoOSMABETT,

(8 A28 H(K))

—~

TR L SID HASZER HP ( https://sid-japan.org/20_summerseminar/) % Z& £ 72 & Wy,

OO 7 n s 7 L@@ (HIRlE) Ak T H AR 2 & 2 60 70 (GEEER 20 7 - BEHF 60 73 DIRE)

09:45 — 09:50 | PSS K HE | et i —RE
09:50 — 10:00 | 5 4 2 7L 4 - i e o s bh s | ST TS
1000 - 1100 | 7 FTEAREES g | B | B
20 - 120 | B e oo et | T8 % | 2500
13:20 ~ 1420 | 0% Ei;jffﬁfﬁ;%i@?iﬁ B WS | AR A
14:40 ~ 1540 | F F: %gff;g? B s s | PR AR | AL T
1600 1700 | 1 A gt ey | PR B |

8 29 H(&)]

10:00 — 11:00 | AR/VR o Hiffidm & L JINEH #%2 | NHK BRI Fe AT
11:20 - 12:20 BefLok e IGZ(;F@TH?%%E%@ L I HF B | BRREER

1520 - vaz0 | 70T IR o |18 B SR e
14:40 — 15:40 | 74 2 7L A FEE D HiGH) A HA R | EELXA LK

16:00 — 17:00 | 2K ALl © L & [Transformer] AR R BEA KRS
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FERRAEGE

SID HASZEH T L4 N—=v T 4@ —BE LT, IDW ~OSE I LT, EFbloiE%21{T-C
BOET, FAEOHFRIITVICHEL TLZ3 v, XBEZTFEOEKOFEZ W7 E T L72DTHAMN
LET,

[ DW2025 %% EILMIE (FEHEKE) J

Z O JE1% SID Display Week 2025 ~OSfNICH 32 C3 R Z2 W72 % CH
BEHTEwE I, FAlx [High-resolution Aerial 3D Display Based on Lens-
enhanced Aerial Imaging by Retro-Reflection (LeAIRR) and Light-Field Display |
DfEH T, HIAFEKICH 2 T Young Leadership Conference THE I ¥ Tn/z72 &
% L 7z, Distinguished Paper Award IC & H 7272 %, w#ridfiofime% < o
MREDOTT 2L DXL, BEAEBRZIETVWAEETE L,

e 2IC, SEOYRSINCN T 5 SRICERTHLA L EiFE 3,

ICDT (& ##&# OuKFE)

I would like to express my sincere gratitude to the SID Japan Chapter for their

generous support, which enabled my participation in ICDT2025. This conference
was an influential and academically enriching event, bringing together experts from
around the world. I had the opportunity to present my research, titled “Using

Infrared LEDs and CMOS Image Sensors for AR/VR Bright-Pupil Eye Tracking

Measurements,” and received valuable feedback from international scholars, which

helped improve my work. This experience taught me the importance of clear communication, especially when
presenting to a diverse audience. It also reinforced my commitment to applying and advancing technology in
the AR/VR field. Once again, I thank the SID Japan Chapter for their support, and I look forward to continuing

my research and contributing to both academia and industry.
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2025 Fh¥L, MASFHREOBHI L4

H2 et Frfi it

1/23-24 | FEL RN T 4 2 7L A ARES [HiHE]) B N F v v o8 2 (IR AR

3/4 (—th) WEEAYS IR - WY 27 20 kke K TZERY: Filrf v v X2
~BSE - PSS - fEELC BT 2 IR~ (1] +A T4 (N4 TV YE)
3/7 JEITA EF7 4 A7 L ADANMLFEY vEY Y L AP HIALDOM
0025 [f77#] +FvIA4y (NATYYF)
6/26-27 | A E LETEmEE 40 s [155) B E R AR A
7/1-4 | AM-FPD25 [1#] RN N
7/10 [Ef#] Display Week 2025 54 Fv AV

F - BRI 2 B

I EREAT 50 JEAESS 5 MRl A e - . |
7/11 [F:4#]) SID HAER %A 50 JE4ES 5 B0 i HS + 454 (A~ TY v )

BT 14 A 7L 4 f%Es (IDY)

81 | = 2 - ” FyvIA Y
/ T4 AT VLA —fkEEES [HE])

8/28-29 | [F#] 20y ~—% 3 F— FvIA v

9/9-12 | HAW S wE - AR THES () FER T E RS e

10/20-21| [F)] E8ET 4 AT LA FL—=Vv 27— Fvo4 v

B ¢

ZDU, #® T Newsletter89 S OMRELZHYIF TV AZZEET L, EOHRVELED LD D
LNERAD, L OHADTHNZ T E, RELENFICHEF L e TEE Lz, D& ) IEH
L EFEd, BURIHETld. KOALATech BRIC T 7272\ 72 OSLD IcBd 2 NA R BRI L L7z
BERERELEEWZE, RELZLF AV E Lz, £72, SID OEEAKEA*ZEINLEEK» LD
AV PHEFHIETALZE, ZNZThOYfEZIRV R LV LT,

X Hic, SID HAXHIZSHESO FAFEZ M2, L DRLBI RV IR TEINTHE T, 7 AU,
KO X ViEFICR B L BVETOT, FOFRICD CEHV AL TIEFENTT,

SHed, BRICE o THERAZIEREZBHEITTZ 2L IBDTERDT T, X LA L BHVHL
EFET,

~ EmMTEE ~

AT FZAMCEBHIN T2 EROEFRIINEZICH Y £9., MFEZEOKH R ERT 2 2 LI,
AL A D TR T E S, MNEERIEFERE, FEREoHoNRICRY 7,

fREEHE Y T L3ET (HeBlER K S4E) email: emiko.kambe.6140@idemitsu.com

SID HASZES HP: http://www.sid-japan.org/
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