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Review of OLED-based Wearable Display for Smart Textiles
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Abstract: Clothing has a very important role in human life, and it is the most human-friendly platform because humans
wear it in almost all the time. In the recent years, smart clothing integrated with various functions is solidifying its posi-
tion as the core of next-generation Information and Communications Technology(ICT). With this global trend, the smart
textiles, textiles embedded with electronic devices that are capable of performing various functions, have been attracting
a lot of attention. Therefore, various research activities on the smart textiles are in progress, and the global market out-
look for the smart textiles is also showing rapid growth. Among the various smart textile technologies, the textile/fiber-

based wearable display has been attracting more attention because it

is an essential element for wearers to intuitively

control the functions integrated in the smart textiles. This paper provides insightful information and the technological ele-
ments of organic light emitting diodes(OLEDs) display, which have been evaluated as the most ideal device for lumi-
nescent clothing. Since, OLEDs have many advantages such as light weight, extremely thin thickness and great flexibility,
the textile/fiber-based wearable OLEDs can be worn without any inconvenience. In addition, by introducing previous stud-
ies on the textile/fiber-based OLED displays, we intend to consider the commercial potential of the textile/fiber-based
smart luminescent clothing using the OLED technologies.
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Cathode
ETL ETL: Electron Transport Layer
HBL HBL: Hole Blocking Layer
EML {575 Exciton EML: Emission Layer
EBL EBL: Electron Blocking Layer
HTL HTL: Hole Transport Layer

Anode

Substrate |

Fig. 1. The structure of multilayer OLED.
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Fig. 2. Comparison of shelf lifetime cell images with and without a TFE barrier(Jeong et al., 2016).
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3.1. =2 7|8 OLED C|aZdo| o7

QA 71&8 AE 7kl taZgold ARE 5 e F
3} 71€2 100 pum T2 ZE)ol2H ARE o8 A&
OLED”} Kim et alo] &3] E3x¥® n} JAthKim et al,
2013). 731 Az A8 ®Ho| OLEDS A A7 oY
7] W&ol ¥H-E 20-50 um FAQ] Z2]9-de(polyurethane,
PU)3 500nm FA 9] EF2|H'd Y3-E(polyvinyl alcohol,
PVA) Z02 F8sle] Heks) xasioict. olejet Fesl ¥
Aoz Qal AEe B4 o AT UAT, RMS(root
mean square) 1&7|= Fig. 3ac A" AAH OLED A%
o g3l 0386 um=z A3tk 2#F o2 OLEDE HE
2 AE 9ol #LsA AF=EA2H 8 cd/A9] HMF &R
H o R AFdit HIE B8 oFh ASEIAT, A

o Tl
=o| Ego]zAo] WA 4 &t

FAB wet AL S

(a)

£ 100039 F AFR=5mm)pelA AP HoIFES)
ok AA o&d AEEE AES OLEDE {8t 7|1#Ho= A}
£3P7] ditol doHE Ax; AED o7 4k Afele] &
zelg Y Urkes Al <97t )

UubAQl OLED 7oA FA}(photony= ZAk(electron)2}
A& (hole)2] AAF <8l LgFox] AHTt. oot Fs)
o] OLEDE 3% % Q1Fe] 3oz i3l Ao &+ 3l
ok @% OLEDAIME 7] o17] F<t 25%°] 53 75%
o] Agate] A=, AA7IM dF Aol vie dEE
9] ol o= o] WES JF WEolgt gk o
F A} &&(internal quantum efficiency, IQE)S o|28o 7
25%= A SHATE Q1 g a4 &3 (heavy metal effect)
£ 53l s gl ol8ske Jleeltt. ol Fus &
e ol&sH FEE& ol ddde] ALF WX K(intersystem
crossing, ISC)ll &J3ll A5&o 2 Hol7} =7] wj&e] T
INEE Bgel] 83 7 o] o]BHLE BE JAEo| &
ol 8= 100%2] IQEE 24T F Stk &, < &
AEE A7 ZAE o)EHOE 100%2] IQES AT &
ouZ 2l OLED= ¥ OLED W3] g 588 &
& Sl €tk OLED 4&Ake] g a&o] 3= 543 3
TollX] OLEDS] 5 AF7} Yol =& OLED] 52 Al
qE =Y F Uk

olgjgh AMH S wigo R w9 49 IS THE 18
&9 A& 7)wt <1 OLED Aol thdh 9177} Barsar 9}
TH(Choi et al.,, 2017). <15 OLEDE Zogal UZEgo|E
(polyethylene naphthalate, PEN) -2 2z® 713 ¢l A
2t on ) 43k @4 W (finite element method, FEM)S-
o] &gt 7|1A1A AlEE IS FE AE 7% SR e &
o] FRIEATHFig. 3b). HES /HEAR] ARER T

o

we ¥

(c) .

Fig. 3. Textile-based OLED displays; (a) Surface morphologies of fabric based on planarization process(Kim et al., 2013). (b) Finite element method
(FEM) simulation results of film substrate and fabric substrate(Choi et al., 2017). (c) Schematic diagram and cross-sectional images of fabric-based
OLEDs with multilayer encapsulation barrier(Kim et al., 2016). (d) Shelf lifetime of various kinds of multilayer encapsulated fabric-based OLEDs (Kim
et al., 2016). (¢) Schematic diagram of fabric-based wearable display module and its operating picture in water(Jeong et al., 2019).
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1% OLEDE 35000 cd/m’, 70 cd/A ©139] & U3 54
< gepgont, w8 W 2mmolA 30008 olel w9 A
3 olFol= ehgHom Bk Aol AUk

ol¢} & 7]%= ¢l8] OLED Axhs 44| &N A&
1

Sqe] o /1A% BHL A5t YA FHe 7t
SelARr 24e] 5 54 Aol glo] A8 BAHS

73 ek £3] OLED 2] 7]
EEHAS W GA ke A-st
= 237] W&o OLEDE 979 t7] 874027 E HE
sl BA 72 AE 7Rk dlofelE t2Eg ol Sl 2
2jolt}. A¥sh vHE (BaO) 22 4kt Z45(Ca0) HAXAIE At
23 f2] Bx)9] A9 OLED7} 878k 3 BEHEE vE
e 5 A el Bol EEHAAT, FElo] ditkel F
AA7] A8 B8 2 A4S a7k dojHE taE
gojoll= 28] offt). wehA olHdt TS Bk &
o OLEDE E3¥ 0% H3Esl7] 9gh A28 BA 7%
A= 3L JtH(Dameron et al., 2008; Meyer et al., 2010).
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= A4S 7 B ol JPARIE AR 5 Sl
TR AR YA 5 QU] gl §9E 7lER AR L
T TFES] 7x2e #7153 F7150] 7, e &
o] F71=dE AFshe FEe] 727t Bol AREAL )AL
kAo ol f BATME w9 &0l A% W
o] doe] A VIS A7IRR olS WX|she o] wit-
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A 71e& TFES Ashe 23 22 A= A 2ol A
EHA ok H2le frddtaL AEe] 7Fsd TFEZF A%
7]k dlojelE OLED §-2= 7ldso] 85w Qi)

I qko RS Adaty] flE dFrlE ASHETHALOS)
e dEEPVAR E vs e FA7F REE I
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Fig. 4. Fiber-based OLED displays; (a) An illustration of a fiber-based OLED structure and its photograph(O'Connor et al., 2007). (b) Schematic of
the fabrication process of the hollow-fiber shaped organic light emitting diodes(HF-OLED) (Ko et al., 2018). (c) Schematic illustration of the proposed
fabrication scheme on cylindrical fibers(Kwon et al., 2018). (d) Demonstration of fiber OLEDs hand-woven into textiles(Kwon et al., 2018).
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