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Abstraci: We analyzed various forces affective to the charged particles in closed space, to explain the
image degradation and lifetime-shortening phenomena because of particle lumping which is one of the
serious problems in reflective displays. It is possible to predict the quantity of g/m which is the most
important parameter in determining the optical and electrical characteristics, by calculating the image
force ani kinetic energy. For stable driving, the quantity of ¢/m must be in the defined range but it
changes during the fabrication process, so we added the filtering process to solve this problem and
obtained the well-defined nonlinear driving voltage coinciding with the threshold voltage. And we
obtained the fully-driving property which prevents the particle lumping and decides the image quality and
lifetime of panel from the optical characteristics and occupation surface of moving particles.
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FHo AGigde] e wel FPD (flat  panel
display) 7|2 ©¥2 A%Fg 3tz Jdem LCD
(liquid crystal display) ¥ OLED (organic light
emitting dinde) & AHE% T2 WEd ATAFAE
o] &3 Aol 2x7t FEa gk £¢ A
E#lo] Al%o] AFsAA H2 2 A7 AFFA 2
A Fojz = EFHAE faEF o] (flexible display)
ol 27| wHEn Yo 53] HAAFols FHA
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B 7|9 Hgo] Lol AByPo| ofd ukALY ¢
AZd0|24 £ H27t FHoj 7t5Ae] Fu BUA
A v2e ARE S FASHeY 2 LujAEe
7HA17] Wi Eol FEL wa Qth HAAFols REE,
kindle (e-book)®} #& AFo] EAHULH, AvlE
7}=, POP (point of purchase), ESL (electronic
shelf label) Aol FAHIUT. FF AAFol9 &
SEok2E X2, dyBad 8577 T34 2L
Aol FE Aol A Al Fo] 44T o AddHg.

AAFolo 52 o2 H7]19% (electrophoretic) EAH
o] o] &% nlo|aZ2EY, NHYAE (charged particle),
715+ (electrowetting), 44 (liquid crystal), 7]
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A (electrochromic)®4] Fel ew, 53 A
g dagdole ¥ Uz 94 FHo| JE
& Axe] wE S FHA FEHE HA
g &8 g2 58 (passive matrix) T+%¢] 7}
TohH, AR FolA BPoE XHHI e 7Y
A" (flicken)@4e] gl ZAx FE3 AHoz o]
|3 o [1-4].

3tH dAle gaFEYoe] 4AAE AEFHo] LCD
9 OLEDe| FEs&t1 97] W&o wAlg fAZy
olg] FEO|EE olo] 7|xstn vk ey ¥ALY
faZd ol RN A7tEE AAd s Hss

W At Moz oFake deldl o8 olvlx
7 94E7) e A7t FET HARRAA

olmlZAE FAste YA HRAH, AU £
g 3T 7 e B9 AV, ATE T2 WS
o2 #Hg3poof o], 53 HFHAHE AL%
A ALREE 7}3Rol obd ML jEez Fe
Ay ol EE 7122 HILHOoF o watA
7N E T d2Edole 7HF & EAA
2g AXHD e dATHes AT HFA% R
THEE e TEdEd 71xdd #43n 2
A E =3t do. =F Hde] # % A
714 54E€ ARsEd oA 7 F88 s
Hz EuH3 ge HE42 Ad72d AFS A4
dzke] AdatF o A (/m)e dFo JteEE
HojmA g

2. o@ UH
21 YHXEH AFEY

943 e Aee @ YAY 5L o83
of £YAFY WHEA o] AE FH}E FAY
Wy taFdoldd RAHed & ATdAE o
AYAY taFdold BaNE A9 FHER
2 wstuz B

2.2 TiMYUX}e] FEH2

fAAAY faEgols A% %2 FFrA3F, A
9] crostalke WA|E7] AT i/ FEA ] As5=
HAst= Aoz E¢MNU o 500 m*x500 m (cell
size)x150 m (cell gap) °lWle] F& F3tel FUd

WAYA7E S5 2 SFAFTE o] FIIEA AFAF
o FA4EY FEAFY W AR FEFEE
AL ol &3td ojmAE FAA dd. 2y o
AYA & ol RE EJL IE A2 9AT 4
FE 7HA R 7] Wi dAYgArt EF}e ¥
TE g9 N3 AL 44 ¥k g 2
Ao dAe 27 Hls A Fzke] FEFHF|
g Zhgstan YAt Fgde JE& =3dnA @
o.
wA A5 2 S AF FEste dAN 283
= ¥, & dAd o8 A 5L A He ¥
o it o A 93 FHATY YR EHA I
e olm A7t AREA Hed HAF e FAE3=
AA o8 dALYAE FFAIAXE XA Ho
qV=01/2)mv*, & (2¢/m) » V=1"022 BHEE.

7)ol A g AdE, VE ANAY, me A9
A%, 283 v FHO)E YA Fxolrt o] A4
A @ Qe urel Zol YA M Fe] EFE T
T AYL FolA, F, FF ALE FA 7] A8
Ae d4AY AddFe F7HAII= Aol uigE3 g
[5,6].

E3 dAYAE EHAY 2 FE FS 394
& (image force)E 7FAA HiedH F=¢/16mex’
E8Et 979dA Fe 94809, e FAE, o
E YAl EAste Aste 94 Az Aol
o] AolM HE upgt Fo] Ute] EAste At
58 482 AAY weM vEy fart Az
o F4¢ AR AFE nestd 45 o/m @
o] 4% FHAF YR EHd FFsgs 3, S
e Zde A 2y G4 AXE A
9] olux g FA e EHe MAEHY FAEE
B3lm v A AFeg 53i=d ag Yy}
0% 5718A Ho 5 Aol F713HA 8ok

ol o/m¥} FF HYS vHH|HAAE RAFE ¢
o] A3 witid = A#4E MALY. & om @S 2
A A Ao F7tetq FRF o|v|AE FA 3}
cde 3y 7% AL FoeA Ed =
g FdA 2Y 4 SFEEI FrHEHA =<
ASEYE £ dA9e] FFFo| F718HA Ho o
Z9] Z1AA &4 7tA&n [56]. ©#A o/m @&
< QoA B AE 2F nFsA HHsE #e
ZEA A ok & Zeojn}, 99 A& o]&sdE dfHS]
Zt7F wtdH HdFo g olFdted Ade Az, F
SEAIZo] AlitE e ol A¥HoER FHo| 7}
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3ttt mebA o2 d ARE o] &3d MHAE
Tz HAEY o/m &L 43T F ok 2} A
A =Fo o]Fo]Aof 3}7] o] B dAFqAE
o2z 43 3% A72 YAS A Fo)

A

23 YNEE BY

St Aolx B2l vie} o] ArpF e diF A5}k
(@/m)e] ANH AL EFANUA I F74sHA 5o
B A5 T g2 dAete] FAHFo] FUtEA
Hi ols YAt FESEA diddAe] FHo A
7vet A 47tsEle A EAQU CCA (charge control
agent)7} o|€3A ®ol. CCA7} olgsdiA Hd Uzt
A& FA g/me] FF3A FHolA A v uwehA
AolA =3 oA HQl uie} o] $FE F7] H
dqAeE & 2F AYS gz &4 €9 (78]

T3 Fojx Uzt CCAE 4 Wi &84 =He
d g2 g7 38 ¢+ us 2 o/mE 7R A
gol A 2 EFAYUAZ FF0|A Hol ®E ¢
g FTEEL I HAY dE dRE EAAZAA
A3 YA =gdd FAF Hde JH AT
B S-S dEeA g o] FAe o3 YAF
A e uel dv|3 AHRE 19 19 2y

Fig. 1. Photographs of (a) nonlumped particles and (b)
lumped particles.

a¥ 194 (@€ 2L 54 713 dddze 4
o AALL A B A¥A Aoz YA B
€ st 2] 239 o g A= A2 e A
< ¢ F o 24 A7 FEA g3 AH
2 Ar1Hez &A% B dAE (WA 2
9 Zo] Miz SAA gt o] YAFHL WAl
AS434e] S & ol 22 SR FAE
d8e 44 EhEq. ol ¢AM HAuE }HEA
(CCA)Y olEdA 7]ddes Aoz fALH™ B

Aol #FE v o oY F FE T TS
GAT gk ol de Adol Hdo AMHUE 9 o}F
#HZ Azl dojuy FHEZEE 4 we o/m
gol A HopHA F FE 8olA B uig} o]
SHEE AAE ol8ut FEFY (breakdown)o]
BZEG [8] olHF AATH YL Hde F£HE
GEA7E Mg FLE olfolth wety dAE
AR IEA Tl FAEE AAdET] AsA
T TE Aol Holof 3 FF AgAA EE oA
A27E Ao BAstEE o] 84} fully drivings ©]
Folof @t RE A7} A2 TF HAYAAM T
Aol 88t AL #Hde] FFEHE HHNE & of
etk fdate] SEAUAE F2AA 4] 7144
& % JAFH S BA = AR Ao

3. d% ¥ 1

HAYAL AZFAHANA olu] g/m 2 FARA 23
44 X9 o/m#e 7k dAdYAE AdsA T
olF A g3 EF2 Hde] FYdt= FHA 3
Aztel EAge A3 ¥eA do. g HF
Aoz A JFd FYHE dAE 449 o/maH
0 &2 7 T A% w"HA £ dFdMe JF
TAAAM PR EFH FIYF T2E WEA o
AE FUsts FHE Aoy o] FA o3
e EF I FA A 71AH R A7 &
ol FhHen 29 24 AFEE Rk

—= barrier rib

t—— ITO

substrate

Fig. 2. Schematic illustration of particle filtering method.

a9 2¢ & 4744 HET AAFY AHE B
A AR HdFEE Y 9 E7|dHd AYE
W2 XSS aspect ratio® JfHEFE TERE HEL
A [9]. 35718 dAE FUF O AF Z
ol AHGE AvMEtd A Aded dRrise=z
T YAE AYIIES 3= Wyold. o] FHL
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Fig. 3. Schematic illustration of particle putting process
by filtering method.

(HAsE d AAA 4R o WP £ &
FAo| o uid] W] HAE AVIEIY (H)HI}E
| 84 g g3 APF F F 7|RS §FHEY
el A ST B AFAA ALEE dAE
M3 AR Az AF ()L 10 meli, g/m
45 uC/gel®, AH8€ 39 A Ato|ZE 150 imx150 (m
ojt}, ¥¥H A 7tA L AHo|ME EFEY 120 mol
o Az gA3E AT AAE 02 V/imE AHE3HA
on o] AANAN SF3A & YAE 20% °l3A
ot fdAke] "HHPS AA #HEHd FA" FEE A
g8gen, 2 F4& 129 39 B4tk 2dAAM B
= uis} o] AA HIE AZFsts FFLE doEty
HeA FAo| nsf BN ZF SEE AHEst] oo
2 AZHE 83 AE FeY EF T Vs
Hade A= A4 Ao L aspect ratioo] ©] 3
Ayl Fo| Ao g A3y WEd AF& A
Aol o3 Bt EAo] 53t} [T]

UM AE3 o/mFe EdYSt FEE M 4F
7} F48 94 A 2E JAE 757 HHA
B AYE A7EA Hed o] AF 4&A FE
o o FHALE ob7IEHA & £ ol AUHLe
2 22 %Y o/m YAE 2L AT 3 0lA
Hol FHAUYE BEHIA sted oy #AE
Bl AGEA £4387] g8 FEAFe o £
AsteE Pz AR BHE Frise HES 83
aok [10-12].

4. d &

Azte]l WEY AIFAE EAS] f8 71&9 By
£ o] g8 YAFY FAHL H &3 HdH £ =&
9% F¢ AL A4 A FHEAHE A3
Qo 1 A¥FHE 1Y 4o B o IHAA F
2 %2 sub-pixel®] WA wiste] B AAIT AHA
e WHg WES2 Ued Zojth 4 AR
AR 93 duj4e 28 A3qA A4 IR ¥
e AAL AMNSE Z2aYgor 7haEd ¢&
4 glen Avel WAL AT AA sub-pixeldl
3 gate] AH dHE Yehyr] ol vty o
2EZg oo FAsE AAE Frlst=d A §EH

o] Wwhe HAAA Qlzte YA E vt 2w
Hog A" [13). 2¥dA filled rectangle o]
HE B 479 ¥HY FALE 42 Aol9 empty
rectangle Hlo|EHE TEHH S AXA % Aot} o
g B dFo) o3 FA (filtering process)?]
B A0V AEAAN AL BE YA7E 8431
Edded o2 AL FAT F U "EHY F
Ao olsjA ey A} oldtellA AU dAE v
g AAENes THY AdelA B4 dATHE
FHA7) & o] FAHA o8 FULE HAE TF
Aol Mgt FH ol AR o|FH 40 V o]t
A ol UAE AY flov o AYAA A9
BE AA7F S ol o] 24} fully driving2E H]A
g EMo] Tt F, B AYgH 7F ddel A
9 AT FF Age] HAZR FPHAUSG. o] 3
$ 40 VE g 35 3 9 ZA ML
o}

80 ‘______..-I B
] —_— O
___—-D-
p—— 80 4 U 7
&
3
40
<
20 H Filtering process
| O Non-filtering process
0

% 4 % & 70
Bias voltage (V)

Fig. 4. Comparison of two particle putting processes.
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Fig. 5. Movements of white particles by two particle
putting processes.

38 HEy FAES AHEdA ¥ FY TA
(non-filte-ing process)© 2 A zZt€ sjde H¢ +&F
Ae Aodt7]7F oy A €t side +¥9& 1y
3t 50 V2 FF ¢S A A+ 19 58 =X
3 o)A &L A HY FF L HLIS
735l wls] 20% old EAl87] Wl BIFEA ]
g2 slz] e A dd. dAdstE uwiel ol FF
AgE 60 V ojdez AE A o] A7)
o 5o kA A uie} Zo] A HEFH FEO
o)z YAFHel o) sjdgEe] A dHEY. o
e 30 VIA 58 AFee vud & g9
a/m& 7H A7 FRAN S FEIL

ol doll - BQl YRk FFo] og FEHS H
nZez #FAsFey If 59 Btk THAA
34 AA7E AA 3 "HAHE AL A dHY FF
& A Fe FHde AS A 4] H{EAL
(a)oll B2 upe9} o] 503%A e HE Y FAHE A
43 e (bl Bol wpe} Zo] 706%Act T
e 2 8 Z$ 203%2 W3 271 AlET ol A
8 BES dioddlx] e YAk HF WAL v
& WkAL&of b gt

Axx oz ey o o YzAFY FAH
F7I2 AYAE d2FHoldA H474% ZFAE A
718 E4U F9& AT F gle Hies wd
59 ol ¥ 75 AL fully drivingollA 7]l
e gdstad.

ALY f2&dol9 M  EAFLE AFHHI
AE YAZHLE AT AAFH} L FHEHF N
£ d9gstz] A #AAQg F3bel EAEE AR
o gt P& EAEA FF ALY BAE 2

gov, 9gest £5AUAE ANsel Ao #
&% 4714 54 Agsked oA A Fad
stetrlelel A AR o/me AFE F 9eE B
ek A Wl EASE UAe dmpe AR
Mool glojok stk 34 Fol 1 gl Wetmz 1
&2 Q4 ) A "HY 3R FrAL
o 2 A3k 75 Age] MAYLE ofFold FEA
3t Al A STk T AL BT 5
& AR ARATHE PAM S fully driving
A% 4 Uee BUSH L LFAE YA WeE
w8 gelsgn.
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