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Abstract: For electronic paper displays using electrophoresis, the response time and reflectivity of the image panel fabricated

by filtering are analyzed. For the filtering process, a square wave and ramp wave are applied to white charged particles with

a unique g/m value. We divide the sample panels into #1 to #4 according to the applied waveform in the filtering process.

Step waves comprising two steps are used to drive the panel; therefore, we divide the driving conditions into D1~D4. The

applied voltage at the first stage of the half cycle of the driving waveform moves the charged particles attached via the image

force from the electrode, and the applied voltage at the second stage moves the floating charged particles by detaching. As

mentioned, four types of driving conditions (D1 to D4) classified according to the half cycle of the driving waveform are
applied to the samples #1 to #4), which are classified according to four types of filtering process. When driving condition
D1 is applied to the four types of sample panels, the rise time of #1 is 1.59s, #2 is 1.706s, #3 is 1.853s, and #4 is 1.235s,
resulting in #4 being relatively faster compared with other sample panels, and showing the same trend in other driving

conditions. As a result, we confirm that applying the driving condition D1 causes abrupt movement of the white charged

particles injected into the cell. When the same driving waveform (D1) is applied to each sample, reflectivities of 32.1% for
#1, 31.4% for #2, 27.9% for #3, and 63.4% for #4 are measured. From the experiment, we confirm that the driving condition
D1 (1s of 3.5 V, 9s of 3.0 V) and ramp wave #4 in filtering are desirable for good reflectivity and response time. Our
research is expected to contribute to the improvement of the filtering process and optimization of the driving waveform.
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T SHHAJALE BAKIAAM A Rsto] olnjxlg B T 7] - FTA 54 FAStIAL gtk
st} ol2fst tx e &R SN sPAUANY] Aot
O AFu|(¢/m)7F g3t o= npojla27s Yo
wAtElo] 9lon g HmHSHUAL sh= Z2 U olujX|E 2. AF 4y
T M SHHUALE YAl 2sAIAE > glen=
TFsAYol deshe AES 7HRAL Tt [4-6]. 2.1 MxY3 ¥ e =
WA= SipixAle] wjo]Z 23 xR H|RXF {LXR=E
ARG FU Ao = AAGH & BEYE 344 /A T 59 sHHAYARE A Yloll Fdsto] AR mjid
oF F/do]l g F FFY sHHUARIE FUAAA Al 2 ouAE AT 0 255k o YA &7 AIRE
Asto] o|ulAlg BHSH= fxolth [7-9]. o2fdt £ & ARTIHo] o I UAKAA ARt wef Hakst
2 7R BN SRS ¢/m A& Aol £ A = YRS Eot] EEY 2 7] "ol & Ao
of BHSIA} sh= A2 ¥ oJujAE FHAT 0 s AMe F FFY SHUAE AMEshe 7o) viEAlsH
UAFE Al R AIA F&8HYE 25 4+ A & 2 Ao g 549 vl giido] &= #iA QlA}o]
A2 7R It [10,11]. AU S S JXRe] 487t H s 1xHos S¢6)
OFAl g3t viel o] umpo]I27lay HAREoler Atk ojnf, WRA QIX}= o]l EfolEtE(Ti0,)e B
Ay AREol= A Yo £UEo] Q= SHIUANY  va sty &M Qxp= J1E EBal(carbon black)S &
g/m ol e} g /o] AAFHET. 2 ¢/m P  AE=2 st DEA-A 1x2 AlxstEct [18]. o9t 7
Ald SPAYAPE A Yo ol FElo] 9Jo® UjFo] o] A&sH ukAR QIAF= QFo] MstE w1, &M QA= S
739 Al gi-gsto] war 5sts SHAUAPE B o] Mste dr}. Jely EYst 54 SA: halocarbon

opfitt. &, YAlo] o] SHAUYAPT &5to] 29 oil 0.87} isopar MS E§styon, &3 v &L 1:2
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FSAY R SBARE 59 WE 542 FEARZ &~ A oot Ampdoz, MA
T} [12]. Active particle loading method (APLM)&= A 8}RIQA} 5 g, A% A o
ARG AAESolol A ol FEl= SR o/m F4 Al 1.5 g9 HlgR EEAL, =
WS FHAR AT 2 e Yoz 2 A4gol  uep o] Algu]E vistH wAl sHA AR SA
o ot 9ot [13]. W2e] ojujx 2 AEs] 9 ; A
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Fig. 1. Microscope image of the lower substrate.
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Table 1. Summary table of image panel and its driving condition.

.. Waveform Driving Half-cycle
Sample Filtering Voltage Cycle . condition
type condition———— —
a b
#1 Not - - - D1 Is 9s
White
#2 . DC 3.5V 10s D2 3s 7Ts
particle
White
#3 . RAMP 0~-35V S5s D3 55 5s
particle
White
#4 . RAMP 0~-3.5 V 10s D4 7s  3s
particle

O ok AAE L WE AR 1SRl vt
of wep md S4e wLsh] s APsts A
of 5552 e Zlolct. T3 20] 2ol wle} 2ol
WEO] PEUFL A YISOl H71GE]
delg Jto s 255l Hk oju), 27kx9] ABL
Soto] Wl S4e WU 4 ok A wAE AF
54 Age de] TERYS At A Yol &

white particle
* |

black particle
+

transparent fluid

electronic ink

upper substrate | | lower substrate

\l/

I sample

H driving waveform I

movement of particles

digital multimeter

Fig. 2. Flow diagram of panel fabrication and characteristic evaluation.

drift current change of reflectivity

Light emitting part

Y R .|
Digital multimeter i-

Fig. 3. Response time measurement system.
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Fig. 4. Image force and electrophoresis of charged particles.
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Fig. 5. Characteristics of response time measured by integral sphere for the samples (#1~4) according to driving condition D1~D4.

oA AASE M= =0 ulAl P QXS mE|xJst 7] Table 2. Rising time of white charged particles according to
ojm g STrA|Zt & A& A|7to|| thslo] 1ol aaEhA driving conditions D1~D4 for the image panels (#1~4).
£ vlusin). ASAI oA Agst vier o] Sample  Driving condition _ Rising time [s] _ Reflectivity [%]
FRAF0s Ecte WA sPAYAte] WHeks: &4 D1 1.590
she 7o olg gatel, ZF AEol A Yo Asl # = . 2.1
of Sl HA SR 5442 24T 4+ At = D4 3.492
25 71RO FExriio] g JSARME 2 MEER D1 1706
oA LERA Zlojct W gi zgz; 314

% 59 & 25 Aasty Z AlEel A Yo £ Da > 467
o] Qs WA SHRIIALY] 5442 vluskldt BE DI 1.853
AE2 AHR9 fEx0A 5%t FSAIRTol 52 0 D2 3.377 27.9
& AFge BN, o2 rEAUERTG 7EE DI = .
oA BE A9 dsAlRtol duidoz ¢ weat= DI 1235
e FIF 4 Qo o, 2+ AEY A Yol 7 i D2 2.147 634
ol Q= WA SHAJALY] ¢/m kol th2r] "izo] & D3 2475
gt FA YolA LAl eFote sPRYALY Aol 2 = 2
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sto] &AL AMeE7] 3 APLME #49] x310]  wlmatdle m A o] WAy sbRAE RAlo] whe
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A Azl gios o wacks 22 sl skt ARc AUGE Agstel Bide TEtE Aol
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wolAAl mde] SYAIZES NT 4 qick olet 2
of #4% #29F wZSlW WA SHUAE WEIYSP 1.2
dshA Qtske mEel AL 1/22 U 4 X
Mdel SYAZLE MY 4 At NUF £AYS  ANY FAF0IY A Yol FYslo] A HEYA}
o 4 gt v oade) 542 Agsts FA% 24 F shuolo.
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