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Investigation of Voltage Holding Ratio of Twisted Nematic

Liquid Crystal Displays

Student: Chih-Hao Kuo Advisor: Dr. Kei-Hsiung Yang

Institute of Imaging and Biomedical Photonics
National Chiao Tung University

Abstract

lon concentration is the most important parameter to affect the
display qualities of liquid crystal displays. Prior publications on the
measurement of ion concentration did-not distinguish ions either from
high- or low-ionization-rate impurities. In this thesis, for the first time, we
have developed theoretical model for the ion generations and transports
for HIR (high-ionization-rate) and'LIR (low-ionization-rate) impurities
within a TN cell. By fitting our experimental result of the measured VHR
data to the theoretical model, we.have obtained ion concentration and
mobility for LIR impurities withinthree TN cells made from different
alignment layers and LC mixtures.

The results of our investigation about that most of ions excited in our
TN cells came from ions of LIR impurities owing to the maturity of
LC-panel-manufacture technology and the usage of high-purity LC
mixtures to reduce the HIR ions to a negligible amount.

The theoretical model developed in this thesis can be properly
expanded to deal with ion generation and transport in the alignment
layers of a TN cells.
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V() = = [} Epra(®dz = [, B (®dz — [0 By y (D2 (2.16)

dpr+drc

1 11
aét) - [_ dpippr(t) + —=dicprc (t)]

V(t) =
© C, C,2

= Vi = |z deippi(O) + -5 ducprc(0)] (2.1.7)
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e e
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= [C_e opi(p) (t) + C_egaLC(b)(t)] (2.18)
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Rate equation :

+
dt
dp;(t) UE(t) _
= =——=pc(®) (224)

o i o A A R H E() BRI Eapy B BT F PP

éj g: B Eion(t) .

1 11
E(t) = Eapp - Eion(t) = Eapp - d_LCVion(t) app d C dLC (pLC(l) pLC (t))
1 1 1
= Eapp — - (Piew = pic(®) = (Eapp — 2-picw) + 5 pic(®) (2.25)

Flad ~ Tt RN T AR L W Flpt T e Eu

B34 o F AMS S (225) BAGES (223) #T @D

(2.26)-
dpfc(t) 1 1
L = L (Earp — ¢-picwy) + ¢ ple )] pic® (2.26)

3
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1
Ce

13



Fpt N3 (22.6) F UL TSN

,
LD = —Ela+ bpicO]pic() (229)

W3 (229) EATERET LEHAT (2210):

=

dpfc(t) = —=dt

[a + bp;c (V)] pfc(t) d

1 + _ N
I la+bpfe®]pic® dpic(t) = | 2%t (2.2.10)

3 (2210) F oenfh e s o gEd TR R

1 m n mla + bp/c ()] + np/c(t)

[a + bp/c(D)]p/c(t) B prc(t) Y [a+bp/(t)] [a + bp;-(O]p/(t)

d ma+[mb+nlp/,(&) =1 FFE ma=1 % mb+n=0> 7

, 1 . b . - Y
=3 m=- 1% n=—Z°w}1m}"— i+ (2210) v &d

L"E‘IJ‘

>~

FEEDNS (2211) 2P C 4o € LA 2 lhdk o

. 1 _1 1t b 1
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11 b 1 e [ K
] lapzcu) “alat bpzc(tnl dpic(t) = f a

a3 (2210) ¢
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pic@® T la+bpi (O] T d

1 uat
In[pfc ()] - bEln[a + bpfc(t)] = 4 +C
o (t at
In —pLC(+) - -= +C
a+ bpic(t) d
+
prct) _ L« —”at/d
a+—pr’C(t) = C*e (2.2.11)
Rox A= dniE 2 pfa(0) = PZc(i) fo e fFEA T RE
+
* PLc(
70 (2.2.12)
a+prca)
TP (2211) BFREVRET] pfo@) 40T 5 (22.13)
+ . —Haty +
pic(t) =C"e dla + bpc(t)]
1- bcre=" a] piz(t) = ace™“a
“—at/ [ pZC(l) ]
* 5 * a * -
L) =ee 2o e e 2.2.13
prc(t) [1—bC*e_u Yl e R PLca) ( )

[a“’PZc(i)]
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a+bpleqy = Eaqpp ~38F (227) 12585 (228) - Az » 585

(2.213) BRiFis > *7 £7E7 pia(t)

1 1 4 1 +
% (Eapp - C_epLC(i)) N 3 1 CeEapp pLC(l) .
pic(t) = uat 1 . Prc() = | pat 1 L |PLe@
e 'd-— CoEupp PLc@) e CoEupp PLc@)
H o pFRFF # d d
) ~ B8 i L T - - = 1 + °
pa “[Eapp _(;_epLC(i)]
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F_L
<
I
Py
=
55
"

Ed P T R BRI hr - f A
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1 +
I CeEappPLe ] | »
pic(t) = [et/_r_ T o _]pLC(i) (2.2.14)
CeEqpp’ LCW
1~ hPLCG)
" CeEgq LC(i P
pEC(t) = [ t 1pp — .]pLC(i) (2215)
€ CeEappl LCW
, d
BoYpEE Y T = o

“[Eapp -ciepfca)]
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Rk jz’_}%lj’j 1\%5’5"/”’ ch(t) ;}-‘%'-E’T ™ Gb(high)(t) 5”?‘11135\1 o

O-;(high)(t) =dc [ch@ - Pfc(t)]

1 +
I CeEappPlc | |
=d;; lpfc@—le%_ T ],OLC@] (2.2.16)

Prc
CeEqpp’ LCWD

Tphigny® = diclpicy — pic®)]

1 -
; Ceap?0 | - 2.17
=d;c [PLc(i) - [e%_c E1 e PLc() (2.2.17)
etapp
d
HYe R iE#k T= o

1+
/"[Eapp‘c_ePLc(i)]
Aot — ko Bt g Epe s B R skdEcpts 0 T R B RS A
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MARH S AT B 4T N5 (2.2.18) d F iR T L A iR

FHI ¢ FFFRYPoL L gk o Fet 2 F 2 4250 rate equation

-

A S (2219) B Nk d A S kR Bl O/ o
o fr B A ulR A FLL Gofza e pf(t) 2B ER
Ay C/m3 Doy LEBE S H mz/V*S ; E(t) Bl VHR
BIRIPE T 7 0 fa K R o R BT HBEE & - L ER
[ QEI T

1.2 gpewk o

2. pie(®) = pic() = pre(®) -

3.pc®F ¢35 AFHF b w bemgps o

4.RRERG P AHT BR S 0 (©) = dic (Pl — P ®)

+ Y 2o 5k
'-,E! t‘ ch(l) - Z‘ '&\T’I&)—i °
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Rate equation :

+
2le® _ g, ~ alpie(OF —22 i (1) (2219)

(E% i o A ePF 2R E() ¢

1 1 1
E(t) = Eapp - Eion(t) = Eapp - d_LCVion(t) = Eapp dL C, —dc (pLC(l) pl:FC (t))

= (Eapp = - Pie) + £ pLc(®) (2.2.20)

BeilF(2220) 7% » 583 (2219) 5 d e P03 (2221)

dpfc(t) 1
gi = BNo — alpfc(D]* — [(Eapp cha)) + C_ePZrc (t)] pic(t)

2O — Ny — (o + L) [pe (OF =2 (Eapp == pieo ) Pic(® (22.21)

3 (2221) §- BAERPEA AN > F0 RERNF LG
% - Bl HIT o MAEFTEE - S YE) 0 yO) fr pl(©) FBE 5
e (2.2.22)

+ _ y' (@)
prc(t) = —(a+$)y = (2.2.22)

P43 (2222) peA v @RS (2223):

dpte() _ V"0 (a+gig)y (O —(a+g )y OF

” [(a+_)y(t)] (2.2.23)
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N3 (22.22) frs8F (2223) Aor S (2221) ST | E
2 g7 @R+ (2224) -

v (a+ ) y© - (a + 5 b ©F

(o]

2
© ) ©
= BNo - (“ + %) [(a +yC;:_;) y(t)\ - (E‘””“ - Clep“(i)) (a +ycf—;) 0!

AR [(ard)yo]

@ (a+ 2)y@ = (a+ 2 b = | (a+ L) y0)] o -

(“ CZd) ' ®F - ( avr — 7 ch<)>( )y(t)y (t)

@ (a+ 25)v@ = [(ex )@ o -

g( app’ = CiePLc(i)) (“ @) y(@)y'(t)

LR L R (R Ok

y"(©) = (o + gog) BNy = & (Bepw — -p1c0) 7' ©)

Y@ + 45 (Eapp = 1 ple) 7' (0 = (@ + £5) BNoy() = 0 (2.2.24)
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SR #Emn Bk 38(2224)° e E(Eapzo—cielozrc(i)) * (a+$)ﬁN0 ,

d
Ui
m = %(Eapp - Clepz-c(i)) (2225)
n=(a+ C’e‘—d) BN, (2.2.26)

;%gsi Al iz (80 38 F (2224) 7 101 2 - SLadpies B fl
4o 8 (2.2.27)

y"' () +my'(t) —ny(t) =0 (2.2.27)
£oy(t) =eM & r N3 (2227) T A E 2 1w @] Sk

y(t)

y(t) = e (A2 + mA —n) =0

A2+mi-n)=0

L O S
S22 Tme TR
2 a bB’»AP;\m—m'fr’m’1+4—n’?ﬁ:
2 m?2
m u 1
a=-2=-L(E-2p}) (2228)

4(a+$)31v0d2

_m an_ _ Lt
b= 2 1+ m2  2d (Eapp Co pLC(i)) jl + [“(Eapp—cipfca))]z (2.2.29)

21



% ﬂ—b ’

y(t) = c,e@*D)t 4 ¢ gla=bt (2.2.30)
y'(t) = ¢;(a + b)e@Dt 4 ¢, (a — b)el@b)t (2.2.31)

Hiheprcp » ATkl

B3+ (2230) feit 3+ (2231) 0 (2222) ¥ BRI TN
(2.2.32)-

y'(t) _eia+ be @ e, (a — be@ )

a+ Cl:_d)y(t) - (a + &) crelathit 4 (a + Cl:d) cpelaDt

pic() = (

c;(a+ b)e’t +¢,(a — b)e Pt
K bt 4 ~bt
+ + (a2
(“ Ced) 1€ (“ Ced) C2€
_ c(a+b)+cy(a—b)e?

(a + %) ¢+ (a + C‘l:d) c,e2bt

+p_2e
pic(t) = — g 7 (2.2.32)
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4a+ig)BNod? /2 (2.2.33)
[“(Eapp cePLca)] B

d

T=i= 1+

2b #(Eapp _CiePZc(i))

1 1
a+b _ E(Eap—grlo) +#(an‘c_epfc<i>) L (a + ) o
Pr="TH T u u z
“tga  2fevdg)e 2(avdy)d [ (Eano ~ P
2
M(Eapp_cipz-c(i)) #(Eapp_cipzc(i)) BNy
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2(“+c 2)d 2(“+ﬁ)d ( m)
1 1
a—>b u (Eapp - C_epZC(i)) u (Eapp - C_pITC(i)) 4 (a + &) ﬁNOdZ
@+ g 2 (a + m) d 2 (cx + Ced) d [,1 (Eapp _ C—epZ'C(i))]
2
M(Eapp—cipfca)) P‘(”"vtm"ci Pfca)) BNy
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+ o
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=dc
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(pZC(i)_P—)—(PZc(i)—P+)e_t/T
(2.2.44)

25



Sk
T

d 4(a+$)ﬁNod2

EE T
T /,t( )

app ¢, PLC()

_1/2
1+ ]2] (2.2.41)

[“ (Eapp ‘ciePiLC(i))

2
= K{Eapp 2 plc) #(Bapp—z;Picm) BN,
Pr =~ 2(a+$)d + 2(a+%d)d + (‘H%d) (2.2.42)

dogt - koo R R fRA & R R dR 1S 0 T R iR R eh
Z ARl o BNo s o BT U E R MRS AT Bk & K g

kB preq ME L VHR 2RI F 2L 43 B8 5 e

26



FzR REHRFA

I

3.1 % %2

LabVIEW i% 41

AREA B

J;{ [Vo: e mwmxs |

Vi AER

T

[

R AR

Bl 3-1 VHR-B |5 %% H F]

\oltage Holding Ratio (VHR) & /7] :
REKA
(1) VHR p W ERI&E
(2) %4 4 £ (AFG3021B)
(3) =T B
(4) % &%+ £ (HA800)
(5) &% (* LabVIEW #4284 4 %)

27




S [2]4c W) 3100t f BRI R B A ¥ s TFT B M e
BORERE B PR B BB R VGt R e 22 LS
(ixHp 5 4.0006s) > #% ik Vo B & 0.3ms T 2 2 AL VgL 7
oyt d Bas i g F (AFG3021B) % A 24 o et
AHLe sl A 2 B g Ha o Pt R 0 LA R B E eofe st Rl -
BFP s 3 BrREA TR R FAGA 2 ﬁs“éﬁ%] I g & R B

R VG 0 @B~ 2 LUELVG R s A 2 Ben TTL U »

O

WELA 2 B TTL 5L 6 L F fy UL eniE h 1 e b

-
M

B AR E R R U RIG R AR Z 8 ke TG

SRR R A P Flt g & TTL A5 — 3 B2+ £ (HA800)
kR asahin £ (offset) edRtgge R o T F TR 2
BB R Vg 2 ﬁi%] 2 3 AV B s om Sd B ITY 2
LBVl ~ 2 - FRIRSHE Y RS LT - SRR R 2R
RSN A= R I LA g - 1 gﬁl»;wfﬁw— P AL ET - H

A E PR TG - Tfgrck B2 OPA S OPA 2 fij i

R SR -

28



v §_ % — B frame cycle z_ {5 #r 8 | 3| HBl A5 & A 59135 & %17

F_‘~

PSR Aot GHEIEE PR S R A AR D FL R P i

SFIRs e d okt 2 bR o

5

Hy

UL 4T fre s £ % T

§BBIVHR ch BRI - 27 A HE® > A pEsE s - |

Pl

frame cycle s & B2 X T 5 ~ 47 ikdy > F]PL & Jf ¢ * LabVIEW ¥
FlEL A 4 BR A 4 —- B single-pulse m%?J >R %’%t“ R R T

% — i frame cycle «n& ip|B 7 -

29



32 FE%AHT

d VHR 08 B2, 7 L E D Vi, (t) e A54rR] 3-2

4 Vion

—

B 3-2 Viegn(t)r &35 7 & B

CEEEEENMORE IS Bl S Iy

Vion(8) #0124 5 21 o 18 FRAR TR - 44U 0101 T 2 33 R

| | | |
W |
i i i i _.,i TRABLER
— e 1 aspsaraaats
(ot : o
] M
)t |G by by

Bl 3-3 %~ 7R

30



o

TR 334 5o FEF
BRI ER A - TE O FM
(e N FRERE - FHEE A
%ﬁﬁﬂfﬁﬁﬁgﬂﬁfﬁﬁ&iﬁﬁrﬁigf%t o

§ Vien(t) frd ~ MpRgpd g orig & 2 B el (o 7 A

TR kA

Vion(t) = Vion(low) (t) + Vion(high) (t) (3-1)
Bk PR EE ¢ 2 18 B RS AES o 2NplE R o A

HigF2 R & - FRE > Tt (3 L) 7 e B =7 54 (3.2):

Vion(t) = Vion(low) (t) + Vion(high) ?

t>t* (3.2)
g3~ MR F S g R AR A %ﬁ%ﬁ‘*‘,&’” o BjE- 2 F

Selchy ¢ A LSS R R TR Y - A g R -

T 0 E 0Lty b ATEA R ERTE  d T A E T @ 5

Eay
BRI B3 (33)0
Vion (t2) = Vion(t1)
= [Viongow) (¢2) + Vioncrigny| — [Viencow) (€1) + Vionrign)|
= Viongtow) (t2) = Vion(iow) (t1) (3.3)

31



d % - Feh8F (2243) ¥ A > MfREE S A iR iE ¢
chk4r#cd 238 a~BNyg~y > FILEBREEA BAF UL AR
ol o

ERfe AR AR > T ERNF (34) fest 3 (35):
Vion(t3) = Vion (t1) = Viongow) (t3) = Vion(iow) (t1) (3.4)
Vion (t4) = Vion (t1) = Vioniow) () = Viongiow) (t1) (35)
30 BN R TT AR MRS AT bk R R A
FoEFLAT A FRLTT RN Vienhign (®) ° &M Vionhign) (€

2 TV E BRI EI kR el I oo

32



33 FEEL

AR RATER DRSS F 2T F R kY 2 AR S £

®& o VHR eng plik it 5 0 28 T > charge time 0.3ms - holding time
25 thAv R - R NR K ORR TR UT 5 2 R KRS DT
Bl R qrigd fRiTiE R b £ 4 R R 2 VHR £ R g

F B & o

—~

331 HE1¥%2%

Exen sy (F) 1.36%10~°
cell gap (pm) 3.72
cell area (cm?) 0.9909
%31 #H&1 582
018
015
£on
E'ctcrs
E s e yperimental
- 008 = = ideal
003 w
-
0
0 015 05 075 1 115 15 175
t(second)

B 34 #&1V,,(t) F5%&2E%H " iR

33




Bl 3-4 5 15 1 e b o d 1349 1235 5 19 5| am s b S0
P o B R RIS LRI D Vi () BIEE 0 A BRI P

d 24 2@ D] nBch B o M E R L Sl AT R R

L

U5 A NIRRT DL BT AR plegy B

m3

ol ? |} 2
YRR B 38 5 (m /V*S>

MAREL T A 1.99852 %1018 1.3721 % 10711

G R S i E LY

%32 H(hEFlzitids

34



332 HR&E2FHES

B2 cht flicheT 4 33

2% % (F) 1.395*10~°
cellgap (pm) 3.667
cell area (cm?) 0.9909

%33 H52 2ki

s yperimental

Wion (Volt)

= = jgeal

0 0.25 03 073 1 125 15 175 2 225
t(second)

B 35 2 Vip,(t) 7 %H2ITH " 5@

A% eh > B 3-5 5 5 2 o SR BchR s 0 fR TR B @ 5l
W MU E B P R AR SRR E I Vi (8) BAEE A

Foa QA RT3 9 T Ol B 0 Emt B B R PiedeT™ & 34 o

35




P

an # I {2
WM OERE m3 = @f?—?(m /V*S>

fRap g | 3.97519 = 1018 5.2297 % 10712

r’g ﬁi;ﬁgﬁj T:Q’B:-} > EIJ ;E eI ﬁ,.‘; ,‘:;J.

%34 H(F22378E%

333 HR&E3IFTHRES

B 53 1 ficdoT 4 35

$22% % (F) 1.48*107°
cellgap (pm) 3.94
cell area (cm?) 0.9909

% 35 #53 52hi

36




0.1

015
£o012
3
g ' s g yperimental
-l = = igeal

0 0.25 05 0.75 1 125 15 173 2 2125
t(second)
B 3-6 th&3 an(t) 2 L omt R

@3 6 =) ’H'\r-r'?) mﬁ,%ggy;;ﬁ?bt’ s d ﬁq;‘%ﬁ-ﬁ”""-_r: IJmIEV v ‘ﬁ“‘ ﬁ;{

B H BRI

2
3&:’&
i}
.
m‘

53 Vipn (8) B B > @ 5 A3% 4 B Ed

fRIT R E Dol B - Bih B R o™ £ 360

U ? o [ m?
Bk R m3 %*ﬁ‘ﬁ'ﬁ‘(m /V*s>

MR S 2.848 1018 8.679 x 10712

37



A F et VHRER Gk frinh 7 ond ~ Mjagpsag
FofF - AT U AR RE 2 e o 4 TR NR S iR TR
A ¥y 5 % - (first frame cycle) HB25 % > gt g2 v @
LAY EES T EEN R > MEREF RS & VHR £ RERY 2
FRATHRAISS o FRd R BBy~ JRATRN A A TR RS 2 o A

TR R R £ R MR TS kR M 2 B VHR 2R

A KA P TG A itk e TR A N B iR R TR
Fot kAN T F TNLCD i fo S fhendi— B4 5 -3 0 ¥ v jhd 237
FREAEATZR-HR&ERKRERET ERfrdp+ BB F DL BN
KB R+ BRI+ BB I B ER 2L TR 4 2H2 ¥

IR HA o B g i R > T Rdp e kP g R R

frt,

SRR VLR

LRER T RERFE {7 RN gt

M

EREH # & o

38



SRR

|4
{

[ 0% 33§ isc b din d £ $ ekt 2 B | B2 -

B dAe s AFALL ES T

[2] K. H. Yang, “Charge retention of twisted nematic liquid-crystal
displays”, J. Appl. Phys., 67, pp. 36-39, January 1990.

[3] K. H. Yang, “The investigation of image formation in a large-area
solid state x-ray receptor with electrophoretic display”, J. Appl. Phys.,
54, pp. 4711-4721, September 1983.

[4] T. C. Chieu, K. H. Yang, “Transport Properties of lons in Ferroelectric
Liquid Crystal Cells”; Jpn. J. Appl. Phys., 28; pp. 2240-2246,
November 1989.

[5] Nobuyoshi Sasaki, “Simulation of the Voltage Holding Ratio in
Liquid Crystal Displays with-a Censtant Charge Model”, Jpn. J. Appl.
Phys., 37, pp. 6065-6070, November 1998.

[6] Takeo Nakanishi, Taiju Takahashi, Hitoshi Mada, Susumu Saito,

“Transient Behavior of Voltage Holding Ratio in Nematic Liquid
Crystal Cells”, Jpn. J. Appl. Phys., 41, pp. 3752-3757, June 2002.

39



CO

MU G A ¥ 17 & 2010 International Conference on Optics and
Photonics in Taiwan 2 %2 2010 * Rz i L85 € & € T3 ¢ 3
# 1B e = “Analytic Solution of Phase Transfer Function for a
General Twisted Nematic Cell.” ( “— #5d= & & 73] % 8 2 4p i 3% 3

feeniR TR ) -

40



Analytic Solution of Phase Transfer Function for a General
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Abstract---Analytic solution of phase transfer function for a general twisted nematic (GTN) cell
has been derived. The solution can be applied to analyze data obtained by Heterodyne interferometry
to derive important cell parameters such as cell gap, pretilt and twist angles.

Keywords: phase difference, Jones calculate, liquid crystal cell parameters

INTRODUCTION

LCDs (liquid crystal displays) become-dominant from small=size mobile to large-size TV
applications. To optimize the display qualities of LCDs, it'is imperative to obtain optimized cell
parameters such as cell gap, pretiltand twist angles."Recent publication [1] indicates that, by measuring
the retardation of a GTN cell rotating along its cell-normal-is;a Heterodyne interferometeric system. All
the above three parameters can be obtained by fitting the experimental results to the calculated results
by numerical computation of Jones calculation.in-a-computer.[1]. This paper presents analytical
solutions to replace the published numerical computations of Jones calculation for faster calculation
with more accurate results.

THEORETICAL CALCULATION
E,el?
Assume that the polarization state of the incident light is <Exei¢2>’ whose phase different
y
between two Eigen modes can be expressed as (@, — @,). After the light passes through a GTN cell,

. o . Eyel% . -
we obtain the polarization state of the emerging light as (E’f o ) whose phase difference & is
e 2

y
(@, — @,). We can measure the phase difference 6':(8' - 6) by a Heterodyne interferometeric

measurement system. If the polarization state of the incident light is (1

0)’ and after passing through the

L o . E,ei?t .
GTN cell, the polarization state of the emerging light can be written as (Ef‘ o ) the phase difference
ez
y
of ¥ = (@) —@,) should equal to 6. In this case, we can carry out the following theoretical

derivations.
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We choose (1

0) to be the input Jones vector to incident upon a GTN cell with arbitrary rotation

angle B, we can list the following formula to calculate twist angle @ of a GTN cell as shown in the

Figure below.

Exit LC Director
[ : the angle between the entrance
LC director and the incident
light
¢ Entrance LC Director @ : twist angle
) fe > X-2XiS
Entrance Polarizer
Our output Jones vector
ELel?1
E}’,e”"2
= I'sinX sin X
_ (cosB —sin B) (cos ¢ —sin (z)) N = _IE X X ( cos P sinB) (1)
“ \sinpB cos 3/ \sin @ cos.0 sinX A'sinX [\—sinB cosB/\0
-0 cosX + i
X 2 X
I'sinX sinX
_ (cos(s +8) —sin(B+ o)) NP 273 (> B)
~ \si + + sin X [CsinX |\ —sij
sin(B+@)  cos(B + @) 0 cosX 4 i sin 3
X 2 X
. sinX T sin X ) ) sinX I'  sinX
cos(B + @) [CosBcosX— (Z)smBT— IECOSBT] + sin(f + 9) [schosX+ @cosBT+ IESInBT]
- ~ sinX T sinX _ sinX T sinX
sin(B + @) [COSBCOSX—@SlnB——l—cosB ]—cos(B+(25)[51n[3cosX+(Z)cosB—+1—smB ]
X 2 X X 2 X
( X O+ dsi msinX) _(FsinX 542 )
_ cos X cos sin X i > TX cos( B)
- ( Xsing — @ @sinX) _(I‘sinX_ 642 )
cos X sin cos X i X sin( B)
M2
Which X = [@2 + (E)
I' = 2ndAn/ A
An = ngg — ng
Nelg

> ne and n, are the refraction index of extraordinary

Ner(0) = 7

(ne sin 0)2+(ng cos 6)2

light and ordinary light respectively
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0 is the pretilt angle of the general TN cell
A is wave length of the light

] )r(em’l
We can rewrite .| as

Eyel? Ey y
derive.
sinX ['sin X
Beie’ (cosXcos @+ @sin@® ) (2 < cos(@ + ZB))
E sin X I'sinX

y (cosXsm(Z) @ cos @ X) (2 ——sin (®+28))

['sinX

[(COS Xcos@+ @sin® sin X) (2 < cos(® + ZB))] [(cos Xsin® — @ cos® sin X) (

Ex i(01-02) = ?eie ,and then 0’ is the phase difference we want to

gSI?(Xsin(Q) + 2B)

)

[(cosXsm(Z) (Dcos(DSl;X) (g Sl;Xs' @+ ZB))] [(cosXsm(D @ cos (D <

Leta—cosXcos(Z)+Q351n(Z)SlnX b=- [sinX

sin X F sin X

c=cosXsin® — Q)cos(b ,d=

cos((D +2B)
sin(@ + 2B)

(a +ib)(c + id) = (ac — bd) + l(ad + bc) = /(ac — bd)? + (ad + bc)2e!®’

0 = tan‘l ((ad+bc)) > tan@ = ad+bc

) +i

(

gygxs. @ +2p)

(ac—bd) ac—bd
tan 0’
sin 28 + Qcos 2f tan’X
(?) (COS,ESTS;(M) + (2(2)) (sin®?@ — cos? @) = (2[%)( ) cos@sin@tanX + (ZFX) cos(@ + 2B) sin(@ + 2B) tan X

Let — = u, then
20

tan@’ =

uv1+u? sin 2@+u cos 2f tan(@v1+u?)

(1+u2)<m>+v 1+u?(sin? @—cos? @)—cos @ sin @ tan((Z)\/ 1+u2)+u2 cos(@+2B) sin(p+2B) tan(wv 1+u2)

tan((D\/ 1+u2)

The above equation shows the analytic solution of phase transfer function for a GTN cell.

CONCLUSIONS

We have derived an analytic solution of phase transfer function for a general TN cells. This

analytic solution would contribute to derive the pretilt angle, cell gap, and twist angle of a TN or GTN

cell from measured data with faster computation and more accurate.

REFERENCES

[1] RaBin Li, Heng Cheng Tseng , and Kei Hsiung Yang , Determination of the cell parameters of a
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Analytic solution of phase transfer function for a general twisted nematic (GTN) cell has been
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i

X
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A,

Optical element
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T

Exit LC Director

Ie » X-2xis

Entrance Polarizer

¢ Entrance LC Director

B2 &gt ST iR

I'sin X sin X
ol —_i—-
(E)’(el(al) 3 (cos B —sin B) (COS @ —sin (b) cosX —1 2 X 0 X
1 4iy |~ \sinB cos B/ \sin @ cos @ sin X I'sinX
Eye 2 cosX + iE

(cosXcos @+ @sin@® Si;X) —i (ESi;:Xcos((Z) + ZB))

(CosXsin(Z) —@cos® Siix) —i G Si;Xsin((Z) + ZB))

I'=2mdAn/ A
An = ngg(8) — n,

_ NeNo
nee(0) = J(ng sin 8)2+(ng, cos 6)2
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s 2elf =

c $ i cos(@+2
(osXcos(D+(Z)sm(2)mX) (l"sz (9 B))

Ey (cosXsm(b @ cos (Z)Slnx) (Fsmxsin((b+28))
_a+tib c+id_ (a+ib)(c+id)
T c—id c+id_ c? + d?
sinX

He la= cosXcos(Z)+®st)
Fsz

b= cos((b + 2B)
c= cosXsm(D QﬁcosQ)SlnX
d= l"smxsin(Q) + 2B)

@ (a +ib)(c +id) = (ac — bd) +i(ad + bc) = /(ac — bd)? + (ad + bc)Ze'®’

ad + bc ad + bc
) tan0' =

0 =t ( '
T hd

" ac—bd

Hoe

m
F4t tan =—>
n

?
m = sin2f +§c082[3tanX

2

2X i 2 2 r
= (T) (cost;b%n@) + (TQ)) (sin? @ — cos? @) — ( F(Z))( ) cos@sin@tanX + z—cos((D + 2B) sin(@ + 2B) tanX
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+u? cos(@ + 2B) sin(@ + 2B) tan(@V1 + u?)
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2
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A
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