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1. MARENERZIN. 18884, WAMAWHESER
Friedrich ReinitzerE BN MY T4 BERHF L L EER
JE & B (cholesteryl benzoate) HBEAEAT A BT KI, W44
MM EL45. 5F Cht, EAELEM, ZH AT EAEF KA

K o 7R % 2 E BB R, XART A —EAHEEAEE

RIEFNARGBHFIEERNERE, BWNEE 178.5F C, A ¥ RKIEBMH B A (isotropic liquid).

AP B A 3 Thin-film 2. 18804, FHIAEEH KA EPRNEEHEER

transistor liquid crystal display (TFT 0. Lehmann, 3 W2 M1 B 3 4 B AR AR (o 504

LCD) . TR, WERZLRFEGBAELAY, B R FEE
v BT 4B By 4T 5 = (birefringence) B ¥ M R, B

TFT LCDBY B ANEIE: BEEE T+ & 518 1£ (optical anisotropic), —®CRIX A& AR BY R R4
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BEREAESHEE, XARSHWRIAE. SRSEENZAR, BAMERS, U
A EBFRABAN R ST ARNL R &

1. KA TFHIWEFEXS,
« BW¥% &% (Sematic, FHmAH);
%R i (Nematic, HF|H) ;
JEERE/E SR & am(cholesteric, FEHAH) ;
BER WK df (disk).

2.%%%%%%%%:
«  E4 F#dh (polymer liquid crystal, BA&¥F £ K aas FAR)
N FHREF M. TFT LCDE TN F R o
3. BMBmAWHRIRENA:

- BHWEM KK A BB E A (lyotropic); BdA THELEAFAIR—mFRER,Eo
HRBERES. I BEX.

- HBEHRBEEA: ABA R (thermotropic) . BRAH G ERBE —ME W RE B WK &,
BAXMSOBERY RBES, REMADERBBS(FETER A), B - REMIAZ.
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(1) BWR & & (Sematic)

1. HBRERSTRE—R VR B BWENEE
R A BT, R T_,x 10000000 20000y
~AFEeTA— AR AN ik
2. HTHEMEFAMNTEE, FTUAXHFBELAE R, S OQUOQOUQ //////// ix
3. E5EAMNEBELEAEENHE, FTUESEENH Sematic A phase Sematic C phase
RAE B, E—EANL TREGCRE, THRITH, 2k (Sematic)

Hkst 2 ERE, KT KA FERERRA.

¥ H K

1 WRENERBESHERE, W DX KIRE R 4T 8P4 38 12 XA 38 | K (director), X B2
R—RE RS TFHAE BRI BT S HS(order) 2 F1;

2. UERBMERK, HTHRRLSTFEHRERNEN, HUTRER AN RE LK TR EZRAE R
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YR FRKBAZEEEINIE, BERIA “Sematic A phase”;
YW A FHKHSEST R EMWESAE, R A “Sematic C phase”;

B phase ® 52 & C phasel —# & T B, C phasefu 3 ¥ chiral Y £ # 5t £ B phase, T HEZEHFKR T
FE—BHBREATHEABRNAEZN, —B—EZEHHBAAEL ST R BIERNEN,
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2SN (Nematic)

Nematic=thread; W W EX MK G, FEEEGLE —K;

REBmASTEZE ERA—%& ANUEHS], iAeRERS T KESLEERX—REF @ (H5t
R WERVENEHFAWLPTHI, TETREREE—HEALEEH.

EERBBEUREHFIWR LR, R FEHSEREREREDN. BEBAD, FIUBRZRIA(E
WRSNEETER BN T O T KRBT ARS8 HEF).

%R K B2 FLAE BYTFT LCD % B B9 TN(Twisted nematic) & i 5t
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(3) JEE®E/ME & & & & (cholesteric)
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1. BEHRBERESRE, EENCE—ERERERRME, Frildr#Chiral nematic phase.

2. %Z%ﬁ@%,i%%@%%“}%“}%%xﬁéﬁﬁ%ﬁ?ﬁ, Y H I W R E360F T TN LT B R E R
A pitch,

3. MNEEERE HTARAENEEALRE REFAANEEFREEFHNER, W HEILERT AR K.
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(4) R K i (disk)

B (KE4R) % (Disk, Discoid)

WK AR B AR, DAEABH R, BBOR (disk), {22 K85 5t = AE K (discoid).
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* Operating Temperature Range for Display Application

Solid Smectic Phase Nematic Phase Liquid
i < >
. Crystalline Liquid Crystalline Isotrope =
u E K > WEH
™™ Te Temperature
(Melting Point) (Clearing Point)
o A E 5\ I 5 A8 e

#
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Intermolecular Attraction: Long Axis > Short Axis

Nematic Cholesteric

= 5 78 JE. 8 A6

Intermolecular Attraction

Perpendicular to the layer

Smetic A
(SmA)

: Short Axis > Long Axis

Tilted to the layer
—
move
-
Smetic C
(SmC)
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Flii(:i:ble Part | Rigid P.’;l:r; ﬁi R A 7 B X
gt |~ 0O
™
Terminal Group Alkyl group iBiphenyl group Terminal Group 2. Alkyl — - — — A|ky|
5 QF e CO0- Alkoxy
Fe F
F = - Alkox CN
HH HoH / Fluorine Ba y —< >— C,H, —< >— i
e . x —N=N - F éF3
H H H H @ — @ —_ Alkenyl < > C
Alkyl Chain = 'N\ LS @ —-C=C- OCF3
H N Cyano Group (C_C) s
i — N =L~ F
OO OO || s

HREZRNEY, AANTHREEME.

MRS TFHRBERL>FHBNEWREREIER, M2 MBI TREENR.
wRRERS A RENZFES, KA ETRENELIER.




TR i B O R P

P VR ey AR Thermotropic Liquid Crystals

CTHJS

A mesophase formed by heating a solid or cooling an isotropic 2H
liquid. A mesogenic phase exists in certain temperature range. ,ﬂ:'% %W \ /

CHy-CHy~ CHy-CH,- CH, @ @ c=n A =0y ={O)-coms

A. Rod-like VAR
OO0 f.e.
B. Disc-like R @O@ R % fﬁj iﬁ%ﬁﬁ

C. Bowlic
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D. Banana O g O
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BEAFHEM LR (Anisotropic) , NEZRERITHAKELEFEREFL GRE, AAXE
MREENSHWEE, LEXREXN, EXERREE,

1. /- & K e(dielectric permittivity)
NERELTRANT NS E: e//(EHERKFTHNLE)Se LIERHAZEENS E).

de//> L, ANRRELAEFRENERNRKE, T UREFATRM; We//<e L, ANREKEH
FUENABRRE, RITRAEZERMCL AT ENLER,

Birefringence: An=n. - n,
Dielectric Anisotropy: AE=§€. - &
Ne €

No &
émDirector)

n-type (An <0)

— p-type (An >0)

N> No 5 Ne< No

== D
[ E— = m:@L> 2

/\NV\@—Q—CEN AM’OTO_d_OC:HE
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LRSI, KEaTE2ENMERKEHRE
AEBR, RAREELSTHERETFTRRER
TR, RARANEFREE

TFTLCD L # A MTNER B AL ERTAERKER
B M. YA RE R Hae(e//-e L) A B EHE,

T 9K &% B4 e - ¥, [ (threshold voltage) it £ B /N, &

im W] A SR B B E T T,

WA HAE: B TEETFHER,
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2. 37 &t R K (refractive index)

@)

BEATALEBERREARRSTFHAHR, BURLS T KBFTRELT N LWHERESRT &
=R, RREmLTERKRBEL BRERE.

THEALKBREAREELPFANATE, 2 KA T AN EE: 25 An// EnL,

¢ B B (uniaxial) B @K, TR AT EITH ZHWE X, —AHno, g & X Tordinary ray By 37
HEAEK U HE Rno, RAAKNEG L EREE T A,

ne & X T extraordinary rayBy 37 5t R 4k, R HIE W BG4 2 FAT T ob%.
R I 51 = (birefrigence)An = ne - no .

ordinary ray (n,, ordinary index of refraction)

extraordinary ray (n., extraocrdinary index
of refraction)

WAk A S | o
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Birefringence: An=n. - n,

Dielectric Anisotropy: AE=€: - &

*Parameter define N, & Ne &

1, :”exn'aoi'a'mar}' :”pame".’ef:”.-’f" (i.»ﬁ’(Director)

ny=1 .'Fom"z'na?j]' :nperpmdrmfar:”_i ]

+Optical anisotropy p-type (An >O)}7 —‘ n-type (An <0)
*Birefringence An=n-n, Ne> No D Ne < No

+Positive birefringence : n_>n, == D
(i S—
i E
FEF

/\Af\/\@_@_csN N\/"\@—E—O—d—ocwe

1L BRERE. SRR K E SRR RS T A ER:

2. HEEREAWFHEL>TKETT, 2REAEHRANITHAKEX: EETREKHF En L(=no)
BT REKETEN//(=ne)Fif. FTOLUEANSE RN, 2XARMTHENE T, EREEE
BEKHEFAREKSE T O EWAELSFRARA.

3. EAMTHARELSFTKEPARWER NTFTEETHTKETAWEER, XRREFTFTLT
KT N REBEATELF BT HE(E A FTHESRERK W), B Zneno>0. BRI
HEan>0, FMEXRFERWRSE, BERAREEZRAE/LIHRERETRFERNRKE.

4. RWATHT T TREHHERRREE, REPAKEST QRITHRNTELT RHITHE
UKot Eon<0, REMELFGRENRE, EEERES HEFABHER.
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IR BHIHH

KB

250 300
WAVELENGTH (nm)

350

)\2;2 A2 A2 )\2)2
€0/ 1N ~ e.0 i) e.o R | e.0 L 9
no(A)zEltgy T3 t8 Tt T3
/u _/LO /b _/u]- /L - L2
2.0 ———T———
5CB Gty )-oN Three band Model: 5CB
> '8 " d o—>6": Lg~120nm (~isotropic)
g . 1 n—n": A~200, A,~280nm
2 ]
3 ]
g 08 ] Low An: more ¢ electrons
High An: more 7 electrons
0.4 .

¥ & #iCauchy# &

Off-resonance, A>>12 —Power series & keep 3 terms

C B C
n(AT)=4 +—~<+—=% n (A T)=Ad, +-2+-0
e » e 0 » ]
2 ox 20
24 T T T T T T T
o 22 2 J
=20l |
3
S N
2 .
2 \ e
N s 1 |R/MMW
£ 181 S —— ]
[
1_4 1 1 1 1 1 1 1
02 04 05 06 07 08 09

Wavelength (um)




i A

W 2 # Cauchy &

1.90
1.85
1.80
ﬁ 1.75
°
£170
@
=165
[+
E160
455
1.50
1.45

5CB

Ne

~—

1 1 1

0.3

1 i 1 i
04 05 06 07 08
Wavelength (um)

3-coefficient: An>0.2

1.70
168
166
164
162
8160
2158
9156
"’31.54
£152
€150
1.48
146
144

03

09

T T T T T T T T T

5PCH
\‘e
k

04 05 06 07 08
Wavelength (um)

2-coefficient: An<0.12

B
n,(A,7T) =Ae+;—§

|5

A B
1y (A, T) =4, +—2

v

-dn./dT and dn,/dT

0.010

0.008 -

0.006

0.004

-dne/dT and dng/dT

0.002

0.000

T
| I
]

6ce!| ! ke

5PCH;‘

-0.002

270

280

290 300 310
Temperature (K)

320

330




Splay

Equilibrium
configuration

EEHRMAER

Twist Bend

Elastic constant K, Elastic constant K,
(b) (©)

5 M % 3K (elastic constant :k11, k22, k33 ), k11 35 BV & TK FF (splay) #M % 3, k22 35 19 & H df (twist) By
M B, k33 IR T i (bend) By B H 5K,

Fb Mt 2 B (viscosity coefficients ,n ), | & B2 &K b 4~ F WU 3£ 5038 B 5 R W B [B] (response time), E & & /N
BREF, B MM R iR R R K o

#% 11. % (magnetic susceptibility), b & 4 K & B & | 20, 4B/ GxL, BAUERHEERER X hox=
X//xL;

B, 5 2 & (conductivity) % £ G s 4F



参考资料/希腊字母读音.txt
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Bend (B-Mode) Splay (S-Mode) Twist (T-Mode)

A8<0 A8>0 A8>0




= MR

}ﬁ EFEJ Iﬁ"\] F?— ?‘%{ Order Parameter

n |
6 S =(P,(cos ) = é(3<cos2 9> - 1)
, ’ chos2 0dQ)
b <COS2 6> - QJ‘T no order
| N Q
'n ' <Cosz CE O"_)> =1 perfect order

S <P2 (cos 9)> SRl perfect crystal
\) <P2 (cos 9)> =4l isotropic fluid
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The order parameter S, is proportional to a number of important parameters which dictate

LC performance.

proportional to

Parameter Nomenclature oc
Elastic Constant K; S?
Birefringence An S
Dielectric Anisotropy Ag S
Magnetic Anisotropy Ay S
Viscosity Anisotropy An S

Example:

Does the threshold voltage for a TN increase or decrease as the operating temperature increases?

2 Scales as the square root of S,
Vth OCWIK/AgOCW/SA =\/§ Therefore, Vin | as T1




=, BamHtER M
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BRaWNEREETHAREREE, NEAEER GBI HR R aa T8 MW, I R
FZNEALRFERBH B HASTHERNEESLK.

B BT BRESN AR RS W X A, mE Y e E, B ES TR, TR E LT
7 T, RFY BB H RG> TR

REBRmARRTELEETEN, LFELCHARRBIC, LTNER KRB R BTS00 ST R4
BREERERE,
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Very Low Efficiency ~ 5% only

PN

Analyzer: 95%

_— Color Filter : 33%

~— LC-Transmittance: 90%
% TFT-Array: 60%

Polarizer: 45%

CCFL B/L: 70%
~ (Full-on)
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TN(Twist Nematic) % LCDWY %5 74 J& 3B

Protective film

Common electrode

~ Black matrix
BOIAHAR
M i IR

BERAHEAR

et | 4

Display electrode Prism sheet
spacer T IEIR

174
TFT




WBdm B A o B H A K 5 Rk

1. {ﬁy"ﬁ./ﬁi(polarlzer)

ARBERTHRTOECTRUFTEHEEN, AN LENEZE# > EEREAN, : T#rmEey
Bga g R REAEELR.

REW T WMAERNAEN AR, 2 RIABEANARNTR, LW RE S BRRR. Y 7R EA
EEMERR, K&K T2 TLERT
B ER KR &S, RREAWTHT W, FRANBRTAN 2B RTEALXN/RET .

FATHE T T

Z AW AIER

W i

PATIRIE S
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2. F THEHE S 1K
TTHEHRBETEEXAXRERGEAW, TEHFEATF, £ EF A Color filter;

WERBEERBERWA—E, FARABN, TERFEERNAE, TEENEFEBRERL THE
HEHFI RS, wRZERETE, R THHAE2TET, ERELWTKA. Rt;

e f: SERR I E AR R W R AR AR A, — RS ERIRH R E L3R — EPI (polyimide), £

J& B R AT 2 MU # (rubbing) WY 3 15, FiLPI R E 4 T A BEZ LW, 2R ERWH 8 7 mHEs|,
T & — B PUSE "y A BC 16 B, Fo o RE IR Y I — %, R0 T EXN T HFI &S, LR BRI
W HE 5 o

Interaction: L/C Molecule & Substrate

WK a4 B

L/C Molecule
Alignment Layer

Glass Substrate
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Surface Anchoring Polar anchoring (Wq)

Azimuthal anchoring (W;) 74 fiL

o : -4 2
Stronganchoring  10%)/m * Wgq, fis energy needed to move director n

* Weakanchoring 107 J/m? from its easy axis




WBdm B A o B H A K 5 Rk

Alignment at surfaces propagates over macroscopic distances

microgrooved surface - homogeneous
alignment (//) rubbed polyimide 2 Bt I i%

ensemble of chains - homeotropic
alignment (_L)surfactant or silane/ & &

7 1 R B
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Pretilt Angle

Pretilt angle stops
reverse tilt disinclination

~~—~

NN,

=
//
Z

WI/O pretilt W/ pretilt

Y7
A2

Pretilt angle effects on?
1. Threshold voltage
2. Response time

3. Contrast ratio
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3. TFT R F &

TFT

Display electrode

AN EEEEEEEEEEEEEEEE NS AN

e

Gate electrode

Source electrode

REETrRFEREER ALY, EHEREE
Wk e EEY, AWERKHE GSTFTLCD.

TTHERFEE KERE, B RFATREEE, K
2 CLC (capacitor of liquid crystal), £70.1pF. %
XNERATEREERFE T —RBEFEEHK
¥, T E TR EL RS EH.

— R AETRE T LB —AMEFEACS (4
0.5pF), FERFHEWEEEREIAN T —RKEHE
T bt .

e E LWTFT, RE—MER KT HIME
WFF %, CHEETI{ERHZLCD source driver
THEERFARERIZANMRE, ETENMRE
RESHNEE UEEREEEHNKN, HE
B 4} E BILCD source driver3E 4 H .




4. % &3 3% F (color filter, CF)

| = fHSI t
SR ETT I
RcHRHE
HR HR c RicR G
GHRcHRE w /W
®RcHRcH R c
o w| Il
L3 i kS
4383871 (stripe) B % 75 T O = B FaiEXRNHSI AR

AV b R TEHS (mosaic, AR N AFHS), =AKHF(triangle/delta)
EFHBHF: WA EE Y E— pixel, TEAN ERFHER—ANAEFF,
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5. ¥ )t 5T (Backlight unit, BLU)
BB TR2REEFHAARBINTE RS ALK AENSE, BEH, SFpwE—AFLK, RRH#
—NMNERE, MERESHAHETWHIE.
HAREAROEEZTHRNE, RAK, FHK, prism sheet, § K F%F;
NEREEWRAEM;
FHR: AL HEER;
RAR KR IRE, RAETFTLCDW 77 4 JU#
prism sheet X ¥ ¥Rk : ¥ ALH T WL A B AN KB

6. HE X (Sealant) X Spacer

BR: WRSERTHETHERA, @R ERHE, F ARBEER TR E LT 550 FHER, BT UE
MIEwEL BRTEREOE, BREas TERTERIAN.

spacerE ERRE L THEHBH I E, CATATNA G EFHER L, TR —E40H A 3% g4
spacerREAE— R, R aHRAEEN, b TEEF LT R HFWE Y R (gap), & KBTI HAH
WAL, YT R A B & .




=, BB anERHNF R ®

7. FF & #(Aperture ratio)

TFT :

AR IZ G X IR

Gate electrode

FoR: AENEXAXREGLHERONE . REZLDODWEESE, ARREREZWERREI

m P

LBAREHFHARRA LR, FLRFTANAEAEFTLER, 2: LCD sourcefugate B3 fr A fE
THEL, TFT, #HFEL. XEHLRT AZLE NN ERIBHMTHAEA TR ENER, TEE

A IE B B AR B, % A black matrixn DL #, L& THREI A CEARRWEHTE .

#
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