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Application of Conoscope —Fast Viewing-Angle
Measurement of TFT-LCDs and the Optical Axis
Determination of Liquid-Crystals
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Goniometric instrument is a scanning machine with scanning either device under test (DUT) or detector
sensor for the measurement. This setup is not practical for large displays and the measurement time
is as long as several hours. While at the conoscopic approach, and extended cone of light coming from
the measuring spot on DUT is analyzed simultaneously with a special transform lens and a two-
dimensional detector array. A conoscopic measurement provides a very fast optical performance
characterization with the measurement time about 200 ms. Besides, we discuss another important
conoscopic application for determining the optical axis orientation of crystals. This judgment helps
to verify if the optical axis of liquid crystal follows the operation principle of an intended design.
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H B EEL R A 170° DLE - (HEE Lk
BRI BN AR RAEERY -

HTE 1970 F5—(E AL #UR s (LCD) $RFH
JEFHZER - WIETEE - T8k > EE AN
AN ERYEESR GRS - SR ER KT EEES -
{HHEREL AR A A P RE A H 2 (B UR e LUl
RAZE| T IRE - ALEN 2R - RRIEAI/ Y
FRAE RS HB RN G RAKRAER - fEE R
RIS IR E RHE R A PR T - i R B
BREEEE - RNERDEER A A TR ATE R
B [ (viewing angle) E#EFEH » FAE [
Al —FEEGE - (HEHERAREIER— -

RIS T HE— TR SR R s AR 43 A
#977%— conoscope °

~  EEESRSETRNEN

R AL B AL BN GS (TFT-LCD) J&— 975
EtE - W - B BT LT - MEESEE
FIEEY) - HyPIs B0 &R H i this 2 AHE 2 H9E
te o DAHEE (2 I BH S A A E 1T 70 ks
(1) Array 842

* [R5 8% (atomic force microcopy, AFM)
« ZRETHAMER (secondary electron micros-
copy, SEM)
* JEFH (photoresist) [ & &
- BEANFEANES (testing) HEER
« JUIFS TR
(2) Cell #4f2
- B[54/ (alignment layer) R EH]"
- L E A (cell gap) EIHIY
« WAL TEE A (pretilt) SH*
- FEFERHFK (voltage holding ratio) E7H]“
- TEEH EH R (residual DC) &=iH"
(3) Module #f2
- —fiRE T EHI RS
« B EERE R ST 0 AT
(4) ST
« i A4 (viewing angle) & HI
« [JEHE (response time) & iH]

* 1B (color coordinator) ]
A RS — (R~ A e R N R B E 2 Ay
T EAPEERHE T A E T EEMER A - W
JA— T RS TS i A1 7 — conoscope
Irid o LN RSN E ] — SL s SR =1 A
[%']'- o

= TTRB ER

R AR ~ TS RIRATRRER > Rt A
Y E FATHIETIR R LVARC & T FIEH T TS AU
AR - E1Y [ ] EFREILL (contrast ration,
CR) KfA 10 HUmUIEHEE - sEEASEA R LCD-TV
MIREA © AT RO R LRI TR Bhim e M YIER(T: -
(1) fEUREEE A - /B (luminance) #4L
() ERHZERIERE T > NIRRT AR

IKFERAEATRE -

(3) {EMUREEE A - (B RAVBAGLLRIA |
(4) PREEYIAS R - AR R E R -

M ~ iR AEAl (Measurement) FOEF
{& (Evaluation)

FAF > DU F1a (viewing direction) £yk4
FH5EE (luminance) FIEATE (color) A W fa & JHI
(measurement) i Zf {5 (evaluation) HY /5% -

conoscopic I goniometric
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2.4 B autronic-Melchers # DMS-900 /& 7
goniometric A&k % °

1. Gonioscopic 555%

Goniometric e —{Efmitkea - HEE—
{3 (photometric) BUEH L (colorimetric) JE4E 25
(sensor) D > A& 1 Fi7 © PAfEE] autronic-Melchers
INEIELEE DMS 5251 goniometric (e R 0 HE
WA = LR Bl (R, T) 28 AR 5 — [l e RO BE IR
Hih 0 J71A o M5 RIEZCRYE (x, y) LRI
(device under test, DUT) HYHE Bifff o KT E0E
IR B E AR - SEE R EASE AR
BT 2% © LA autronic-Melchers ) DMS-900 {3
(AE 2) > ARATEE] 60° o Hi AKRYERESE = H
BEIRFE A > R — {5 BRI A 5311 8] 7 FE R 8
IINFZ 5 o

2. Conoscopic 5%
KR goniometric 5 TR (E N S8 i E
BB AE > K conoscopic FRHHEH © fF8

3.
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Conoscope 1k 2 89 L2 E 4R
I o
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T Y R R - AR H R R
W5FES% (transform lens) A1 FERY{EHIEEY (detector
array) & » SCAERHIAVHERE (cone) RIREIA VLRI 4T
H o [B 3 FT7~El s conoscope FUYEERJFIH © BLASE
T3 (elementary parallel beam) HY$EfE C FHIEAS
R S (B EHAESE (transform lens) L1 HYRITE
SEHE | (focal plane)) > [t C 2R H A EHIEL (measuring
spot) > HIFEFHILESR L1 > FEPP AR AR —
{ERIZHE A (solid angle) EEA © F1~ F'1~ F2~
F'2 S RRESH L1 Fl L2 WRT (front) HESEHEIFIR
(rear) BB ° IF B F'1 _ERYEHAEEL (transform
pattern) > A2 Jy A (aperture) » L2 S (5555
(relay lens) FLAFR S IF1 F3E 1F2 SEH _-A{EHTREE
1 o

B IF1 (A5 Z > conoscopic [&]) FE{FHEAE
#5 L1 BURTEESEHE F/1_LEA - EEERFMLE
ARSI A — R R T R B AR TR R
J& o R SFEATIREEN (optical axis) H#% > &
conoscopic EEIRIRIZEK IF1 B BRI 085 - T
DUEE R o ERERE R HEE IF1 B EAgAl
A AR R OB EL O] HELDEERIE
FepA ER A 0

{EfERR 1F1 b BARSEATER ¢ #Y5maEE
S AT AR AR AT - M R -PAIBEE
FHEA—EEERE ST (0, ) o 55 AEDEEE R
B TR IF1 2% & CCD &S LIS ET 758
ERBEES 1 - EE L CCD {EHIEIRIELE — (iR
FE AR Y — R F] ZBEEE A (Fourier transform) #&5
o BRSO — R FEHZEEA (inverse
Fourier transform) YR EmaE TR AGE > I [EIHEZ AR
VIR i A o AE -

IF4 L, A IR,



(a)

(b)

4.7 ¥4t 4y conoscopic meter : (a) 4% B autronic-
Melchers #) ConoScope' " #= (b) i% B ELDIM
4 EZContrast XL88 ©

JE 18 conoscopic 7 FHYHR AR HIESRCH
{8 autronic-Melchers ) ConoScope™ ™ i [E
ELDIM FJ EZContrast” FfEREFE T > FLE 4(a)
1 (b) ° Hrfi:E ELDIM EZContrast 4 HfE
XL88 ml &t fH +88° » HIFMEE 0.25° - —{HfE
#EFY conoscopic [BHYEHIFFEAT R 200 ms » 5
Z > conoscope J& i R R G ey 0 2
FALAE P A A B R MR B LAY i s -
HEEE TOLFEMEE (photomultiplier, PMT) % >
AT e FEANPGE (flicker) ©

R AR & DL—{EfE 5 (twisted
nematic, TN) V&GS Es Rl > 53 A& — 8RR
eHSERE (bright state) FIMERE (dark state) ° [E5(a)
A (b) 53 BT R e RERIRG RE 2 BRI - &l 5
(b) LA Conoscope & HAEREIZEREE (ISO-
luminance) HYJiid & 53 1 ’ 5(c) A2 LA
Conoscope £ HHHIE REAY S B A4 53 Arfed < 1

Dark State

(d)

5.TN mode Zsh#aT 3 : (a) 5z & (bright state)
Foig RE (dark state) #FRAE/R I 5 (b) A conoscope
F ey ey F AL (iso-luminance) #9748
5B 5 (c) YA conoscope & H 8 B% AR 04 S AE
LA A A E S (d) AF (b) BFRZA (c) B BP
&% HL (iso-CR) #9747 A A 18 »

ANETRARE LR ERZLL (b) EIFREL (o) EIFTE
fiioke » A 5 (d) Ais - BDRSRE B (ISO-CR) YR
AT o
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(a) (b)
Retina Retina
Eye lens / Eye lens
1 \
1 \
Huyglens Huygens | 1 \
ecLay ocular L 0\
I ) \ \
\ 1! Ly
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IR \y 1, \
1 Yy Ug v
1 B9 1 1\
1] W i Athici -Bertrand
1
1! “\ III Iéps
0l Yy Ji W
1 \ 1 q
i Polakizer A Polarizer
0 AR Iy V,
i ‘W i \
0 R th L
] Y I . Conosgopic
Objedfive R Objective interferénce figure
lenses Ry lensgs Y
o Objed} on Obj&ct on
1" stage § stage
Condgnsing ) Condefsing Y
lgnses N\ lenges K
4 “ \‘
6. ‘I \“ \\\
! 3
(a) conoscope #A l;’ I Polarizer Polarizer
PR N __ tn €
#st 5 (b) e Reversed Focal plan
orthoscope hEq virtual image image

B AE o

F -~ Conoscope 7E ¥ 5 5& S & Y
[\ L 2 FEF

Conoscope 1 A] FHZRANET L HS (crystal) SEHIAY
HV[A] (orientation) » i& FHIAE B AR S BE N es U BH
2R EZ% - I conoscope [ # 2L RUIE]
6(a) Fror - M E 6(b) R Ry — fi% 1E 78 B 8%
(orthoscope) ° [ILf& conoscope 25 B & —{fH ELHIESH
A1 (anisotropic) AufE A E G R > (H] EE]
TWRTEARIEIY - EAME » orthoscope 2R
BERAE-5 ERIYIRS o T conoscope & i FEEEILE
Vg fESEH b o TR AIRAEE A Al R es
2855 ERTE R B R~ E EAFHIEEEE (crystal) HY
K2 8 (reversed image) FIEESETH L (focal plane)
L —RfEFZEEHA (Fourier transform) HY conoscope
¥ IE (interference figure) °
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1. [RIE

BRSBTS g (ROG T (polarizer) £ -
R LG > PRI condensing lens & kA AN Al A
HIfREAEOE (linearly polarized light) ASTHAGLEE o ¥f
RE—AER AR - 75 REAE AT 55K
e-ray (JEZHHE) Fll o-ray (FH ) ° HHFA e-ray Fll o-
ray B NEEIHTE R (refractive index) n, fl n, 7
£ [ EB I A AN _ ERYIEE - N2 RE eray
Ml o-ray {EEEE (@b (polarizer) #% » (1L
G AEE TS EE -

(1) B3¢ (Uniaxial) &E2EH (Homeotropic) HF%!

& e-ray fll o-ray fHIZHVE (L 6> FE L e-
ray I o-ray TEAEE AT k H > EHHR (n, - n)
B/ > AT B e-ray 1 o-ray HFHFEH k =




0= zl‘ﬁv(no —Ngp) = 2—nd secO(n, —ng) (1)
A A
i 12 _ cos:0+sin20 -
neff no ne
Ny, = Nege = (no - ne)Sin2 9 (2)
PAIIEE
5527%d~sin29~se09-(n0—ne) 3)

NIK @K > secO =1 > FiTLA
5=27nd-sin29~(no—ne) (4)

R —| . ——
‘B d = constant = ¢ = ‘ON‘ sin’@ = constant = ¢ ‘ON‘

_ (xz i yz + Zz)l/z , X ‘a’v‘ Sil‘l29 _ (xz + y2)1/2 , ﬂ

o (')
FITLA
@ +Y) =@ +y)-cT =0 (6)

Optical axis

7. & % 64 3 %8 Bertin’s surface °

=t (6) Frffg HAYEITE Bertin’s surface » R[E 7 -

(2) x-y E R y-z BT EER

LR -y T HERE % z2=4d=
constant * T (6) > HI

x2+y2:C +’\/C‘2+4C d — constant (7)
FERANE 8(a) AT/

HERE -y M TWEE B2 x=d=

constant > A EHZ (6) » HI

2 2
v+ 2d —c _ teNt -’ (8)

2

FE AN 8(b) B °

(3)e-ray 0 o-ray i&i® Analyzer #%&&mAITEE
i

HAR S — FrimYEF (polarizer) % ° FEALEEHY

A ([ [ f5RE (eigen-mode) e-ray Fll o-ray A]F%7 5y

Optical axis

0 ys >

(b)

8.7t conoscope T ’ (a) x-y ®@eyT#F B4k 5 (b)
-y @y FH Bk
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‘o_z'v,‘ = Esina 9)

‘o_z'vz

=FEcoso (10)

HEE Z Rt A (B analyzer) £ 0 5351 By

‘TD‘:Esina coso (11)
‘Fé‘ = Ecoso sina (12)

Heh o BotBSIRE IR RIC 2 58 > JIH
JEHRIE T I Ry

I, = E’sin’occos’a (13)
L =E’cos’ o sin’or (14)

RPATEEL ARG & T R
I=1+1,+2I +1, cosé = I, sin® 2a-sin2§ 15)

\ T
ggazo,%:lzlmmzo (16)

_ Cn+r

Mok

o —I=1, =E sinzg 17)

R REBAPHE SR P _EBE BB EAE
Fy—(E+ 156 > 208l 9 FsayF ik -
=l @) AL (15) 7] 1%

I=1Isin’ 20 - sinz[%sin2 0-(n. — no)} (18)

ERBESTEIE— ATE > BREDE EHER) 0 A H
0.45 um ] 0.75 um > AERAIBREFGIE -
Fr & B RIERIE 53 B &R 73+ — /& isogyres fll

9.7 conoscope T ° 1& M Hik k&L TH > Fhb
o B 2 e B A Z 4t & (projection plane)
Pr Rz T B4k » H P polarizer 2 F ik #h /&
$ 4 % 0 M analyzer X FiEdhAEKFF @ o
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(b)

10. x-y # f£ conoscope FRETH B4k > H
¥ (a) 95L& A DA (b)



A/

11. y-z & f& conoscope F x84 F i B4k o

isochromatic ° Isogyres F5HY &S EE K EHY @i, 5
isochromatic F5HY/EFH [FIEH G I -

(4) #&8& (2) #1 (3) HIKER

x-y IR y-z IR AR 43 B & B O B
T LR IIYIERAT-Fo24 - B 10 AERAYETZ
x-y HI{E conoscope IR T U EEE - HA (2) BY
HH R A /R (b) < [ 11 AIE y-z [HI{E conoscope
TRETHEE -

R -1

Goniometric ey AR R &N
288 > BLERIDTEASEA R AR ER S - HRH
TBEE E HIZERHE A ° Conoscopic EasiLRAHHIY)
EHIBESREYE » RRPRA G E 5705 MR I e
Gt > FRRIYIZRERLZ SEAE A /3 An B T vT (Rl 0
B3 > HAEE B2 — (i /A 3 AR A — R A
TERRIAE IR > SRS SRASE — R S (A B R Y 3
ama T EAG SR - AIEIHEEL R YIRZ R A AT 0 B2

P RO B A2 R E A B -

Conoscope 55— 58 52 & F F dity B B E ) A1)
7 - EE R ERTR LB 2 G EHEFZ
AlETE AR - BERIEAURER RS - &
conoscopy % x-y [fi & y-z HIFY-FW EFE 73 I B = [H
O EIFI28 > DURIOYIRR A543 « SR EE
() > A H1 045 um F0.75 um » HRIFFIF G
IR BEA{E T [E 1R Sy BT ED 93 ¢ isogyres Al
isochromatic ° $1¥1)5 £E+ W [ RAYREUZIR ~ &
&~ [EE R BRES ST - RIS EINR S Cil I )
5310 RS2 - E BN ER PR RS CEIER 2
LR EHEEC A A -
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