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Color Liquid Crystal Display - Problems and
Optimization Procedure

Jerzy Zielinski

Marek Olifierczuk

Institute of Applied Physics, Military University of Technology,
Warsaw, Poland

In this work the mathematical model of a light propagation through the system of
layers with dichroic properties are presented. This model makes it possible to
obtain the spectral characteristics of transmission and reflection for any system
of isotropic, anisotropic and dichroic layers. Additionally, the calculations takes
into account real conditions of a display working. Basing of this model the com-
puter program is done. This program makes it possible to conduct the complete
optimization procedure for very complicated system such as for example color
liquid crystals display.

Keywords: mathematical model of light propagation; numerical calculations; optimiza-
tion process of LCD

1. INTRODUCTION

The aim of our work is presenting new and complete mathematical
model of a light propagation through the system of layers, which can
be layers with isotropic, anisotropic or dichroic properties. This model
takes into account the real properties of the display elements such as
dispersion phenomena of layers refractive index and complex form of
it. Additionally, the interference phenomena occurred into the display,
spectral characteristic of a light source and human eye sensitivity is
taken into account. Except of it, there makes it possible to do the cal-
culations for any observation angle. This model can be used in the
analysis or optimization process of very complicated layers system
such as a color liquid crystal displays. It should be underlined, that
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presented theory is worked out without any simplifications. Such a
theory can be a base for computer program to calculate the real optical
parameters of a display and can be use to provide the complete and
effective optimization procedure.

The calculation done in this work showed that the construction pro-
cess of color liquid crystal display is more complicated than black and
white display, because there are more problems with obtaining proper
visualization quality. In this case there is very important to obtain not
only high contrast ratio and brightness of the display, but also the
color has to be visualized in proper way. In the other words, the opti-
mization process should be done for different wavelengths and the
final results should take into account the color detection properties
of a human eye. Therefore, the choice of an optical matching point of
a liquid crystal layer and optical properties of the used other display
elements should take into account these assumptions. For this reason,
it is necessary to have a calculation’s tool, which can give us the close
information about display optical parameters for any set of the display
elements.

2. NUMERICAL BASE OF THE DISPLAY’S OPTICAL
PARAMETERS CALCULATIONS

The base of our calculation method are Maxwell equations, which
for nonmagnetic and nonabsorbing media (¢ =0 and p = 0) can be
written as:

 _ 0D _
1) rotH—é—t 0
_ — — V=
2) rot E —&—%: and 2 =& 92 (1)
3)divD =0 B = uonl
4)divB =0

v . . . . .
where ¢ denotes dielectric tensor in principle coordinate system

0%(xG,yG,zG):

y g 0 O
e=1|0 & O (2)
0 0 &y

&r and &, denote here dielectric permittivity for perpendicular and
parallel directions to the optical axis of a layer [1,2].

Solving Maxwell equations (1) and taking into account the wavevec-
tor of a light in coordinate system O¢ in the form k& = [k., kya, k.c), one
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can obtain:
29 12 2
%I’LO — kyG — sz kxc;ky(; kxgsz ExG
29 192 2 _
kxckya an, —kig — kg kyck:c Eyg| =0
2 9 19 2
kechac kyck.c L2 — k2, — k2 | LB

(3)

where n, and n, denote the refractive ordinary and extraordinary
index, respectively [2].

The Eq. (3) has nontrivial solution only where the determinant of a
left matrix vanish, so the solution of it makes two equations:

k2, + k2. P2 2 2 2
<M+2Gw —0 and (:2“))0 (4)

2 2 2 2
n: n2 c c

where k? = k2, + k2, + kZ;.
As one can see from Eq. (4) in given direction § we have simul-
taneously two waves:

e the first one with a wavevector fulfilling relation k2 = (w?/c?)n2,
which module do not depend on a direction of propagation. Therefore,
this wave is called ordinary wave, wavevector &, — wavevector of an
ordinary wave and refractive index n, — ordinary refractive index.

e the second wave with a wavevector k., which the coordinates fulfill
the left part of Eq. (4) and which module depends on a direction of
propagation. This wave is called extraordinary wave, wavevector
k. — wavevector of an extraordinary wave and coefficient n, — extra-
ordinary refractive index.

After determination of wavevectors the polarization of its can be fixed.
Using the Eq. (3) for ordinary and extraordinary waves one can show,
that unit vectors of electric field for these wave have the following
forms:

. - Ry
oG = 2yG2, 2G2, (5)
VR + R [k R

— k. kya k.c 6)
) W) )
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where

k2 + k2 k2,

(02n2 + U)an '
(-] (5 -w)

As one can see the analysis presented above give us the information
about the forms of wavevectors generated in the medium for given
direction of a light propagation and the forms of unit vectors of
E connected with these wavevectors. It should be underlined, that these
information are obtained for principle coordinate system of a layer.

It is easy to show, that an analysis done for an anisotropic layer in
the form presented above can be revised in very similar way for a
dichroic layer. In this case the electric conductivity ¢ # 0 and can be
assumed as tensor in the following form:

y oor O 0
=0 g O (7
0 0 0o

where ¢, and o¢,, denote the values of conductivity for perpendicular
and parallel direction to the optical axis of layer, respectively.

Solving Maxwell equations for this case the following relati(gl)s for
ordinary and extraordinary wavevectors and unit vectors of E can
be obtained:

A
e for ordlnary wave the wavevector fulfills the relation (&,/
(no —ix,)%) — (w?/c2) = 0 and the unit vector of an electric intensity

|

E has a form:

SN A N
SG _ _koyG koxG 0 8
A2 A 2 fin 2 A 2]
\/ koxG + koyG’ \/ koxG + koyG’

° for extraordmary wave the wavevector fulfills the relation

((kexG+keyG)/(ne_L/{e)) (kezc/( —i7,)%) — (@?/c?) =0 and the

unit vector of E is equal:

N A A A
A kexG keyG kezG

eg = ) ;
M( oin) > M<<w2nzzixo>2 _ ,Qe) M(w%n;zimz _ ,gj)

9)
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where

2
|kexG‘2 + ‘keyG’ |kezG‘2
2

= T2
wz(nefiXe)z — 2@

2

2
w2 (no—ig,)? ,@e

2

As one can see in the equations pggsented above the refractive indices,
wavevectors and unit vectors of E have the complex representations.
The refractive indices are equal:
A .
=n,—1I)
0 0 Xo (10)

A .
Ne =Ne — 1Y,

and the wavevectors have a form £ = (w/c)(n —iy). It can be shown
that the coefficient y is responsible for absorption [3,4]. The absorption
coefficient can be defined as o =2 (w/c)y.

One can notice, that the units vectors of E for specific directions (per-
pendicular and parallel to the optical axis of a layer) can not be determ-
ined using the equations obtained above, and yet its can be determined
directly from Maxwell equations described for these directions.

The relations presented above for the wavevectors and unit vectors
of E are described in principle coordinate system of a given layer, but
its make it possible to describe similar relations for the coordinate sys-
tem common for all layers of a display. Every layer has an own prin-
ciple coordinate system O%(xG,yG,zG), which is connected with it’s
optical axis. This system has unit vectors @, b and ¢ (¢ — optical axis
direction). We can introduce two other coordinate systems: the first
one connected with laboratory O (xL,yL,zL), with unit vectors x’, y’
and Z” (it is constant system and z” is perpendicular to a layers surface)
and the second one called surface system (which is connected with
incident wave) denoted as O%(xS,yS,2S) with unit vectors &, ¥ and 2.
This system is dependent on a direction of a wavevector in external
medium. The unit vector 2’ is according to the unit vector z’. The
mutual relations between these systems are presented in Figure 1.

The following assumption were established in the construction of
these systems:

e unit vector ¢ is lied according to the optical axis of a layer and is
turned to pos1t1ve half-space of system OF;

e unit vector @ lie in surface xLxG, and unit vector b = ¢ x @;

e angle « is positive for rotation of a system OF in the direction shown
in Figure 1;

e wavevector in external medium is lied in surface xPzP of surface
system.
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zL 4
zL=zSt
2G
yS
O yL o >
xL Y@ yL
XL~
projection of axis 2G
on surface xLyL
xG xS

FIGURE 1 The principle, laboratory and surface coordinate systems.

For these systems the following transposition matrixes can be
described:

[cos¢pcos® singpcos® —sin®
M(O" — 09) = —sin ¢ cos ¢ 0
Lcospsin® singsin® cos®
[coso —sina O
M(O* — 0%) = | sina  cosa O

0 0 0
[cos¢pcos® —sin¢ cos¢psin®
M(0% — O*) = | sindcos® cos¢ sin¢sin®

(11)

—sin ¢ 0 cos ®
[ cosoe sino O
M(OS — OL) = | —sina cosa O
0 0 0

The problem of a light propagation should be solve using surface sys-
tem O%, because it is the system common for all layer and is determined
only by an incident wave. The system O¢ is connected to the given layer
by it’s optical axis and is constructed in independent way for every
layer. .

For the wavevector of an incident light k; = [f, 0, k;.] in any layer we
have two wavevectors: k, = [f,0,k,,] — for ordinary wave, and
ke = [f,0,ke;] — for extraordinary one (see Figure 2).
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given layer Ke

external center

FIGURE 2 The wavevectors in an external centre and given layer described
in system OS.

Certainly, for every layer the relations (in surface system):
kox = kex = f and ke, = key = 0 have to be fulfilled. § can be determined
from the initial conditions using an incident angle ©; as:

B= %ni sin ©; (12)

where n; is refractlve 1ndex of an external medium.
The wavevectors k and k in principle coordinate system of a given

layer have the forms:

[ Bcosacospcos® + fsinasingcos® — k,, sin O |

kog = | —fcosasin ¢ + fsinacos ¢

| fcosacospsin® + fsinasin @ sin @ + &y, cos O | (13)

[ Bcosocosdcos® + fsinasingcos® — k,, sin @ ]

keg = | —fcosasin ¢ + fsinacos ¢

| fcosacos ¢psin® + fsinasin ¢ sin @ + &, cos © |

Using the previous equations one can show that the following relations
can be described:

2 _ VB2 —
koz:i C;)_Qng_ﬁz kez: B+ 2{1 44C (14)
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where

A= nf sin?© + nf cos” @
B = Bsin 20 cos(a — <f>)(nf - ng)

C = p*cos?(x — ¢)(n? cos® ® + n?sin” ©) (15)
2 2.9
+ f%sin®(¢ — a)n? - %
c

The relations (14) and (15) give us the information about the wavevec-
tors, which can propagate through given layer for a given incident
wave simultaneously in two directions of propagation: into the layer
(+2) and back (—z). Therefore one can describe:

];o(‘i’z) = [ﬁ70akOZT] I;e(+z) = [ﬁa OakezT}

- o (16)
ko(_z) = [ﬁvoakozR] ke(_z) = [ﬁaovkezR]
where k., 7(ke.r) and kg (k..r) denote the z-coordinate of wavevector
for propagation in (+z) direction—transmitted wave and (—z) direc-
tion—reflected wave.
Using the representation of these wavevectors in surface coordinate
system and transposition matrixes one can determine the unit vectors
of E for the both directions of propagation as:

o(+z) = I:OxT7OyTaOZT} e(+z) = [exTaeyT7ezT]

(—2) = [0xr,0yr,0:r]  €(~2) = [exr.eyr,€:R) a7

Oy

Having the wavevectors and unit vectors of E for all layers in the ana-
lysed layer system the transmission and reflection coefficients for all
boundaries can be calculated. In Figure 3 the schema of wavevectors
for given phase boundary drawn in surface coordinate system are
presented (k,; — incident ordinary wave, k.; — incident extraordinary
wave, lgoR — reflected ordinary wave, keI_i — reflected extraordinary
wave, k,r — transmitted ordinary wave, k,7 — transmitted extraordi-
nary wave).

The presented in Figure 3 the wavevectors in a surface coordinate
system can be described as:

Foi = 8,0, koiz);  Fei = [B,0, eic]
k_’OT = [ﬁ>0>koTz]§ ];eT = [ﬁa OakeTz} (18)
};OR = [ﬁ>0>koRz]; }g:aR = [ﬁ707keRz]
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Z A
y®

medium 2

v

medium 1

FIGURE 3 The wavevectors on the phase boundary drawn in surface coordi-
nate system.

and the unit vectors of E) as:

0; = [OiX7Oiy70iz]; € = [eixaeiyaeiz]
or = [orx, 01y, 012 |; €1 = [erx, ey, er:] (19)

Or = [ORx,ORy,0R:|; €R = [eRrx,eRy,eR:]
Using the other specification (17) we can describe:

e for propagation from 1 to 2 medium

boi = k1,(+2) kor = koo(+2) kor = k1o(—2)

_:zl: _’18(—1-2) I; :E e (+2) ER:I;e( 2) (20)
0; =01(+2) Or =02(+2) O0r =01(—2)

¢ =ei(+z) ép=eéy(+z) ér =eéi(-2)

e for propagation from 2 to 1 medium

Hot = H20 (_Z) ];oT = ];10 (_Z) EOR = EQO ("'2)

2; = 428(_2) ’;eT = lgle(_z) ];eR = EZe(+Z) (21)
_'i = 52(—2) JT = 51(—2) JR = 52(+Z>

_'l = _’2(—2) ET = 51(—2) ER = 52(+2)
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ZA ZA
y® y®
medium 2 ka2 medium 2
T(+2) R(-z)
B B | . .
» »
X X
medium 1 kqt+2 medium 1
R(+2) T(2)

FIGURE 4 The schema of the results obtained for two data sets.

Using these data one can obtain the information about the wave
propagation in (+z) and (—z) direction. The schema of these propa-
gation is presented in Figure 4.

The coefficients T(+z), T(-z), RH+z) and R(—z) denote the trans-
mission and reflection coefficients, respectively, for (+z) and (—z)
direction of a wave propagation and can be obtained from Max-

well equations
waves:

— 1
H;, = k
W L
— 1
R =
w#o#
1
Hr=
w#o#

described for incident, transmitted and reflected

E)L _ I 6’ ( t— ];oif') +Iee—'iei(wt7];ei7‘)
E}R R ORe (wt EorT ) +Reé‘Rei(wt7];eRF) (22)
ﬁT T,o ( QOTF) + Teé‘Tei(kalT?)

__‘oi X (Io@ei(wtilg"f)) +];ei X (Ieaei(wt’@i;)>}

2 ¢ (Rodee4507)) 4 i . (Rudie 5] (23)

( l wt koTr)) + ];eT X (T ere ("Jt keTr)):|

where 1,,1,,T,,T., R, and R, denote the amplitudes for incident, trans-
mitted and reflected waves (for ordinary and extraordinary ones,

respectively).
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For boundary the Eqgs. (22) and (23) assume the forms:

1) 1,0ix + Iceix + RoOpy + Reepy = To0ry + TelRy
2) I,0iy + Ice;y + Roory + Reery = Toory + Teer,
3) Lokoiz0iy + Lekeizeiy + Rokop.0Ry + Reker.ery
= Tokor:01y + TekeroeTy (24)
4) I5(koiz0ix — Poiz) + Lo (keizeix — feiz) + Ro(kor-0rx — fOR:)
+ R (ker.€rx — fer:)
= To(kor:07% — PoT2) + Te (ko207 — PerT2)

After an applying the following substitutions:

T 0T _

Ao = Oix€Ry — Oiy€Rx; Co = OTx€Ry — OTy€Ryx Sl = koizoiy
T _ . _ _

Bo = €ix€Ry — €jy€Rx; Do = €Tx€Ry — €TyeRyx SZ = keizeiy
T _ _

MO = ORx€Ry — ORy€Rx Sz = koRzoRy

S4 = keRzeRy
S5 = koTony
SG = keTzeTy

T T _
A, =0ix0Ry — 0;,0Rgx; C, = 07:0Ry — OT)ORx Z1 = koiz0ix — Poiz
T . nT _
Be = €ixORy — €ijyORx; De =€T1xORy — €TyORx Z2 elzeLx Bezz
T
Me = €RxORy — €RyORx Z3 = koRzoRx ﬁORz (25)

Z4 = keRzeRx - ﬂeRz
Z5 = koTzOTx - ﬂoTz
Z6 = keTzeTx - ﬂeTz

and the next substitutions:

X5T = S\ MIMT — S;ATMT — S,ATMT
X5 = SeM™MT — S3BTMT — S,BTMT
Y57 = SsMIM! — S;cTMT — S,cTMT
YT = SeMIM! — S3sDTMT — S, DTMT
X = Z\M*MT — Z,ATMT — Z,ATMT
X% = ZoM™M! — Z3,BT™MT — Z,BTMT
YT = ZsMIM! — Z¢'M? - Z,cTMT
YT = ZeMI'M! — Z:D™M! — Z,DTMT
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one can obtain:

STy ZT STYZT STy ZT STYZT
Xo Ye _Ye Xo Xe Ye _Ye Xe

T, = YZTYyST _ ySTYZT Lo+ YZTYyST _ YSTYZT L
XeZTY?ST _ YeZTX(:ST XeZTYOST _ YeZTX(,)ST (27)
T. = YZZTY:ST _ YZSTY::ZT I, + YZZTY:ST _ YZSTYZZT L
what can be described in the other form as:
To =toolo tteole  Te=toelo +teele (28)
where
XSTyZT _ YSTXZT XSTyZT _ YSTXZT
too = YOZTYeST _ YeSTy%T teo = YeZTYgT _ Y%TYeZT
XeZTYgT _ YeZTX(,)S'T XeZTYg'T _ YZTXOST (29)
boe = Y:ZTY:ST _ YZSTY::ZT Lee = Y:ZTY:ST _ YZSTyZZT

Assuming the light wave in the Jones complex vector I = B"}eiwt,

where I, and I, denote the complex amplitudes of electric field for
ordinary and extraordinary waves, respectively, the transmission
coefficient can be written in matrix form as:

tOO teo
T= |:toe Lee :| (30)
In the similar method one can obtain the reflection coefficient:
rOO reo
k= |:roe ree:| (31)
where XSRyZR _ YSR XZR XSRyZR _ YSR XZR
Too = YZRYSR _ySRyZR  "*° = YZRYSR _ ySRYZR
XZRySR _ YZR XSR XZRySR _ YZR XSR (32)
Toe = yZRySR _ ySRyZR ' = YZRySE _ ySRYZR
and

X5E — S MEME — S;ARME — SARME

XOF = SoMEME — SsBEME — SeBEMY

YR = —S3MEME + SsCEMY + SeCEMY

YOR = —S,MEME + SsDEME + SeDEME
Af = Oix€Ty — Oiy€Ty; Cf = ORx€Ty — ORy€Tx

R . R _
Bo = €ix€Ty — €jy€Tx; Do = €RxeTy — €Ry€Tx

R
Mo = OT1x€eTy — OTyeTx
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XZR = Z\MEME — ZsARME — Z ARME
XZR = ZoMEME — ZsBEME — Z¢BEME
YZR = —ZsMEME + ZsCEME 1 ZsCEME
YZR = _Z,MEME + ZsDEME + Z¢DEME

R . R _

A, = o0j 01y —0jory;  C, = ORyOTY — ORYOTY
R . Y

Be = €ix0Ty — €4y0Tx; De = €Rx0Ty — €RyOTx
R

Me = eTxoTy — ery0Tx

After these calculations the transmission and reflection coefficients for
the both direction of a wave propagation are obtained. In the further
analysis the following descriptions are applied:

T(nn+1) — transmission for direction of a wave propagation (+z);
!
T

R, n+1) — reflection for direction of a wave propagation (+z);

nn+1) — transmission for direction of a wave propagation (—z);

R, 1) — reflection for direction of a wave propagation (~z).

The similar convention are applied to the wavevectors and unit vec-
tors of electric filed e.g., £ o = ko(—2) etc. (symbol prim will be applied
to the (—z) direction).

The transmission and reflection coefficients obtained above describe
the wavevectors lied in the way which is shown in Figure 3, but after
passing through the first boundary (point A), the waves generated in
layer no. (n) do not achieve the same point on the second boundary
(see Fig. 5), because an ordinary wave achieves point B, but extraordi-
nary one achieve the other point. The point B is achieved by an extra-
ordinary wave generated in point C. 1) 7

Let a wave in point A in a layer (n—1) has a form E A = [ ] Lot
In a layer no. (n) this wave has a form: €

—) I ] ¢ (n—1,n) I + t(n 1 n)I "
Ey =Tw1n [Io]em OZ 1) n—1n) " e (34)
e tOe I + tee Ie

The ordinary wave in layer (n) can be written as:

E':()n) _ (tg’;il’n)lo I tézfl.n)le>6(n) exp [i (a)t - ];(()”) oF)} (35)

where in surface coordinate system k) = [,B,O,k((,';)] The vector 7
describes the way from point A to point B and it have in the same
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layer (n+1) Z4
B
y® (n
[o]
(
layer (n) kY ®(:)
(m)
k
AY °J/c R
K1) de X
layer (n-1) (-1 y
0,
k("'1)
¢ ()
0,

FIGURE 5 The schema of a wave propagation through an anisotropic layer.

coordinate system a form: 7 = {h< )tg® () 0, h" } where h(")—thickness

of a layer (n). Therefore we have: k o r= Bh tg@ + k(n A

Taklng advanta%e of a relatlon B /koz = tg@ one can obtain
B o F (B*h™ )+ k(n As one can see the phase shift for
ordlnary wave 1s equal ol (ﬁ R R ) R R,

In point B we can descrlbe an ordinary wave in a form:

Jop (tf)’;*lmlo + tgg*1=n>ze)5<n> exp [i (a)t - 55’”)] (36)

The extraordinary wave, which achieves a point B is generated by
ordinary and extraordinary waves achieved in layer (n—1) point C.
One can notice that the following relation is fulfilled:

AC = B (tg®g"> - tg(ag">) (37)

where g0 = B/k{Y and tg@™ = p/k.
It can be shown, that if a wave in layer (n—1) achieving point A is
given by (34), then point C is achieved by a wave:

—(n—-1 e
P H.je-“’p (38)

where 6, = %) ((1/kY)) - (1/k)).
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In the (n) layer the following wave is generated:

—(n)
Ee =Twm|p

(n—1,n)

1 1
Io :| efiép _ toz ) I + t<n n>I
£, 4 e,

]ei% (39)

After the passing of an extraordinary wave from point C to point B, we
have an extraordinary wave in a layer (n) (in point B) as:

B = (8770 e 1 )e expli(on —o)] - 40)

where (") = /32h<">/k32) 4R,
The final wave achieving point B in a layer (n) can be written as:

—(n) —(n-1)

= A(n)T(n—Ln)EA (41)
where
At — exp(—io™) 0 (42)
) 0 exp(—id{™)

Analyzing the next reflections one can show, that the phase shifts
obtained for the consecutive beams is equal:

1 1
—gpm | =~
oq = P°h <ng) 0 >> (43)
The same analysis can be done for direction (—z) and for reflection. The
results and conclusions are very similar.
As one can see the phase shifts caused by x-coordinates of wavevec-

tors are identically. For this reason it can be omitted and for (+z) and
(—2) directions one can write:

o) = ppm 5 — _pmp)
o) = BWEm 5l — _pmp) (44)

Having the transmission and reflection coefficients for all boundaries
into the layer system for the both direction of a wave propagation the
optical coefficients for the layers can be determined.

For a layer (n) these coefficients are denoted by T,), TEn), R,y and
R/(n>’ and mean:

e T, — transmission coefficient for a layer (n) and direction of a wave
propagation (+z);

° TEn) — transmission coefficient for a layer (n) and direction of a wave
propagation (—z);
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FIGURE 6 The schema of determining of transmission and reflection coeffi-
cients for single layer.

® R(,) — reflection coefficient for a layer (n) and direction of a wave
propagation (+z);

. R’(n) — reflection coefficient for a layer (n) and direction of a wave
propagation (—z).

These coefficients describe the wave propagation from interior to
exterior of a layer (Fig. 6).
e transmission coefficient for direction of a wave propagation (+z) If a
wave in layer (n), next to boundary with a layer (n + 1) is given as E,
then a wave entering into medium (n 4 1) can be written as:

ET = ZE‘M (45)
m=1

where m denotes the number of waves taking into account in the
interference process and:

—

En = T(n,n+1)A71n(;)1 (n)E (46)

Where Al(n) = A(n)Rzn—ln)A,(n)R(nnJrl) ) )
Finally, this transmission coefficient for a layer (n) is given by the
matrix:

TS T

T T #7)

Ty = [T A A | =

m=1
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FIGURE 7 The schema presenting the way to determine the optical
parameters of a layer system.

The other coefficients one can found, that:

e transmission for direction of a wave propagation (—z)

/ - / m—1 A/ T(/)<On) Té%n)
m=1 oe ee
where Agn) = Ay Ry ARy
o reflection for direction of a wave propagation (+z)
9 R R
Riy = [T 1m M A Riunsn B | = | 00 0 (49)
m=2 Roe Ree
e reflection for direction of a wave propagation (—z)
. /(n) /(n)
9 R R
R,(n) = Z [T(n,n—o—l)Arln(n) A(n) /(n—ln)A/(n)} = (I)((;) f(on) (50)
m=2 Roe Ree

The coefficients presented above determined for all layers make it
possible to obtain the similar coefficients for all layer system.

Let’s improve Ty, TEN)7R<N) and R’(N) coefficients which denote the
transmission and reflection indices for a layer system (from layer (1)
to layer (n)) describing the way of a light from interior to exterior
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ofa} system. The. coefficients Ty 1), TEN+1)vR(N+1) and R€N+l) (Fig. 1),
which characterize the layer system from layer (1) to layer (n+1)

can be described as:

e transmission for direction of a wave propagation (+z)

o 1 TN+ )
Tns1) Z [ (n+1) ( (n+1)) T(N)} = |, w1 ey | (BD
m=1 Toe Tee

e transmission for direction of a wave propagation (—z)

0 m—1 PN (N1
W=D [ (R<n+1 E{ )) Tfn+1>] = | gy v
m=1 oe ee
(52)
reflection for direction of a wave propagation (+z)
/ m—2
R<N+1 N) T+ Z ( (n+1) (N)) R("+1)T(N)
R(()Z(;Hl) R‘(azglﬂ)
= RN+ p(N+1) (53)
oe ee
e reflection for direction of a wave propagation (—z)
-2
Ry =Ry + Z [ (ns1) ByRnin)"” R/(N)T2n+1)]
Ry, Y Reﬁf””
= R/(N+1) R/(N+1) (54)
oe ee

In this way the all needed coefficients describing the optical properties
of all layer system can be obtained.

3. FINAL CONCLUSIONS

The theory presented above makes us possible to work out the
computer program called CSOP (Computer Support of Optimization
Process). This program can be use to do very fast optimization
processes for color liquid crystal display. Additionally, it can be used
as a support to determine the optical parameters of any layer needed
to construct the display with given optical parameters. The verifi-
cation procedure comparing the experimental and calculated results
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for standard TN display were carried out, and the obtained results
showed that the difference between these results are not higher than
2 — 3%. It confirm, that this model is very good approximation of real
circumstances.

This program can be used to study of a color displays which charac-
terization is particularly difficult using other method.
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