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Measurement Method for Cell Gap and Twist Angle of

Reflective LCD

A polarization insensitive, electrically tunable Gooch-Tarry ' sfirst minimum condition is demonstrated . When the light passes through the TN

medium an even number of times . Furthermore, some properties of this method are discussed and an anaysis by theoretica calculation is undertaken.

We proposed a cell gap measurement method to determine the cell thickness by simulation values of the transmitted light for arbitrary wavelength

regions.
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LIntroduction

For small anchoring ener giesthisleadsto the propagation of
light in the Mauguin regime[1]. Theactual twist anglesin NLC
cellsareobtained ,which differ from the angle between two
boundary rubbing directions[2].Thisisbecausetheincident
light traver sestheboundary layerstwicein areflective cell[3].
We can calculate the twist angle and the different between the
actual twist angle and the angle of two rubbing directiong[4].
Theoptical field propagating normally in auniformly twisted
nematic structure can berepresented by two mutually

orthogonal elliptically polarized normal modes[5]. By

measuring the transmission of the twisted or supertwisted
NL C cells, It is possible to simultaneously obtain high

reflectance and image contrast and also a moder ate degr ee of

multiplexing [6].

2. Theory
A polarizing planeof linearly polarized light passesthrough
thefirst polarizer and rotates according to the twisted
orientation of theliquid crystal molecules.thisis called
optical rotation[7]. We can obtain its dDn valueby smply

measuring the R, ,according to(4). After measuring the

transmission under different conditions. Using the Jones

Zou-ni,Wan

matrix, it isvery easy to describe the optics of the two
metastable twist statesasboth have a uniform twist angle
and a small tilt angle[8]. For LC cdl right-handednesstwist
angleis positive and left -handednesstwist angleisnegative.

If itstwist angleis known we can choose two

differentb angles at

which the normalized reflectance R isrelatively large (usually

greater than 0.5) and the error of twist angle has minimum
effect on determining dDn[10] .

A normal incident light beam on the cell will have transmission
components as a function of wavelength. Electr o- optic transmitt
ance curves of a conventional TN mode. Results of the LCD cell

simulation using the Jones matrix method and shown in(1)
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The dispersion effects on the optical transmission can be minim
I1zed in amulti gap L CD when each cell thicknessis optimized for

there spective color to give zero transmission[9].
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Surfacereflections reflectivity of thereflector ,and aperatureratio
are not relevant to R, shown in(3).Thus, for agiven RTN LC cell,
Such application of field guaranteethedirector on thereference
substrate be parallel to thereference easy axis.

R. = (G%)Z(sian cosX - fYCOSZb sin X)?

3. Simulation results

In thiscase, finer transmittance oscillations dueto the thick glass
substrates have been smeared out and the period of the observed
Fabry-Perot oscillation can directly be used to derive the value of
the cell gap with accuracy. For an odd number of passes, thevalidity
of these equationsisrestricted to aregion adjacent to the Mauguin
limit.lIt isinteresting to notice that shownin(2) remainsthesame
aswith theinterference effect included sincetheinterference factors

shown in (1) and cancel out each other show in Fig.1.
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Figurel.The simulated dependent transmittance of the polarization
switch at | =632nn.The parameters used for simulationsarelisted
in the text.

A normal incident light beam on the cell will have transmission

components as a function of wavelength. Electro- optic transmittance
curves of a conventional TN mode. Results of the LCD cell smulation
using the Jones matrix method and shown in(2)..There is the cell

transmission as a function of thef =90° andb =30°.
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Figure2.The simulated transmittance spectra of the proposed
polarization Switch(solid lines),Gooch-Tarry 90° TN-L C(dashed
lines)and a broadband polarization rotator (dotted lines)between

crossed polarizers.

At this dCn value, the relationship between R andb angleis
described in Fig.Then ,we can choose two differentb angles at
which the normalized reflectance R isrelatively large(usually
greater than 0.5)and theerror of twist angle has minimum effect

on determining dCn.
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Figure3.cell gap tolerance of the polarization switch.Solid line
indicate optimal values,and dotted lines optimal values

The normalized transmittance of a TN cell can be described by
thefollowing Jones matrix method asthisistheideal case of the

transmissive -mode TN cell satisfying the Gooch-Tarry 's law.

Thefirst T, =1 occurs at dovi =43/2. We can obtain its dDn
value, if itstwist angle is known show in Fig.4. A normal incident
light beam on the cell will have transmission components as a

function of wavelength . Electro-optictransmittancecurvesof a

conventional 90°TN modeThe TN LCD isoperated in the first

minimum.
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Figure4.The calculated values of Dnd/l and twist angle
of f =00°,b =0°.

From Fig5, the maximum light efficiency appearsat andb =15°.

For agiven dCn, light efficiency is strongly dependent and it is
necessary to adjust b to maximizethelight efficiency.On the other

hand, incidence angle generates more phaseretar dation which b

booststhe light modulation efficiency.
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Figure5.The calculated valuesof hd/l and twist angle
of f =90, b =15°45°.

Results of the cell simulation using the Jones matrix method and
the approach proposed by usareshow in Fig.6 The color dispersion
(i.ethewavelength dependency of thelight transmittance) strongly
dependson f :40).Thefollowing explainshow to properly choose

these two different [ angle forgetting more accurate dDn reults.

T,

Dnd/I

Figure6.Thecalculated values of [hd/l and twist angle
off =40° b =0°15°,30°45°.

it dDvl departstoo far away fromf =70°of Fig.7.The
light efficiency will remain low even if the deviceis set the

optimal rotation angle.
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Figure7.The calculated valuesof hd/l and twist angle
off =70° b =0°15°30°45°.

IMID'05 DIGEST <549



P-81/C. F. Chang

A normal incident light beam on the cell will have transmission
componentsas a function of wavelength.For 90°TN cell of Fig8.
corresponding to the first minimum of the Gooch-Tarry transm
ission curve .For projection displays using three of TN-LC

panels, each cell can be optimized with a different L C while keeping
the same cell gap. Under thiscircumstance,the advantage of bisector
approach isclear. In the two-bottle LC system we used, theLC
mixtureshavevery similar physical propertiesin dielectricanisotropy ;

the only difference istheir birefringence.
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Figure8.The calculated values of Ind/l and twist angle
o f =90°,b =0°15°,30°,45°.
4.Conclusion

We have demonstrated a broadband polarization switch using an
TN-L C cell and two passive uniaxial compensation films.We used
the conjugate gradient method to optimize the device parameters.
Such a polarization switch exhibits a broad bandwidth and high
contrast ratio.

Itsresponse time depends on the choice of LCmaterial and cell
gap ,twist angle and compensation films thickness ar e analysed
and results are quite acceptable.By rotating a L C cell, we can
measur e not only the cell gap,but also wavelength dependence of

retardation Dn: dof a cell.
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