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Summary of Today’s Lecture



Yeh & Gu



• Jones Matrix method makes optical device analysis easy • Liquid crystal is state of matter intermediate between solid and amorphous liquid – Molecules with orientation order (like crystals) but lack positional order (like liquids)
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Polarization Devices • Polarizers – – – –



Selective absorbtion Selective Reflection Selective Refraction in an Anisotropic Media Scattering*



• Wave Retarders – Quarter wave plates – Half wave plates



• Polarization Rotators – LC Cells – Elecro-optic modulator – LC cell 6.976 Flat Panel Display Devices - Spring 2001
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Polarization by Selective Absorbtion (Dichroism) • Dichroism refers to the selective absorption of one of the two orthogonal polarization componet of an incident beam. • Anisotropic molecular structure with response dependent on the applied field • Transmission axis of the grid is perpendicular to the wires



Hecht
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Power Transmission of Dichrotic Polarizers



Saleh & Teich



• • • • • •



Polaroid H-sheet is Molecular analog of wire-grid polarizer Polyvinyl alcohol material treated and stretched in a certain direction Long hydrocarbon molecules aligned Impregnated with iodine atoms by soaking in I solution I attaches to long chain of polymeric molecules and behaves like wires in wiregrid polarizer Transmission axis ± to direction of stretch
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Polarization by Selective Reflection •



•



Reflection of light from the boundary between two dielectric materials is polarization dependent At the Brewsters angle of incidence – Light of TM polarization is totally refracted – Only TE component is reflected



Saleh & Teich



n i sin θ B = n t sin θ t n i sin θ B = n t cos θ B 6.976 Flat Panel Display Devices - Spring 2001
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Polarization by Selective Refraction



Saleh & Teich



• In an anisotropic crystal, two polarizations of light refract at different angles – Spatially separation



• Devices are usually two cemented prisms of uniaxial crystals in different orientations
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Wave Retarders (Wave Plates) • Retarders change the polarization of an incident wave • One of the two constituent polarization state is caused to lag behind the other – Fast wave advanced – Slow wave retarded



• Relative phase of the two components are different at exit • Converts polarization state into another – Linear to circular/elliptical – Circular/elliptical to linear
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Wave Retarders (Wave Plates) • Wave retarders are often made of anisotropic materials – uniaxial



• When light wave travels along a principal axis, the normal modes are linearly polarized pointing along the other two principal axes (x, y) – Travel with principal refractive indices nf, ns



• Intensity modulated by relative phase retardation



Saleh & Teich



2π Γ= (n s − n f )d = k o (n s − n f )d λ 6.976 Flat Panel Display Devices - Spring 2001



Lecture 11



10



Polarization Rotators • Rotates the plane of polarization of linearly polarized light by fixed angle while maintaining the linearly polarized nature • Amount of light transmitted when rotator is placed between two polarizers depends on the rotation angle – Intensity modulated by angle of rotation controlled by external means



Saleh & Teich



• Examples are – Twisted Nematic LC – Faraday Rotator 6.976 Flat Panel Display Devices - Spring 2001
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Jones Vectors



 A xe jδ x  J= jδ y   A y e  From this we can determine intensity 2



I = Ax + A y



2
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Jones Matrix Formulation



Saleh & Teich



 A 2 x   T11 T12   A1x  A  =  A    2 y  T21 T22   1y 



J 2 = TJ1 6.976 Flat Panel Display Devices - Spring 2001
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Linear Polarizer



1 0  T=  0 0 



Saleh & Teich 6.976 Flat Panel Display Devices - Spring 2001
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Wave Retarder 1 0  T= − jΓ  0 e 



T=e



− jφ



e   0



− jΓ 2
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2π Γ= (n s − n f )d λ



φ = absolute phase change Ã = relative phase change
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Half-Wave Retarder Plate − j 0 T=  0 j  



Γ=



2π (ns − n f )d = π λ



 − j 0 1  − j 1  0 j  1 =  j  = − j − 1        Polarization rotated by 90º  − j 0 1 − j 1 = = − j  0 j   j  − 1  − j       



R-circularly polarized ⇒ L-circularly polarized 6.976 Flat Panel Display Devices - Spring 2001
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Quarter-Wave Retarder Plate 1 0  T=   0 − j



π 2π Γ= (ns − n f )d = λ 2



1 0  1  1  0 − j 1 = − j      Linearly polarized⇒ L-circularly polarized 1 0  1 1 0 − j  j = 1     



R-circularly polarized ⇒ Linearly polarized 6.976 Flat Panel Display Devices - Spring 2001
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Effect of Quarter Wave Plate



Yeh & Gu 6.976 Flat Panel Display Devices - Spring 2001
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Polarization Rotators cos θ − sin θ T=   sin θ cos θ  Takes linearly polarized wave cos θ1    sin θ  1 converts to cos θ 2   sin θ   2 where θ 2 = θ1 + θ 6.976 Flat Panel Display Devices - Spring 2001
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Coordinate Transformation  J s   cos ψ sin ψ   J x  J  =  − sin ψ cos ψ   J   f   y   cos ψ sin ψ  R (ψ ) =   − sin ψ cos ψ   If ψ=45°



Yeh & Gu



1  1 1 R (45° ) =   2 − 1 1 For half - wave plate 1 1 − 1  − j 0 1 Txy =    2 1 1   0 j  2 6.976 Flat Panel Display Devices - Spring 2001



Txy = R (− ψ )Tsf R (ψ )



 1 1  0 − j − 1 1 = − j 0      Lecture 11



20



Jones Matrices (Polarizers)



Yeh & Gu



6.976 Flat Panel Display Devices - Spring 2001



Lecture 11



21



Jones Matrices (Wave Plates)



Yeh & Gu
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Basic Components of LCD



Yeh & Gu 6.976 Flat Panel Display Devices - Spring 2001
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Liquid Crystal Cell



Yeh & Gu



• LC material fills space between electrodes • Thickness kept uniform using glass fibers or plastic balls – A few microns



• Without any external field, ordering of LC determined by anisotropic boundary conditions • Electrical anisotropy allows control of ordering and orientation of molecules by external field – Rod-like molecules aligned parallel to E-field to minimize electrostatic energy 6.976 Flat Panel Display Devices - Spring 2001
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Liquid Crystal Cell



Yeh & Gu



• As a result of the ordering of molecule (nematic phase) LC exhibits a strong optical birefringence • Two modes of optical propagation with unique pahse velocities – Relative phase retardation



• Polarization state of incoming polarized light is modified. • Sandwiching the LC cell between a pair of cross polarizers leds to intensity modulation by applied voltage – Dielectric anisotropy – Optical birefringence 6.976 Flat Panel Display Devices - Spring 2001
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Properties of Liquid Crystals • LC is state of matter intermediate between solid and amorphous liquid – Liquid with ordered arrangement of molecules – Molecules with orientation order (like crystals) but lack positional order (like liquids)



• Organic substances with anisotropic molecules that are highly enlongated or flat • Ordering leads to anisotropy of – – – –



Mechanical properties Electrical properties Magnetic properties Optical properties



6.976 Flat Panel Display Devices - Spring 2001
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Typical Liquid Crystal Structure Yeh & Gu



• Ring System (required for short range intermolecular forces) – Benzene (unsaturated), Cyclohexanes (saturated) or Combination



• Terminal Group X (side chain) – Alkyl chain CnH2n+1, Alkoxy chain, CnH2n+1O, Alkenyl chain – Chain length strongly influences elastic constants – For ideal nematic phase n=3-8



• Linking Group A – Linking group could just be a bond(biphenyl), another ring (terphenyl) or C2H4, C2H2 etc.



• Terminal Group Y (plays important role in ε and ∆ε) – Operating & Threshold voltage ∝ 1/∆ε – Non-polar group such as CnH2n+1 have no effect on ∆ε – Polar group such as CN, F and Cl affect ∆ε
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Typical Liquid Crystal Structure



Saleh & Teich



• Nematic Liquid Crystals —molecules tend to be parallel but their positions are random – Long range orientation order



• Smetic Liquid Crystals – Positional order in 1D – Long range orientational order



Director: direction of preferred orientation of molecular axis



• Cholesteric Liquid Crystals—distorted form of nematic phase in which the orientation undergoes helical rotation – Chiral molecules – Spontaneous twist about helical axis 6.976 Flat Panel Display Devices - Spring 2001
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Twisted Nematic Liquid Crystal



Saleh & Teich



• Nematic Liquid Crystals on which a twist is imposed by external forces such as Boundary conditions – Thin layer of LC between two glass plates polished in perpendicular directions 6.976 Flat Panel Display Devices - Spring 2001
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Liquid Crystal Transistions Solid Crystal Smetic Liquid Crystal Nematic Liquid Crystal Melting Point



Clearing Point



Isotropic Liquid Temperature
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Summary of Today’s Lecture



Saleh & Teich



• Jones Matrix method makes optical device analysis easy • Liquid crystal is state of matter intermediate between solid and amorphous liquid – Molecules with orientation order (like crystals) but lack positional order (like liquids)



• Next Lecture: Ordering leads to anisotropy of – – – –



Mechanical properties Electrical properties Magnetic properties Optical properties
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