
Liquid	Crystals
and	their	applications	

in	photonics



Discovery:
• F. Reinitzer (1888), discovered an 

anomal two-step melting property of 
synthesized cholesteryl benzoate. At first 
changed into a milky substrate (at 
145°C) and later into opaque (179°C). 

• The „liquid crystal” term was given by 
Otto Lehman



Liquid	Crystals

• State	between	solid	crystal	and	isotropic	
liquid,

• Flowability	with	far-range	ordering	of	the	
structure,

• Liquid	crystal	phase	– mezophase,
• Generation	of	liquid	crystal	phases

– Thermotropic
– Liotropic	
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Thermotropic liquid crystals

DiscoticRod-like



Thermotropic	phases	N
- nematic N	:	all	molecules	are	
oriented	parallel	to	each	other.	
Nematics is	optically	uniaxial

- nematic N*	(cholesteric)	:	
chiral molecules	are	oriented	in	
layers	,	in	each	layer	the	
molecules	are	oriented	in	one	
direction,	the	versor in	each	
layer	is	changing	periodically.	
Cholesterics N*	is	uniaxial and	
optically	active.	



Thermotropic	phases	S	
- Smectic	phases	S:	molecules	are	
oriented	in	layers,	and	the	
molecule’s	axes	are	oriented	
under	90	degrees	in	respect	to	
the	normal,
• smectics	SA i	S*A	:	molecules	are	
oriented	in	layers,	parallel	to	each	
other	and	to	the	normal	to	the	
layer	surface.	Smectics	SA is	
uniaxial,	and	Smectics	S*A is	
uniaxial	and	optically	active.	



Thermotropic	phases	S

• smectics	SB i	S*B :	the	same,	but	
the	molecules	forms	a	hexagonal	
structure.

• smectics	SC :	like	in	SA,	but	the	
angle	with	normal	is	different	
from	zero.

• Chiral	smectics	C*:	aligned	in	
layers,	with	different	tilt	of	the	
director,	



Polymorphism

• Between	solid	phase	and	isomorphic	may	exist	one	LC	
phase	(monomorphism),	two	(dymorphism),	up	to	6	
phases	(hexamorphism)

• Example		SG-SF-SB-SC-SA-N



Optical	properties
Very	high	birefringence	(natural	and	induced)
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Optical	properties

• Optical	activity
• Linear	and	circular	dichroism,
• Strong	selective	light	reflection	from	structures	
and	optically	active	textures.	

• Electrooptic	Kerr	effect,	100 times	stronger	than	
in	nitrobenzene
– Helical	pitch	change	(à reflected	light	color)



Textures	under	polariscope





Aligning	LC	molecules	

• Rubbing	method,
• Termo-alignment,
• Photo-alignment,



Textures
• Homeotropic	texture:	optical	axis	is	parallel	to	the	direction	of	observation,	so	

the	view	is	dark	(under	the	polarization	microscope)
• Planar	texture	:	optical	axis	lays	in	the	plane	of	liquid	surface.
• Marble	texture:	isotropic,	separated	domains,	in	each	domain	the	versor	may	

have	different	direction.	
• Filamentous	texture:	inside	the	thick	samples	a	thin	lines	with	nonregular	shape	

are	observed.	
• Nodal	texture:	in	thin	samples	an	order	deffects	are	observed.	
• Confocal	texture,
• Polygonal	texture,
• Fingerprint	texture.	



From	textures	to	LC	cells
• Two	thin	glass	plates,	with	electreodes,	and	liquid	crystal	
layer	between	them.		

• Anchoring	phenomenon:	the	LC	molecules	are	anchored	
on	the	glass	plates.	



LC	displays

Off On



Liquid crystals in photonic crystal
fibers

The	highest	 level	of	tunability	of	propagation and	polarization
properties by	external	fields

Thermal,	external	ac	&	dc	fields,	
optical	field	 sensitivity

Variety of	LC materials and	LC	
structures;	influence	of	
molecular	ordering

Advantages	of	both	
mTIR and	PBG phenomena

Variety	of PCF	structures	
(birefringence,	 SM,	nonlinearity,	
etc.)

Liquid	CrystalPhotonic Crystal	Fiber Liquid	CrystalsPhotonic Fibers



3 main types of Photonic Crystal Fibers  

Isotropic with solid core Hollow-core Birefringent with solid core 

• 2-dimmensional photonic crystals with deffect along the fiber length inside
the core region,

• made of one type of glass material with periodic matrix of air micro-holes
forming a structure of photonic crystal,

Photonic Crystal Fibers
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•Pitch, Λ
• Large hole diameter, D
• Small hole diameter, d
• Diameter of holey region
• Filling factor, d/Λ

→ 4.4 µm
→ 4.5 µm
→ 2.2 µm
→ 40 µm
→ 0.5

Commercially available birefringent PCF from NKTPhotonics

Parameters

Photonic Crystal Fibers



m-TIR (modified Total Internal Reflection)  – characteristic for PCFs with solid 
core,

PBG (Photonic Band Gap)  – characteristic for „hollow-core” PCFs,

Propagation mechanisms in PCF



Orientation	of	LC	molecules	in	PCF

planar axial radial

Isotropic molecules orientation in PLCFs:

transverse
Transverse molecules 

orientation in PLCFs observed 
under influence of external

electric field 



Light propagation in PLCF

Peltier module

Halogen light
source PCF with LC

Spectrometer

Polarizing microscope

Temperature control



PCF with 3 rings of holes filled with 
PW500 LC (2.5 cm)

Transmision spectra under influence of 
temperature



PBG TIR

Photonic Band Gap Index guiding

Tcr T

1023 PCF + 1550 LC, temperature-induced switching

Wolinski T.R., et al, Measurement Science and Technology 17, 985–991 (2006)



DP2000	PCF	+	6CHBT;		PVCi	layer	irradiated	with	UV	light	polarized	parallelly to	
the	fiber	axis	– results	similar	to	PCF	without	photoaligning	layer	– planar	
molecules	orientation

E-tuning	in	photoaligned	PLCFs



Other	applications

• thermography
– medicine
– heating

• LC	blinds
• Electronic	paper	(e-paper)





Termogrphy



Termography


