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(57) ABSTRACT 

Disclosed are novel re?ective ?lms having symmetrical 
re?ection characteristics on the upper and loWer surfaces 
thereof. Preferably, such ?lms are made from cholesteric 
liquid crystal (CLC) material, Wherein the pitch of the 
helices of the liquid crystal molecules therein varies along 
the thickness dimension (i.e. transverse to the surface) of the 
?lm. Depending on the ?nal spiral structure of the materials 
utiliZed, the CLC circularly polarizing ?lm materials re?ect 
either left-handed or right-handed circularly polariZed light. 
In a ?rst illustrative embodiment, the CLC ?lm has a 
laminated construction in order that both the upper and 
loWer surfaces thereof have substantially the same re?ection 
characteristics over its tuned re?ection band. In second 
illustrative embodiment, the CLC ?lm has a laminated 
construction in order that both the upper and loWer surfaces 
thereof have substantially the same re?ection characteristics 
over its broadband re?ection band. By virtue of their circu 
larly polariZing re?ection characteristics, the CLC ?lms of 
the present invention can be used to form polariZation 
encoded spatially multiplexed images (SMI) on radiation 
absorbing surfaces, coloring media With high brightness 
characteristics, CLC-based toner 2-D and 3-D Xerographic 
printing processes, and the like. 
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REFLECTIVE FILM MATERIAL HAVING 
SYMMETRICAL REFLECTION 

CHARACTERISTICS AND METHOD AND 
APPARATUS FOR MAKING THE SAME 

[0001] Retardation Surface Regions Formed Therein And 
Methods Of Fabricating The Same” by Sadeg Faris ?led 
Nov. 4, 1996; each said Application being commonly oWned 
by Reveo, Inc, and incorporated herein by reference in its 
entirety. 

BACKGROUND OF INVENTION 

[0002] 1. Field Of Invention 

[0003] The present invention relates to broadband and 
spectrally-tuned circularly-polarizing re?ective ?lm mate 
rial having symmetrical re?ection characteristics on the 
upper and loWer surfaces thereof, and more particularly to a 
method and apparatus for making the same in an economical 
manner. 

[0004] 2. Brief Description Of Prior Art 

[0005] In US. Pat. No. 5,364,557, Applicant has taught 
hoW to make CLC ?lm and pigments (i.e. micro?akes) 
therefrom, for use in various applications. The advantage of 
using such CLC pigments is that color characteristics can be 
imparted to images painted and printed thereWith by virtue 
of the re?ection polariZing properties of CLC ?lm materials. 
In color printing, and in the ?ne arts, CLC color inks are 
knoWn to possess much higher color saturation and bright 
ness than conventional pigment and dyed based inks. This is 
in contrast With conventional pigments made from inorganic 
dyes Where the color characteristics thereof are imparted to 
images painted and printed thereWith by virtue of the 
absorption properties of such materials. A direct conse 
quence of the absorption properties of prior art pigments 
based on inorganic dyes is that they are characteriZed by loW 
re?ection characteristics over their respective spectral 
bands. This makes the colors less bright than Would other 
Wise be desired in many applications Where a premium is 
provided for highly re?ective paints, surface coatings, and 
the like, eg in the automotive industries, in particular. 

[0006] HoWever, CLC-based pigments based on the teach 
ings of Applicant’s US. Pat. No. 5,364,557 are not Without 
shortcomings and draWbacks. 

[0007] For example, Applicants have discovered that the 
re?ection characteristics of prior art CLC-based ?lms (and 
micro?akes made therefrom) differ on different sides of the 
CLC ?lm (and micro?akes made therefrom). Consequently, 
as it is impossible to control micro?ake surface arrangement 
during application, the color purity and brightness charac 
teristics of color coatings formed by prior art CLC 
micro?akes are generally non-uniform and inadequate for 
commercial utility. 

[0008] Consequently, When using prior art CLC ?lm to 
manufacture CLC-based pigments as taught in US. Pat. No. 
5,364,557, it has been impossible to produce color images 
capturing the colorful aspects of nature in a faithful manner, 
or color images having color tones and shades demanded by 
even those endoWed With loW levels of artistic expression. 

[0009] Thus there is a great need in the art for improved 
re?ective ?lm material and a method of making the same in 
a Way Which avoids the shortcomings and draWbacks of 
prior art methodologies. 
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OBJECTS AND SUMMARY OF THE 
INVENTION 

[0010] Accordingly, it is a primary object of the present 
invention to provide re?ective ?lm that avoids the short 
comings and draWbacks of prior art re?ective ?lms and 
methods of making the same. 

[0011] Another object is to provide such re?ective ?lm 
that is circularly polariZing and has improved spectral and 
band-pass position characteristics for imparting improved 
color characteristics. 

[0012] Another object of the present invention is to pro 
vide improved light re?ective ?lm having a laminated 
construction, Wherein the upper and loWer surfaces thereof 
exhibit symmetrical broadband re?ection characteristics 
over particular regions of the visible band of the electro 
magnetic spectrum, in order to provide improved light 
re?ectively and brightness When used in the manufacture of 
colored inks, paints and/or crayons of the present invention. 

[0013] Another object of the present invention to provide 
CLC ?lm material having symmetrical re?ection character 
istics, Wherein the axis of helical pitch of CLC molecules 
extends along the thickness dimension of the CLC ?lm (i.e. 
transverse to the surface thereof), and in Which the pitch of 
the helices of the CLC molecules varies in a non-linear (e.g. 
exponential) manner along the thickness dimension of the 
CLC ?lm. 

[0014] Another object of the present invention is to pro 
vide such CLC ?lm having a laminated construction, 
Wherein each surface thereof normal to the helical axis 
exhibits symmetrical broadband re?ection characteristics 
over the visible band of the electromagnetic spectrum, in 
order to provide improved light re?ectively and brightness 
When used in the manufacture of super-White polariZing 
inks, paints and/or crayons of the present invention. 

[0015] Another object of the present invention is to pro 
vide such CLC ?lm, Wherein the re?ection characteristics 
over the visible band of the electromagnetic spectrum pro 
vide improved light re?ectively and brightness When used in 
the manufacture of super-White polariZing inks and/or paints 
of the present invention. 

[0016] Another object is to provide CLC ?lm made from 
both left-handed and right-handed circularly polariZing 
material having circularly-polarizing re?ection characteris 
tics over the entire visible band of the electromagnetic 
spectrum, for imparting improved color characteristics. 

[0017] Another object is to provide a method of fabricat 
ing circularly polariZing re?ective ?lm With symmetrical 
re?ection characteristics, Wherein the ?lm exhibits loW 
optical loss propertiesm and high polariZing ef?ciency, 
While lending itself to simpli?ed fabrication and loW manu 
facturing cost. 

[0018] Another object is to provide a method of fabricat 
ing broadband CLC ?lm With symmetrical re?ection char 
acteristics, in a Way Which does not employ ultraviolet dye 
during the manufacture thereof. 

[0019] Another object is to provide a method of fabricat 
ing broadband circularly polariZing re?ective ?lm With 
symmetrical re?ection characteristics, Wherein the polymer 
iZable CLC being polymeriZed is exposed to a non-linear 
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(e.g. exponential) intensity gradient of actinic (e.g. UV) 
radiation by virtue of light loss Within the polymeriZable 
CLC medium, thereby causing a non-linear variation in 
pitch of helices of the CLC molecules therein. 

[0020] Another object is to provide a method of fabricat 
ing super broadband circularly polariZing re?ective ?lm 
using commercially available constituent CLC polymers and 
liquid crystal material. 

[0021] Another object is to provide novel forms of color 
ing media made from polariZing re?ective ?lm having 
symmetrical re?ection characteristics. 

[0022] These and other objects of the present invention 
Will become apparent hereinafter and in the claims to 
Invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] In order to more fully understand the Objects of the 
Invention, the folloWing Detailed Description of the Illus 
trative Embodiments should be read in conjunction With the 
accompanying DraWings, Wherein: 

[0024] FIG. 1 is a schematic representation of a thin 
“non-specular re?ective” coating of “additive-primary” col 
oring media of the present invention applied comprising 
spectrally-tuned CLC micro?akes suspended Within an opti 
cally transparent carrier medium applied to radiation absorb 
ing substrate; 
[0025] FIG. 2A is a schematic representation of a thin 
“quasi-specular re?ective” coating of “additive-primary” 
coloring media of the present invention comprising spec 
trally-tuned CLC micro?akes suspended Within an optically 
transparent carrier medium applied to the surface of a 
radiation absorbing substrate; 

[0026] FIG. 2B is a schematic representation of a CLC 
micro?ake of the ?rst illustrative of the present invention 
suspended Within the “additiveprimary” coloring media 
coating of FIG. 1 or 2A, illustrating its double-layer lami 
nated construction, Wherein each layer is made from the 
same LHCP or RHCP CLC ?lm material and each surface 
thereof has substantially the same circularly polariZing 
re?ection characteristics over the visible band portion of the 
electromagnetic spectrum; 

[0027] FIG. 2B1 is a schematic representation illustrating 
one possible pitch distribution of cholesteric liquid crystal 
molecules along the thickness dimension of an exemplary 
CLC micro?ake of a ?rst illustrative embodiment having the 
double-laminated construction illustrated in FIG. 2B; 

[0028] FIG. 2B2 is a graphical representation comparing 
the spectral re?ection characteristics of the ?rst and second 
surface of the spectrally-tuned LHCP (or RHCP) CLC ?lm 
layers used to fabricate the CLC micro?akes suspended 
Within additive primary coloring media shoWn in FIG. 2B; 

[0029] FIG. 2C is a schematic representation of a spec 
trally-tuned CLC micro?ake of the second embodiment of 
the present invention suspended Within the “additive-pri 
mary” coloring media coating of FIG. 1 or 2A, illustrating 
its double-layer laminated construction, Wherein the ?rst 
CLC layer is made from a layer of RHCP CLC ?lm material, 
the second CLC layer is made from a layer of LHCP CLC 
?lm material, and the ?rst and surfaces thereof have sub 
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stantially the same circularly polariZing re?ection charac 
teristics over the spectrally-tuned band portion of the elec 
tromagnetic spectrum; 
[0030] FIG. 2C1 is a schematic representation illustrating 
one possible pitch distribution of cholesteric liquid crystal 
molecules along the thickness dimension of a ?rst eXem 
plary embodiment of the spectrally-tuned CLC micro?ake of 
the present invention having the double-layer laminated 
construction illustrated in FIG. 2C; 

[0031] FIG. 2C2 is a graphical representation comparing 
the spectral re?ection characteristics of the ?rst and second 
surfaces of the spectrally-tuned RHCP and LHCP CLC ?lm 
layers used to fabricate the spectrally-tuned CLC 
micro?akes suspended Within the additive primary coloring 
media shoWn in FIG. 2C; 

[0032] FIG. 2D1 is a schematic representation of a spec 
trally-tuned CLC micro?ake of the third embodiment of the 
present invention suspended Within the “additive-primary” 
coloring media coatings of FIG. 1 or 2A, illustrating its 
double-layer laminated construction, Wherein the ?rst CLC 
layer is made from a ?rst layer of LHCP CLC ?lm material 
having a ?rst phase retardation surface formed therein, the 
second CLC layer is made from a second layer of LHCP 
CLC ?lm material having a second phase retardation surface 
formed therein adjacent the ?rst phase retardation surface, 
and the ?rst and second surfaces thereof have substantially 
the same circularly polariZing re?ection characteristics over 
the spectrally-tuned portion of the electromagnetic spec 
trum; 

[0033] FIG. 2D2 is a schematic representation of a spec 
trally-tuned CLC micro?ake of the fourth embodiment of 
the present invention suspended Within the “additive-pri 
mary” coloring media coatings of FIG. 1 or 2A, illustrating 
its double-layer laminated construction, Wherein the ?rst 
CLC layer is made from a ?rst layer of RHCP CLC ?lm 
material having a ?rst phase retardation surface formed 
therein, and the second CLC layer is made from RHCP CLC 
?lm material having a second phase retardation surface 
formed therein adjacent the ?rst phase retardation surface, 
and the ?rst and second surfaces thereof have substantially 
the same circularly polariZing re?ection characteristics over 
the spectrally-tuned band portion of the electromagnetic 
spectrum; 

[0034] FIG. 2D3 is a graphical representation of the 
helical pitch variation of liquid crystal molecules along the 
thickness dimension of a ?rst embodiment of the spectrally 
tuned CLC micro?ake having the construction shoWn in 
FIG. 2D1 or 2D2; 

[0035] FIG. 2D4 is a graphical representation of the 
helical pitch variation of liquid crystal molecules along the 
thickness dimension of a second embodiment of the spec 
trally-tuned CLC micro?ake having the construction shoWn 
in FIG. 2D1 or 2D2; 

[0036] FIG. 2D5 is a graphical representation comparing 
the re?ection characteristics of the ?rst and second surfaces 
of the spectrally-tuned RHCP CLC layers used to fabricate 
the spectrally-tuned CLC micro?akes used to fabricate the 
spectrally-tuned CLC micro?akes illustrated in FIG. 2D1 or 
2D2; 
[0037] FIG. 3A1 is a schematic representation of a thin 
“non-specular re?ective” coating of “super-White” coloring 
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media of the present invention comprising super broadband 
CLC micro?akes suspended Within an optically transparent 
carrier medium applied to a radiation absorbing substrate, 
and 

[0038] FIG. 3A2 is a schematic representation of a thin 
“quasi-specular re?ective” coating of “mirror-like” coloring 
media of the present invention comprising super broadband 
CLC micro?akes suspended Within an optically transparent 
carrier medium applied to a radiation absorbing substrate; 

[0039] FIG. 3B1 is a schematic representation of a super 
broadband CLC micro?ake of the ?rst embodiment of the 
present invention suspended Within the “super-White” and 
mirror-like coloring media coatings of FIGS. 3A1 and 3A2, 
illustrating its double-layer laminated construction, Wherein 
each layer is made from the same LHCP or RHCP CLC ?lm 
material and the external surfaces thereof have substantially 
the same circularly polariZing re?ection characteristics over 
the visible band of the electromagnetic spectrum; 

[0040] FIG. 3B1(A) is a schematic representation illus 
trating one possible pitch distribution of cholesteric liquid 
crystal molecules through the thickness dimension of a ?rst 
exemplary super broadband LHCP CLC micro?ake having 
the double-layer laminated construction illustrated in FIG. 
3B; 
[0041] FIG. 3B1(B) is a schematic representation illus 
trating the pitch distribution of cholesteric liquid crystal 
molecules through the thickness dimension of a second 
exemplary super broadband RHCP CLC micro?ake having 
the double-layer laminated construction illustrated in FIG. 
3B; 
[0042] FIG. 3B2 is a graphical representation comparing 
the spectral re?ection characteristics of the ?rst and second 
surfaces of the super-broad band RHCP CLC ?lm layers 
used to fabricate the super broadband CLC micro?akes 
suspended Within the super-White and mirror-like coloring 
media shoWn in FIGS. 3A1 and 3A2, for producing “super 
White” and “mirror-like” color effects, respectively; 

[0043] FIG. 3C is a schematic representation of a super 
broadband CLC micro?ake of the second embodiment of the 
present invention suspended Within the “super-White” col 
oring media coating of FIG. 3A or 3B, illustrating its 
double-layer laminated construction, Wherein the ?rst CLC 
layer thereof is made from a layer of super broadband RHCP 
CLC ?lm material, the second CLC layer is made from a 
layer of super broadband LHCP CLC ?lm material, and the 
?rst and surfaces thereof have substantially the same circu 
larly polariZing re?ection characteristics over the visible 
band portion of the electromagnetic spectrum; 

[0044] FIG. 3C1(A) is a schematic representation illus 
trating the pitch distribution of cholesteric liquid crystal 
molecules along the thickness dimension of a ?rst exem 
plary super broadband CLC micro?ake having the double 
layer laminated construction illustrated in FIG. 2C; 

[0045] FIG. 3C1(B) is a schematic representation illus 
trating the pitch distribution of cholesteric liquid crystal 
molecules along the thickness dimension of a second exem 
plary super broadband CLC micro?ake having the double 
layer laminated construction illustrated in FIG. 2C; 

[0046] FIG. 3C2 is a graphical representation comparing 
the spectral re?ection characteristics of the ?rst and second 
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surface of the super broadband RHCP and LHCP CLC ?lm 
layers used to fabricate the super broadband CLC 
micro?akes suspended Within the super-White and mirror 
like coloring media shoWn in FIGS. 3A1 and 3A2, for 
producing “superWhite” and mirror-like color effects, 
respectively; 

[0047] FIG. 3D1 is a schematic representation of a super 
broadband CLC micro?ake of the third embodiment of the 
present invention suspended Within the “super-White” and 
mirror-like coloring media coatings of FIGS. 3A and 3B, 
respectively, illustrating its double-layer laminated con 
struction, Wherein the ?rst CLC layer thereof is made from 
a ?rst layer of LHCP CLC ?lm material having a ?rst phase 
retardation surface formed therein, the second CLC layer 
thereof is made from a second layer of LHCP CLC ?lm 
material having a second phase retardation surface formed 
therein, and the ?rst and second surfaces thereof have 
substantially the same circularly polariZing re?ection char 
acteristics over the visible band portion of the electromag 
netic spectrum; 

[0048] FIG. 3D2 is a schematic representation of a super 
broadband CLC micro?ake of the fourth embodiment of the 
present invention suspended Within the “super-White” or 
mirror-like coloring media coatings of FIGS. 3A and 3B, 
respectively, illustrating its double-layer laminated con 
struction, Wherein the ?rst CLC layer is made from a ?rst 
layer of RHCP CLC ?lm material having a ?rst phase 
retardation surface formed therein, the second CLC layer is 
made from a second layer of RHCP CLC ?lm material 
having a second phase retardation surface formed therein, 
and the ?rst and second surfaces thereof have substantially 
the same circularly polariZing re?ection characteristics over 
the visible band portion of the electromagnetic spectrum; 

[0049] FIG. 3D3 is a graphical representation of the 
helical pitch variation of liquid crystal molecules along the 
thickness dimension of a ?rst embodiment of a super broad 
band CLC micro?ake hereof having the laminated construc 
tion shoWn in FIG. 3D1 or 3D2; 

[0050] FIG. 3D4 is a graphical representation of the 
helical pitch variation of liquid crystal molecules along the 
thickness dimension of a second embodiment of a super 
broadband CLC micro?ake hereof having the laminated 
construction shoWn in FIG. 3D1 or 3D2; and 

[0051] FIG. 3D5 is a graphical representation comparing 
the re?ection characteristics of the ?rst and second surfaces 
of the ?rst and second super broadband CLC layers com 
prising a super broadband CLC micro?ake used to fabricate 
the super broadband CLC micro?akes of FIG. 3D1 or 3D2 
suspended Within the super-White and mirror-like coloring 
media shoWn in FIG. 3A1 and 3A2, for producing “super 
White” and “mirror-like” color effects, respectively. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATIVE EMBODIMENTS OF THE 

PRESENT INVENTION 

[0052] The illustrative embodiments of the present inven 
tion shall be described in connection With the accompanying 
DraWings, in Which like structures and elements in the 
?gures thereof shall be indicated by like reference numerals. 






































