
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2011/0235149 A1 

US 2011 02351 49A1 

K0 et al. (43) Pub. Date: Sep. 29, 2011 

(54) TOTAL INTERNAL REFLECTION (52) U.S. Cl. ........................................................ 359/263 
MODULATOR (57) ABSTRACT 

(76) Inventors: James G. Ko, Vancouver (CA); A total internal reflection (TIR) modulator includes a member 
Reynolds W. Meritt, Burnaby (CA) compr1S1ng an electro-optic material; a plurality of first elec 

s trode sets; a plurality of second electrode sets; and a first set 
of electrical conductors, each electrical conductor in the first 

(21) Appl. No.: 12/730,305 set of electrical conductors being coupled to one of the second 
electrode sets wherein the electrodes in each second electrode 

(22) Filed: Mar. 24, 2010 set are arranged in an interdigitated relationship with the 
electrodes in one of the first electrode sets; and each of the 

O O first electrode sets comprises a first electrode, the first elec 
Publication Classification trodes being arranged in an interdigitated relationship with 

(51) Int. Cl. the electrical conductors in the first set of electrical conduc 
GO2F I/9 (2006.01) tOrS. 

  



Patent Application Publication Sep. 29, 2011 Sheet 1 of 9 US 2011/0235149 A1 

FIG. 1A 
(PRIOR ART) 

FIG. 1B 
(PRIOR ART) 

  



Patent Application Publication Sep. 29, 2011 Sheet 2 of 9 US 2011/0235149 A1 

OWOWOWOW OWOWOWOW OOOOOOOO OWOWOWOW 

V V O V 
2 2 2 

FIG. 1C 
(PRIOR ART) 

  



Patent Application Publication Sep. 29, 2011 Sheet 3 of 9 US 2011/0235149 A1 

FIG. 2A 
100 

FIG. 2B 

  



Patent Application Publication Sep. 29, 2011 Sheet 4 of 9 US 2011/0235149 A1 

FIG. 2C 

  



Patent Application Publication Sep. 29, 2011 Sheet 5 of 9 US 2011/0235149 A1 

27 
200 O He 

300 / 

CONTROLLER 

FIG. 3 

  

  



Patent Application Publication Sep. 29, 2011 Sheet 6 of 9 US 2011/0235149 A1 

328B 

33OB (2) 

328B () 
33OB 

328B 

328B 

  



Patent Application Publication Sep. 29, 2011 Sheet 7 of 9 US 2011/0235149 A1 

  



Patent Application Publication Sep. 29, 2011 Sheet 8 of 9 US 2011/0235149 A1 

FIG. 4D 

  



Patent Application Publication Sep. 29, 2011 Sheet 9 of 9 US 2011/0235149 A1 

400 

412 

  



US 2011/02351 49 A1 

TOTAL INTERNAL REFLECTION 
MODULATOR 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001 Reference is made to commonly-assigned copend 
ing U.S. patent application Ser. No. (Attorney Docket 
No. 96.178/NAB), filed herewith, entitled IMPROVED 
TOTAL INTERAL REFLECTION MODULATOR, by Koet 
al., the disclosure of which is incorporated herein. 

FIELD OF THE INVENTION 

0002 The invention relates to apparatus for forming 
images on a Surface, and more particularly to improvements 
to light modulators that employ electro-optic materials. 

BACKGROUND OF THE INVENTION 

0003 Electro-optic materials are those whose optical 
properties change in accordance with the strength of an elec 
tric field established within them. These materials make pos 
sible an electrically controlled electro-optic modulator for 
use in a light valve array. 
0004 One well known form of electro-optic modulators 
are total internal reflection (DR) modulators which can be 
employed in laser-based imaging systems for example. FIGS. 
1A and 1B schematically show plan and side views of a 
conventional TIR modulator 10 comprising a member 12 
which includes an electro-optic material and a plurality of 
electrodes 15 and 16 arranged in an interdigitated relationship 
on a surface 18 of member 12. Surfaces 20 and 22 are 
arranged to cause input radiation 25 to refract and undergo 
total internal reflection at surface 18. 
0005. In this typical conventional configuration, various 
electrodes 15 and 16 are grouped into electrode groups S. S. 
S. S. . . . S., which are collectively referred to as electrode 
groups S. Each of the electrodes 15 in each of the groups are 
driven with a corresponding one of individually addressable 
Voltages sources V, V, V, V . . . V., which are operated in 
accordance with various image data signals. To simplify 
interconnect and driver requirements, all electrodes 16 are 
interconnected to a common Source (e.g. a ground potential). 
In this case, electrodes 16 are coupled in a serpentine fashion 
among all the electrode groups S. 
0006. Upon the application of a suitable voltage by one of 
the Voltage sources V, V, V.V...V., to an associated one 
of the electrode groups S. S. S. S...S. an electric field 
is established in a portion of the of the electro-optic material 
referred to as a pixel region 11 (i.e. shown in broken lines). In 
this regard, an electrode group S is associated with each pixel 
region 11. FIG. 1B shows that each pixel region 11 includes a 
portion of surface 18 that is impinged by radiation 25. 
0007. The application of the voltage alters the refractive 
index of the electro-optic material, thereby changing a bire 
fringent state of the pixel region 11. Under the application the 
corresponding drive Voltage, the arrangement of electrodes 
15 and 16 in each of the electrode groups S. S. S. S...S. 
causes each of the electrode groups to behave in a manner 
similar to a diffraction grating. Abirefringent state of each of 
the pixel regions 11 can therefore be changed in accordance 
with the selective application of various Voltages by an asso 
ciated one of Voltage sources V, V, V, V . . . V. For 
example, in this case when no voltage is applied to aparticular 
electrode group S, an associated pixel region 11 assumes a 
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first birefringent state in which output radiation 27 is emitted 
from surface 22 and is directed by one or more lenses (not 
shown) towards a Surface of a recording media (also not 
shown) to form an image pixel thereon. In the case when a 
Suitable Voltage is applied to a particular electrode group S. 
the associated pixel region 11 assumes a second birefringent 
state in which output radiation 27 is emitted from surface 22 
in a diffracted form which can be blocked by an obstruction 
Such as an aperture (also not shown) to not form an image 
pixel. 
0008 Various image features are formed on a recording 
media by combining image pixels into arrangements repre 
sentative of the image features. It is a common desire to form 
high quality images with reduced levels of artifacts. In par 
ticular, the visual quality of the formed image features is 
typically dependant on the visual characteristics of the 
formed image pixels themselves. For example, one important 
characteristic is the contrast between an image feature and 
Surrounding regions of the recording media. Poor contrast can 
lead to the formation of various image features whose edges 
lack sharpness or are otherwise poorly defined. Another 
important characteristic is the accurate placement of the 
image pixels on the recording media. 
0009. The previously described conventional method of 
driving the arrangement of electrodes 15 and 16 can lead to 
various problems which can adversely impact a desired visual 
characteristic of the final image. For example, the sharpness 
of feature edges can suffer or an undesired deflection of 
output radiation 27 can arise. FIG. 1C schematically shows a 
Subset of electrode groups S. S. S., and Sa driven with 
various Voltage levels by their corresponding Voltage sources 
as follows: (V:V); (V:V); (V: 0); and (V: V). Voltage level 
“V” corresponds to a drive voltage level selected to cause 
substantial diffraction to be created within a pixel region 11 
whereas voltage level “0” corresponds to a voltage level (i.e. 
a ground potential in this case) selected to not cause Substan 
tial diffraction to be created within a pixel region 11. When a 
pixel region 11 is made non-diffracting (e.g. the pixel region 
11 corresponding to electrode group S), the average electric 
potential of the electrodes 15 and 16 of the pixel region is null. 
However, when a pixel region 11 is made diffracting (e.g. the 
pixel regions 11 corresponding to electrode groups SS and 
S.) the average electric potential of the electrodes 15 and 16 
of the pixel region 11 is approximately V/2. This creates an 
electric potential difference of V/2 between the average volt 
ages of non-diffracting and diffracting regions of TIR modu 
lator 10. This can give rise to long-range electric fields that 
deflect radiation that is propagated within the electro-optic 
material to produce a beam steering effect. Although the 
long-range fields can be relatively weak, they typically inter 
act with the radiation over a longer path length than the 
shorter range diffraction grating fields. TIR modulator 10 is 
an example of an “unbalanced TIR modulator. 
0010. One possible consequence of this deflection is that 
image pixels formed on the recording media can be shifted 
and a placement error arises. The degree of the placement 
error can vary in accordance with the image data which con 
trols the selective application of the drive voltages. Another 
possible consequence can include an increase in the diffrac 
tion broadening of an image pixel since the output radiation 
27 is deflected to one side in the pupil of the imaging system, 
thereby reducing the effective aperture of the system. Other 
possible consequences can include an increased sensitivity to 
aberrations in the imaging system. 
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0011 Commonly-assigned U.S. Pat. No. 7,656,571 B1 
(Reynolds) describes a total internal light modulator in which 
potential differences between diffracting and non-diffracting 
regions of the modulator are balanced. FIGS. 2A and 2B 
schematically show corresponding plan and side views of a 
TIR modulator 100 similar to a modulator described in U.S. 
Pat. No. 7,656,571. TIR modulator 100 includes a member 
112 comprising an electro-optic material 113. A plurality of 
electrodes 115 and 116 are arranged on a surface 118 of 
member 112. Member 112 includes surfaces 120 and 122 
which are arranged to cause radiation 125 to refract and 
undergo total internal reflection at surface 118. 
0012. As shown in FIG. 2A, each of the electrodes 115 and 
116 is elongate in form and extends along a direction that is 
substantially parallel to an overall direction of travel 126 of 
radiation 125. As shown in FIG. 2A, electrodes 115 are 
arranged in a plurality of first sets while electrodes 116 are 
arranged in a plurality of second sets. Each set of electrodes 
115 is electrically driven by a corresponding one of individu 
ally controllable first Voltage sources: V, V, V, V. . . . 
V (i.e. collectively referred to as first voltage sources V) via 
a corresponding one of a plurality of electrical conductors 
128A arranged on surface 118. Each set of electrodes 116 is 
electrically driven by a corresponding one of individually 
controllable second Voltage sources: V, V, V. V. . . . 
V (i.e. collectively referred to as second Voltage sources 
V) via a corresponding one of a plurality of electrical con 
ductors 128B arranged on surface 118. In this case, each of 
the first voltage sources V is coupled to an associated one of 
the electrical conductors 128A at an interconnect element 
130A provided on surface 118. In this case, each of the second 
Voltage sources V is coupled to an associated one of the 
electrical conductors 128B at an interconnect element 130B 
provided on surface 118. Each of the electrical conductors 
128A and 128B acts as feed line between associated inter 
connect elements and electrode sets. FIGS. 2A and 2B show 
that each of the electrical conductors 128A extends over a 
non-pixel region 132A and that each of the electrical conduc 
tors 128B extends over a second non-pixel region 132B. As 
shown in FIG. 2B, neither of non-pixel regions 132A and 
132B includes a portion of surface 118 that is impinged by 
radiation 125. Pixel regions 110 and non-pixel regions 132A 
and 132B are each shown in broken lines in FIG. 2A. 

0013 Each set of electrodes 115 is arranged with a set of 
electrodes 116 such that their respective electrodes are inter 
digitated with respect to one another within an associated one 
of electrode groups T. T. T. T. . . . T. (i.e. collectively 
referred to as electrode groups T). As shown in FIGS. 2A and 
2B each electrode group T is associated with one of a plurality 
of pixel regions 110 that are directly impinged by radiation 
125. 

0014 FIG. 2C schematically shows a subset of the elec 
trode groups T (i.e. electrode groups T. T. T., and T) of 
light modulator 100 driven by their corresponding voltage 
Sources V, and V to establish various electric potentials on 
each of the sets of electrodes 115 and 116 associated with 
each of the electrode groups T. In particular, FIG. 2C shows 
that electrode groups T.T.T., and T are driven by corre 
sponding Voltage sources V, and V as follows: (V: +V/2. 
V: -V/2), (V: +V/2. V: -V/2), (V: 0, V: 0), and 
(Va: +V/2, Va: -V/2). The voltages combinations of "+V/ 
2 and “-V/2” correspond to drive voltages that are applied to 
an electrode group T to cause Substantial diffraction within a 
pixel region 110 associated with the electrode group T. In this 
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regard, a difference of VVolts between these two potentials is 
sufficient to cause the diffraction. The Voltage combinations 
of “0” and “O'” correspond to drive voltages that are applied to 
an electrode group T to not cause Substantial diffraction 
within a pixel region 110 associated with the electrode group 
T. In this regard a difference of 0 Volts is insufficient to cause 
diffraction. 
0015. In this case, TIR modulator 100 is driven such that 
the averages of the Voltage combinations used to create each 
of the different birefringent states in a pixel region 110 are 
Substantially equal to one another. That is, the average Volt 
ages used to create a substantially non-diffracting state in a 
pixel region 110 (i.e. the average of 0 Volts and 0 Volts) 
Substantially equals an average of the Voltages used to create 
a substantially diffracting state in a pixel region 110 (i.e. the 
average of +V/2Volts and -V/2Volts). FIG.2C schematically 
shows the average electric potentials imposed on the elec 
trodes 115 and 116 of electrode groups T.T.T., and T in 
this case. Unlike the aforementioned TIR modulator 10 in 
which a variance of V/2 Volts existed between the average 
electrical potentials of the non-diffracting and diffracting 
pixel regions 11 of TIR modulator 10, such variances are 
reduced in the TIR modulator 100. TIR modulator 100 is an 
example of a “balanced TIR modulator. 
0016. It has been noted by the present inventors that other 
electrically conductive members (i.e. other than the interdigi 
tated electrodes) can also generate electric field within an 
elector-optic material of a light modulator. In case of the TIR 
modulator 100, the present inventors have noted that a set of 
electrical conductors (e.g. the set of electrical conductors 
128A or the set of electrical conductors 128B) can lead to the 
creation of an electric field. It has been noted that the electric 
field created by set of electrical conductors 128A or 128B 
typically penetrates more deeply into electro-optic material 
113 than an electric field created by the electrodes in an 
electrode group T. This effect is simulated in FIG. 2B where 
an electric field 136 is generated by various electrical con 
ductors 128A and an electric field 138 is generated by various 
electrical conductors 128B. Each of the generated electric 
fields 136 and 138 penetrate member 112 in the vicinity of 
non-pixel regions 132A and 132B, respectively. Although the 
electric fields 136 and 138 are associated with non-pixel 
regions 132A and 132B that include portions of surface 118 
that are not directly impinged by radiation 125, electric fields 
136 and 138 penetrate sufficiently within the electro-optic 
material 113 to interact with radiation 125. Electric fields 136 
and 138 can lead to various problems including undesired 
beam steering of the radiation 125 that is outputted from TIR 
modulator 100. 
0017. There is a need for improved TIR modulators that 
can further reduce beam steering effects. 
0018. There is a need for improved balanced and unbal 
anced TIR modulators that can further reduce beam steering 
effects. 

SUMMARY OF THE INVENTION 

0019 Briefly, according to one aspect of the present inven 
tion a total internal reflection (TIR) modulator includes a 
member comprising an electro-optic material; a plurality of 
first electrode sets; a plurality of second electrode sets; and a 
first set of electrical conductors, each electrical conductor in 
the first set of electrical conductors being coupled to one of 
the second electrode sets wherein the electrodes in each sec 
ond electrode set are arranged in an interdigitated relationship 
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with the electrodes in one of the first electrode sets; and each 
of the first electrode sets comprises a first electrode, the first 
electrodes being arranged in an interdigitated relationship 
with the electrical conductors in the first set of electrical 
conductors. 
0020. The invention and its objects and advantages will 
become more apparent in the detailed description of the pre 
ferred embodiment presented below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 Embodiments and applications of the invention are 
illustrated by the attached non-limiting drawings. The 
attached drawings are for purposes of illustrating the con 
cepts of the invention and may not be to scale. 
0022 FIG. 1A is a schematic plan view of a conventional 
TIR modulator; 
0023 FIG.1B is a schematic side view of the conventional 
TIR modulator of FIG. 1A: 
0024 FIG. 1C schematically shows a subset of electrode 
groups of the conventional TIR modulator of FIG. 1A driven 
by various Voltage levels; 
0025 FIG. 2A is a schematic plan view of a balanced TIR 
modulator; 
0026 FIG. 2B is a schematic side view of the TIR modu 
lator of FIG. 2A; 
0027 FIG. 2C schematically shows a subset of electrode 
groups of the modulator of FIG. 2A driven by various voltage 
levels; 
0028 FIG.3 schematically shows an imaging apparatus as 
per an example embodiment of the invention; 
0029 FIG. 4A is a schematic plan view of a light modu 
lator employed in an example embodiment of the invention; 
0030 FIG. 4B is a schematic side view of the light modu 
lator of FIG. 4A; 
0031 FIG. 4C schematically shows a subset of electrode 
groups and electrical conductors of the light modulator of 
FIG. 4A driven by various voltage levels: 
0032 FIG. 4D is a schematic detailed view of a portion of 
the light modulator of FIG. 4A; 
0033 FIG. 5A is a schematic plan view of another light 
modulator employed in an example embodiment of the inven 
tion; and 
0034 FIG. 5B is a schematic side view of the light modu 
lator of FIG. 5A. 

DETAILED DESCRIPTION OF THE INVENTION 

0035. The invention has been described in detail with par 
ticular reference to certain preferred embodiments thereof, 
but it will be understood that variations and modifications can 
be effected within the spirit and scope of the invention. 
0036 FIG. 3 schematically shows an imaging apparatus 
200 employed by an example embodiment of the invention. 
Imaging apparatus 200 includes an illumination Source 202 
which can include a laser for example. Suitable lasers can 
include laser diode arrays which are relatively easy to modu 
late, have relatively low cost and have relatively small size. 
The choice of illumination source 202 can be motivated by the 
properties of recording media 230 that is to be imaged by 
imaging apparatus 200. 
0037. One or more optical elements 210 are positioned 
along the path of radiation 225 emitted by illumination source 
202 towards light modulator 300. Radiation 225 is directed 
along a direction of travel 226 towards light modulator 300. 
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Optical elements 210 can include one or more lenses 
employed to condition radiation 225 in various ways. For 
example, when diode laser arrays are employed, various 
degrees of beam divergence can exist along a plurality of 
directions. Beam divergence can include fast axis divergence 
and slow axis divergence for example. Optical elements 210 
can include various lenses adapted to correct these diver 
gences such as micro-lenses or crossed cylindrical lenses. 
Optical elements 210 can include various elements adapted to 
mix or reflect various radiation beams such as light pipes and 
fly's eye integrators for example. Optical elements 210 can 
include various lenses adapted to focus or redirect radiation 
225 emitted by illumination source 202. 
0038 Radiation 225 that is directed onto light modulator 
300 is modulated in accordance with controller 260 which 
selectively controls various pixel regions 310 (not shown in 
FIG. 3) of light modulator 300 to form various radiation 
beams. Image data 220 is employed by controller 260 to 
generate various radiation beams which are directed along a 
path towards an imageable Surface of a recording media 230 
to form various image pixels 240 thereon as required by 
image data 220. Other radiations beams not required by the 
formation of various image pixels 240 are directed elsewhere. 
In this illustrated embodiment, the radiation beams required 
to form image pixels 240 pass through an aperture 250 while 
radiation beams not required to form image pixels 240 are 
obstructed by aperture 250. One or more lenses (not shown) 
may be employed to direct radiation beams from light modu 
lator 300 towards aperture 250. One or more optical elements 
270 are employed to direct various radiation beams onto the 
imageable surface of recording media 230. Various other 
embodiments of the invention need not employ aperture 250, 
and radiation beams not required by the formation of various 
image pixels 240 may fall by design outside the entrance 
pupil of a lens of optical elements 270. 
0039 Radiation beams can be used to form image pixels 
240 on recording media 230 by different methods. For 
example, radiation beams can be used to ablate a Surface of 
recording media 230. Radiation beams can be used to cause 
transference of an image-forming material from a donor ele 
ment to a Surface of recording media 230 (e.g. a thermal 
transfer process). Recording media 230 can include an image 
modifiable surface, wherein a property or characteristic of the 
modifiable surface is changed when irradiated by a radiation 
beam. 

004.0 Interactions between the radiation beams and the 
recording media 230 can vary during the formation of corre 
sponding image pixels 240. For example, various arrange 
ments of image pixels 240 can be formed from plurality of 
imagings referred to as 'shots. During each shot, imaging 
apparatus 200 is positioned relative to a region of recording 
media 230. Once positioned, light modulator 300 is activated 
to form a first group of image pixels 240 on the region of 
recording media 230. Once these image pixels 240 are 
formed, relative movement between imaging apparatus 200 
and recording media 230 is effected to position apparatus 200 
in the vicinity of an adjacent region and another shot is taken 
to form a next group of image pixels 240 on the adjacent 
region. Various image pixels 240 can also be formed by scan 
ning. Scanning can include establishing relative movement 
between light modulator 300 and recording media 230 as the 
light modulator 300 is activated to form the desired image 
pixels 240. Relative movement can include moving one or 
both of light modulator 300 and recording media 230. In some 
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example embodiments of the invention, Scanning can be per 
formed by deflecting radiation beams emitted by light modu 
lator 300 relative to recording media 230 to form the image 
pixels 240. 
0041 FIGS. 4A and 4B schematically show correspond 
ing plan and side views of one exemplary embodiment of light 
modulator 300. In this example embodiment of the invention, 
light modulator 300 is a TIR modulator. Light modulator 300 
includes a member 312 comprising an electro-optic material 
313. Electro-optic material 313 can include lithium niobate 
(LiNbO) or lithium tantalate (LiTaC)) for example. Electro 
optic material 313 can include a suitably chosen material 
which exhibits birefringent characteristics in response to the 
application of a suitable electric field. A plurality of elec 
trodes 315 and 316 are arranged on a surface 318 of member 
312. Member 312 includes Surfaces 320 and 322 which are 
arranged to cause radiation 225 to refract and undergo total 
internal reflection at surface 318. Other example embodi 
ments of the invention can employ other orientations between 
various ones of surfaces 318,320, and 322 and radiation 225 
to cause the total internal reflection. 

0042. As shown in FIG. 4A, each of the electrodes 315 and 
316 is elongate in form and extends along a direction that is 
substantially parallel to an overall direction of travel 226 of 
radiation 225. Electrodes 315 and 316 are an example of 
electrically conductive elements that can be formed on mem 
ber 312 by various techniques known in the art. In some 
example embodiments, electrically conductive elements are 
formed by sputtering metal (e.g. gold) on surface 318. Other 
metal deposition methods can include evaporation. Coated 
surface 318 is then coated with a suitable photo-resist which 
is patterned by exposure to light (e.g. ultraviolet light) 
through a Suitable mask. A development of the photo-resist 
removes the photo-resist locally according to the pattern, and 
the electrically conductive elements are formed by chemi 
cally etching away metal that is not protected by the photo 
resist. Other embodiments of the invention may employ a 
lift-off technique in which a photo-resist is first applied to 
surface 318 and is patterned. Metal is then sputtered onto both 
surface 318 and the patterned photo-resist. The photo-resistis 
then dissolved so that the metal deposited on the photo-resist 
is removed while leaving other metal attached to surface 318 
in areas where the photo-resist was absent during sputtering. 
In this illustrated embodiment of the invention, electrodes 
315 and 316 are jointly formed on a single surface. 
0043. In this illustrated embodiment, electrodes 315 are 
arranged to form a plurality of first electrode sets X, X2, X, 
X ... X (i.e. collectively referred to as first electrode sets X) 
while electrodes 316 are arranged to form, a plurality of 
second electrode sets Yi, Y. Y.Y. . . . Y. (i.e. collectively 
referred to as second electrode sets Y). In this example 
embodiment, each of the first and second electrode sets X and 
Y include four (4) respective electrodes 315 and 316. Other 
example embodiments of the invention can include first and 
second electrode sets X and Y made up of other suitable 
numbers of electrodes. The electrodes 315 within a given first 
electrode set X are electrically driven by a corresponding one 
of individually controllable first voltage sources: V, V, 
V. V. . . . V., (i.e. collectively referred to as first Voltage 
sources V) via one of a plurality of electrical conductors 
328A provided on surface 318. The electrodes 316 within a 
given second electrode set Y are electrically driven by a 
corresponding one of individually controllable second Volt 
age sources: V, V, V, V . . . V., (i.e. collectively 
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referred to as second Voltage sources V) via one of a plurality 
of electrical conductors 3288 provided on surface 318. 
0044. In this example embodiment, each of the voltage 
sources V is coupled to an interconnect element 330A pro 
vided on surface 318. In this example embodiment, each of 
the Voltage sources V is coupled to an interconnect element 
330B provided on surface 318. Interconnect elements 330A, 
330B can include any suitable element provided on a surface 
of member 312, the interconnect elements being adapted for 
receiving an electrical signals from a Voltage source. Each of 
interconnects elements 330A and 330B can include a wireb 
ond pad by way of non-limiting example. 
0045. In this example embodiment, each of the electrical 
conductors 328Aacts as an electrical feed line between one of 
the interconnect elements 330A and one first electrode sets X. 
In this example embodiment, each of the electrical conduc 
tors 328B acts as an electrical feed line between one of the 
interconnect elements 330B and one of the second electrode 
sets Y. In some example embodiments, each of electrical 
conductors 328A and 328B extends along a path that is not 
linear. As best seen in the detailed schematic view of a portion 
of light modulator 300 in FIG. 4D, each of electrical conduc 
tors 328A and 328B includes a “T-shaped portion in this 
example embodiment. The portion of light modulator 300 
shown in FIG. 4D includes first electrode set X and second 
electrode set Y. In this example embodiment each of the 
electrodes 315 in a given one of the first electrode sets X is 
coupled to one of the electrical conductors 328A at a junction 
point 335A. In this example embodiment each of the elec 
trodes 316 in a given one of the first electrode sets Y is coupled 
to one of the electrical conductors 328B at a junction point 
335B. FIGS. 4A, 4B, and 4D show that the various electrical 
conductors 328A extends over a non-pixel region 332A and 
that the various electrical conductors 328B extends over a 
non-pixel region332B. Non-pixel regions 332A and 332B are 
schematically shown in broken lines in FIG. 4D. The sche 
matic representation of non-pixel regions 332A and 332B 
depicted is for illustration purposes only and may not reflect 
an actual shape or size of the regions. Other sizes and shapes 
of non-pixel regions 332A and 332B can existin various other 
example embodiments of the invention. As shown in FIG. 4B, 
none of non-pixel regions 332A and 332B includes a portion 
of surface 318 that is impinged by radiation 225. 
0046. In this example embodiment, first and second elec 
trode sets X and Y are arranged such that each electrode 315 
is adjacently positioned next to an electrode 316. In this 
example embodiment of the invention, each of the first elec 
trodes sets X are arranged with another of the electrode sets Y 
such that their respective electrodes are interdigitated with 
respect to one another. In this example embodiment, each of 
the interdigitated electrode sets X and Y belongs to an elec 
trode group U (i.e. one of electrode groups U1, U2, U, U. . . 
. U.). 
0047 Light modulator 300 includes a plurality of pixel 
regions 310, each pixel region 310 including a portion of 
electro-optic material 313 and one of the electrode groups U. 
Each pixel region 310 includes a portion of surface 318 that is 
directly impinged upon by radiation 225. Each pixel region 
310 includes a portion of surface 318 against which radiation 
225 undergoes total internal reflection. In this example 
embodiment, each pixel region 310 is located between a 
non-pixel region 332A and a non-pixel region 332B. A pixel 
region 310 is schematically represented in broken lines in 
FIG. 4D. The schematic representation of pixel region 310 
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depicted is for illustration purposes only and may not reflect 
an actual shape or size of the region. Other sizes and shapes of 
pixel regions 310 can exist in other example embodiments of 
the invention. 

0.048. An electric field can be established in the electro 
optic material 313 corresponding to a given pixel region 310 
by appropriately driving one or both of the Voltage sources V 
and V corresponding to the given pixel region 310. In this 
illustrated embodiment, both Voltage sources V and V cor 
responding to given pixel region 310 are driven to impart 
various birefringent states on the portion of the electro-optic 
material associated with the given pixel region 310. Each of 
the pixel regions 310 is individually addressable by control 
ling a corresponding group of Voltage sources V and V. In 
this regard, various groups of Voltage sources V and V can 
be operated independently of other groups of Voltage sources 
V and V. In various example embodiments, each of the 
pixel regions 310 can be addressed in a manner similar to that 
taught by U.S. Pat. No. 7,656,571 which is herein incorpo 
rated by reference. 
0049. Each of the groups of voltage sources V and V is 
selectively operated by controller 260 (not shown in FIGS. 
4A-4D) to activate a corresponding pixel region 310 between 
various states. Controller 260, which can include one or more 
controllers, is used to control one or more systems of imaging 
apparatus 200 including, but not limited to, light modulator 
300. In this example embodiment, controller 260 is pro 
grammed to address light modulator 300 in accordance with 
image data 220 which includes information representing an 
image to be formed. Various systems can be controlled using 
various control signals and by implementing various meth 
ods. Controller 260 can be configured to execute suitable 
Software and can include one or more data processors, 
together with Suitable hardware, including by way of non 
limiting example: accessible memory, logic circuitry, drivers, 
amplifiers, A/D and D/A converters, input/output ports and 
the like. Controller 260 can comprise, without limitation, a 
microprocessor, a computer-on-a-chip, the CPU of a com 
puter or any other suitable microcontroller. 
0050 FIG. 4C schematically shows a subset of the elec 
trode groups U (i.e. electrode groups U1, U2, U and U) of 
light modulator 300. Each electrode group U is driven by 
associated Voltage sources V and V to apply various volt 
ages to each of the first and second electrode sets X and Y of 
the electrode group U. In particular, first voltage sources V, 
V, and V are driven to apply a first voltage V to each of 
their corresponding first electrode sets X, X, and X to 
impose an electric potential P thereon. Second Voltage 
Sources V, V, and Vaare driven to apply a second Voltage 
V to each of their corresponding second electrode sets Y, 
Y, and Y to impose an electric potential P, thereon. First 
and second Voltage sources V and V are driven to apply a 
third voltage V, to each of their corresponding first and sec 
ond electrode sets X and Y to impose an electric potential P 
thereon. It is understood that only the subset of electrode 
groups U1, U2, Us, and U is depicted for clarity and other 
electrode groups U of light modulator 300 can be activated in 
a similar fashion. 

0051. In various example embodiments of the invention, 
combinations of electric potentials P, P., and P are selec 
tively imposed on the first and second electrode sets X and Y 
of each of the electrode groups U in accordance with a desired 
activation state of a pixel region 310 associated with each of 
the electrode groups U. In various example embodiments, 
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combinations of electric potentials P, P., and P are selec 
tively applied to various portions of a pixel region 310 in 
accordance with a desired activation state that is to be asso 
ciated with the pixel region 310. Activation states can include 
for example: an ON state in which a pixel region 310 is 
activated to forman image pixel 240 on recordable media 230 
and an OFF state in which a pixel region 310 is activated to not 
form a corresponding image pixel 240 on recordable media 
230. In various example embodiments of the invention, vari 
ous ones of electric potentials P. P., and P are selectively 
applied to the first and second electrode sets X and Y of each 
of the electrode groups Uto imparta desired birefringent state 
on a portion of the electro-optic material 313 in an associated 
pixel region 310. In this example embodiment, electric poten 
tials P. P., and P are each different from one another. 
0052. In this example embodiment of the invention, it 
desired that each pixel region 310 corresponding to electrode 
groups U1, U2, and Ube activated inaccordance with an OFF 
state while the pixel region 310 corresponding to electrode 
group U, be activated in accordance with an ON state. In this 
example embodiment, the electric potentials applied to each 
of the first electrode sets X correspond to values selected from 
a first group including a plurality of predetermined electric 
potential values including values corresponding to each of 
electric potentials P and P. The electric potentials applied 
to each of the second electrode sets Y correspond to values 
selected from a second group including a plurality of prede 
termined electric potential values including values corre 
sponding to each of electric potentials P, and P. In this 
example embodiment, electric potentials values correspond 
ing to each of electric potentials P and P are different from 
one another. In this example embodiment, the electric poten 
tial values corresponding to the electric potential P is differ 
ent from the electric potential values corresponding to each of 
the electric potentials P and P. In this example embodi 
ment, the first group of electric potential values includes at 
least one electric potential value that is not common with any 
of the electric potential values in the second group of electric 
potential values. In this example embodiment, the second 
group of electric potential values includes at least one electric 
potential value that is not common with any of the electric 
potential values in the first group of electric potential values. 
In this example embodiment, the first group of electric poten 
tial values and the second group of electric potential values 
together comprise three different electric potential values. 
The electric potential values can be the same or different from 
the electric potentials that are imposed as a result of their 
selection. In some cases, various losses can cause differences. 
0053. In various example embodiments, electric potential 
information is maintained. The electric potential information 
can specify a first combination of electric potentials to impose 
on an associated first and second set of the electrodes X and Y 
in the event that a first activation state is desired. The electric 
potential information can specify a second combination of 
electric potentials to impose on the first and second sets of the 
electrodes X and Y in the event that a second activation state 
different from the first activation state is desired. In some of 
these embodiments, the first combination of electric poten 
tials comprises a plurality of electric potentials that are not 
common with any of the electric potentials of the second 
combination of electric potentials. A desired activation state 
is determined and an electric potential is imposed on each of 
the first and second sets of the electrodes X and Y according 
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to the electric potential information corresponding to the 
determined desired activation state. 
0054 The selection of an electric potential value from 
each of the predetermined first and second groups of electric 
potential values can be based at least on image data 220. In 
this illustrated embodiment, controller 260 (not shown in 
FIGS. 4A-4D) has selected a combination of electric potential 
values corresponding to common electric potentials P. 
according to a first image data signal (i.e. an ON image data 
signal) and a combination of different electric potential val 
ues corresponding to electric potentials P and P according 
to a different second image data signal (i.e. an OFF image 
data signal). 
0055. In this example embodiment, an electric potential 
difference between the combination of electric potentials P, 
applied to electrode group Us is substantially null and a first 
birefringent state corresponding to this electric potential dif 
ference is imposed on the associated pixel region 310. This 
first birefringent state can be selected to not cause Substantial 
diffraction in the radiation emitted from the associated pixel 
region 310. In this example embodiment, an electric potential 
difference between the combination of electric potentials P. 
and P applied to each of the electrode groups U1, U2, and U 
is Sufficient to impose a second birefringent state on each of 
their associated pixel regions 310. This second birefringent 
state can be selected to cause substantial diffraction in the 
radiation emitted from each of the associated pixel regions 
31 O. 

0056. In various example embodiments of the invention, 
each of the electric potentials P, P., and P is selected Such 
that an average of the electric potentials applied to a first pixel 
region 310 to impart a first birefringent state onto the first 
pixel region 310 is Substantially equal to an average of the 
electric potentials applied to a second pixel region 310 to 
impart a second birefringent state onto the second pixel 
region 310. In this example embodiment, the values of P. P. 
and P are selected such that the sum of electric potentials P, 
and P is substantially equal to the sum of electric potentials 
P and P. For example, in this illustrated embodiment, first 
and second Voltage sources V and V are driven to apply a 
Voltage V, to impose an electric potential P of approxi 
mately 0 
0057 Volts (i.e. a ground potential) on each of their cor 
responding first and second electrode sets X and Y. Each of 
first Voltage drives V, V, and Vaare driven to apply a first 
Voltage V to each of their corresponding first electrode sets 
X, X, and X to impose an electric potential P of +V/2Volts 
thereon. Each of second Voltage drives V, V, and Va are 
driven to apply a second Voltage V to each of their corre 
sponding second electrode sets Yi, Y, and Y to impose an 
electric potential P of -V/2 Volts thereon. In this example 
embodiment of the invention, Voltages V and V impose 
corresponding electric potentials P and P that are different 
from one another. Specifically, electric potentials P and P. 
are each Substantially equal in magnitude, but comprise dif 
ferent polarities. 
0058 Accordingly, an electric potential difference suffi 
cient to establish the first desired birefringent state (i.e. OVolts 
in this example) exists in electrode group U, while an electric 
potential difference sufficient to establish the second birefrin 
gent state (i.e. V Volts in this example) exists in each of 
electrode groups U1, U2, and U. In this example embodi 
ment, light modulator 300 is driven such that the sums of the 
electric potentials combinations used to create each of the 
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different birefringent states are substantially equal to one 
another. That is, a first sum of electrical potentials P, and P. 
(i.e. the sum of 0 Volts and 0 Volts) substantially equals a 
second Sum of electrical potentials P and P. (i.e. the Sum of 
+V/2 Volts and -V/2 Volts). In this regard, light modulator 
300 is driven in a balanced manner. 

0059. In other example embodiments of the invention, 
light modulator 300 can be driven using different techniques. 
For example, a common electric potential P imposed on each 
of the first and second electrode sets X and Y of a particular 
electrode group U need not be selected to be a null or a ground 
potential. A first Voltage source V and its corresponding 
second Voltage source V can be driven to apply Voltages V, 
to impose non-zero electric potentials of P. Volts on each of 
the corresponding first and second electrode sets X and Y in 
accordance with a first desired birefringent state. When a 
change from the first birefringent state to a second birefrin 
gent state is desired (i.e. for example when change in an 
image data signal is encountered), the first Voltage source V. 
can be driven to adjust voltage V, applied to the first electrode 
set X by a first amount (e.g. V/2 Volts) to create an adjusted 
Voltage equal to V+V/2, and the second Voltage source V. 
can be driven to adjust the Voltage applied to the second 
electrode set Y by a second amount (e.g. V/2 Volts) to create 
an adjusted Voltage equal to V-V/2. The applied Voltages are 
selected such that the sum of the voltages applied to the first 
and second electrode sets X and Y during the establishment of 
the first birefringent state (i.e. the sum of V, and V) substan 
tially equals the sum of the adjusted voltages applied to the 
first and second electrode sets X and Y during the establish 
ment of the second birefringent state (i.e. the sum of V+V/2 
and V-V/2). Each of the initially applied voltages are 
selected to create an electric potential difference suitable for 
the establishment of the first birefringent state and each of the 
adjusted applied Voltages are selected to create an electric 
potential difference suitable for the establishment of the sec 
ond birefringent state. In some example embodiments, each 
of the applied Voltages is selected to cause each of the electric 
potentials applied to each of the first and second electrode sets 
X and Y during the establishment of either birefringent state 
to be uni-polar in nature. A uni-polar drive can be employed 
to simplify drive requirements. 
0060 Referring back to FIG. 4C, it is noted that voltages 
V having the same polarity (i.e. +V/2 Volts) are provided by 
various ones of the electrical conductors 328A which extend 
over non-pixel regions 332A. In a similar manner, Voltages 
V having the same polarity (i.e. -V/2 Volts) are provided by 
various ones of the electrical conductors 328B which extend 
over non-pixel regions 332B. The present inventors have 
determined that adjacent electrical conductors 328 carrying 
various Voltage signals can cause an undesired electric field to 
arise in the non-pixel regions 332A, 332B that the electrical 
conductors 328A, 328B extend across. Without being bound 
by a particular theory, the present inventors believe that the 
depth that these electric fields penetrates the electro-optic 
material 313 associated with each non-pixel region 332A, 
332B is proportional to the pitch or spacing between adjacent 
ones of the electrical conductors 328A, 328B. In the example 
embodiment shown in FIG. 4A, the spacing between adjacent 
electrical conductors 328A or adjacent electrical conductors 
328B is larger than the spacing between the various adjacent 
electrodes in each of the electrode groups U. In this example 
embodiment, the spacing between adjacent electrical conduc 
tors 328A or adjacent electrical conductors 328B is relatively 
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large in part because each of the electrode groups U includes 
a relatively large number of interleaved electrodes 315 and 
316 thereby increasing the pitch between adjacent electrode 
groups U. It is to be noted that even if each electrode group U 
includes fewer interleaved electrodes 315 and 316 (e.g. two 
(2) electrodes 315 interleaved with two (2) electrodes 316) 
relatively large spacings between adjacent electrical conduc 
tors 328 can be required as these conductors “fan-out' over 
surface 318 to provide for the space requirements of elements 
such as interconnect elements 330A and 330B. Bends in the 
electrical conductors 328A and 328B can be employed to fan 
the electrical conductors 328A, 328B out over surface 318. 
Increased penetration depths of the electric fields generated in 
the non-pixel regions 332A and 332B can cause unwanted 
interactions with radiation 225 which can cause various prob 
lems such as beam steering. It is noted that these undesired 
electric fields are typically image data dependant. 
0061. In various example embodiments of the invention, a 
second electrical potential is imposed on a non-pixel region 
332A, 332B onto which a first electric potential is imposed by 
an electrical conductor 328A, 328B that extends over the 
non-pixel region 332. In some example embodiments the 
imposed second electrical potential has an opposite polarity 
to the imposed first electrical potential. In some example 
embodiments, the first and second electrical potentials that 
are imposed on the non-pixel region332A, 332B are substan 
tially the same as the electrical potentials that are imposed on 
a pixel region 310 that is fed by the electrical conductor 328A, 
328B. In some example embodiments, a sum of the first and 
second electrical potentials that are imposed on the non-pixel 
region 332A, 332B is substantially equal to a sum of the 
electric potentials that are imposed on a pixel region 310 that 
is fed by the electrical conductor 328A, 328B. In some 
example embodiments, a sum of the first and second electrical 
potentials that are imposed on the non-pixel region 332A, 
332B is substantially the same as a sum of the electrical 
potentials that are imposed on a pixel region 310 that is fed by 
another electrical conductor 328A, 328B. 
0062. In this example embodiment, each of first electrode 
sets X includes a first electrode 315A. Each of the electrodes 
includes a portion positioned adjacently to an electrical con 
ductor 328B. The first electrodes 315A are arranged in an 
interdigitated relationship with the electrical conductors 
328B that are coupled to the second electrical sets Y. In this 
example embodiment, electrical conductors 328B are herein 
referred to as first electrical conductors 328B and electrical 
conductors 328A are herein referred to as second electrical 
conductors 328A. In this example embodiment, the first elec 
trical conductors 328B form part of a first set of electrical 
conductors 328B. In this example embodiment, each elec 
trode 315A includes a length that is longer thana correspond 
ing length of any of the other electrodes 315 in an associated 
one of the first electrode sets X. In this example embodiment, 
each of the first electrodes 315A extends along a path that is 
substantially parallel to a path followed by one of the first 
electrical conductors 328B. As best shown in FIG. 4D, each of 
the first electrodes 315A includes a first portion 336A that is 
positioned abreast of an electrode 316 in an associated second 
electrode set Y, and a second portion 336B that is positioned 
abreast of a first electrical conductor 328B that is coupled to 
the associated second electrode set Y. As herein employed in 
this specification, the term “abreast as applied to two ele 
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ments means that the two elements are positioned side by side 
with respect to one another and each of the two elements have 
a similar orientation. 

0063. In this example embodiment, the first portion 336A 
of each first electrode 315A is positioned substantially paral 
lel to an electrode 316 in the second electrode set. In this 
example embodiment, each second portion 336B is posi 
tioned substantially parallel to the first electrical conductor 
328B that is coupled to the associated second electrode set Y. 
In this example embodiment, the first portion 336A of each 
first electrode 315A extends along a first path and the second 
portion 336B of the first electrode 315A extends along a 
second path, at least a part of the second path extending along 
a direction (i.e. represented by arrow 338A) that is different 
than a direction (i.e. represented by arrow 338B) that the first 
path extends along. In this example embodiment, each elec 
trode 315 other than first electrode 315A in each first elec 
trode set X is positioned between two electrodes 316 in an 
associated one of the second electrode sets Y. In this example 
embodiment of the invention, each of the first electrodes 
315A extends from a junction point 335A to a termination 
point 340A, each termination point 340A being positioned 
proximate to an interconnect element 330B that is coupled to 
the electrode group U associated with the first electrode 
315A. Each termination point 340A does not contact an inter 
connect element 330B that is coupled to the electrode group 
U associated with the first electrode 315A. In other example 
embodiments, termination point 340A is positioned beyond a 
location on surface 318 where an electric field associated with 
first electrical conductor 328B would interact with radiation 
225 in member 312. In this example embodiment, at least one 
of the first electrodes 315A is positioned between two adja 
cently positioned first electrical conductors 328B. 
0064. In this example embodiment, each of the first elec 
trodes 315A is adapted for communicating a Voltage signal 
that is applied to the first set of electrodes X to the non-pixel 
region 332B over which the first electrode 315A extends. In 
this example embodiment, the Voltage signal applied by each 
non-pixel region 332B imparts a second electric potential on 
the non-pixel region 332B. In this example embodiment, 
non-pixel region 332B is herein referred to as first non-pixel 
region 332B and non-pixel region 332A is herein referred to 
second non-pixel region 332A. The Voltage signals applied to 
each electrode set of an interdigited first and second electrode 
sets X and Y can vary in accordance with a particular activa 
tion state that is to be imparted on an associated pixel region 
310. Accordingly, in this example embodiment, the electric 
potentials imposed by a first electrical conductor 328B and a 
first electrode 315A that extend over a given one of first 
non-pixel regions 332B can vary in accordance with a par 
ticular activation state that is to be imparted on an associated 
pixel region 310. In some example embodiments, the first 
electrical conductor 328B and the first electrode 315A that 
extend over a given one of the first non-pixel regions 332B 
impose different electric potentials on the first non-pixel 
region 332B. In some example embodiments, the different 
electric potentials imposed on a first non-pixel region 332B 
include different polarities. In some example embodiments, 
the different electrical potentials imposed on a first non-pixel 
region 332B include substantially the same magnitude. FIG. 
4D shows different potentials applied in accordance with the 
Voltage signals V and V applied to electrode group U in 
FIG 4C. 
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0065. In this example embodiment, an average of the elec 
tric potentials imposed by an associated first electrical con 
ductor 328B/first electrode 315A pair on a first one of the first 
non-pixel regions 332B is Substantially equal to an average of 
the electric potentials imposed by an associated first electrical 
conductor 328B/first electrode 315A pair on another of the 
first non-pixel regions 332B. In this example embodiment, 
the Substantial equality of the average electric potentials 
imposed on the first non-pixel regions 332B remains substan 
tially constant regardless of how the activation state of the 
pixel regions 310 change in accordance with image data 220 
requirements. As previously noted, activation state changes 
can be accommodated by varying the first and second electric 
potentials imposed on a pixel region 310. In this example 
embodiment, an activation state change can be made to a 
given pixel region 310 by varying each of a first electric 
potential and a second electric potential imposed on it by an 
electrode group Uby Substantially the same amount with a 
consequence that the electrical potentials imposed on an asso 
ciated first non-pixel region332B are also varied by substan 
tially the same amount. The imposition of the pair of electric 
potentials on each first non-pixel region 332B by an associ 
ated first electrical conductor 328B/first electrode 315A pair 
can be employed for various reasons including reducing the 
presence of long range electric fields in these regions. 
0.066. As shown in the side view of FIG. 4B, the introduc 
tion of the second voltage signal by first electrode 315A to a 
first non-pixel region 332B results in a the generation of an 
electric field 342. In this example embodiment, the penetra 
tion depth of the electric field 342 has been limited to reduce 
interactions with radiation 225 thereby reducing the presence 
of problems such as beam steering. In this example embodi 
ment, a spacing between each member of an associated first 
electrical conductor 328B/first electrode 315A pair is 
selected to limit the penetration depth of the electric field 342. 
The required spacing between each member of an associated 
first electrical conductor 328B/first electrode 315A pair can 
be determined by various techniques including direct experi 
mentation and simulation techniques. In some example 
embodiments, the spacing between each member of an asso 
ciated first electrical conductor 328B/first electrode 315A 
pair can be related to a spacing between adjacent electrodes 
315 and 316. The spacing employed between each member of 
an associated first electrical conductor 328B/first electrode 
315A pair can also be motivated by other factors including 
manufacturing limitations or manufacturing yield require 
mentS. 

0067. In this example embodiment, each of the second 
electrode sets Y includes a second electrode 316A that is 
arranged in a similar manner to first electrodes 315A. In this 
regard, the second electrodes 316A are arranged in an inter 
digitated relationship with the second electrical conductors 
328A. Each second electrode 316A extends from a junction 
point 335B to a termination point 340B. Each of the second 
electrodes 316A is employed to provide a voltage signal to 
impose a first electric potential on a second non-pixel region 
332A in a similar manner as that employed with first non 
pixel regions 332B. As shown in FIG. 4B, the application of 
this additional electric potential to each second non-pixel 
region 332A results in the generation of an electric field 344 
whose penetration depth with electro-optic material 313 has 
been limited to reduce interactions with radiation 225. 

0068. The light modulator 300 described in association 
with FIGS. 4A, 4B, 4C, and 4D is a balanced light modulator. 
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Other example embodiments of the present invention can also 
be employed with unbalanced modulators. FIGS.5A and 5B 
schematically show plan and side views of an unbalanced 
light modulator 400. Light modulator 400 includes a member 
412 which includes an electro-optic material 413 and a plu 
rality of electrodes 415 and 416 arranged in an interdigitated 
relationship on a surface 418 of member 412. Surfaces 420 
and 422 are arranged to cause input radiation 425 to refract 
and undergo total internal reflection at surface 418. In this 
example embodiment, various electrodes 415 and 416 are 
grouped into electrode groups W. W. W. W... W, which 
are collectively referred to as electrode groups W. In this 
example embodiment each electrode group W is associated 
with a pixel region 410 (i.e. shown in broken lines) of light 
modulator 400. Each of the electrodes 415 in each of the 
groups Ware driven by a corresponding one of individually 
addressable Voltages sources V, V, V, V . . . V., Via 
one of a plurality of electrical conductors 428 extending over 
a non-pixel region of light modulator 400. In this example 
embodiment, all of the electrodes 416 are electrically coupled 
to a common Source (e.g. a ground potential in a serpentine 
fashion). Each of the electrode groups W includes a first 
electrode 416A. In this example embodiment, the first elec 
trodes 416A are arranged in an interdigitated relationship 
with the electrical conductors 428. Although light modulator 
400 still behaves in an unbalanced manner in this example 
embodiment, each of the first electrode 416A/electrical con 
ductor 428 pairs effectively reduces an overall electric poten 
tial imposed on a non-pixel region of light modulator 400 
thereby reducing unwanted diffractive effects in the non-pixel 
region. In this example embodiment, the overall electrical 
potential is effectively equal to an average of the electric 
potentials associated with each member of a electrode 416A/ 
electrical conductor 428 pair is imposed on a non-pixel 
region. 
0069. The invention has been described in detail with par 
ticular reference to certain preferred embodiments thereof, 
but it will be understood that variations and modifications can 
be effected within the scope of the invention. 

PARTSLIST 

0070 10 TIR modulator 
(0071) 11 pixel region 
0072 12 member 
0073 15 electrodes 
0074 16 electrodes 
0075 18 surface 
0076 20 surface 
0077. 22 surface 
(0078 25 input radiation 
(0079 27 output radiation 
0080 100 TIR modulator 
I0081. 110 pixel region 
0082) 112 member 
I0083 113 electro-optic material 
0084. 115 electrodes 
0085) 116 electrodes 
0086 118 surface 
0087 120 surface 
0088 122 surface 125 radiation 
0089 126 direction of travel 
0090 128A electrical conductor 
0091 128B electrical conductor 
0092. 130A interconnect element 
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0093 130B interconnect element 0156 S electrode group 
0094) 132A non-pixel region (O157 Telectrode group 
0095) 132B non-pixel region 0158 Telectrode group 
0096. 134 non-pixel region 0159 Telectrode group 
0097. 136 electric field 0160 T electrode group 
0098. 138 electric field (0161 Telectrode group 
0099 200 imaging apparatus 0162 U electrode group 
0100 202 illumination source 0163 U electrode group 
0101 210 optical element(s) (0164 U. electrode group 
0102 220 image data 0.165. U electrode group 
(0103 225 radiation (0166 U, electrode group 
0104 226 direction of travel (0167 W electrode group 
0105 230 recording media (0168 W, electrode group 
0106 240 image pixel (0169. W. electrode group 
01.07 250 aperture (0170 W, electrode group 
0108. 260 controller (0171 W, electrode group 
0109) 270 optical element(s) 0172 V voltage source 
0110) 300 light modulator (0173 V, Voltage source 
0111. 310 pixel region 0.174 V voltage source 
0112. 312 member (0175 V voltage source 
0113 313 electro-optic material 0176 V, Voltage source 
0114 315 electrode 0177 V voltage source 
0115 315A first electrode (0178 V, Voltage source 
0116 316 electrode 0179 V Voltage source 
0117 316A second electrode 0180 V voltage source 
0118 318 surface 0181 V, Voltage source 
0119) 320 surface 0182 V. Voltage 
0120 322 surface 0183 V, Voltage 
0121 328A electrical conductor/second electrical con- 0.184 V, Voltage 
ductor 0185 V first voltage source 

0122 328B electrical conductor/first electrical conductor 0186 V first voltage source 
(0123. 330A interconnect element 0187 V first voltage source 
0.124 330B interconnect element 0188 V first voltage source 
0.125 332A non-pixel region/second non-pixel region 0189 V, first voltage source 
0126 332B non-pixel region/first non-pixel region 0.190 V second voltage source 
0127 335A junction point 0191 V2 second voltage source 
0128 335B junction point (0192 V. second voltage source 
0129. 336A first portion 0193 V second voltage source 
0130 336B second portion (0194 V, second voltage source 
0131) 338A arrow 0.195 V first voltage source 
(0132) 338B arrow 0.196 V first voltage source 
0.133 340A termination point 0.197 V first voltage source 
0134 340B termination point 0198 V first voltage source 
0135 342 electric field (0199 V, first voltage source 
0.136 344 electric field 0200 V second voltage source 
0137 400 light modulator 0201 V. second voltage source 
0138 410 pixel region 0202 V. second voltage source 
0139 412 member 0203 Va second voltage source 
0140 413 electro-optic material 0204 V, second voltage source 
0.141. 415 electrode (0205 X first electrode set 
0142. 416 electrode 0206 X, first electrode set 
0143 416A first electrode 0207 X, first electrode set 
0144. 418 surface 0208 X first electrode set 
(0145 420 surface (0209 X, first electrode set 
0146 422 surface 0210 Y second electrode set 
0147 425 input radiation 0211 Y, second electrode set 
0148 428 electrical conductor 0212 Ys second electrode set 
0149 P. electric potential 0213 Y second electrode set 
0150. P. electric potential 0214 Y, second electrode set 
0151. P. electric potential 1. A total internal reflection (TIR) modulator comprising: 
0152 S electrode group a member comprising an electro-optic material; 
0153. Selectrode group a plurality of first electrode sets on a surface of the TIR; 
0154) S electrode group a plurality of second electrode sets on the surface of the 
(O155 Selectrode group TIR, and 
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a first set of electrical conductors, each electrical conductor 
in the first set of electrical conductors being coupled to 
one of the second electrode sets; wherein: 
the electrodes in each second electrode set are arranged 

in an interdigitated relationship with the electrodes in 
one of the first electrode sets; and each of the first 
electrode sets comprises a first electrode, the first 
electrodes being arranged in an interdigitated rela 
tionship with the electrical conductors in the first set 
of electrical conductors; and 

wherein a Voltage applied to a first electrode set or a 
second electrode set or both, causes a change in a 
birefringent state of the member, which changes an 
angle of reflection off the surface. 

2. The TIR modulator of claim 1, wherein each first elec 
trode comprises a length that is longer than a length of any of 
the other electrodes in an associated one of the first electrode 
SetS. 

3. The TIR modulator of claim 1, wherein each first elec 
trode extends along a path that is Substantially parallel to a 
path followed by one of the electrical conductors in the first 
set of electrical conductors. 

4. The TIR modulator of claim 1, further comprising a 
second set of electrical conductors, each electrical conductor 
in the second set of electrical conductors being coupled to one 
of the first electrode sets. 

5. The TIR modulator of claim 4, wherein each of the 
second electrode sets comprises a second electrode, the sec 
ond electrodes being arranged in an interdigitated relation 
ship with the electrical conductors in the second set of elec 
trical conductors. 

6. The TIR modulator of claim 4, wherein each electrode 
other than the first electrode in each first electrode set is 
positioned between two electrodes in an associated one of the 
second electrode sets. 

7. The TIR modulator of claim 6, wherein each electrode 
other than the second electrode in each second electrode set is 
positioned between two electrodes in an associated one of the 
first electrode sets. 

8. The TIR modulator of claim 1, wherein the first electrode 
sets, the second electrode sets and the first set of electrical 
conductors are arranged on a same Surface of the member. 

9. The TIR modulator of claim 1, wherein each electrical 
conductor in the first set of electrical conductors is coupled to 
a single different one of the second electrode sets. 

10. A total internal reflection (TIR) modulator comprising: 
a member comprising an electro-optic material; 
a first set of electrodes and a second set of electrodes, the 

electrodes in the first set of electrodes being arranged in 
an interdigitated relationship with the electrodes in the 
second set of electrodes on a surface of the member; 

a first electrical conductor arranged on the Surface of the 
member, the first electrical conductor being coupled to 
the second set of electrodes, wherein the first set of 
electrodes comprises a first electrode, a first portion of 
the first electrode being positioned abreast of an elec 
trode in the second set of electrodes, and a second por 
tion of the first electrode being positioned abreast of the 
first electrical conductor; and 

whereina Voltage applied to a first electrode set or a second 
electrode set or both, causes a change in a birefringent 
state of the member, which changes an angle of reflec 
tion off the surface. 
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11. The TIR modulator of claim 10, wherein the first por 
tion of the first electrode and the electrode in the second set of 
electrodes are parallel to one another and the second portion 
of the first electrode and the first electrical conductor are 
parallel to one another. 

12. The TIR modulator of claim 10, wherein the first por 
tion of the first electrode extends along a first path and the 
second portion of the of the first electrode extends along a 
second path, at least a part of the second path extending along 
a direction that is different than a direction that the first path 
extends along. 

13. The TIR modulator of claim 10, further comprising a 
second electrical conductor arranged on the Surface of the 
member, the second electrical conductor being coupled to the 
first set of electrodes; wherein the second set of electrodes 
comprises a second electrode, a first portion of the second 
electrode being positioned abreast of an electrode of the first 
set of electrodes, and a second portion of the second electrode 
being positioned abreast of the second electrical conductor. 

14. The TIR modulator of claim 13, wherein the first elec 
trical conductor is adapted for providing a first Voltage to the 
second set of electrodes, and the second electrical conductor 
is adapted for providing a second Voltage to the first set of 
electrodes, wherein the first voltage is different than the sec 
ond Voltage. 

15. The TIR modulator of claim 14, wherein the first volt 
age and the second Voltage comprise different polarities. 

16. The TIR modulator of claim 15, wherein the first volt 
age and the second Voltage comprise substantially equal mag 
nitudes. 

17. The TIR modulator of claim 13, wherein each of the 
first electrical conductor and the second electrical conductor 
is coupled to an interconnect element provided on the Surface, 
each interconnect element being adapted for receiving an 
electrical signal provided to the member. 

18. The TIR modulator of claim 17, wherein each intercon 
nect element comprises a wirebond pad. 

19. The TIR modulator of claim 17, wherein the second 
portion of the first electrode terminates at a point proximate to 
the interconnect element coupled to the first electrical con 
ductor and the second portion of the second electrode termi 
nates at a point proximate to the interconnect element coupled 
the second electrical conductor. 

20. A total internal reflection (TIR) modulator comprising: 
a member comprising an electro-optic material; 
a plurality of first electrode sets, each of the first electrode 

sets comprising a first plurality of elongated electrodes 
arranged on a Surface of the member, 

a plurality of second electrode sets, each of the second 
electrode sets comprising a second plurality of elon 
gated electrodes arranged on the Surface of the member; 

a first set of electrical conductors, each electrical conductor 
in the first set of electrical conductors being coupled to 
one of the second electrode sets and each electrical con 
ductor in the first set of electrical conductors being 
adapted to provide an electrical signal to each electrode 
in an associated one of the second electrode sets; 
wherein: 

the electrodes in each second electrode set are arranged 
in an interdigitated relationship with the electrodes in 
one of the first electrode sets; and at least one of the 
first electrode sets comprises a first electrode, each 
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first electrode being positioned between two adjacent 
electrical conductors in the first set of electrical con 
ductors; and 

wherein a Voltage applied to a first electrode set or a 
second electrode set or both, causes a change in a 
birefringent state of the member, which changes an 
angle of reflection off the surface. 

21. The TIR modulator of claim 20, wherein each first 
electrode comprises a length that is longer than the length of 
any of the other electrodes in an associated one of the first 
electrode sets. 

22. The TIR modulator of claim 20, wherein each first 
electrode extends along a path that is Substantially parallel to 
a path followed by one of the electrical conductors in the first 
set of electrical conductors. 
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23. The TIR modulator of claim 20, further comprising a 
second set of electrical conductors, each electrical conductor 
in the second set of electrical conductors being coupled to one 
of the first electrode sets. 

24. The TIR modulator of claim 23, wherein each of the 
second electrode sets comprises a second electrode, the sec 
ond electrodes being arranged in an interdigitated relation 
ship with the electrical conductors in the second set of elec 
trical conductors. 

25. The TIR modulator of claim 20, wherein each electrode 
other than the first electrode in each of the at least one of the 
first electrode sets is positioned between two electrodes in an 
associated one of the second electrode sets. 

26. The TIR modulator of claim 20, wherein each electrical 
conductor in the first set of electrical conductors is coupled to 
a single different one of the second electrode sets. 
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