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Anisotropic leaky-mode modulator for
holographic video displays
D. E. Smalley1, Q. Y. J. Smithwick1, V. M. Bove Jr1, J. Barabas1 & S. Jolly1

Every holographic video display is built on a spatial light modulator, which directs light by diffraction to form points in
three-dimensional space. The modulators currently used for holographic video displays are challenging to use for several
reasons: they have relatively low bandwidth, high cost, low diffraction angle, poor scalability, and the presence of
quantization noise, unwanted diffractive orders and zero-order light. Here we present modulators for holographic video
displays based on anisotropic leaky-mode couplers, which have the potential to address all of these challenges. These
modulators can be fabricated simply, monolithically and at low cost. Additionally, these modulators are capable of new
functionalities, such as wavelength division multiplexing for colour display. We demonstrate three enabling properties
of particular interest—polarization rotation, enlarged angular diffraction, and frequency domain colour filtering—and
suggest that this technology can be used as a platform for low-cost, high-performance holographic video displays.

The limitations and useful properties (affordances) of holographic
video displays are chiefly dictated by the spatial light modulators
(SLMs) on which they are built. The temporal bandwidth of the spatial
light modulator determines the display size, view angle and frame rate.
The pixel pitch determines the angle of the display or the power of
the lenses needed to achieve a wide view angle. The space–bandwidth
product, which is related to the numerical aperture of the holographic
grating, determines the maximum depth range and number of resolv-
able views the display will possess. Finally, the optical non-idealities of
the modulator give rise to noise and artefacts in the display output.
Current state-of-the-art technologies for spatial light modulation (for
example, liquid crystal, micro-electro-mechanical systems (MEMS)1,2,
and bulk-wave acousto-optic modulators3) have proven challenging to
employ in holographic video displays. Before using these modulators
in a holographic display, one must address their low bandwidth, low
diffraction angle, quantization error, and the presence of zero order
and other noise (see Fig. 1) as well as the spatial or temporal multi-
plexing of colour. Much of the cost and complexity of modern holo-
graphic displays is due to efforts to compensate for these deficiencies
by, for example, adding eye tracking to deal with low diffraction angle4,
duplicating and phase shifting the optical path to eliminate the zero
order5, or creating large arrays of spatial light modulators to increase
the display size6. The cost and complexity of holographic video displays
could be greatly reduced if a spatial light modulator could be made to
have better affordances than the liquid crystal and MEMS devices
currently used.

We have developed a spatial light modulator based on anisotropic
leaky-mode coupling that brings the tools of guided wave optics to
bear on the challenges of holographic video and possesses many
advantages over liquid crystal and MEMS devices when applied to
holographic video display. Here we describe how the device can be
fabricated inexpensively and made to support an aggregate temporal
bandwidth of more than 50 billion pixels per second (50 Gpixels s21)
—an order of magnitude increase over the current state-of-the-art.
(A graphical representation of the modulator fabrication process can
be found in Supplementary Figs 1 and 2.) We also demonstrate a
threefold increase in angular deflection over other modulator tech-
nologies due to the edge-lit nature of the waveguide grating structure

and the resulting increase in space–bandwidth product. The modulator
exploits guided-wave phenomena, most notably anisotropic mode con-
version for the elimination of zero-order light and tunable wavelength
filtering for the simultaneous and superimposed modulation of colour
signals.

Structurally, an anisotropic leaky-mode coupler is a proton-exchanged7

channel waveguide on a lithium niobate substrate with a transducer at
one end8,9. The waveguide is anisotropic and only guides light in one
polarization. When excited by a radio frequency signal, the transducer
generates surface acoustic waves10 (SAWS) that propagate collinearly
with the light trapped in the anisotropic waveguide (see Fig. 2a). When
the phase-matching condition is met,
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Figure 1 | Artefacts from a holographic stereogram on a pixelated (liquid
crystal on silicon) modulator. a, The stereogram mask; b, intended output;
c, zero order (undiffracted light); d, unwanted conjugate image; e, higher-order
images and quantization noise; f, diffracted order arising from the modulator
pixel structure. The scene used to generate this stereogram was provided by
J. Buchholz.
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where bguided is the wavevector of the guided TE (transverse electric)
mode, Kgrating is the grating vector corresponding to the acoustic
pattern encoded with holographic information, and bleaky is the com-
ponent of the wavevector of the leaky TM (transverse magnetic) mode
along the direction of the grating vector and the guided mode (see
Fig. 2b).

The acoustic pattern, encoded with holographic information, cou-
ples the guided light into a leaky mode of orthogonal polarization which
leaves the waveguide–substrate interface. The index contrast of the
waveguide–air interface is much higher than that of the waveguide–
substrate interface; this asymmetry of boundary conditions means that
there is no conjugate image (an unwanted mirror image of the holo-
gram output that is formed by symmetric gratings). This leaky mode
emits a wavefront-modulated fan of light that leaves one face of the
wafer and forms part of a holographic output image. Each channel
waveguide writes one or more lines of the output, and several channels
can be fabricated next to each other to create large aggregate band-
widths suitable for large display size and resolution (see Fig. 2c). Such
a fabricated multichannel device is shown in Fig. 2d.

Advantages of leaky-mode couplers
Anisotropic leaky-mode couplers possess several advantages over other
spatial light modulators used for holographic video (see Table 1). In
addition to being simple to fabricate and drive, they are capable of high
deflection for a given spatial grating pitch and can make use of tools
from guided-wave optics to address noise and colour multiplexing.

Modulators with defined pixel structure and a backplane (for
example, liquid crystal and MEMS devices) become more complex as
pixels are added, which constrains scalability. Bulk-wave acousto-optic
modulators can produce the acoustic equivalent of 100 million pixels
per second (100 Mpixels s21) per acoustic channel; however, channels
cannot be placed too closely together because of the resulting crosstalk.
Anisotropic leaky-mode couplers enjoy lateral guidance of the acoustic
wave, which makes it possible for adjacent channels to be placed tens of
micrometres apart and for hundreds of channels to be placed side-by-
side on a single substrate, thereby providing aggregate bandwidths in
excess of 50 Gpixels s21. This bandwidth is nearly an order of mag-
nitude greater than the temporal bandwidth of current pixelated mod-
ulators. A device with 500 channels could provide enough bandwidth to
drive a horizontal-parallax only (HPO) holographic display one metre
in width. At the time of publication, we are fabricating devices with as
many as 1,250 channels.

Fabrication of active liquid crystal and MEMS devices requires as
many as 20 or more mask steps to define both the pixels and the asso-
ciated backplane. Only two masks are required to fabricate guided-wave
modulators: one to define the waveguide structure and one to pattern the
transducers. The resulting fabrication and cost are similar to that of
common SAW filters which sell for a dollar or less. A device capable
of producing standard resolution HPO holographic video images would
cost in the low tens of dollars to fabricate, as a conservative estimate.

Guided-wave modulators are analogue devices and can be driven
by up-converted, standard analogue video signals, generated by, for

Table 1 | Advantages of anisotropic waveguide modulators
Property Pixelated modulator Anisotropic waveguide modulator

Temporal bandwidth 5 Gpixels s21 (assuming an 8 Mpixel SLM) 50 Gpixels s21 (assuming a 500 channel modulator)
Output angle (l 5 532 nm, L 5 12 mm) 2.54u 24.7u
Output polarization orthogonal to zero order? No Yes
Superfluous orders at output Multiple None
Fabrication complexity 20 masks 2 masks
Superfluous conjugate mode Yes No
Hologram approximation basis Quantized pixels Sinusoidal waves
Colour multiplexing Space/time Space/time/frequency

Pixelated modulators considered here are MEMS and liquid crystal devices. All values are approximate. It should be noted that the angle of the output light in an anisotropic modulator is a function of waveguide
parameters, such as the orientation of the substrate material (lithium niobate, x-cut, y-propagating in this case), and the wavenumber of the guided mode.
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Figure 2 | The structure and function of anisotropic mode-coupling
modulators and modulator arrays. a, Single channel anisotropic mode-
coupling modulator. Guided, TE polarized light is converted by acoustic waves
(launched from an SAW transducer) into leaky TM polarized light. The
acoustic waves act as the holographic diffraction pattern. b, Phase matching

condition for mode coupling. c, The holographic image is formed by scanning
the aperture of the anisotropic waveguide device having one or more channels.
d, A multichannel anisotropic waveguide modulator. The modulator pictured
has more than 40 channels. Devices with as many as 1,250 channels are being
fabricated.
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example, standard graphics cards commonly used in high-end graphics
work. Because the modulators are analogue and have no pre-defined
pixel microstructure, there is no intrinsic quantization of the signal. The
device transducers can be used as filters to band-limit quantization
noise that might be present in the video signal. As with pixelated modu-
lators, light may diffract from harmonics of the acoustic signal, giving
rise to higher-order diffracted signals; however, in anisotropic mode
couplers, typically only one order is present at the output of the device.
This is because conjugate modes are prohibited by waveguide asym-
metry and higher-order modes are suppressed at the output by high
angular separation of orders and total internal reflection.

In addition to the points given above, we elaborate here on three
advantages of particular interest made possible by the waveguide
nature of the device: hologram polarization rotation, increased angu-
lar deflection, and simultaneous and superimposed red-green-blue
(RGB) modulation.

Polarization rotation
The waveguide in the guided-wave acousto-optic modulator is aniso-
tropic so that it supports guided modes of only one polarization;
modes of the orthogonal polarization are leaky. The acoustic signal
couples light from the fundamental extraordinary guided mode to the
first order leaky mode, rotating its polarization along the way11,12. As a
result, the holographic image produced by the anisotropic waveguide
modulator has a polarization that is orthogonal to all of the other light
in the system. This allows noise, including zero-order light, to be
excluded from the output with a polarizer, as shown in Fig. 3.

Wider angular deflection
Because the acoustic wave is being effectively illuminated by light at a
glancing angle rather than at normal incidence, the resulting diffracted

angle can be more than three times higher than it would be at normal
incidence on another modulator of the same pixel pitch. This is shown
in Fig. 4a, which was generated from the grating equation

sinhout{sinhin~
ml

L
ð2Þ

where hin is the angle of the illumination light, hout is the angle of the
output light, L is the grating period, l is the wavelength of light used,
and m is the diffracted order. Standard modulators are illuminated
near the grating normal but waveguided light interacts with the acous-
tic grating nearly collinearly. The differential effect of output angle with
incident angle is shown in Fig. 4b. This effect is further magnified when
the grating is inside a high-index material, as is the case in waveguide
modulators. This is because the signal light is further deflected by
refraction at the output face of the substrate. For the anisotropic modu-
lator demonstrated here, the output angle for 532 nm light was mea-
sured to be 24.7u for a 12mm period acoustic grating generated on the
device by a 326 MHz radio-frequency signal. Because the anisotropic
interaction limits the usable bandwidth of the modulator to approxi-
mately 50 MHz per colour (ref. 8), and because we use demagnification
in our supporting optics to choose the final display view angle, only a
fraction (2.6u for 532 nm light) of this angular extent is used. The
modulator will present an output that, when scanned, looks like a
1 m image with a 2.6u view-zone. This image will be demagnified for
a final display output with approximately 10 cm of extent and a 26u
view-zone. Having a small input angle and large demagnification ratio
is intentional in our display, as it reduces the requirements placed on
the scanning optics and keeps the display compact. In our display
geometry, the chief advantage of this angular expansion in anisotropic
devices is that it gives approximately a fivefold increase in the rate of
angular deflection (degrees of deflection per MHz of signal bandwidth)
than is typically available to lithium niobate acousto-optic deflectors,
bringing the angular rate of deflection of the anisotropic modulator
almost to parity with slow shear mode tellurium dioxide Bragg cells but
at a fraction of the cost and with the added advantages of lower acoustic
attenuation and dramatically higher channel capacity.

Simultaneous, superimposed RGB modulation
Anisotropic waveguide devices are capable of multiplexing colour in
frequency rather than in time or space. In liquid crystal, MEMS and
bulk wave acousto-optic modulators, it is necessary either to dedicate
pixels to one colour or to illuminate the SLM sequentially, thereby
reducing the resolution or the maximum refresh rate. However, wave-
guide devices can use wavelength division multiplexing, which allows

a b

Figure 3 | Polarization rotation to exclude noise. a, b, The scanned output of
the modulator is shown without a polarizer (a) and with a polarizer to exclude
noise (b).
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Figure 4 | Waveguide illumination for larger angular diffraction.
a, Diffraction output angle versus input illumination angle for a 10mm period
grating illuminated with 633 nm light. Pixelated modulators are illuminated at
angles near the perpendicular (these near-perpendicular angles are indicated by
the left-most grey region), which affords a smaller range of diffracted output
angles than is possible for a device illuminated at nearly collinear angles (near-
collinear angles are indicated by the right-most grey region) as is the case in our

anisotropic waveguide modulator. b, Angular output magnification for near-
collinear waveguide illumination (right) relative to illumination at normal
incidence (left) where kin is the momentum vector of the input light (the
illumination), kout is the momentum vector of the diffracted output light, h is
the diffraction angle (highlighted by grey regions) and Kgrating is the
momentum vector of the grating. Note that h is much larger for collinear
illumination even though Kgrating is the same in both cases.
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for simultaneous and superimposed modulation of red, green and
blue light, so no colour filter wheel or separation of red, green and
blue channels is necessary. This effect arises because the phase match-
ing condition is wavelength-dependent. Red light mode converts at a
lower frequency than green light, which in turn couples at a lower
frequency than blue, allowing one to choose which colour to modulate
by ‘colouring’ the frequency spectrum of the electrical signal sent to the
modulator’s transducers (see Fig. 5a). Because each channel is essen-
tially a white-light emitter, the illumination of the device becomes
trivial. Each channel or group of channels can be flood-illuminated
by continuous red, green and blue light sources. This interaction is
particularly well suited for colour holographic displays because the
phenomenon of leaky mode coupling allows enough bandwidth for
each colour to scan out a useful fan of angles but at the same time each
passband is sufficiently separated to allow for independent operation.
Additionally, it is also very convenient that all three colour bands fit
approximately within the 200 MHz available from analogue video out-
puts of standard graphics processors.

To demonstrate simultaneous, superimposed RGB modulation,
we illuminated one channel of an anisotropic waveguide array with
continuous red, green and blue light (l 5 633 nm, l 5 532 nm, and
l 5 445 nm). We stimulated a single, wideband transducer with a
radio-frequency signal containing colour information that was sepa-
rated in frequency with red information centred at 213 MHz, green at
333 MHz and blue at 387 MHz. The diffracted output of the modu-
lator was scanned with x–y galvanometric mirrors to generate the test
pattern in Fig. 5b. Then the output of the modulator was de-scanned
with a rotating polygon and multiplexed vertically with a galvano-
meter to generate the holographic stereogram images (see Fig. 6)
using a modified Scophony architecture3,13 (see Fig. 7). The holo-
graphic stereograms were displayed at a resolution of 156 pixels
3 177,600 pixels and at a refresh rate of 5 frames s21 (here frame rate
was traded for vertical resolution so an image could be made from a
single channel device).

Other modulator parameters
Other parameters important to spatial light modulators are diffrac-
tion efficiency, temporal bandwidth, space–bandwidth product and
cost. Our devices have had a wide range of efficiencies, all less than 10%
for 0.5 W of applied radio-frequency power. Several other researchers,
with more optimized designs (better-quality waveguides, narrower
channels and carefully tuned annealing times), have reported efficien-
cies up to 90% (for 0.58 W of applied power) with room for additional
improvement14–16. The 3 db bandwidth per channel of the device used
here has been measured to be approximately 40 MHz per colour when
using a uniform transducer(see Fig. 5a) and approximately 60 MHz
when using a chirped transducer. This is consistent with the literature8.
Given an acoustic wave speed of approximately 3,700 m s21 and taking

50 MHz as the channel bandwidth, the space–bandwidth product of
the device aperture is 13.5 cycles per millimetre of interaction length.
The interaction length can be as great as 50 mm if limited only by
acoustic attenuation. The maximum number of cycles in the scanned
aperture of a 30 Hz display is 1.67 Mpixels per channel per frame. The
device used here, fabricated as part of a two-wafer run which included
electron-beam lithography, cost approximately US$50 to process at
MIT’s fabrication facilities. By processing 10 wafers at a time and by
using photolithography, rather than electron-beam direct writing to
define the transducers, the same device could be fabricated for less than
US$3. Furthermore, an inexpensive geometry suitable for housing this
device has been described17.

Considerations for displays
Given the advantages described here, a new family of flexible holo-
graphic video displays is now possible. In holographic video displays
using anisotropic mode couplers, the output of the device is scanned
to create large outputs by persistence of vision. Because the modulator
is an analogue device, display parameters such as frame rate, view
angle, image extent and vertical resolution can be interchanged fluidly
as long as the bandwidth budget is satisfied. If more space–bandwidth
product (which is related to the concept of numerical aperture and to
the total number of scannable points in diffractive systems) is needed,
the length of the channels can be extended to provide longer inter-
action lengths in accordance with the expression N 5 L(Df/v), where
N is the space–bandwidth product (or number of scannable points), L
is the channel length, v is the velocity of the acoustic wave andDf is the
bandwidth of the anisotropic mode coupling interaction. If more
temporal bandwidth is needed, more channels can be added to the

O
u

tp
u

t 
lig

h
t

In
p

u
t 

R
F

f1 f1
f2

f2f1
f3

150 200 250 300 350 400 450 500
0

1.0

Mode coupling frequency 

A
rb

it
ra

ry
 s

c
a
le

a b

Figure 5 | Wavelength division multiplexing for colour displays.
a, Frequency response of the anisotropic mode coupling device for red, green
and blue light. b, Frequency multiplexing of red, green and blue light. The left
panels show red output light for a low frequency input, f1. The middle panels

show both red and green output for an input containing both low frequency, f1,
and middle frequency, f2, information. The right panels show red, green and
blue outputs for an input signal containing low, medium and high frequencies
(f1, f2 and f3 respectively).

a b

Figure 6 | Holographic stereograms made with a single channel anisotropic
waveguide modulator, measuring 35 mm by 20 mm at the output of the
display. a, Monochrome holographic stereogram. b, Colour holographic
stereogram using simultaneous and superimposed modulation of red, green
and blue light. The scene used to generate the stereogram in a was provided by
J. Buchholz; Neil Doren Photography provided the live scene used to generate
the holographic stereogram in b.
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modulator. When there are enough channels in an array to write all
the necessary output lines simultaneously, there is no longer a need
for vertical scanning and the problem of holographic video display
becomes reduced to a single axis scan. With all lines written at once,
the scanning optics are only required to make a full sweep once every
1/30th or 1/60th of a second, greatly expanding the size and type of
scanning elements that may be used, which, interestingly, means that
large displays can be more physically parsimonious than small ones.

Having demonstrated the advantages of anisotropic mode cou-
plers, we are now exploring displays based on arrays of these devices
such as a small, PC-driven, holographic video monitor and large-scale
displays exceeding half a metre in width driven by dedicated hard-
ware. Given the recent progress made in using graphics processing
units (GPUs) for hologram fringe computation18–20, it is now possible,
using anisotropic mode coupling arrays driven by a commodity PC
with a bank of high-end graphics cards, to make holographic video
monitors with full-colour, standard video resolution and a 30 Hz
refresh rate. Our research shows such a monitor might be constructed
for less than US$500 (not including light sources). We are also investi-
gating dedicated hardware solutions for driving large displays requir-
ing tens of gigapixels per second.

METHODS SUMMARY
The modulators used here were fabricated from wafers of x-cut lithium niobate.
The waveguides were formed by annealed proton exchange. The waveguides were
defined by contact lithography. The transducers were defined by either contact
lithography or direct electron-beam writing. The devices were impedance matched
with lumped L-networks. Light was coupled into the waveguides using a rutile
prism. The holographic stereogram images were created by taking one stereo-
gram view at a resolution of 296 pixels 3 156 pixels, stretching its resolution to
29,600 pixels 3 156 pixels, and finally stitching 12 of these images together for a
composite resolution of 355,200 pixels 3 156 pixels. The a values of each of the red,
green and blue channels of this image were multiplied by a different sinusoidal pattern
in an OpenGL shader. All three colour signals were summed and divided by three,
and sent out one of the video card outputs (for example, the nominal ‘red’ channel).
This signal was then up-converted and amplified before entering a single transducer
of the modulator array. Light from three lasers (at l 5 445 nm, l 5 532 nm and
l 5 633 nm) was combined in an X cube and focused with an achromatic lens into
one channel of an anisotropic leaky-mode coupling array. The output of the device
was spatially filtered and focused on to the face of a spinning polygon (to optically
descan the holographic fringe pattern so that it would appear stationary), vertically
scanned onto a parabolic mirror (using the geometry shown in Fig. 7a), and finally
imaged by a camera. For simplicity, only the view entering the camera was computed
and displayed. The vertical diffuser shown in Fig. 6a, which extends the vertical view-
zone of HPO holograms, was not used. A graphical representation of the modulator
fabrication process can be found in Supplementary Figs 1 and 2.

Full Methods and any associated references are available in the online version of
the paper.

Received 30 November 2012; accepted 23 April 2013.

1. Kreis, T., Aswendt, P. & Hofling, R. Hologram reconstruction using a digital
micromirror device. Opt. Eng. 40, 926–933 (2001).

2. Pearson, E. MEMS Spatial Light Modulator for Holographic Displays. Masters thesis,
Massachusetts Institute of Technology (2001).

3. Hilaire, P., Benton, S. & Lucente, M. Synthetic aperture holography: a novel
approach to three-dimensional displays. J. Opt. Soc. Am. A 9, 1969–1977
(1992).
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METHODS
Proton-exchanged waveguide. The proton-exchange process is illustrated in
Supplementary Fig. 1. An x-cut lithium niobate wafer 1 mm thick was cleaned
using a standard cleaning process (3:1:1 ammonium hydroxide, hydrogen per-
oxide and water heated to 80 uC), rinsed in deionized water and then with a
solvent such as isopropanol (IPA) to prevent residue formation during drying.
Physically enhanced chemical vapour deposition (PECVD) was used to deposit a
200 nm silicon dioxide layer on the wafer. Negative resist (Futurrex NR8-1000)
was spun on at 3,000 r.p.m. and the wafer was pre-baked in an oven at 100 uC for
7 min. The pattern was exposed with a light-field mask to define the waveguides,
the resist was developed in 2% tetramethylammonium hydroxide (TMAH) solu-
tion and the underlying silicon dioxide etched in a buffered oxide etch for 30 s.
Resist was removed with acetone. Benzoic acid was heated to 238 uC (it is recom-
mended that the melt be diluted with 1% lithium benzoate by weight, but this was
not done for the present work) and the wafer carefully placed in the melt for
34 min. (Experience shows that the wafer must be warmed gradually before
entering the melt or it may break; lowering it to just above the melt surface allows
it to warm to the melt temperature.) The wafer was removed carefully and slowly,
to avoid cracking, cooled and cleaned with acetone and IPA. Silicon dioxide was
removed by submerging the wafer in buffered oxide etch for 30 s, then the wafer
was placed in a covered quartz dish and baked for 45 min in an oven preheated to
375 uC.
Al transducers. The lift-off process is illustrated in Supplementary Fig. 2. On a
clean proton exchanged substrate, 600 nm of poly(methyl methacrylate) (PMMA)
was spun, then the substrate was baked at 150 uC for 15 min. A layer of E-spacer
(Showa Denko) or Aquasave (Mitsubishi Rayon) was then spun on to prevent
charging while direct writing with an electron beam (we note that this could also be
accomplished with a 20-nm-thick evaporated layer of chrome which would have to
be stripped before development, but this was not done for the present work). An
electron beam was used to direct write the transducer pattern at a dose of approxi-
mately 250mC cm22. For the device used in this paper, the transducer was the
composed of three regions each with a uniform period corresponding to 270 MHz,
310 MHz and 380 MHz. (These frequencies will vary with proton exchange time
and temperature. Also, note that the features of these transducers are large enough
to be patterned by photolithography if desired, but electron beam direct write
allows for a high degree of customization and is convenient for small samples.)
The Aquasave or E-spacer was removed from the exposed sample with deionized
water, and the PMMA developed in a 1:1 mixture of IPA:MIBK (methyl isobutyl
ketone) for approximately 30 s. A 200 nm film of aluminium was deposited by
e-beam evaporation, and the sample placed in N-methyl-2-pyrrolidone (NMP)
heated to 50 uC, and left until the Al lifted off. (Sonication at low power for 5 s may

be required.) The exit face of the sample was polished down to a 0.3mm grit, and the
sample cleaned with acetone, methanol and isopropyl alcohol. The transducers
were wire-bonded, using 2 thousandths of an inch thick aluminium wire, to a
copper PCB board equipped with a 50V radio-frequency connector. Impedance
matching for the highest resonance was achieved with a lumped element L network
(typically our samples required a 100 nH series inductor followed by a 9 pF shunt
capacitor); matching the highest resonance was done to make up for the fact that
the blue interaction is the least efficient.
Experiments. Polarization rotation. To demonstrate polarization rotation, light
from a diode laser at l 5 633 nm was evanescently coupled into an anisotropic leaky
mode device using a rutile prism. The output of the device was scanned with a x–y
scanner onto a camera sensor (a camera with the lens removed) to allow for lower
ISO images and less camera noise. A polarizer was placed at the output of device.

Frequency multiplexing of colour. The mode coupling frequency response for
red, green and blue light was measured by coupling laser light into the TE1 guided
mode of the device and then exciting an acoustic wave with a radio-frequency
signal which swept from 150 to 500 MHz. The light that was coupled into the
leaky mode was measured with a light meter. This process was repeated for red,
green and blue. Note that the shape of the device’s frequency response represents
not only the frequency response of the anisotropic interaction alone but also the
response of the SAW transducer and the impedance matching network which was
designed to give the best match at frequencies responsible for blue mode coupling.
The power of the input light was 10 mW for red and 100 mW for green and blue.
Holographic stereograms. The holographic stereogram images were created by
taking one stereogram view at a resolution of 296 pixels3 156 pixels, stretching its
resolution to 29,600 pixels 3 156 pixels, and finally stitching 12 of these images
together for a composite resolution of 355,200 pixels 3 156 pixels. The a values of
each of the red, green and blue channels of this image were multiplied by a
different sinusoidal pattern in an OpenGL shader. All three colour signals were
summed and divided by three, and sent out via one of the video card outputs (for
example, the nominal ‘red’ channel). This signal was then up-converted and
amplified before entering a single transducer of the modulator array.

For holographic stereogram images, light from three lasers (at l 5 445 nm,
l 5 532 nm and l 5 633 nm) was combined in an X cube and focused with an
achromatic lens into one channel of an anisotropic leaky mode coupling array.
The output of the device was spatially filtered and focused on to the face of a
spinning polygon (to optically descan the holographic fringe pattern so that it
would appear stationary), vertically scanned onto a parabolic mirror, and finally
imaged by a camera. For simplicity, only the view entering the camera was
computed and displayed. The vertical diffuser, which extends the vertical view-
zone of HPO holograms, was not used.
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