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Background: Spatial Light Modulators

A spatial light modulator (SLM) is a device that has an array of optical elements (pixcls),
each of which can independently act as an optical “valve” to adjust, or miodulate light
intensity. The modulation of the pixels is determined by electronically addressing the
SLM with image data. So, in essence, the SLM converts lmAge mto mation from the

electronic domain into hght

An SLM does not create it own light, but rather it acts on light delivered to it from some
source, such a lamp or laser. An SLM can cither operate in reflective mode or transmitted
mode. But in either case, the result is the same: the SLM works in an imaging system to
take the place of film or other static media, and to create an image that can dymamically
reconfigured by the input electronics.

Several technologics have been used as spatial light modulators, Acousto-optic
modulators are used in direct-write lithography systems. Liquid-crystal devices that
operate in transmission or reflection are used in digital projection systems. And, MEMS
devices such as Texas Instrument’s DMD and Grating Light Valve device from Silicon
Light Machines are gaining increased acceptance by users.

The most obvious application of SLMs is for digital displays, such as consumer TVs,
office projectors, and cinema. In addition, there are some very demanding niche
applications for digital Pl’()_] jectors such as flight simulators and command-and control

gmtem

SLMs are also being used effectively for digital printing. In the commercial graphic arts
there is strong desire to go directly from “computer-to-plate™ when making the printing
plate for offset lithography presses. This eliminates an intermediate film step.

In the manufacture of integrated circuits, photomasks arc used instead of film during the
microlithography step of chip-making. But as the dimensions of the images on the chips
get smaller, the cost of the photomasks is skyrocketing. As a result, a great deal of
interest has been generated in the IC industry for a “maskless stepper” that uses an SLM
as a dynarnically reconfigurable photomask.

In the field of optical telecomn, SLM devices are being used to switch optical signals in

fiber optics lines. The $LM has the ability to perform this function on a wavelength-by-

wavelength basis, a very valuable benefit for DWDM signals. Strictly speaking, the

device is not being used as a spatial light modulator, but rather as a wavelength selectable
~ switch.
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Grating Light Valve ™ Technology _
The Grating Light Valve ™ (GLV™) device is 2 MEMS spatial light modulator that has
been developed and successfully commercialized by Silicon Light Machines. The GLV
device is an array of dynamic diffractive elements than can switch light on and off, or
modulate the light to any shade of gray.

The GLV device is buill predominantly in a CMOS manufacturing facility. The
compatibility between the GLV MEMS process and CMOS fabrication provides highly

. optimized and tested processes, rapid wafer lot turn-around time and device development,
high yield, tight process tolerances, and automated process monitoring.

The GLV optical MEMS device is a dynamic diffraction grating that has been
successfully employed in several imaging and display applications. Characteristic of the
display GLV device is high-speed actuation capability, fine analog attenuation control
precision, high extinction ratio, high efficiency, and spatially seamless adjustment of a
beam oflight such as that in a display or printing system. Also characteristic of the GLV
device is the absence of fatigue, wear, and stiction failure modes that are typical in
MEMS devices. Excellent reliability testing results have been shown. |

The GLV device consists of an array of parallel micro-ribbons that are suspended above
an air gap. The ribbons configured such that altemate ribbons can be dynamically
actuated, and under high tension so that they remain taut when not actuated (Fig. 1).
The top layer of the ribbon is aluminum that serves as both the reflective layer and the
top electrode for electrostatic actuation. When a voltage is applied to the ribbon,

- electrostatic attraction deflects the ribbon downward.

When the voltage of the active ribbons is set to ground potential, all ribbons are
undeflected, and the device acts as a mirror. As the voltage to an active ribbon is
increased, this region of the array begins to diffract light into predominantly the first
order diffraction lobes, thus attenuating the light that is reflected specularly. As the
ribbon is deflected further, the attenuation increascs until the deflection of the ribbon with
respect 1o the bias ribbons reaches 1/4 of the wavelength of the incident light. At this
point the attenuation of the specular reflection is maximum (Fig. 2).

To form a complete GLV device, the tibbons are replicated scveral thousand times to
form a 1-dimensional array of diffracting elements, as shown in Fig. 3. Again, the
compatibility with CMOS processing makes this an easy task. A key feature of the GLV
array is that the individual diffraction elements are “scamless” in that there are no
physical boundaries, or “dark spaces” between elements,

High-Resolution Digital Display:

As a spatial light modulator, the GLV device is the heart of high-resolution digital
displays. By taking advantage of the high speed of the GLV device, a 1-D array of a few
thousand GLV elements is used to create a 2-D image with several million pixels.
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The display system works by illuminating GLV devices with a stripe of CW laser
illumination. Three GLV devices are used, each one paired with a different laser color,

red, green and blue.

The Iaser light (remember ~ 1t’s a stripe) is reﬂecicd off the GLV device and projected
onto a screen, where it forms a single column of pixels on the screen. The projection
optics employs a Fourier filter to properly select the desired diffraction order. The GLV
devices are fed with HDTV video image data, and the 2-D image is created by then
scanning this column of pixels across the screen to paint the full picture.

The ability to create a large 2-D image with a 1-D spatial light modulator array is very
powerful, because this allows for a display that is more easily scalable to very high pixel
counts. Silicon Light Machines has built a 1080 x 1920 HDTV projection display system,
a total of about 2 Mega-pixels, with a 1080 plxel GLYV device. That is a 2000:1 ratio of

screen pixels.to GLV pixels!

. Furthermore, an image created by a GLV-based HDTV projector has a virtual fill factor
0f 100%. The vertical axis is completely filled as a result of the seamless nature of the
GLV device, while the horizontal axis is filled courtesy of the CW lasers.

So, why doesn’t everyone use this 1-D scanning architecture for digital display? Well this
scheme requires (for HDTV) that each pixel of the spatial light modulator deliver 1920
image pixels to the screen in 1/60" of a second. That’s a modulation rate of over 100
kHz; and each of these pixels must have gray-scale. Achieving a switching rate this fast
while simultaneously providing gray-scale is problematic for tllt-rmrror MEMS, but well
wﬂhm the capability of the GLV-device.

In order to commercialize the GLV technology for consumer and industrial displays,
Silicon Light Machines has an exclusive relationship with Sony Corporation.

In addition, Silicon Light Machines has teamed up with Evans and Sutherland to use the
GLV device in high-resolution displays for flight simulators. Flight simulator displays—
and the pilots that use them—require superior resolution. SLM’s latest GLV device will
cnable the production of displays with 20 million pixels, superior to any currently on the
market.

-~
Computer-to-plate Offset Lithography: o
Offsct lithography printing is a centuries old technology that is moving to digital imaging.
In offset printing, printing plates are patterned in machines called platesetters, and
traditional platesetters use a filn process to transfer an image onto the printing plate, A
new generation of platcsetters uses a method called computer-to-plate (CtP) that digitally
images the plate dircctly, and eliminates the intermediate film step. This shortens the
turn-around time and cuts material costs for the users in the print shop.

The GLV device is the key component of the opmal write engmc in CtP plateselters used
in the commercial printing business. The GL.V device writes images direetly onto the o
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metal printing plates. Similar to GLV-based display systems, linc-illumination from a
CW laser is used. But here, the similarities end. Since color in printing is determined by
the ink, and not by the illumination, only a single GLV-device is used and color-space
coverage is accomnplished by printing multiple plates, one for each color. Thesc CtP
systems employ an infrared laser operating at 830 nm, and because the resist on the plate
is thermally activated, high laser powers ot 40 to 80 watts are used in order to maintain

hlgh throughput.

Agta and Dai-Nippon Screen use the GLV modules from Silicon Light Machines in their
CtP platesetters.

Again, the high modulation speed of the GLV device helps by allowing the CtP
platesetter to print as fast as the laser can deliver power. The GLV-based plate Agfa

_ prints 2 1030 x 800 mm plate in about 2.4 minutes. This is accomplished at 2400 dots-

Ly

per-inch (dpi), which comresponds to roughly a 10 micron spot on the surface of the plate,

Maskless Microlithography:

'The cost of photomasks used in wafer steppers to print IC images is rising at a significant
rate. It is estimated that a complete mask set for an IC at the 100 nm process nodc will
cost over on million dollars. This puts severe financial constraints on small volurne ASIC
parts, where the mask cost must be amortized over a small number of unit sales. Here, a
spatal light modulator can cnable maskless lithography, which will eliminate the mask
cost from the equation.

Researchers in Professor Henry Smith’s group at MIT are using Silicon Light Machines’
GLV device in conjunction with an array of Fresnel zone plates fo print images on wafers
~ without masks. By using the GLV device as the write engine, and M)T’s zone-plate
array optics, the MIT scientists are building a maskless lithography system.

‘Optical Telecom:

The GLV device is ideally suited to dynamically control signals in a DWDM optical
network. By using a demultiplexer, the individual channels of a DWDM signal can
spatially spread along the 1-D amray of the GLV device. And then by adjusting the

aftenuation at each element along the GLV array, the power spectium can be precisely

and filtered.

Silicon Light Machines has built GLV-based modules that precisely balance the power
levels of all channels in the fiber, enabling higher quality signals to be sent a longer
distance. Called Dynamic Gain Equalizers, these modules flatten the inherent non-flat
gain profile of erbiurm-doped fiber amplifiers. Flatter DWDM signals can be transmitted
tarther before needing to be electronically regenerated.

And, the GLV device is used a completely flexible wavelength switch in Reconfigurable
Optical Add/Drop Multiplexers (ROADMs). Here, the GLV device is used a tunable
notch fiiter to selectively block specitic DWDM channels, while letting other channels
pass. These modules enable more efficient routing of network traffic at busy nodes.
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Summary

Most MEMS-based spatial light modulators were originally developed with digital
display applications in mind. And indeed, they have found a home in this market and are
rapidly changing the way we see projected images. But in addition, these devices are also
changing the way images are printed, both for high-quality documents in commercial
print shops as well as for advanced chips in IC fabs, as well as changing the way we
communicate. ' :
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E. Tamayaki, Y. Hashimoto and O. Leung, See presentation and the

corresponding SPIE proceeding (2004)
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