PRODUCT GUIDE

Flexible SLM technology
finds many applications

Could your application benefit from a spatial light modulator? Andreas Hermerschmidt of
German SLM specialist Holoeye Photonics describes what options you will find on the market
today, how these can be exploited and what performance levels you can expect.

Spatial light modulators (SLMs) are essen-
tially adaptive optical devices that manip-
ulate light that is transmitted through
them or reflected by them. This manipula-
tion can be with respect to the amplitude,
phase or polarization of the incident light,
and the SLM controls the corresponding
spatial positions independently.

The constant development of SLM tech-
nology has opened up many new applica-
tions. One contributing factor is the fact
that an SLM can be addressed by simply
connecting it to a computer as an external
monitor. In our opinion, SLMs will soon
be OEM components, not only for conven-
tional video projection applications based
on amplitude modulation, but also in appli-
cations based on phase modulation, such as
holographic optical tweezers, holographic
optical storage media and even holographic
image projection for head-up displays.

In many systems, the SLM acts as an
optical digital-analogue interface and
active matrix addressing is common.
Being dynamically addressable, SLMs can
be thought of as a switchable alternative
to optical components, such as projec-
tion slides, apertures, lenses, diffraction

gratings, beam splitters and waveplates. :

This opens up a wide range of applications
where it is convenient to replace a static
component with an SLM.

An SLM-based dynamic replacement
of an optical component will have some-
what different properties to its static coun-
terpart. These differences depend on the
application parameters and the way that
the SLM is implemented.

Apart from niche applications, there
are two common SLM implementations.
The first is a micromechanical SLM that
uses arrays of movable micromirrors. The
second is an electro-optical SLM that, for
example, uses various types of liquid crys-
tal (LC)-based microdisplays.

Alongside these implementations, SLMs
can be distinguished into translucent and
reflective devices.
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Phase-modulating SLMs are the ideal choice for
displaying computer-generated holograms (top)
and patterns with low fill factors (bottom).

Micromechanical SLMs

Micromechanical SLMs, which are based
onmoving reflective parts, are only avail-
able as reflective devices. For image pro-
jection, the SLM needs to represent an
object of spatially variable transmittance
or reflectivity. A micromirror, which has
a fixed reflectivity, can only provide a
variable reflectivity by switching between
two tilt positions representing an on and
off state in time intervals that are much
shorter than the typical time intervals of

observation. In this way, binary pulse-
width modulation of the addressed signal
is used to eventually obtain a variable
amplitude modulation.

In image projection applications, the
observation bandwidth is limited to
approximately 100 Hz. Thismeansthat the
switching speeds of today’s commercially
available movable micromirror arrays are
sufficiently high to produce greyscale, or
even colourimages, at high bit depth using
a single SLM if a time-sequential RGB illu-
mination source is used.

When phase modulation isrequired, the
averaging approach used for amplitude
modulation does not work. This is because
the diffracted signal in the plane of interest
averages in a different way than the phase
modulation itself.

The solution comes in the form of arrays
of movable micromirrors. Such mirrors
move back and forth on piston-like hold-
ers and introduce a variable optical path
delay. However, a precise and stable control
of the mirror positions is needed and this is
a challenge for the technology. This is one
reason why the available phase-modulat-
ing micromechanical SLMsstill have a lim-
ited number of pixels.

Thereflectivity of mirrors at small angles
of incidence is usually almost independ-
ent of the polarization state of the inci-
dent light. On one hand this means that
micromechanical SLMs offer a polariza-
tion-independent performance but on the
other, polarization modulation cannot be
implemented by this type of SLM.

In contrast, electro-optical SLMs based
on LCmicrodisplays do show a polarization-
dependent performance. They are most
effective when used with a polarized light
source. Unpolarized sources would have to
be polarized first, which results in a loss of
energy. It is worth adding that the polari-
zation-dependent performance can be used
to change the polarization of light by imple-
menting, for example, a polarization rotator
with a spatially variable rotation angle. >
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Liquid-crystal SLMs

LC-based devices are available as translu-
cent and reflective components. In translu-
centvarieties, theLCmaterial issandwiched
between two transparent ITO electrodes. It
is often more straightforward to integrate a
translucent SLM into your existing optical
set-up than areflective SLM.

However, translucent SLMs have a lower
opticalfill factor (OFF) than their reflective
counterparts. This means that a smaller
portion of the surface area is used to mod-
ulate the light mainly because some of the
inter-pixel space is used for the circuitry
that addressesthe individual pixels, reduc-
ing the light efficiency of the device.

Reflective LC-based SLMs use liquid crys-
tal on silicon (LCOS) devices that have an
OFF ofaround 90%. In addition, the reflec-
tivity of the so-called “back plane” that

replaces one of the transparent electrodes

is high, and in turn the light efficiency of
reflective devices is considerably higher.

The two most common choices of LC
materials are ferroelectric and nematic. L.C
cells based on ferroelectric materials can
exploit just two different molecular orien-
tations, which restricts the cell to binary
modulation of the light field. However, the
switching time between the two molecule
states is short and signals can be displayed
at kilohertz frequencies. If amplitude mod-
ulation of a greyscale display at around
100 Hz is desired then binary pulse-width
modulation is an option. For phase modu-
lation, two true phase states are available
at high switching speeds.

Nematic LC materials are used in differ-
ent cell configurations. The orientation of
the molecules, which tend to align parallel
to each other, can be controlled by using
director plates as the top and bottom cov-
ers of the cell. If the top director plate is
rotated by 90° with respect to the bottom
plate, the molecules form a helix structure
and arereferred to as twisted nematic (TN)
cells. When a voltage is applied between
the transparent electrodes of the cell, the
molecules take a voltage-dependent posi-
tion and tend to align parallel to the elec-
tric field (see figure 1).

Polarized light passing through a TN
cell follows the helix of the molecule axes
and a polarization change is observed.
This means that a TN cell sandwiched
between two polarizers can be used as an
amplitude modulator, even for white light
sources. Here no pulse-width modula-
tion is required to obtain the intermediate
greyscale transmission values between the
“black” and “white” states.

The switching time of nematic LC mate-
rialsrangesfrom 1-15 ms. Thisis sufficient
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A reflective microdisplay using a VAN cell (top) is an
ideal amplitude modulator. The surface of a phase-
only modulating LCOS-based SLM (bottom) appears
to carry a structure due to the diffraction effects for
one polarization direction of incident light.

for image projection applications at typi-
cal video frame rates and even for colour
field sequential RGB applications. There
is also an effect on the phase of the trans-
mitted light in LC cells (see figure 1). The
optical phase delay (OPD) for light travel-
ling through individual TN cells is voltage
dependent and the cell can be used as a
phase modulator.

Vertically aligned nematic (VAN) cells
(or similar cells with an electrically con-
trolled birefringence (ECB) mode) comprise
two parallel director plates. The molecules’
axes are parallel for all voltage levels and
the cell therefore acts as an optical retar-
dation plate (or waveplate) with variable
retardation. This makes VAN cellsideal for
use as amplitude modulators, phase modu-
lators and polarization rotators.

To provide amplitude modulation, the
VAN cellis used as a retardation plate with
an incident polarization of 45° with respect
to the optical axis and voltages producing
OPDs from zero to half of a wave. At maxi-
mum voltage, the cell performs as a half-
wave plate and rotates the polarization by
90°. It is then straightforward to use the
SLM as an amplitude modulator with addi-
tional polarizers.

When using the VAN cell as a phase-
modulating SLM, the incident polarization
should be polarized parallel to the optical
axis and the voltages can then introduce
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OPDsranging from zero to a full wave, cor-
responding to a phase modulation of 2.
This means that the required phase delay
is twice as high as that of an amplitude
modulator. It is for this reason that phase
modulators, which require thicker LC cells,
are still uncommon.

In order to use a VAN or ECB cell as a
polarization-rotating SLM, it should have a
phase modulation range of 2 and be sand-
wiched between two quarter-wave plates
that have their optical axis rotated at —45°
and 45° with respect to the optical axis of
the SLM. Such a set-up is a true polariza-
tion rotator, in the sense that the rotation
happens for all states of incident polariza-
tion, even elliptical, and the angle of the
rotation is controlled fully by the phase
delay of the SLM.

Consider your application
Parameters such as power levels and wave-
length dictate how micromechanical and
electro-optical SLMs are used in specific
applications. For example, as yet, there are
no LC-based SLMs that operate at wave-
lengths below 400 nm.

Other important parameters are the
number of pixels and the pixel size. The
number of pixels should usually be as high
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Fig. 1: when a voltage is applied to the electrodes, the molecules align parallel to the electric field.

as possible and today SLMs with up to
1920 x 1200 pixels are available. Smaller
pixelsizes are advantageous for phase mod-
ulation and pixel sizes have been reduced
to 10 pm for 2D pixelated MEMS devices
and around 4 pm for LCOS devices.

For amplitude modulation, the contrast
that an SLM (including the polarizers)
can produce is an essential parameter
and should be above 10000:1. For phase
modulation, itis essential that a phase shift
of 27t can be produced for all wavelengths
of interest. In general, phase modulation
is difficult for white light sources because

the OPD an SLM can produce is (almost)
constant for all wavelengths, leading to
different phase shifts. In some applications,
for example the temporal pulse shaping of
femtosecond lasers, this can be overcome
because light is first decomposed into the
individual wavelengths that are then inci-
dentondifferent SLM pixels and modulated
with the correct phase shift. O

Andreas Hermerschmidt is a senior scientist at
Holoeye Photonics. For more information, see
www.holoeye.com or e-mail andreas.
hermerschmidt @holoeye.com.

This article has been reproduced with kind permission of Optics & Laser Europe magazine. For
more information, please visit: http://optics.org/cws/Ole/\WWelcome.do
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