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Surface plasmon tunable filter (SPTF) isanew technology underdevelopment at Jet
Propulsion Lab. When applying to J.CD projectors, SPTF can simplify the system
structure, and enhance the efficiency. A scrolling SPTF which consists threc SPTFs can
generate scrolling red, green and blue colors, is able to enhance the efliciency of asingle
panel 1.CD projector up to the same level as athree panel 1.CI) projector. A scrolling
S1"'I'l"which consists six SPTFsand can generate two set of scrolling RGB colors, will
enable a single pancl .LCD projector to be 100% more efticiency than the current three
panel 1 .CD projector.
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Ifficiency, brightness and cost arc big concerns of projection displays. Generally
speaking, a single panel project is cheaper, but has low efficiency and low brightness.

The surface plasmon has been studied since the 1960°s. It can be described as a
collective oscillation in clectron density at the interface ofametal and adielectric. At
surface plasmon resonance, the reflected light vanishes. ‘ his resonance is referred to as
attenuated total reflection, and isdependent upon the dielectric constant of both the metal
and the dielectric. If anelectro-optical (1O) material is used as the dielectric and a voltage
is applied to change the surface plasmon resonance condition, the reflected light can be
modulated’. A surface plasmon laser light modulator with a cent rast rat io great cr than
100:1 has been reported’.

If we consider the surface plasmon light modulator in the frequency space, the
photons at surface ptasmon resonance will be absorbed and the photons out of the
resonance Will be totally reflected, 1f a voltage is applied on the 1O material, the index of
refractionof the 1:0 material will change, the surface pla smon resonance frequency will
change, therefore the reflection spectrum can be controlled by the applied voltage, and an
clectronically tunable notch color filter is formed® Experiment has shown when a 30-v
voltage is applied on a surface plasmon tunable notch color filter, the resonance frequency

can be shifted from red (640 nm) to blue (450 rim).

In 1996, the S1’ tunable bandpass filter using coupled S1' waves was invented at
JPL The structure of this SP tunable bandpass filter is shownin Fig. 1. A symmetric
geomet ry of metal/l 10/metal isemployed.Twohighindex glass prisms arc used for the
coupling. A thin metal filmis evaporated oneach prismrespectively. A thin EO material



layer issandwiched by the two prisms. The EO layer isless than one wavelength thick
When a SI’wave is excited on one side of metal/lX0 material interface by the incident
photons, the energy of resonance photons
will be converted into the motion Of free
electrons of’ the metal film. And the
optical ficld will penetrate the thin 1O
layer andexcite another S1' wave with the
same frequency at the other 110/metal
interface because of the symmet ric
structure. The resonance photons then
will be re- radiated out as the transmitted .
light. When a voltage is added on the EO SN
material, the index of the O material will Metal , Color
change, the S1' resonance frequency will N A .
change, and the transmission spectrum lig.1 Structure of surface
will change, plasmon tunable filter (SPTF).
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Fig. 2 shows the theoretical calculation of transmission spectrum for two silver
film separated by a 150 nm 2O material layer. Without voltage, the index change dnis
zero, and the peak transmission is at 450 nm (blue). When the voltage induced index
change of the EO layer hasan increase of a dn= 0.2, the transmission peak shifts to 530 nm
(green), When the index change of dn= 0,5, the peak transmission shifts to 650 nm (red).

The intengity of peak
transmission depends on the
optical propertiesandthe
thickness of the metal. Metals
with small imaginary part oft he
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dielectric constant will have higher fo
peak transmission and narrower <
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greater peak transmission and
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T'he shape of the 0
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transmission also depends on the Wavelength (im)
coupling gecometry of sul-face g 2 Fransmission spectram of SPTE. When the
plasmon waves, if a fivelayer BO material has an index change of 0.5, the
system, which consists three metal transtuission shifts from bluc to red.

layers and two FEO materiattayer is used, then there will be four surface plasmon waves
coupled to each other, and the transmission spectrum will look more like a rectangular
shape with peak transmission over 70°/0.



Since surface plasmon is a surface efiect, only avery thin liquid crystal layer is
responsible to surface plasmon excitation. It has been reported that the switching time of
surface plasmon in liquid crystal is two orders of magnitude faster than the switching t ime
of bulk liquid crystal. For the surface plasmon tunable notch filter, a switching t imc of 0,2
ms has been observed, For surface plasmon tunable bandpass filter, the switching time
should be even faster because of the very thinliquid crystal layers.

Being afast switching device, and able to generate ficld sequential red, green and
blue colors, surface plasmon tunable filter can be used for both projection and direct view
display devices®™*. Tor asingle panel projection display, the surface plasmon tunable filter
canbeused to replace the color wheel to generate the ficld sequential red, greenandbluc
colors to shine on either aliquid crystal display pancl or adigital micro-mirror device to
generate a color image.

LCD Screen

The concept of using /SPTF
SPTF o generate scrolling colors t .
for projection displays is shown in
Iig. 3, the device consists three .
SPTFs and two internal reflection Prisrmy
prisms. 1 .ight from each SPTF O]
will be projected onto 1/3 section
of the LLCD pancl. At the first
1/1 80 of second, the top SP1T -
only alow thered color passes K .
through, green and blue colors arce \K
reflected by the top SPTY and
redirected by a prism to the D)
middle SPTF; the middle SPT
only allows green color to pass +

|

through and reflects the blue
color; finally the bluc color is L
reflected by another prism and
pass through the third SPTY as
shownin Iig. 3-a. Now the top C) | R

1/3 of the 1.CI) panel passes red,

the middie 1/3 of the 1.CD panel Fig. 3 Surface plasmon tunable filter (sI”1°t”) can
passes green and the bot tom 1/3 gencerate scrolling colors fOr projectiion displays
of thel.CD) panel passes blue.

Thenon the screen, the top 1/3 of

screen shows a red image, the

middle 1/3 of the screen shows a green image and the bottom 1/3 shows a blue image.

At the second I/1 80 sccond, by applying voltage, the pass band of the top SPTH
shifts to blue, the pass band of the middie SP11 shifts to red, and the pass band of the



bottom SPTF shifts to green; then on the screen, the colors scrolled down, red Colol-goes
downto the middle, greencolor goes down to the bottom, and blue color goes up to the
top; as shown in 3-b.

At the third 1/180 second, by applying voltage, the pass band of the top SPTF
shifts to green, the pass band of the middle SPTY shifts to blue, and the pass band of the
bottom SPTF shifts to red; then on the screen, the colors scrolled down again, blue color
goes down to the middle, red color goes down to the bottom, and green color goes up to
the top; as shown in 3-c.

During each third period, which lasts 1/1 80 second, the voltage applied to each
SPTI could be changed so as to change its pass wavelength band to that of a difterent
primary color, The temporal sequence of voltages applied to the three SPT1s could be
chosen to make the colors on the corresponding three subdivisions of the display arca
scroll downward or upward. This scrolling SPTFE which consists three SPPT1s can generate
scrolling red, green and blue colors, is able to enhance the efticiency of asingle panel 1.CD
projector up to the same level as athree panel 1.CD projector.

Because SPTE only allow one color of the p-polarized light pass through and
reflects al of the s-polarized light. A second set of SPTFs, which consists thiee SPTTs
and isin a position perpendicular to the first sct of SPTFs, can be used to modulate the s-
polarized light. T'herefore, a scrolling SPTE which consists six SP'T'Fs and can generate
two set of scrolling RGB colors, will enable asingle panel 1.C D projector to be 1 00%
more cfliciency than the current three panel I .CD projector.
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