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PROGRAMMABLE LIGHT SOURCE

This patent claims priority from provisional patent no.
1059/MUM/2007 titled “A programmable light source” filed
in Mumbai, India on 5 Jun. 2007.

TECHNICAL FIELD

The present invention relates to a programmable light
source. More particularly, the present invention relates to a
light source whose spectrum can be programmed as required.

BACKGROUND ART

Light sources that can change the spectrum of light emitted
by them find uses in theater, movie, photography, architec-
tural lighting and other industries and home appliances. Many
prior art systems work as light sources with programmable
spectra. For example, some systems use a set of changeable
color filters in front of a light source. Such systems suffer
from a limited range of producible spectra. Other systems use
a set of light sources of different colors (such as red, green and
blue). These systems too suffer from a limited range of pro-
ducible spectra. Even though bounced off a white object, this
range of spectra covers a large range of colors detected by the
human eye, light of different spectra but same detectable
color interact with objects of different colors differently. For
example, even though an artificial light source may look the
same color as another natural light source, it will not light a
scene in the same way as the natural light source, if the
artificial light source does not have the same spectrum as the
natural light source. Thus, it will fail to simulate the natural
light source.

Thus, there is a need for a programmable light source
which can produce light of a required spectrum.

SUMMARY

A programmable spectrum light source is disclosed. In one
embodiment, the programmable light source comprises a
light source, a spectrum separation system in front of the light
source that splits the light into its constituent spectral com-
ponents, a light modulator that modulates the spectral com-
ponents according to a required spectral envelope and light
recombination system that recombines the shaped spectral
components to produce light with a required spectrum.

The above and other preferred features, including various
details of implementation and combination of elements are
more particularly described with reference to the accompa-
nying drawings and pointed out in the claims. It will be
understood that the particular methods and systems described
herein are shown by way of illustration only and not as limi-
tations. As will be understood by those skilled in the art, the
principles and features described herein may be employed in
various and numerous embodiments without departing from
the scope of the invention.

BRIEF DESCRIPTION OF DRAWINGS

The accompanying drawings, which are included as part of
the present specification, illustrate the presently preferred
embodiment and together with the general description given
above and the detailed description of the preferred embodi-
ment given below serve to explain and teach the principles of
the present invention.
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FIG. 1 illustrates a block diagram of an exemplary pro-
grammable light source system according to one embodiment
of the present invention.

FIG. 2 illustrates an exemplary apparatus that splits light
into its constituent spectrum using prisms, according to one
embodiment.

FIG. 3 illustrates an exemplary apparatus which recom-
bines spectral components of light using prisms, according to
one embodiment.

FIG. 4A illustrates a block diagram of an exemplary light
switch formed by a single mirror inside a micro-mirror device
when the switch is in the ‘ON’ state, according to one embodi-
ment.

FIG. 4B illustrates a block diagram of an exemplary light
switch formed by a mirror inside a micromirror device when
the switchis in the ‘OFF’ state, according to one embodiment.

FIG. 5 illustrates an exemplary micromirror array device
which is used for shaping the spectrum of a light beam as per
a required spectral envelope, according to one embodiment.

FIG. 6 illustrates a block diagram of an exemplary memory
array which controls the micromirror array, according to one
embodiment.

FIG. 7 illustrates a block diagram of an exemplary pro-
grammable light source comprising a micromirror device as
light modulator, a parallel prism apparatus for spectrum sepa-
ration and a parallel prism apparatus for light recombination
according to one embodiment of the present invention.

FIG. 8 illustrates a block diagram of an exemplary pro-
grammable light source comprising a micromirror device as a
light modulator, prism apparatus for spectrum separation and
integrating cavity for light recombination according to an
embodiment of the present invention.

FIG. 9 illustrates a block diagram of an exemplary pro-
grammable light source comprising a micromirror device as a
light modulator, prism apparatus for spectrum separation and
an integrating cavity for light recombination according to one
embodiment of the present invention.

FIG. 10 illustrates a block diagram of an exemplary pro-
grammable light source comprising a micromirror device as a
light modulator, diffraction grating for spectrum separation
and an integrating cavity for light recombination according to
one embodiment of the present invention.

DETAILED DESCRIPTION

A programmable spectrum light source is disclosed. In one
embodiment, the programmable light source comprises a
light source, a spectrum separation system in front of the light
source that splits the light into its constituent spectral com-
ponents, a light modulator that modulates the spectral com-
ponents according to a required spectral envelope and light
recombination system that recombines the shaped spectral
components to produce light with a required spectrum.

FIG. 1 illustrates a block diagram of an exemplary pro-
grammable light source system 199 according to one embodi-
ment of the present invention. The setup comprises a light
source 101. The light source 101 may be a carbon arc lamp,
mercury arc lamp, xenon arc lamp, incandescent lamp, fluo-
rescent lamp, a light emitting diode (LED) or any light source.
Light from the light source 101 is incident on a spectrum
separator 102 which splits incident light into its constituent
spectral components. Spectrum separator 102 may be a
prism, a parallel prism apparatus or a diffraction grating.
Spectral components of light from spectrum separator 102 are
incident on light modulator 103 which modulates each spec-
tral component according to a required spectral envelope.
Light modulator 103 transmits or partially transmits each
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spectral component to light recombination device 104. Light
modulator 103 may comprise a liquid crystal display (LCD)
panel, a mirror or mirrors, a patterned transparency, a micro-
mirror device like a digital mirror device (DMD) or an elec-
trowetting display. After, the light spectrum is shaped by the
light modulator 103, the spectral components are recombined
by a recombination device 104. Light recombination device
104 may be a parallel prism apparatus, an integrating cavity or
adiffuser. In an embodiment, the combined light beam is then
focused onto an object to be illuminated using focusing sys-
tem 105. Focusing system 105 may comprise devices such as
lenses, Fresnel lenses, prism sheets, collimator sheets, reflec-
tors, parabolic reflectors and elliptical reflectors. The com-
bined light beam has a spectrum which is shaped according to
arequired spectral envelope. The system 199 is a light source
which emits light with a programmable spectrum. In another
embodiment, the focusing system 105 is not incorporated in
the system 199.

Spectrum Separation

FIG. 2 illustrates an exemplary apparatus 299 that splits
light into its constituent spectrum using prisms, according to
an embodiment. Triangular prisms 201 and 202 are placed
such that the face 212 of prism 201 is parallel to face 215 of
prism 202 and face 213 of prism 201 is parallel to face 214 of
prism 202. Prism 201 is inverted with respect to prism 202.
Light beam 203, which has a particular spectrum, is incident
on face 212 of prism 201. Light beam 203 undergoes refrac-
tion at the prism face 212 and splits into its constituent spec-
tral components. Two exemplary spectral components 204
and 205 traveling at different speeds in the prism medium are
depicted. Spectral component 205 travels at a slower speed
than spectral component 204. Thus spectral component 205
gets dispersed more than spectral component 204. All com-
ponents of light get dispersed by varying amounts. Compo-
nents 204 and 205 emerge out from the prism face 213 as
components 206 and 207 after undergoing refraction at the
prism face 213. Spectral components 206 and 207 diverge
away from each other as they travel towards the prism face
214. Spectral components 206 and 207 get refracted at the
prism face 214 and enter the prism 202 as light rays 208 and
209 respectively. Spectral components 208 and 209 further
disperse as they travel and get refracted at the prism face 215
and emerge out as rays 210 and 211 respectively. Spectral
components 210 and 211 emerge out as parallel light rays. All
intermediate components emerge out parallel to one another.
Further, all spectral components between the spectral com-
ponents 210 and 211 emerge out parallel to the incident light
ray 203. The parallel prism apparatus of system 299 splits
incident light beam into its spectral components such that the
spectral components emerge out parallel to each other. The
splitting of a light beam into its constituent spectral compo-
nents is henceforth referred to as ‘spectrum separation’.

In one embodiment, the apparatus 299 does not use prism
202. Light beam 203 is split into its constituent spectral
components by prism 201 alone.

In one embodiment, the apparatus 299 comprises several
prisms arranged such that all prism bases are parallel to each
other and alternate prisms are inverted.

In one embodiment, light is split into its spectral compo-
nents using direct vision prisms.

In one embodiment, light is split into its constituent spec-
tral components by using a diffraction grating. The diffraction
grating may be a reflecting or transparent material. It may be
realized as fine parallel and equally spaced grooves or rulings
on a material surface. When light is incident on a diffraction
grating, diffractive and mutual interference effects occur, and
light is reflected or transmitted in discrete directions. Disper-
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4

sive properties of the gratings permit the use of gratings for
splitting incident light into constituent spectral components.

Light Recombination

FIG. 3 illustrates an exemplary apparatus 399 which
recombines spectral components of light using prisms,
according to an embodiment. Triangular prisms 301 and 302
are placed such that the face 312 of prism 301 is parallel to
face 315 of prism 302 and face 313 of prism 301 is parallel to
face 314 of prism 302. Prism 301 is inverted with respect to
prism 302. A parallel beam of light is incident on face 312 of
prism 301. Light rays 303 and 304 depict the terminal rays in
the incident beam of light, having different wavelengths.
Light rays 303 and 304 undergo refraction at face 312 of
prism 301 and enter the prism as rays 305 and 306 respec-
tively. Lightrays 305 and 306, being of different wavelengths,
get refracted at different angles and no longer remain parallel
inside the prism. Light rays 305 and 306 undergo refraction at
face 313 of prism 301 and emerge out of the prism as light
rays 307 and 308. Light rays 307 and 308 are further incident
on face 314 of prism 302 where they undergo refraction and
enter the prism 302 as rays 309 and 310. Light rays 309 and
310 converge at the face 315 of prism 302 and emerge out of
the prism as a single beam 311 after refraction at face 315.
Light beam 311 comprises the recombination of all spectral
components incident on the face 312 of prism 301. The par-
allel prism apparatus 399 recombines spectral components
into a single beam of light.

In one embodiment, the apparatus 399 does not use prism
302. Spectral components are combined by prism 301 alone.

In one embodiment, the apparatus 399 comprises several
prisms arranged such that all prism bases are parallel to each
other and alternate prisms are inverted.

In one embodiment, an apparatus for recombining spectral
components into a single beam of light is a light integrating
cavity. A light integrating cavity comprises a hollow cavity
with its interior coated such that it becomes a diffuse high
reflectance surface. The cavity has small openings for light
entry and exit. Spectral components entering the integrating
cavity undergo multiple diffuse reflections and get mixed.
Spectral components get recombined into a single light beam
at the exit opening of the integrating cavity.

In one embodiment, spectral components are recombined
using direct vision prisms.

In one embodiment, spectral components are recombined
by a sheet which diffuses light.

Light Modulators for Spectrum Shaping

A light beam can be split into spectral components using
various methods described above. Spectral components can
be modulated so that the light attains a required spectrum.

Modulation of spectral components may be achieved using
light modulators such as LCD panels, mirrors, patterned
transparencies, electrowetting displays or micromirror
devices like DMDs. In an embodiment, a patterned transpar-
ency is a transparent sheet with light absorbing areas. The
light absorbing areas may be painted or printed light absorb-
ing dyes. Different light absorbing areas may be arranged to
have different absorptivities by controlling the amount or
concentration of the dye or the size of printed spots. Light
absorbing areas diminish the transmittance of the transpar-
ency in that area by an amount corresponding to the absorp-
tivity of that area. This modulates the light of wavelengths
corresponding to the particular area. Thus spectral modula-
tion is achieved. In another embodiment, a patterned trans-
parency is a transparent sheet with light reflecting areas.

A micromirror device such as a DMD is a reflective light
modulator which comprises an array of small controllable
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mirrors that are mounted on a structure with hinges. The
operation of a DMD is explained below.

FIG. 4A illustrates a block diagram of an exemplary light
switch 499 formed by a single mirror inside a micro-mirror
device when the switch is in the ‘ON’ state, according to an
embodiment. Mirror 401 is placed on a hinge structure. A
control mechanism is capable of rotating the mirror about its
hinge. A light recombination system 403 is placed at a par-
ticular position relative to the mirror. The light recombination
system may comprise integrating cavities, diffusers, prisms
etc. A light absorbing apparatus 404 is placed at another
particular position relative to the mirror. In one state of the
mirror 401, the control mechanism rotates the mirror such
that the light from the light source 402 is reflected by the
mirror towards the light recombination system 403. This state
of the mirror is henceforth referred to as the ‘ON’ state of the
mirror.

FIG. 4B illustrates a block diagram of an exemplary light
switch 498 formed by a mirror inside a micromirror device
when the switch is in the ‘OFF’ state, according to an embodi-
ment. In this particular state, the control mechanism rotates
the mirror 401 such that light from the light source 402 is
reflected by the mirror onto the light absorbing apparatus 404.
Light from the light source gets absorbed by the light absorb-
ing apparatus 404 and does not fall on the light recombination
system 403. This state of the mirror is henceforth referred to
as the ‘OFF’ state of the mirror.

In one embodiment, the intensity of light reflected by a
light switch into the light recombination system is controlled
by binary pulse width modulation. The binary pulse width
modulation scheme divides the total illumination time into
small time slots. The light switch is kept in the ‘ON’ and
‘OFF” states in different time slots such that light of a required
average intensity enters the light recombination system.

In an alternate embodiment, the time slots are grouped into
field times. Each field time is illuminated according to a
binary word. Each bit of the word represents time duration for
which the light switch is in the ‘ON’ state or ‘OFF’ state
within a time slot in the field time. As an example, in an N bit
binary word, the kth bit represents a duration of 2"k/(2"N-1)
th part of the field time, where " denotes exponentiation.

FIG. 5 illustrates an exemplary micromirror array device
599 which is used for shaping the spectrum of a light beam as
per a required spectral envelope, according to an embodi-
ment.

A light beam decomposed into its spectral components is
incident on the micromirror array 501 in such a way that the
spectral components lie along the columns of the micromirror
array. The micro-mirror array is configured to switch an entire
column in the ‘ON’ state or the ‘OFF’ state. Column 502 is an
exemplary column of micromirrors which is in the ‘OFF’
state. Spectral component falling on column 502 will not be
directed into the light integration system. Column 503 is an
exemplary column which is in the ‘ON” state. Spectral com-
ponent falling along the column 503 is directed to the light
integration system. Further, binary pulse width modulation is
used so that the intensity of light reflected from a particular
column may be controlled. The system 599 modulates the
intensity of each spectral component independently, accord-
ing to a required spectral envelope.

FIG. 6 illustrates a block diagram of an exemplary memory
array 699, which controls a micromirror array, according to
an embodiment. An array of micromirrors mounted on a
structure of hinges is controlled by a memory array 601. The
memory array 601 has m rows and n columns corresponding
to m rows and n columns of micromirrors on the micromirror
array. Each memory element in the memory array controls a
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particular micromirror in the micromirror array. A micromir-
ror is switched into the ‘ON’ state or the ‘OFF” state as a
function of the state of the memory element controlling it. The
entire mxn elements of the memory array are filled with data
using data lines present on the columns and address lines on
the rows. In one embodiment, data is filled one row at a time,
by selecting a row using the row address select register 602
and feeding data via the column data register. In another
embodiment, all rows are selected at once using the row
address select register 602 and data is filled via the column
data register. Each bit in the column data register controls a
micromirror column which modulates a particular spectral
component. In an embodiment, the row address select register
602 is a shift register, and all the rows are selected at once by
shifting in a pattern which selects all rows.

EMBODIMENTS

FIG. 7 illustrates a block diagram of an exemplary pro-
grammable light source 799 comprising a micromirror device
as light modulator, a parallel prism apparatus for spectrum
separation and a parallel prism apparatus for light recombi-
nation according to an embodiment of the present invention.
A beam of light from the light source 701 is directed onto a
parallel prism apparatus 702. The beam of light from 701 is
separated into its spectral components by the parallel prism
apparatus 702. A light beam comprising separated spectral
components is incident on a micromirror device 703 which is
used as a spectrum shaping device as explained above. The
micromirror device modulates the intensity of each spectral
component by switching columns of mirrors. In one state of a
column, the corresponding spectral component is reflected
towards the light recombination apparatus 704. In another
state, the spectral component is reflected onto a light absorber
707 which absorbs it. In this manner, the spectral components
get modulated so that the combined spectrum attains a
required spectral envelope. The shaped spectral components
are recombined by a parallel prism apparatus 704. The recom-
bined light beam is then focused on the required object using
focusing optics assembly 705. Light beam 706 has a required
spectrum. Thus apparatus 799 works as a light source with a
programmable spectrum.

In an embodiment, a single prism is used for spectrum
separation.

In an embodiment, a diffraction grating is used for spec-
trum separation.

In an embodiment, a diffuser sheet is used for light recom-
bination.

FIG. 8 illustrates a block diagram of an exemplary pro-
grammable light source 899 comprising a micromirror device
as a light modulator, prism apparatus for spectrum separation
and integrating cavity for light recombination according to an
embodiment of the present invention. A beam of light from
the light source 801 is directed onto a parallel prism apparatus
802. The beam of light incident on the parallel prism appara-
tus 802 is separated into its spectral components. A light beam
comprising separated spectral components is incident on the
micromirror device 803 which is used as a spectrum shaping
device as explained above. The micromirror device 803
modulates the intensity of each spectral component by
switching columns of mirrors. In one state of a column, the
corresponding spectral component is reflected towards the
light recombination assembly. In another state, the spectral
component is reflected onto a light absorber 810 which
absorbs it. In this manner, the spectral components get modu-
lated so that the combined spectrum attains a required spec-
tral envelope. The shaped spectral components are focused
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into an integration cavity 806 using a lens assembly 805. The
integrating cavity mixes the shaped spectral components and
gives out a recombined beam of light 807. Light beam 807 is
focused onto the required object using focusing optics assem-
bly 808. Light beam 809 has a required spectrum. Thus appa-
ratus 899 works as a light source with a programmable spec-
trum.

In an embodiment, a single prism is used for spectrum
separation.

In an embodiment, a diffraction grating is used for spec-
trum separation.

In an embodiment, a diffuser sheet is used for light recom-
bination.

FIG. 9 illustrates a block diagram of an exemplary pro-
grammable light source 999 comprising a micromirror device
as a light modulator, prism apparatus for spectrum separation
and an integrating cavity for light recombination according to
an embodiment of the present invention. A beam of light from
the light source 901 is directed onto a parallel prism apparatus
902. The beam of light incident on the parallel prism appara-
tus 902 is separated into its spectral components. A light beam
comprising separated spectral components is incident on the
micromirror device 903 which is used as a spectrum shaping
device as explained above. The micromirror device modu-
lates the intensity of each spectral component by switching
columns of mirrors. In one state of a column, the correspond-
ing spectral component is reflected towards the light recom-
bination apparatus 905. In another state, the spectral compo-
nent is reflected onto a light absorber 909 which absorbs it. In
this manner, the spectral components get modulated so that
the combined spectrum attains a required spectral envelope.
The shaped spectral components are integrated using an inte-
gration cavity 905. Integration cavity 905 encompasses the
other components of programmable light source 999. The
integration cavity mixes the shaped spectral components and
gives out a recombined beam of light 906. Light beam 906 is
focused onto the required object using focusing optics assem-
bly 907. Light beam 908 has a spectrum shaped according to
a required spectral envelope. Thus apparatus 999 works as a
light source with a programmable spectrum.

In an embodiment, a single prism is used for spectrum
separation.

In an embodiment, a diffraction grating is used for spec-
trum separation.

FIG. 10 illustrates a block diagram of an exemplary pro-
grammable light source 1099 comprising a micromirror
device as a light modulator, diffraction grating for spectrum
separation and an integrating cavity for light recombination
according to an embodiment of the present invention. A beam
of light from the light source 1001 is directed onto a diffrac-
tion grating 1003. The beam of light incident on the diffrac-
tion grating 1003 is separated into its spectral components. A
light beam 1009 comprising separated spectral components is
incident on the micromirror device 1004 which is used as a
spectrum shaping device as explained above. The micromir-
ror device modulates the intensity of each spectral component
by independently switching columns of mirrors. In one state
of a column, the corresponding spectral component is
reflected towards the integrating cavity 1008. In another state
of the micromirror column, the spectral component is
reflected onto a light absorber 1006 via a lens 1005. The light
absorber 1006 absorbs all light incident on it. The spectral
components 1009 get modulated so that the combined spec-
trum attains a required spectral envelope. The shaped spectral
components 1011 are integrated using an integration cavity
1008. Integration cavity 1008 encompasses the other compo-
nents of programmable light source 1099. The integration
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cavity 1008 mixes the shaped spectral components and gives
out a recombined beam of light 1012. Light beam 1012 is
focused onto an object under illumination using focusing
optics assembly 1007. Light beam 1013 has the required
spectrum. Thus, apparatus 1099 works as a light source with
a programmable spectrum.

In an embodiment, a single prism is used for spectrum
separation.

In an embodiment, a diffraction grating is used for spec-
trum separation.

Increasing Efficiency

An embodiment of the present invention shapes the spec-
trum of light by selectively reflecting it towards a light recom-
bination system or towards a light absorber. The light
absorber absorbs all light incident on it. This light absorber
may convert the light incident on it into usable forms of
energy such as electrical energy. This may be achieved by a
light to electrical energy conversion mechanism such as a
photovoltaic cell. The electrical energy recovered by this
means may be fed back to the light source for generating light.

In another embodiment, the light absorber is the same
black body as that used as the filament of the light source. The
black body absorbs light incident on it, and converts it to heat.
This heat energy is given out in the form of light.

Uses

One use of the present apparatus is as a programmable light
source for theatre lighting.

Another use of the present apparatus is as a programmable
light source for movie lighting.

Another use for the present apparatus is as a light source for
photography.

The present apparatus may also be used for lighting appli-
cations such as home lighting, architectural lighting, home
theatre lighting.

A programmable light source is disclosed. It is understood
that the embodiments described herein are for the purpose of
elucidation and should not be considered limiting the subject
matter of the present patent. Various modifications, uses,
substitutions, recombinations, improvements, methods of
productions without departing from the scope or spirit of the
present invention would be evident to a person skilled in the
art.

The invention claimed is:

1. An apparatus comprising a light source, a spectrum
separator, a light modulator, a light recombiner and a first
focusing apparatus that focuses light from the light modulator
into a light absorber, wherein

the light recombiner comprises an integrating cavity

wherein at least one of the light source, the spectrum
separator, the light modulator and the first focusing
apparatus are placed inside the integrating cavity.

2. The apparatus of claim 1, wherein the spectrum separa-
tor comprises a prism.

3. The apparatus of claim 1, wherein the spectrum separa-
tor comprises at least two prisms.

4. The apparatus of claim 3, wherein the at least two prisms
are arranged so that a first face of a first prism is parallel to a
second face of a second prism and a second face of the first
prism is parallel to a first face of the second prism, the first
face of the first prism being a face on which light is incident,
the first face of a second prism being a face on which light is
incident, the second face of the first prism being a face from
which light emerges from the first prism, the second face of
the second prism being a face from which light emerges from
the second prism.

5. The apparatus of claim 1, wherein the spectrum separa-
tor comprises a diffraction grating.
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6. The apparatus of claim 1, wherein the light modulator
comprises a liquid crystal display.

7. The apparatus of claim 1, wherein the light modulator
comprises a mirror.

8. The apparatus of claim 1, wherein the light modulator
comprises a fixed pattern transparency.

9. The apparatus of claim 8, wherein the fixed pattern
transparency comprises light absorbing areas.

10. The apparatus of claim 8, wherein the fixed pattern
transparency comprises light reflecting areas.

11. The apparatus of claim 1, wherein the light modulator
comprises an electrowetting display.

12. The apparatus of claim 1, wherein the light modulator
comprises more than one mirrors, each mirror being a reflec-
tor of light, each mirror being capable of being in a state such

10

that it reflects light towards the light recombiner, each mirror
being capable of being in a state such that it does not reflect
light towards the light recombiner.

13. The apparatus of claim 1, wherein a second focusing
apparatus focuses light from the light recombiner.

14. The apparatus of claim 1, wherein a second focusing
apparatus focuses light from the light modulator into the light
recombiner.

15. The apparatus of claim 1, wherein the light source, the
spectrum separator, the light modulator and the first focusing
apparatus are placed inside the integrating cavity.

16. The apparatus of claim 1, wherein the light absorber is
placed outside the integrating cavity.
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