
LIGHT GUIDE ARRAY FOR AN IMAGE SENSOR Reference to
Cross-Related Applications This application claims
priority to United States Patent Application
61/009,454 filed on December 28, 2007; Application
61/062,773 filed on January 28, 2008; Application
61/063,301 filed on February 1 , 2008; Application
61/069,344 filed on March 14, 2008; and Application
12/218,749 filed on July 16, 2008. BACKGROUND OF THE
INVENTION 1 . Field of the Invention The subject
matter disclosed, generally relates to structures and
methods for fabricating solid state image sensors . 2
. Background Information Photographic equipment such
as digital cameras and digital camcorders may contain
electronic image sensors that capture light for
processing into still or video images. Electronic
image sensors typically contain millions of light
capturing elements such as photodiodes. Solid state
image sensors can be either of the charge coupled
device (CCD) type or the complimentary metal oxide
semiconductor (CMOS) type. In either type of image
sensor, photo sensors are formed in a substrate and
arranged in a two-dimensional array. Image
sensorstypically contain millions of pixels to provide
a highresolution image. Figure IA shows a sectional
view of a prior art solid-state image sensor 1 showing
adjacent pixels in a CMOS type sensor, reproduced from
U.S. Pat. No. 7,119,319. Each pixel has a
photoelectric conversion unit 2 . Each conversion unit
2 is located adjacent to a transfer electrode 3 that
transfers charges to a floating diffusion unit (not
shown) . The structure includes wires 4 embedded in an
insulating layer 5 . The sensor typically includes a
flattening layer 6 below the color filter 8 to
compensates for top surface irregularities due to the
wires 4 , since a flat surface is essential for
conventional color filter formation by lithography. A
second flattening layer 10 is provided above the color
filter 8 to provide a flat surface for the formation
of microlens 9 . The total thickness of flattening
layers 6 and 10 plus the color filter 8 is
approximately 2.0um. Light guides 7 are integrated
into the sensor to guide light onto the conversion
units 2 . The light guides 7 are formed of a material
such as silicon nitride that has a higher index of
refraction than the insulating layer 5 . Each light
guide 7 has an entrance that iswider than the area
adjacent to the conversion units 2 . The sensor 1 may
also have a color filter 8 and a microlens 9 The
microlens 9 focuses light onto the photo photoelectric
conversion units 2 . A s shown in Figure IB because of
optical diffraction, the microlens 9 can cause
diffracted light that propagates to nearby
photoelectric conversion units and create optical
crosstalk and light loss. The amount of cross-talk
increases when there is a flattening layer above or
below the color filter, positioning the microlens
farther away from the light guide. Light can crosstalk
into adjacent pixels by passing through either
flattening layer (above or below color filter) or the
color filter's sidewall. Metal shields are sometimes
integrated into the pixels to block cross-talking
light. In addition, alignment errors between
microlens, color filter, and light guide also 



contribute to crosstalk. The formation, size, and
shape of the microlens can be varied to reduce
crosstalk. However, extra cost must be added to the
precise microlens forming process, and crosstalk still
cannot be eliminatedBackward reflection from the image
sensor at the substrate interface is another issue
causing loss of light reception. As shown in Fig. IA,
the light guide is in direct contact with the silicon.
This interface can cause undesirable backward
reflection away from the sensor. Conventional
anti-reflection structures for image sensors include
the insertion of a oxide-plusnitride dual-layer film
stack directly above the silicon substrate, or a
oxynitride layer having variation of
nitrogen-to-oxygen ratio there, but only reduces
reflection between the silicon substrate and a tall
oxide insulator. This approach is not applicable when
the interface is silicon substrate and a nitride light
guide.BRIEF SUMMARY OF THE INVENTION An image sensor
pixel that includes a photoelectric conversion unit
supported by a substrate and an insulator adjacent to
the substrate. The pixel may have a cascaded light
guide, wherein a portion of the cascaded light guide
is within the insulator and another portion extends
above the insulator. The cascaded light guide may
include a self-aligned color filter. The pixel may
have an anti-reflection stack between the substrate
and the cascaded light guide.BRIEF DESCRIPTION OF THE
DRAWINGS Figure IA is an illustration showing a
cross-section of two image sensor pixels of the prior
art; Figure IB is an illustration showing light
cross-talk between adjacent pixels of the prior art;
Figure 2 is an illustration showing a cross-section of
two image sensor pixels of the present invention;
Figure 3A is an illustration showing light traveling
along an air gap between two color filters; Figure 3B
is an illustration showing the redirection of light
from the air gap into the color filters; Figure 3C is
a graph of light power versus the distance along the
air gap ; Figure 3D is a graph of gap power loss
versus gap width versus distance along the air gap of
widths O .bum and 1 .Oum for three different colors;
Figure 3E is a graph of maximal gap power loss versus
gap width at a depth of 1 .Oum; Figure 3F is a table
of maximal gap power loss for different gap widths at
a depth of 1 .Oum;Figure 3G is a table of gap area as
percentage of pixel area for different gap widths and
different pixel pitches ; Figure 3H is a table of
pixel power loss for different gap widths and
different pixel pitches; Figure 31 is a graph of pixel
power loss versus pixel pitch for different gap
widths; Figures 4A-L are illustrations showing a
process used to fabricate the pixels shown in Fig. 3 ;
Figure 5 is an illustration showing ray traces within
the pixel of Fig. 2 ; Figure 6A is an illustration
showing a pixel at a corner of the array; Figure 6B is
an illustration showing light ray traces within the
pixel of Fig. 6A; Figure 7 is an illustration showing
a top view of four pixels within an array; Figure 8 is
an alternate embodiment of the sensor 



pixels with ray tracing;Figures 9A-M are illustrations
showing a process used to fabricate the pixels shown
in Fig. 8 ; Figures 10A-H are illustrations showing a
process to expose a bond pad; Figure 11 is an
illustration showing an antireflection stack within
the sensor; Figures 12A-E are illustrations showing an
alternate process to form an anti-reflection stack
within the sensor; Figure 13A is a graph of
transmission coefficient versus light wavelength for
an anti-reflection stack; Figure 13B is a graph of
transmission coefficient versus light wavelength for
the anti-reflection stack; Figure 13C is a graph of
transmission coefficient versus light wavelength for
the anti-reflection stack; Figures 14A-G are
illustrations showing an alternate process to form two
anti-reflection stacks within the sensor;Figure 15A is
a graph of transmission coefficient versus light
wavelength for a first anti-reflection stack on a left
hand portion of Fig. 14G; Figure 15B is a graph of
transmission coefficient versus light wavelength for a
second anti-reflection stack shown on a right hand
portion of Fig. 14G.DETAILED DESCRIPTION Disclosed is
an image sensor pixel that includes a photoelectric
conversion unit supported by a substrate and an
insulator adjacent to the substrate. The pixel
includes a light guide that is located within an
opening of the insulator and extends above the
insulator such that a portion of the light guide has
an air interface. The air interface improves the
internal reflection of the light guide. Additionally,
the light guide and an adjacent color filter are
constructed with a process that optimizes the upper
aperture of the light guide and reduces crosstalk.
These characteristics of the light guide eliminate the
need for a microlens . Additionally, an
anti-reflection stack is constructed above the
photoelectric conversion unit and below the light
guide to reduce light loss through backward reflection
from the image sensor. Two pixels of different color
may be individually optimized for anti-reflection by
modifying the thickness of one film within the
anti-reflection stack . The pixel may include two
light guides, one above the other. The first light
guide is located within a firstopening of the
insulator adjacent to the substrate. The second light
guide is located within a second opening in a support
film, which is eventually removed during fabrication
of the pixel. A color filter is located within the
same opening and thus self-aligns with the second
light guide. The second light guide may be offset from
the first light guide at the outer corners of the
pixel array to capture light incident at a non-zero
angle relative to the vertical axis. An air gap is
created between neighboring color filters by removing
the support film material adjacent to the filter. Air
has a lower refractive index than the support film and
enhances internal reflection within the color filter
and the light guide. In addition, the air gap is
configured to "bend" light incident on the gap into
the color filter and increase the amount of light
provided to the sensor. Reflection at the
silicon-light-guide interface is reduced by creating a
nitride film and a first oxide film 



below the first light guide. A second oxide film may
be additionally inserted below the nitride film to
broaden the range of light frequencies for effective
antiref lection. The first oxide film can be deposited
into an etched pit before application of the
light-guide material. In an alternate embodiment, all
antireflection films are formed before a pit is
etched, and an additional light-guide etch-stop film
covers the antireflection films to protect them from
the pit etchant. Referring to the drawings more
particularly by reference numbers, Figures 2 , 4A-L, 5
and 6A-B show embodiments of two adjacent pixels in an
image sensor 100. Each pixel includes a photoelectric
conversion unit 102 that converts photonic energy into
electrical charges. In a conventional 4T pixel,
electrode 104 may be a transfer electrode to transfer
the charges to a separate sense node (not shown) .
Alternately, in a conventional 3T pixel, electrode 104
may be a reset electrode to reset the photoelectric
conversion unit 102. The electrodes 104 and conversion
units 102 are formed on a substrate 106. The sensor
100 also includes wires 108 that are embedded in an
insulating layer 110. Each pixel has a first light
guide 116. The first light guides 116 are constructed
with a refractive material that has a higher index of
refraction than the insulating layer 110. As shown in
Fig. 4B, each firstlight guide 116 may have a sidewall
118 that slopes at an angle a relative to a vertical
axis. The angle a is selected to be less than 90 -
asin(n insulating layer / nlight gu de ) preferably 0
, so that there is total internal reflection of light
within the guide, wherein ninXUlating iayer and nlight
guide are the indices of refraction for the insulating
layer material and light guide material, respectively.
The light guides 116 internally reflect light from the
second light guide 130 to the conversion units 102.
The second light guides 130 are located above first
light guides 116 and may be made from the same
material as the first light guide 116. The top end of
the second light guide 130 is wider than the bottom
end, where the second light guide 130 meets the first
light guide 116. Thus the gap between adjacent second
light guides 130 at the bottom (henceforth "second
gap") is larger than at the top, as well as larger
than the air gap 422 between the color filters 114B,
114G above the second light guides 130. The second
light guides 130 may be offset laterally with respect
to the first light guides 116 and/or the conversion
unit 102, as shown in Figure 6A, wherein the
centerline C2 of the second light guide 130is offset
from the centerline Cl of the first light guide 116 or
of the photoelectric conversion unit 102. The offset
may vary depending upon the pixel position within an
array. For example, the offset may be greater for
pixels located at the outer portion of the array. The
offset may be in the same lateral direction as the
incident light to optimize reception of light by the
first light guide. For incident light arriving at a
nonzero angle relative to the vertical axis, offset
second light guides 130 pass on more light to the
first light guides 116. Effectively second light guide
130 and first light guide 116 together constitute a
light guide that takes different vertical
cross-section shapes at different pixels. The shape is
optimized to the incident light ray angle at each
pixel. Figs. 5 and 6B illustrate ray tracing for a
pixel at 



the center of an array and at a corner of the array,
respectively. In Fig. 5 , incident light rays come in
vertically. The second light guides 130 are centered
to the first light guides 116. Both light rays a and b
reflect once within the second light guide 130 then
enter the first light guide 116, reflects once (ray a
) or twice (ray b ) and then enter conversion units
102. In Fig. 6B,the second light guides 130 are offset
to the right, away from the center of the array, which
is towards the left. Light ray c , which comes in from
the left at an angle up to 25 degrees relative to the
vertical axis, reflects off the right sidewall of the
second light guide 130, hits and penetrates the
lower-left sidewall of the same, enters the first
light guide 116, and finally reaches conversion unit
102. The offset is such that the first light guide 116
recaptures the light ray that exits lowerleft sidewall
of second light guide 130. At each crossing of light
guide sidewall, whether exiting the second light guide
or entering the first light guide, light ray c
refracts in a way that the refracted ray's angle to
the vertical axis becomes less each time, enhancing
propagation towards the photoelectric conversion unit.
Thus, having a light guide built from a first light
guide 116 and a second light guide 130 allows the
vertical cross-section shape of the light guide to
vary from pixel to pixel to optimize for passing light
to the photoelectric conversion unit 102. Building a
light guide from two separate light guides 116, 130
has a second advantage of reducing the etch depth for
each light guide 116, 130. Consequently, sidewall
slope angle control can achieve higher accuracies. It
also makes deposition of lightguide material less
likely to create unwanted keyholes, which often happen
when depositing thin film into deep cavities, causing
light to scatter from the light guide upon
encountering the keyholes . Color filters 114B, 114G
are located above the second light guides 130. The
sidewall upper portion at and adjacent to the color
filters is more vertical than the rest of second
lightguide. Viewing it another way, sidewalls of
adjacent color filters facing each other are
essentially parallel. First air-gap 422 between the
color filters has a width of 0.45um or less, and a
depth of O .bum or greater. An air gap with the
dimensional limitations cited above causes the light
within the gap to be diverted into the color filters
and eventually to the sensors. Thus the percentage
loss of light impinging on the pixel due to passing
through the gap (henceforth "pixel loss") is
substantially reduced. Light incident upon a gap
between two translucent regions of higher refractive
indices become diverted toone or the other when the
gap is sufficiently narrow. In particular, light
incident upon an air gap between two color filters
diverts to one color filter or the other when the gap
width is sufficiently small. Figure 3A shows a
vertical gap between two color filter regions filled
with a lower refractive index medium, e.g. air.
Incident light rays entering the gap and nearer one
sidewall than the other is diverted towards and into
the former, whereas the rest are diverted towards and
into the latter. Figure 3B shows wavefronts spaced one
wavelength apart. Wavefronts travel at slower speed in
higher refractive index medium, in this example the
color filter having an index n of approximately 1.6.
Thus the 



spacing between wavefronts in the gap, assuming air
filled, is 1.6 times that of the color filter,
resulting in the bending of wavefronts at the
interface between the color filter and air gap and
causing the light rays to divert into the color
filter. Figure 3C is a graph of propagated light power
P(z) along a vertical axis z of the air gap divided by
the incident light power P(O) versus a distance z . A
s shown by Fig. 3C, light power decreases deeper into
the gap for different gap widths, more rapidly for
lesser gap widths on the order of one wavelength and
converges to be essentially negligible fora gap width
of 0.4 times wavelength or less at a depth of 1.5
times wavelength. From Fig. 3C, it is preferable to
have a depth equal to at least 1 times the wavelength
of the longest wavelength of interest, which is 650nm
in this embodiment for a visible light image sensor.
At this depth, the percentage of light power incident
upon the gap and lost to the space further below
(henceforth "gap loss") is less than 15%. The color
filter thus needs to have thickness at least 1 time
the wavelength in order to filter incident light
entering the gap to prevent unfiltered light from
passing on to light guides 130, 114 and eventually to
the conversion unit 102. If the gap is filled with a
transparent medium other than air, with refractive
index ngap > 1.0, then presumably the gap would need
to narrow to 0.45um/n gap or less, since effectively
distances in terms of wavelength remains the same but
absolute distances are scaled by l/ngap . Referring to
Figure 3C, for red light of wavelength in air of
650nm, at a depth of 0.65um (i.e. 1.0 time wavelength
in air) the gap power flux attenuates to 0.15 (15%)
for a gap width of 0.6 time wavelength in air, i.e.
0.39um. Attenuation reaches maximum at around lum
ofdepth. Attenuation is steeper with depth for shorter
wavelengths . Figure 3D shows the gap loss versus gap
width W for 3 colors - blue at 450nm wavelength, green
at 550nm, and red at 650nm - at depths of 0.6um and
1.Oum, respectively. For a depth of 1.Oum, the highest
gap loss among the 3 colors and the maximal gap loss
for gap widths of 0 .2um to 0.5um are plotted in
Figure 3E . Gap loss against gap width is tabulated in
Figure 3F. In Figure 3G, gap area as percentages of
pixel areas is tabulated against pixel pitch and gap
width. Each entry (percentage gap area) in the table
of Fig. 3G is multiplied with the corresponding column
entry (i.e. gap loss) to give pixel loss as tabulated
in Figure 3H. Figure 31 plots pixel loss versus pixel
pitch for different gap widths ranging from 0.2um to
0.5um. Fig. 31 shows that keeping gap width below
0.45um would result in less than 8% pixel loss for
pixel pitch between 1.8um and 2 .8um- the range of
pixel sizes for compact cameras and camera phones -
for color filter thickness of l.Oum. For less than 3%,
a gap width below 0.35um is needed; for less than
1.5%, a gap width below 0.3um; and for less than 0.5%,
a gap width below 0.25um.Fig. 31 also shows that pixel
loss is less for bigger pixels given the same gap
width. Thus for pixels larger than 5um, the above
guidelines result in at least halving the pixel loss.
Referring to Figures 2 and 5 again, it is clear that
the first air-gap 422 prevents crosstalk from the
color filter of one pixel to an adjacent pixel by
internal reflection. Thus the color filters 114B, 114G
each functions like a light guide. Together, the color



filter, the second light guide, and the first light
guide along ray a in Figure 5 are cascaded together to
capture incident light and convey to the photoelectric
conversion unit 102 while minimizing loss and
crosstalk. Unlike prior art which uses metal walls or
light absorbing walls between color filters to reduce
crosstalk, at the expense of losing light that
impinging on such walls, the first air-gap 422
achieves negligible gap loss by diverting light to the
nearest color filter. And since there is no underlying
flattening layer below the color filters that bridges
between adjacent light guides like in prior art (see
Figure IB), the associated crosstalk is also
eliminated .Air interface may continue from the color
filter sidewall along the second light guide sidewall
and end above protection film 410, creating a second
air gap 424. The air interface between second air gap
424 and the second light guide 130 enhances internal
reflection for the second light guide 130. A
protection film 410 may be formed above insulating
layer 110 of silicon nitride to prevent alkali metal
ions from getting into the silicon. Alkali metal ions,
commonly found in color filter materials, can cause
instability in MOS transistors. Protection film 410
also keeps out moisture. The protection film 410 may
be made of silicon nitride (Si3N4) of thickness
between 10,000 Angstroms and 4,000 Angstroms,
preferably 7,000 Angstroms. If either first light
guide 116 or second light guide 130 is made of silicon
nitride, the protection film 410 which is formed of
silicon nitride is continuous across and above the
insulating layer 110 to seal the transistors from
alkali metal ions and moisture. If both first 116 and
second 130 light guides are not made of silicon
nitride, the protection film 110 may cover the top
surface of the first light guide 116 toprovide similar
sealing or, alternatively, cover the sidewalls and
bottom of first light guide 116. First 422 and second
424 air gaps together form a connected opening to air
above the top surface of the image sensor. Viewing
this in another way, there exists a continuous air
interface from the protection film 410 to the top
surfaces of the color filters 114B, 114G. In
particular, there is an air-gap between the top
surfaces 430 of the pixels. The existence of this
opening during manufacture allows waste materials
formed during the forming of first air gap 422 and
second air gap 424 to be removed during the
manufacture of the image sensor. If for some reason
the first air-gap 422 is sealed subsequently using
some plug material, this plug material should have a
refractive index lower than the color filter material
so that (i) there is internal reflection within the
color filter, and (ii) light incident within the
air-gap 422 is diverted into the color filters 114B,
114G. Likewise if some fill material fills the second
air gap 424, this fill material needs to have a lower
refractive index than the second light guide 130.
Together, the color filter 114 and light guides 130
and 116 constitute a "cascaded light guide" that
guideslight to the photoelectric conversion unit 102
by utilizing total internal reflection at the
interfaces with external media such as the insulator
110 and air gaps 422 and 424. Unlike prior art
constructions, light that enters the color filter does
not cross over to the color filter of the next pixel
but can only propagate down to the second light guide
130. This makes it 



unnecessary to have a microlens above to focus light
to the center of the pixel area to prevent light ray
passing out from a color filter of a pixel to an
adjacent pixel. Doing away with microlens has a
benefit of eliminating the aforementioned problem of
alignment error between microlens and color filter
that can cause crosstalk, in addition to lowering
manufacturing costs. As mentioned before, a cascaded
light guide further holds an advantage over prior art
that uses opaque wall material between color filters
in that incident light falling into the first air gap
422 between color filters 114B and 114G is diverted to
either one, thus no light is lost, unlike prior art
pixels where light is lost to the opaque walls between
the filters. An advantage of this color filter forming
method over prior art methods is that the color filter
sidewall isnot defined by the photoresist and dye
materials constituting the color filters. In prior art
color filter forming methods, the color filter formed
must produce straight sidewalls after developing. This
requirement places a limit on the selection of
photoresist and dye material because the dye must not
absorb light to which the photoresist is sensitive,
otherwise the bottom of the color filter will receive
less light, resulting in color filter that is narrower
at its bottom than its top. The present color filter
forming method forms the color filter sidewall by the
pocket 210 etched into the support film 134 and not
relying on the characteristics of the color filter
material or the accuracy of lithography, resulting in
a cheaper process. Another advantage over prior art
color filter forming methods is that gap spacing
control is uniform between all pixels, and highly
accurate at low cost. Here, the gap spacing is a
combination of the line-width in the single
lithography step that etches the openings in the
support film, plus the control of sideway etching
during dry etch, both easily controlled uniformed and
highly accurately without adding cost. If such gaps
were to becreated by placing 3 color filters of
different colors at 3 different lithography steps as
in the prior arts, uniformity of gap widths is
impossible, the lithography steps become expensive,
and sidewall profile control becomes even more
stringent. A cascaded light guide wherein a color
filter 114 and a light guide 130 are formed in the
same opening in the support film 134 (henceforth
"self-aligned cascaded light guide") has an advantage
over prior art in that there is no misalignment
between the color filter 114 and the light guide 130.
The color filter 114 has sidewalls that self-align to
sidewalls of the light guide 130. Figures 4A-L show a
process for forming the image sensor 100. The sensor
may be processed to a point wherein the conversion
units 102 and electrodes 104 are formed on the silicon
substrate 106 and the wires 108 are embedded in the
insulator material 110 as shown in Figure 4A. The
insulator 110 may be constructed from a low refractive
index ("RI") material such as silicon dioxide (RI=I.
46). The top of the insulator 110 can be flattened
with a chemical mechanical polishing process ("CMP")
.As shown in Figure 4B, insulating material may be
removed to form light guide openings 120. The openings
120 have sloping sidewalls at an angle a. The openings
120 can be formed, by example, using a reactive ion
etching ("RIE") process. For silicon oxide as the 



insulating material, a suitable etchant is CF4+CHF 3
in a 1:2 flow ratio, carried in Argon gas under
125mTorr, 45C. The sidewall angle may be adjusted by
adjusting the RF power between 300W and 800W at
13.56MHz. Figure 4C shows the addition of light guide
material 122. By way of example, the light guide
material 122 can be a silicon nitride that has an
index of refraction of 2.0, greater than the
refractive index of the insulating material 110 (e.g.
silicon oxide, RI=I. 46). Additionally, silicon
nitride provides a diffusion barrier against H2O and
alkali metal ions. The light guide material can be
added for example by plasma enhanced chemical vapor
deposition ("PECVD"). The light guide material may be
etched down to leave a thinner and flatter protection
film 410 to cover the insulator. This seals the
conversion unit 102, gate 104, and electrodes 108
against H2O and alkali metal ions during the
subsequent processes. Alternatively, if thefirst light
guide material 122 is not silicon nitride, a silicon
nitride film may be deposited on top of light guide
material 122 after an etch-down of the latter to
flatten the top surface, to form a protection film 410
that seals the conversion unit 102, gate 104, and
electrodes 108 against H2O and alkali metal ions. The
protection film 410 may be between 10,000 Angstroms
and 4,000 Angstroms thick, preferably 7,000 Angstroms.
A shown in Figure 4D a support film 134 is formed on
top of the silicon nitride. The support film 134 may
be silicon oxide deposited by High Density Plasma
("HDP"). In Figure 4E, the support film is etched to
form openings. The openings may include sidewalls 136
that slope at an angle b . The angle b is selected so
that b < 90 - asin(l / n2iight guide), where n2iight
guide is the index of refraction of the second light
guide material 130, such that there is a total
internal reflection within the second light guides
130. Incorporating two separate lights guides reduces
the etching depth for each light guide. Consequently,
slope side wall etching is easier to achieve with
higher accuracy. The support film 134 and second light
guides 130 can be made from the samematerials and with
the same processes as the insulating layer 110 and
first light guides 116, respectively. As shown in Fig.
4E the sidewall may have a vertical portion and a
sloped portion. The vertical portion and sloped
portion can be achieved by changing the etching
chemistry or plasma conditions during the etching
process. The etch recipe during the vertical portion
etch is selected to be favorable for forming the
vertical sidewall 162, then switched to a recipe
favorable for forming the sloped sidewall. Figure 4F
shows the addition of light guide material. By way of
example, the light guide material can be a silicon
nitride deposited for example by plasma enhanced
chemical vapor deposition ("PECVD"). Figure 4G shows
each second light guide 130 has a pocket 210. The
pockets 210 are separated by a support wall 212, being
part of the support film 134. Pocket 210 is form by
etching down light guide material to expose the wall
212 and further till the top surface of light guide is
below the top surface of the wall 212 by between O
.dum to 1.2um.As shown in Fig. 4H, a color film
material 114B having a dye of a particular color is
applied to fill the pockets 210 and extends above the
support film 134. In this example, the color material
may contain blue dye. 



Color filter material is typically made of negative
photoresist, which forms polymers that when exposed to
light becomes insoluble to a photoresist developer. A
mask (not shown) is placed over the material 114B with
openings to expose areas that are to remain while the
rest is etched away. Figure 41 shows the sensor after
the etching step. The process can be repeated with a
different color material such as green or red to
create color filters for each pixel as shown in Figure
4J. The last color material applied fills the
remaining pockets 210, thus requires no mask step. In
other words, exposure light is applied everywhere on
the image sensor wafer to exposure the last color
filter film everywhere. During the bake step, the last
color filter forms a film that overlaps all pixels,
include pixels of other colors. The overlap of the
last color filter on other pixels is removed during a
subsequent color filter etch-down process shown in
Figure 4K.Referring to Figure 4G, the pockets 210
provide an self-alignment feature to self-align the
color filter material with the second light guide 130.
The pockets 210 may be wider than the corresponding
mask openings. To reduce the thickness of the support
wall 212 for an desired second light guide opening for
a given pixel pitch, the pressure in the plasma
chamber may be increased to enhance sideway (i.e.
isotropic) etch (by increasing ion scattering) to
undercut the mask. As shown in Figure 4K the color
filters 114B, 114G are etched down to expose the
support wall 212, being part of the support film 134.
A portion of the support film 134 is then removed as
shown in Figure 4L so that there is an air/material
interface for the color filters 114B, 114G. A further
portion of the support film 134 may be removed as
shown in Figure 4L so that there is an air/material
interface for the second light guide 130 to further
aid internal reflection by allowing light rays closer
to the perpendiculars to the interface to undergo
total internal reflection. The first gap 422 has a
width sufficiently small, 0.45um or less, so that
incident red light and light of lesser wavelengths
impinging into the first gap 422 is diverted to either
color filter 114B or114G, thus improving light
reception. Light internally reflects along the color
filters 114B, 114G and light guides 130 and 116. The
color filters 114B, 114G have a higher refractive
index than air so that the color filters 114B, 114G
provides internal reflection. Likewise, the second
light guide 130 has an air interface which improves
the internal reflection properties of the guide. If
the support film 134 is not completely removed, as
long as the support film has a lower refractive index
(e.g. silicon oxide, 1.46) than the light guide
material (e.g. silicon nitride, 2.0), the interface
between the second light guide 130 and the support
film 134 has good internal reflection. Likewise, the
interface between the first light guide 116 and the
first insulator film 110 enjoys good internal
reflection. Figure 7 is a top view showing four pixels
200 of a pixel array. For embodiments that include
both first and second light guides the area B may be
the area of the second light guide top surface and the
area C represents the area of the first light guide
bottom surface. The area A minus the area B may be the
area of the first air gap 422 between color
filters.Figure 8 shows an alternate embodiment wherein
the 



second and first light guides are both etched using
the same mask after the support film 134 is formed,
and both filled with light guide material in one step.
A process for fabricating this alternate embodiment is
shown in Figures 9A-M. The process is similar to the
process shown in Figs. 4A-L, except the opening for
the first light guide is formed after the opening for
the second light as shown in Fig. 9F, where no
additional mask is needed because the protective film
410 and the support film 134 above act as hard masks
to block etchants . Both light guides are filled in
the same step shown in Fig. 9G. Figures 10A-H show a
process to expose bond pads 214 of the image sensor.
An opening 216 is formed in a first insulator material
110 that covers a bond pad 214 as shown in Figs.
10A-B. As shown in Figs. lOC-D the first light guide
material 116 is applied and a substantial portion of
the material 116 is removed, leaving a thinner layer
to seal the first insulator material 110 below. The
support film material 134 is applied and a
corresponding opening 218 is formed therein as shown
in Figs. 10E-F. The second light guide material 130 is
applied as shown in Fig. 1OG. A s shown in Fig. 1OH
amaskless etch step is used to form an opening 220
that exposes the bond pad 214. The etchant preferably
has a characteristic that attacks light guide material
116 and 130 (e.g. silicon nitride) faster than the
insulator material 110 and 134 (e.g. silicon oxide)
and color filter 114 (photoresist) . Dry etch in
CH3F/O 2 has 5x~10x greater etch rate on silicon
nitride than on color filter or silicon oxide. Figure
11 shows an embodiment wherein an antireflection (AR)
stack comprising a top AR film 236, a second AR film
234, and a third AR film 236 covers the conversion
units 102. The anti-reflection stack improves the
transmission of light from the first light guide 116
to the conversion units 102. Members of the AR stack
together may constitute layer 230 that also blanket
the substrate 106, conversion units 102 and electrodes
104 to protect the elements from chemical pollutants
and moisture. For example, the second AR film 234 may
be a contact etch-stop nitride film common in CMOS
wafer fabrication for stopping the oxide etching of
contact holes to prevent over-etch of polysilicon
contacts whose contact holes are shallower than
source/drain contacts by typically 2,000 Angstroms.
The third AR film 232 may besilicon oxide. This
silicon oxide film may be a gate insulating film under
the gate electrode 114, or the spacer liner oxide film
that runs down the side of the gate electrode 114
between the gate and the spacer (not shown) in common
deep submicron CMOS processes, a silicide-blocking
oxide film deposited before contact silicidation to
block contact suiciding, or a combination thereof, or
a blanket oxide film deposited after salicide-block
oxide etch that etches away all oxide in areas
coinciding with the bottom of light guides 116. Using
an existing silicon nitride contact etch-stop film as
part of the AR stack provides cost savings. The same
contact etch-stop film also functions to stop the etch
of the opening in insulator 110 for fabrication of the
light guide. Finally, the top AR film 236 is formed in
the opening in the insulator 110 prior to filling the
opening with light guide material. The top AR film 236
has a lower refractive index than the light guide 116.
The second AR film 234 has a higher 



refractive index than the top AR film 236. The third
AR film 232 has a lower refractive index than the
second AR film 234.The top AR film 236 may be silicon
oxide or silicon oxynitride, having refractive index
about 1.46, with a thickness between 750 Angstrom and
2000 Angstrom, preferably 800 Angstrom. The second AR
film 234 may be silicon nitride (Si 3N4) , having
refractive index about 2.0, with a thickness between
300 Angstrom and 900 Angstrom, preferably 500
Angstrom. The third AR film 232 may be silicon oxide
or silicon oxynitride (SiOxNy where 0<x<2 and
0<y<4/3), having refractive index about 1.46, with a
thickness between 25 Angstrom and 170 Angstrom,
preferably 75 Angstrom. The third AR film 232 may
comprise the gate oxide under the gate 104 and above
the substrate 106 of Figure 2 , as shown in Figure 3
of United States Application 61/009,454. The third AR
film 232 may further comprise gate liner oxide as
shown in Figure 3 of the same. Alternately, the third
AR film 232 may be formed by a blanket silicon oxide
deposition everywhere on the wafer after a
salicide-block etch removes salicide-block oxide 64,
gate-liner oxide 55, and gateoxide 54 shown in Figure
2 of United States Application 61/009, 454 by using a
salicide-block-etch mask having a mask opening
coinciding with the bottom of light guide 116.The
anti-reflection structure shown in Fig. 11 can be
fabricated by first forming the third AR film 232 and
the second AR film 234 over the substrate,
respectively. The insulator 110 is then formed on the
second AR film 234. Silicon nitride film is deposited
by PECVD on the first insulator 110 in a manner that
covers and seals the insulator and underlying layers
to form a protection film 410 with a thickness between
10,000 Angstrom and 4,000 Angstrom, preferably 7,000
Angstrom. The support film 134 is formed on the
protection film 410 by, for example, HDP silicon oxide
deposition. The support film 134 is masked and a first
etchant is applied to etch openings in the support
film 134. The first etchant is chosen to have high
selectivity towards the protection film material. For
example, if the support film 134 comprises HDP silicon
oxide and the protection film 410 comprises silicon
nitride, the first etchant may be CHF3, which etches
HDP silicon oxide 5 times as fast as silicon nitride.
A second etchant is then applied to etch through the
silicon nitride protection film 410. The second
etchant may be CH3F/O 2. The first etchant is then
applied again to etch the first insulator 110 and to
stop on the contact etch-stop film234 which comprises
silicon nitride. The contact etchstop film 234 acts as
an etchant stop to define the bottom of the opening.
The top AR film 236 is then formed in the opening by
anisotropic deposition methods, for example, PECVD or
HDP silicon oxide deposition, that deposits
predominantly to the bottom of the opening than to the
sidewalls. An etchant can be applied to etch away any
residual top AR film material that extends along the
sidewalls of the opening, for example by dry etch
using the first etchant and holding the wafer
substrate at a tilt angle and rotated about the axis
parallel to the incoming ion beam. Light guide
material is then formed in the openings, for example
by silicon nitride PECVD. Color filters may be formed
over the light guide and a portion of the support film
between adjacent color filters and a further portion
between adjacent light 



guides may be etched to create the structure shown in
FIG. 5 . Figures 12A-E show a process for fabricating
another embodiment of anti-reflection between the
light guide 116 and substrate 202. Referring to Figure
12E, in this embodiment an etch-stop film 238 is
interposed between the light guide 116 and the
anti-reflection (AR) stackcomprising the top AR film
236, second AR film 234, and third AR film 232. The
light guide etch-stop film 238 may be formed of the
same material as the light guide 116, and may be
silicon nitride, with a thickness between 100 Angstrom
and 300 Angstrom, preferably 150 Angstrom. Forming the
AR stack in this embodiment has an advantage of more
precise control of the thickness of the second AR
film, at the expense of one more deposition step and
the slight added complexity of etching through a
oxidenitride- oxide-nitride-oxide stack instead of
oxidenitride- oxide stack for contact hole openings
(not shown) . The previous embodiment uses the second
AR film 234 as a light guide etch stop and loses some
of thickness to the final step of insulator pit etch
over-etch. As shown in Figs. 12A-B, the third 232 and
second 234 AR films are applied to the substrate 106
and then a top AR film 236 is applied onto the second
AR film 234, followed by a light guide etch-stop film
238 made of silicon nitride. As shown in Fig. 12C, the
insulator layer 110 and wiring electrodes 108 are
formed above the AR films 232, 234, and 236, and light
guide etch-stop film 238. Fig. 12D shows an opening
etched into insulator 110, stopping at the top of the
light guideetch-stop film 238. Fig. 12E shows the
opening filled with light guide material. Figure 13A
is a graph of transmission coefficient versus light
wavelength for the anti-reflection stack of Figure 11
and Figure 12E, for top AR film 236 (oxide) nominal
thickness of 800 Angstroms, and varied +/-10%, whereas
second AR film 234 (nitride) thickness is 500
Angstroms and third AR film 232 (oxide) thickness is
75 Angstroms. The transmission curves exhibit steep
decline in the violet color region (400nm to 450nm) .
The nominal thicknesses of the AR films 232, 234, and
236 constituting the AR stack are chosen to position
the maximum of the transmission curve in the blue
color region (450nm to 490nm) instead of green color
region (490nm to 560nm) so that any shift in film
thicknesses due to manufacturing tolerance would not
result in transmission coefficient fall-off much more
in violet than in red color region (630nm to 700nm) .
Figure 13B is a graph of transmission coefficient
versus light wavelength for the anti-reflection stack
of Figure 11 and Figure 12E, for nominal second AR
film (nitride) of 500 Angstroms thick, and varied
+/-10%.Figure 13C is a graph of transmission
coefficient versus light wavelength for the
anti-reflection stack of Figure 11 and Figure 12E, for
third AR film 232 (nitride) nominal thickness of 75
Angstroms, and varied +/-10%. Figures 14A-G show a
process for fabricating another embodiment of
anti-reflection stack between the light guides 116 and
substrate 202 to provide two different AR stacks at
two different pixels that each optimizes for a
different color region. Third and second AR film 232
and 234 are provided over the photoelectric conversion
unit 201 in Fig. 14A, similar to the embodiment shown
in Fig. 12A. In Fig. 14A, the top AR film 236 is
deposited to the thickness of thicker top AR film 236b
shown in Fig. 



14B. Subsequently a lithography mask (not shown) is
applied to create mask openings over the pixels that
use the thinner top AR film 236a. An etch step is
applied to thin the top AR film 236 under the mask
opening to the smaller thickness of top AR film 236a
in Fig. 14B. Subsequent steps, shown in Figures 14C to
14G, are similar to Figs. 12B-E. Green color filters
114G is applied on the pixels having the thinner top
AR film 236a, whereas Blue and Red color filters on
the pixels having the thicker top AR film 236b.Figure
15A is a graph of transmission coefficient versus
light wavelength for the anti-reflection stack of Fig.
14G for a nominal thinner top A R film 236a of nominal
thickness 0.12 urn, a second AR film 234 of nominal
thickness 500 Angstroms, and a third A R film 232 of
nominal thickness 75 Angstroms. This graph peaks in
the green color region at approximately 99%, and drops
gently t o approximately 93% at the center of the red
color region. This graph shows that the top A R film
236a can b e used at red pixels a s well a s green
pixels. Figure 15B is a graph of transmission
coefficient versus light wavelength for the
anti-reflection stack of Fig. 14G for a top A R film
236b of nominal thickness 0.20um, a second A R film
234 of nominal thickness 500 Angstroms, and a third AR
film 232 of nominal thickness 75 Angstroms. This graph
peaks in two separate color regions, viz. purple and
red. This graph shows that the top A R film 236b can b
e used at blue pixels and red pixels . A pixel array
may use the thinner top A R film 236a for green pixels
only while the thicker top A R film 236b for both blue
and red pixels. Alternately, the pixel array may use
the thinner top AR film 236a for both greenand red
pixels while the thicker top AR film 236b for blue
pixels only. Another embodiment to provide two
different AR stacks that each optimizes for a
different color region can be provided by creating
different second AR film thicknesses while keeping the
same top AR film thickness. Two different thicknesses
are determined, one for each color region. The second
AR film is first deposited to the larger thickness.
Subsequently a lithography mask is applied to create a
mask opening over the pixels that uses the smaller
second AR film thickness. An etching step is applied
to thin the second AR film under the mask opening to
the smaller thickness. Subsequent steps are identical
to Figures 12B-E. While certain exemplary embodiments
have been described and shown in the accompanying
drawings, it is to be understood that such embodiments
are merely illustrative of and not restrictive on the
broad invention, and that this invention not be
limited to the specific constructions and arrangements
shown and described, since various other modifications
may occur to those ordinarily skilled in the art.The
subject technology is further described in Annex ich
is incorporated herein.ANNEX 1 Annex 1 consists of
U.S. Application 61/009,454 filed cember 28,
2007.Provisional Patent Application of Hiok-Nam Tay
for TITLE: Anti-Reflection in PixelBRIEF DESCRIPTIONS
OF THE DRAWINGS FIG. Ia is a prior-art MOS pixel using
silicon nitride in anti-reflection stack. FIG. I b is
a prior-art MOS transistor construction utilizing
silicon nitride as contact etchstop. FIG. 2 is a
prior-art MOS image sensor pixel utilizing silicon
nitride as contact etch-stop 



and in anti-reflection stack. FIG. 3 shows silicon
nitride over oxide and silicon forming an
anti-reflection stack according to one embodiment of
this invention. FIG. 4 is a light transmission graph
plotting transmission coefficient versus light
wavelength for three different thicknesses of oxide
under nitride in the anti-reflection stack. FIG. 5 is
a light transmission graph plotting transmission
coefficient versus light wavelength for one oxide
thickness for prior-art anti-reflection stack
according to FIG.2. FIG. 6a~f show the fabrication
steps to build anti-reflection stack in a MOS image
sensor pixel according to one embodiment of this
invention as shown in FIG.3.BACKGROUND In a silicon
image sensor, such as MOS image sensor, where light
sensing element (photodiode typically) is beneath
silicon surface and where incident light needs to pass
through silicon dioxide before reaching light sensing
element, the reflection at the oxidesilicon interface
can reach as much as 40%, causing reduced sensitivity.
Using plural layers of thin films over silicon to
reduce reflection has been practiced in the industry.
One example is US6,166,405 FIG.7 shown here as FTG.la.
The optical stack consists of gate oxide 41 (thermally
grown) plus silicon nitride film 45 (deposited) plus
oxide film 46 (deposited). Silicon nitride film 45 is
directly on top of gate oxide 41. The thickness of
gate oxide 41 is fixed according to the process.
Typically, if 3.3v transistor is included in the chip,
thickness of gate oxide 41 is about 70 Angstroms.
Whereas if 2.5v transistor is used, thickness of gate
oxide 41 is about 45 Angstroms. Thus the oxide
thickness above silicon below silicon nitride is a
fixed parameter, which leaves the silicon nitride
thickness as the only parameter to play with to get
optimal transmission coefficient, which is often
suboptimal. FIG. Ib shows a prior art of a typical
digital CMOS process where a layer of silicon nitride
57 covers silicon surface. Silicon nitride film 57,
typically called etch-stop nitride, serves two
purposes: (a) insulating silicon from dielectric 63
above to prevent moisture and positive ions in the
dielectric 63 from migrating into transistor gate
oxide 54, and (b) stop dielectric etching during
contact etch process step so that regardless of
dielectric thickness the dielectric etching stops on
the nitride film, from which a nitride etch carries on
further to complete contact hole etch in the nitride
film which has uniform thickness regardless of
underlying topography. Nitride film 57 has thickness
typically between 500 Angstroms to 900 Angstrom,
optimized for both purposes (a) and (b). FIG. 2 shows
a prior art MOS image sensor pixel that makes use of
etch-stop nitride 57 as part of its anti-reflection
stack. This stack consists of gate oxide 54,
spacer-liner oxide 55, salicide-block oxide 64,
etch-stop nitride 57, and dielectric 63. Spacer-liner
oxide 55 Salicide-block oxide is typically deposited
on top on spacer-liner oxide 55 and gate oxide 54 over
entire wafer and etched away together with
spacer-liner oxide 55 and gate oxide 54 wherever
salicide between titanium or cobalt or nickel with
silicon is desirable for low contact resistance,
whereas where high resistance is desirable such as
over polysiliconresistor or diffusion resistor this
oxide stack remains to prevent contact of these
suiciding metals with silicon. It is well known in
image sensor industry that suiciding of pixel near
light sensing element is undesirable due to tendency
of salicide to cause higher leakage currents. Thus
salicide-block oxide remains over the light sensing
portion of silicon and along with it the spacer liner
oxide 55 and gate oxide 54 beneath it. The total oxide
stack beneath nitride film 57 can be from 400
Angstroms to 700 Angstroms. FIG. 5 shows the
transmission coefficient of the anti-reflection stack
of FIG. 2 optimized by playing with thickness of
nitride film 57, given oxide stack thickness of 580
Angstrom beneath. The optimal nitride film thickness
is found to be 1520 Angstroms. The transmission
coefficient narrowly peaks at 0.88 about 540nm (green
light) by rapidly dips to 0.67 at 450nm (blue light)
and 0.78 at 650nm (red light). This anti-reflection
stack thus fails to reduce reflection for blue and red
light. DETAIL DESCRIPTIONS OF EMBODIMENT With
reference to the Figures, exemplary embodiments of the
invention will now be described. The exemplary
embodiments are described primarily with reference to
block diagrams. Herein, the apparatus element may be
referred to as a means for, an element for, or a unit
for performing the method step. As to the block
diagrams, it should be appreciated that not all
components necessary for a completed implementation of
a practical system are illustrated or described in
detail. Rather, only those components necessary for a
thorough understanding of the invention are
illustrated and described. Furthermore, components
which are either conventional or may be readily
designed and fabricated in accordance with the
teachings provided herein are not described in detail.
FIG. 3 shows an embodiment of this invention. The
essential difference from prior art shown in FIG. 2 is
that salicide-block oxide is removed, and further a
certain thickness of top side of 



spacer-liner oxide 55 beneath etch-stop nitride 57 is
also removed, resulting in a thinned oxide stack
beneath nitride film 57. The essential difference from
prior art shown in FIG. 1 is that the total oxide
stack beneath nitride film 57 is greater than gate
oxide 54, thus allowing oxide stack thickness to be a
free parameter to play to optimize transmission
coefficient. FIG. 4 shows a graph of transmission
coefficient versus light wavelength for three
different thickness of etch-stop nitride film 57: 450,
500, and 550 Angstroms. For this set of
nitridethicknesses, the optimal thickness of oxide
stack beneath it is found to be 100 Angstroms, which
is larger than the gate oxide thickness, being either
about 70 Angstroms or 45 Angstroms as aforementioned.
From light wavelength of 450nm (blue) to 650nm (red),
and for all 3 different nitride thicknesses,
transmission coefficient remains above 0.95. This
shows that this anti-reflection stack has less than 5%
reflection even if nitride thickness varies by 10%.
FIG. 6a through 6f show the processing steps starting
from immediately after salicideforming step to where
contact hole is etch through dielectric and nitride
and the oxide stack below to reach silicon. In FIG.
6a, a salicide-block oxide 64 is left un-etched over
the light sensing element 65 and over MOS transistor
adjacent thereto after the salicide-block oxide etch
step and after titanium/cobalt/nickel suicide forming
step. The oxide stack consisting of gate oxide 54,
spacer-liner oxide 55, and salicide-block oxide 64
typically is from 400 Angstroms to 700 Angstroms
thick. In FIG. 6b, oxide etch step is performed using
either wet etch or dry etch over the lightsensing
element 65 and its adjacent transistor region until
the desired oxide stack thickness is reached. For
example, if nitride thickness is 500 Angstroms, an
oxide stack thickness of 100 Angstrom is suitable. In
this construction where spacer liner 55 sits above
gate oxide 54, oxide etch removes salicide-block oxide
entirely and further etches away a top portion of
spacer-liner oxide. There are other possible
construction where spacer-liner oxide is not used, in
which case a thin bottom layer of salicide-block oxide
remains over gate oxide to attain the desired optimal
oxide stack thickness. In FIG. 6c, etch-stop nitride
is deposited over the wafer. A thickness of 500
Angstrom is typically suitable. In FIG. 6d, dielectric
63 (typical a stack of bottom layer silicon oxide
doped with boron and/or phosphorus and a top layer of
plasma deposited undoped oxide) is deposited over the
wafer and contact hole 67 is etched through dielectric
but stops on etch-stop nitride 57 since the etchant
used to etch oxide does not etch nitride fast.In FIG.
6e, contact hole 67 is further etched down passed
etch-stop nitride 57 by changing to a different
etchant that etches faster in nitride than in oxide.
The contact hole etch stops on the oxide stack
beneath, on top side of already etched-down
spacer-liner oxide 55. In FIG. 6f, contact hole 67 is
further etched down passed spacer-liner oxide 55 and
gate oxide 64 to reach silicon at drain 59. After this
last step, the typical backend interconnect
construction steps is applied to fill contact hole
with Ti/TiN sidewall and bottom side and further with
tungsten. Disclosed above are several inventions
although used in combination to illustrate the
beneficial effects but nonetheless may be used each in
its own right to produce beneficial effects. Among the
inventions are: "thinned oxide beneath nitride",
"thinned oxide beneath etch-stop nitride", "oxide
stack etch after etching etch-stop nitride during
contact etch", and combinations of them.Sequence
Listing Non applicable= substrate FIG. 1a = trench
liner oxide Prior Art = trench fill HDP oxide = gate
oxide (US6,166,405 Fig 7) = gate liner TEOS oxide =
nitride spacer = nitride liner = lightly-doped drain
(LDD) = source/drain = nickel/cobalt/titanium salicide
= tungsten = Ti/TiN = boron/phosphorus doped oxide =
gate51 = substrate 52 = trench liner oxide 53 = trench
fill HDP oxide 54 = gate oxide 



55 = gate liner TEOS oxide 56 = nitride spacer 57 =
nitride liner 58 = lightly-doped drain (LDD) 59 =
source/drain 60 = nickel/cobalt/titanium salicide 61 =
tungsten 62 = Ti/TiN 63 = boron/phosphorus doped oxide
64 = salicide-block oxide 65 = n- photodiode region 66
= gate FIG. 2 Prior Art51 = substrate 52 = trench
liner oxide 53 = trench fill HDP oxide 54 = gate oxide
55 = gate liner TEOS oxide 56 = nitride spacer 57 =
nitride liner 58 = lightly-doped drain (LDD) 59 =
source/drain 60 = nickel/cobalt/titanium salicide 61 =
tungsten 62 = Ti/TiN 63 = boron/phosphorus doped oxide
64 = salicide-block oxide 65 = n- photodiode region 66
= gatetransmission vs wavelength, oxide_under_nitpde
O0 1 12 urn 0 4 0 45 0 5 0 55 0 6 0 65 0 7 wavelength
(um) FIG. 4 iTnnq n FIG. 5 Prior ArtTHERAPEUTIC CANCER
TREATMENTS This application claims the benefit of U.S.
Patent Application No. 11/965,688, filed December 27,
2007, U.S. Provisional Patent Application No.
61/017,160, filed December 27, 2007, and U.S.
Provisional Application No. 61/118,969, filed December
1, 2008, each of which is incorporated by reference in
its entirety. BACKGROUND Hedgehog signaling is
essential in many stages of development, especially in
formation of left-right symmetry. Loss or reduction of
hedgehog signaling leads to multiple developmental
deficits and malformations, one of the most striking
of which is cyclopia. Many cancers and proliferative
conditions have been shown to depend on the hedgehog
pathway. The growth of such cells and survival can be
affected by treatment with the compounds disclosed
herein. Recently, it has been reported that activating
hedgehog pathway mutations occur in sporadic basal
cell carcinoma (Xie et al. (1998) Nature 391: 90-2)
and primitive neuroectodermal tumors of the central
nervous system (Reifenberger et al. (1998) Cancer Res
58: 1798-803). Uncontrolled activation of the hedgehog
pathway has also been shown in numerous cancer types
such as GI tract cancers including pancreatic,
esophageal, gastric cancer (Berman et al. (2003)
Nature 425: 846-51, Thayer et al. (2003) Nature 425:
851- 56) lung cancer (Watkins et al. (2003) Nature
422: 313-317, prostate cancer (Karhadkar et al (2004)
Nature 431: 707-12, Sheng et al. (2004) Molecular
Cancer 3: 29-42, Fan et al. (2004) Endocrinology 145:
3961-70), breast cancer (Kubo et al. (2004) Cancer
Research 64: 6071-74, Lewis et al. (2004) Journal of
Mammary Gland Biology and Neoplasia 2: 165-181) and
hepatocellular cancer (Sicklick et al. (2005) ASCO
conference, Mohini et al. (2005) AACR conference). For
example, small molecule inhibition of the hedgehog
pathway has been shown to inhibit the growth of basal
cell carcinoma (Williams, et al, 2003 PNAS 100:
4616-21), medulloblastoma (Berman et al., 2002 Science
297 : 1559-61), pancreatic cancer (Berman et al., 2003
Nature 425: 846-51), gastrointestinal cancers (Berman
et al, 2003 Nature 425: 846-51, published PCT
application WO 05/013800), esophageal cancer (Berman
et al, 2003 Nature 425: 



846-51), lung cancer (Watkins et al, 2003. Nature 422:
313-7), and prostate cancer (Karhadkar et al, 2004.
Nature 431: 707-12).In addition, it has been shown
that many cancer types have uncontrolled activation of
the hedgehog pathway, for example, breast cancer (Kubo
et al, 2004. Cancer Research 64: 6071-4),
hepatocellular cancer (Patil et al, 2005. 96th Annual
AACR conference, abstract #2942 Sicklick et al., 2005.
ASCO annual meeting, abstract #9610), hematological
malignancies (Watkins and Matsui, unpublished
results), basal cell carcinoma (Bale & Yu, 2001. Human
Molec. Genet. 10:757-762 Xie et al, 1998 Nature 391:
90-92), medulloblastoma (Pietsch et al, 1997. Cancer
Res. 57: 2085-88), prostate cancer (Karhadkar et al.,
2003, Nature, 431:846-851), and gastric cancer (Ma et
al, 2005 Carcinogenesis May 19, 2005 (Epub)). SUMMARY
The invention relates generally to methods of
extending relapse free survival in a cancer patient
who is undergoing or has undergone cancer therapy (for
example, treatment with a chemotherapeutic, radiation
therapy and/or surgery) by administering a
therapeutically effective amount of a hedgehog
signaling pathway inhibitor (hereinafter "hedgehog
inhibitor") to the patient. In some embodiments, the
hedgehog inhibitor is administered concurrently with
the cancer therapy. In instances of concurrent
administration, the hedgehog inhibitor may continue to
be administered after the cancer therapy has ceased.
In other embodiments, the hedgehog inhibitor is
administered after cancer therapy has ceased (i.e.,
with no period of overlap with the cancer treatment).
In another embodiment, the invention relates to a
method of extending relapse free survival in a cancer
patient who had previously undergone cancer therapy
(for example, treatment with a chemotherapeutic,
radiation therapy and/or surgery) by administering a
therapeutically effective amount of a hedgehog
inhibitor to the patient after the cancer therapy has
ceased. The cancer treated by the methods described
herein can be selected from, for example, lung cancer
(e.g., small cell lung cancer or non-small cell lung
cancer), bladder cancer, ovarian cancer, colon cancer,
acute myelogenous leukemia, and chronic myelogenous
leukemia. For treatment of small cell lung cancer
according to the invention, the chemotherapeutic can
be selected from etoposide, carboplatin, cisplatin,
irinotecan, topotecan, gemcitabine, radiation therapy,
and combinations thereof. An example of suitable
chemotherapeutic s for treatment of non-small cell
lung cancer according to the invention include
vinorelbine; cisplatin; docetaxel;pemetrexed;
etoposide; gemcitabine; carboplatin; targeted
therapies including bevacizumab, gefitinib, erlotinib,
and cetuximab; radiation therapy; and combinations
thereof. For treatment of bladder cancer according to
the invention, suitable chemotherapeutics include
gemcitabine, cisplatin, methotrexate, vinblastin,
doxorubicin, paclitaxel, docetaxel, pemetrexed,
mitomycin C, 5-fluorouracil, radiation therapy, and
combinations thereof. Examples of suitable
chemotherapeutics for the treatment of ovarian cancer
according to the invention include paclitaxel;
docetaxel; carboplatin; gemcitabine; doxorubicin;
topotecan; cisplatin; irinotecan; targeted therapies
such as bevacizumab; radiation therapy; and
combinations thereof. For treatment of colon cancer
according to the invention, examples of suitable
chemotherapeutics include paclitaxel; 5-fluorouracil;
leucovorin; irinotecan; oxaliplatin; capecitabine;
targeted therapies including bevacizumab, cetuximab,
and panitumumab; radiation therapy; and combinations
thereof. In another aspect, the invention relates to a
method of treating cancer in a patient wherein the
patient is undergoing other cancer therapy, the method
comprising detecting elevated hedgehog ligand in the
patient and administering a pharmaceutically effective
amount of a hedgehog antagonist to the patient. The
elevated hedgehog ligand can be detected in blood,
urine, circulating tumor cells, a tumor biopsy or a
bone marrow biopsy. The elevated hedgehog ligand may
also be detected by systemic administration of a
labeled form of an antibody to a hedgehog ligand
followed by imaging. The step of detecting elevated
hedgehog ligand may include the steps of measuring
hedgehog ligand in the patient prior to administration
of the other cancer therapy, measuring hedgehog ligand
in the patient after administration of the other
cancer therapy, and determining if the amount of
hedgehog ligand after administration of the other
chemotherapy is greater than the amount of hedgehog
ligand before administration of the other
chemotherapy. The other cancer therapy may be, for
example, a chemotherapeutic or radiation therapy. In
another aspect, the invention relates to a method of
treating cancer in a patient by identifying one or
more chemotherapeutics that elevate hedgehog ligand
expression in a tumor, and administering a
therapeutically effective amount of the one or more
chemotherapeutics that elevate hedgehog ligand
expression in the tumor and a therapeutically
effective amount of a hedgehog inhibitor. The step of
identifying the chemotherapeutics that elevate
hedgehogexpression can include the steps of exposing
cells from the tumor to one or more chemotherapeutics
in vitro and measuring hedgehog ligand in the cells.
An example of a hedgehog inhibitor is a compound of
formula I : 



I or a pharmaceutically acceptable salt thereof. An
example of a pharmaceutically acceptable salt of the
compound of formula I is the hydrochloride salt. In
some embodiments, the hedgehog inhibitor is
administered as a pharmaceutical composition
comprising the hedgehog inhibitor, or a
pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable excipient. In another
embodiment, the invention relates to a method of
treating pancreatic cancer, by administering to a
patient in need thereof a therapeutically effective
amount of a compound of formula I : I or a
pharmaceutically acceptable salt thereof. An example
of a therapeutically acceptable salt of the compound
of formula I is a hydrochloride salt. The method can
also include administration of the compound of formula
I, or a pharmaceutically acceptable salt thereof, in
combination with one or more chemotherapeutics (e.g.,
gemcitabine, cisplatin, epirubicin, 5-fluorouracil,
and combinations thereof). Administration of the
compound of formula I can continue after treatment
with the chemotherapeutic has ceased. The compound of
formula I can administered as a pharmaceutical
composition comprising the compound of formula I, or a
pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable excipient. DESCRIPTION OF
FIGURESFigure 1 is a graph depicting the change in
tumor volume over time for BxPC-3 pancreatic tumor
xenografts treated with vehicle and Compound 42.
Figure 2A is a graph depicting human GIi-I levels in
BxPC-3 pancreatic tumor xenografts treated with
vehicle and Compound 42. Figure 2A is a graph
depicting murine GIi-I levels in BxPC-3 pancreatic
tumor xenografts treated with vehicle and Compound 42.
Figure 3 is a graph depicting the change in tumor
volume over time for BxPC-3 pancreatic tumor
xenografts treated with vehicle, Compound 42,
gemcitabine, and a combination of Compound 42 and
gemcitabine. Figure 4 is a graph depicting the change
in tumor volume over time for MiaPaCa pancreatic tumor
xenografts treated with vehicle, Compound 42,
gemcitabine, and a combination of Compound 42 and
gemcitabine. Figure 5 is a graph depicting the change
in tumor volume over time for LX22 small cell lung
cancer tumor xenografts treated with vehicle, Compound
42, etoposide/carboplatin, and a combination of
Compound 42 and etoposide/carboplatin. Figure 6 is a
graph depicting the change in tumor volume over time
for LX22 small cell lung cancer tumor xenografts
treated with vehicle, Compound 42,
etoposide/carboplatin followed by vehicle, and
etoposide/carboplatin followed by Compound 42 . Figure
7A is a graph depicting murine Indian hedgehog levels
in LX22 small cell lung cancer tumor xenografts that
were treated with etoposide/carboplatin followed by
vehicle or Compound 42. Figure 7B is a graph depicting
human Indian hedgehog levels in LX22 small cell lung
cancer tumor xenografts that were treated with
etoposide/carboplatin followed by vehicle or Compound
42. Figure 8A is a graph depicting murine GIi-I
expression levels in LX22 small cell lung cancer tumor
xenografts that were treated with
etoposide/carboplatin followed by vehicle or Compound
42. Figure 8B is a graph depicting human GIi-I
expression levels in LX22 small cell lung cancer tumor
xenografts that were treated with
etoposide/carboplatin followed by vehicle or Compound
42.Figure 9A is a graph depicting the change in murine
hedgehog ligand expression levels in UMUC-3 bladder
cancer tumor xenografts treated with gemcitabine as
compared to naive UMUC-3 bladder cancer tumor
xenografts. Figure 9B is a graph depicting the change
in human hedgehog ligand expression levels in UMUC-3
bladder cancer tumor xenografts treated with
gemcitabine as compared to naive UMUC-3 bladder cancer
tumor xenografts. Figure 10 is a graph depicting the
change in human Sonic, Indian and Desert Hedgehog
ligand expression in UMUC-3 bladder cancer tumor cells
treated with doxorubicin as compared to naive UMUC-3
bladder cancer tumor cells. Figure 11 is a graph
depicting the change in human Sonic and Indian
Hedgehog ligand expression in A2780 ovarian cancer
tumor cells treated with carboplatin or docetaxel as
compared to naive A2780 ovarian cancer tumor cells.
Figure 12 is a graph depicting the change in human
Sonic and Indian Hedgehog ligand expression in IGROV-I
ovarian cancer tumor cells treated with carboplatin or
docetaxel as compared to naive IGROV-I ovarian cancer
tumor cells. 



Figure 13 is a graph depicting the change in human
Sonic and Indian Hedgehog ligand expression in H82
small cell lung cancer tumor cells treated with
carboplatin or docetaxel as compared to naive H82
small cell lung cancer tumor cells. Figure 14 is a
graph depicting the change in Sonic Hedgehog ligand
expression in UMUC-3 bladder cancer tumor cells
exposed to hypoxic conditions as compared to UMUC-3
bladder cancer tumor cells exposed to normoxic
conditions. DETAILED DESCRIPTION The invention relates
to methods for treating various cancers by
administering hedgehog inhibitors. The hedgehog
inhibitor is administered in combination with another
cancer therapy, such as one or more chemotherapeutics,
radiation therapy and/or surgery. The cancer therapy
and hedgehog inhibitor can be administered
concurrently, sequentially, or a combination of
concurrent administration followed by monotherapy with
the hedgehog inhibitor. In one aspect, the invention
relates to a method of treating cancer by
administering to a patient a first therapeutic agent
and a second therapeutic agent, wherein the second
therapeutic agent is a hedgehog inhibitor. The two
agents can be administered concurrently (i.e.,
essentiallyat the same time, or within the same
treatment) or sequentially (i.e., one immediately
following the other, or alternatively, with a gap in
between administration of the two). In some
embodiments, the hedgehog inhibitor is administered
sequentially (i.e., after the first therapeutic). The
first therapeutic agent can be a chemotherapeutic
agent, or multiple chemotherapeutic agents
administered sequentially or in combination. Examples
of conditions that can be treated include lung cancer
(e.g., small cell lung cancer or non-small cell lung
cancer), bladder cancer, ovarian cancer, breast
cancer, colon cancer, multiple myeloma, acute
myelogenous leukemia (AML), and chronic myelogenous
leukemia (CML). In another aspect, the invention
relates to a method of treating cancer including the
steps of administering to a patient a first
therapeutic agent, then administering the first
therapeutic agent in combination with a second
therapeutic agent, wherein the second therapeutic
agent is a hedgehog inhibitor. Examples of conditions
that can be treated include lung cancer (e.g., small
cell lung cancer or non-small cell lung cancer),
bladder cancer, ovarian cancer, breast cancer, colon
cancer, multiple myeloma, AML and CML. In another
aspect, the invention relates to a method of treating
a condition mediated by the hedgehog pathway by
administering to a patient a first therapeutic agent
and a second therapeutic agent, wherein the second
therapeutic agent is a hedgehog inhibitor. The two
agents can be administered concurrently (i.e.,
essentially at the same time, or within the same
treatment) or sequentially (i.e., one immediately
following the other, or alternatively, with a gap in
between administration of the two). In some
embodiments, the hedgehog inhibitor is administered
sequentially (i.e., after the first therapeutic). The
first therapeutic agent can be a chemotherapeutic
agent. Examples of conditions that can be treated
include lung cancer (e.g., small cell lung cancer or
non-small cell lung cancer), bladder cancer, ovarian
cancer, breast cancer, colon cancer, multiple myeloma,
AML and CML. In another aspect, the invention relates
to a method of treating a condition mediated by the
hedgehog pathway including the steps of administering
to a patient a first therapeutic agent, then
administering the first therapeutic agent in
combination with a second therapeutic agent, wherein
the second therapeutic agent is a hedgehog inhibitor.
Examples of conditions that can be treated include
lung cancer (e.g., small cell lung cancer or non-small
cell lung cancer), bladder cancer, ovarian cancer,
breast cancer, colon cancer, multiple myeloma, AML and
CML.The invention also relates to methods of extending
relapse free survival in a cancer patient who is
undergoing or has undergone cancer therapy (for
example, treatment with a chemotherapeutic (including
small molecules and biotherapeutics, e.g.,
antibodies), radiation therapy, surgery, RNAi therapy
and/or antisense therapy) by administering a
therapeutically effective amount of a hedgehog
inhibitor to the patient. "Relapse free survival", as
understood by those skilled in the art, is the length
of time following a specific point of cancer treatment
during which there is no clinically-defined relapse in
the cancer. In some embodiments, the hedgehog
inhibitor is administered concurrently with the cancer
therapy. In instances of concurrent administration,
the hedgehog inhibitor may continue to be administered
after the cancer therapy has ceased. In other
embodiments, the hedgehog inhibitor is administered
after cancer therapy has ceased (i.e., with no period
of overlap with the cancer treatment). The hedgehog
inhibitor may be administered immediately after cancer
therapy has ceased, or there may be a gap in time
(e.g., up to about a day, a week, a month, six months,
or a year) between the end of cancer therapy and the
administration of the hedgehog inhibitor. Treatment
with the hedgehog inhibitor can continue for as long
as relapse-free survival is maintained (e.g., up to
about a day, a week, a month, six months, a year, two
years, three years, four years, five years, or
longer). In one aspect, the invention relates to a
method of extending relapse free survival in a cancer
patient who had previously undergone cancer therapy
(for example, treatment with a 



chemotherapeutic (including small molecules and
biotherapeutics, e.g., antibodies), radiation therapy,
surgery, RNAi therapy and/or antisense therapy) by
administering a therapeutically effective amount of a
hedgehog inhibitor to the patient after the cancer
therapy has ceased. The hedgehog inhibitor may be
administered immediately after cancer therapy has
ceased, or there may be a gap in time (e.g., up to
about a day, a week, a month, six months, or a year)
between the end of cancer therapy and the
administration of the hedgehog inhibitor. Cancer
therapies that can be combined with hedgehog
inhibitors according to the invention include surgical
treatments, radiation therapy, biotherapeutics (such
as interferons, cytokines - e.g. Interferon a,
Interferon g, and tumor necrosis factor -
hematopoietic growth factors, monoclonal serotherapy,
vaccines and immunostimulants), antibodies (e.g.
Avastin, Erbitux, Rituxan, and Bexxar), endocrine
therapy (including peptide hormones, corticosteroids,
estrogens, androgens and aromatase inhibitors),
anti-estrogens (e.g. Tamoxifen, Raloxifene,
andMegestrol), LHRH agonists (e.g. goscrclin and
Leuprolide acetate), anti-androgens (e.g. flutamide
and Bicalutamide), gene therapy, bone marrow
transplantation, photodynamic therapies (e.g.
vertoporfin (BPD-MA), Phthalocyanine, photosensitizer
Pc4, and Demethoxyhypocrellin A (2BA-2-DMHA)), and
chemotherapeutics. Examples of chemotherapeutics
include gemcitabine, methotrexate, taxol,
mercaptopurine, thioguanine, hydroxyurea, cytarabine,
cyclophosphamide, ifosfamide, nitrosoureas, cisplatin,
carboplatin, mitomycin, dacarbazine, procarbizine,
etoposides, prednisolone, dexamethasone, cytarbine,
campathecins, bleomycin, doxorubicin, idarubicin,
daunorubicin, dactinomycin, plicamycin, mitoxantrone,
asparaginase, vinblastine, vincristine, vinorelbine, .
Additional agents include nitrogen mustards (e.g.
cyclophosphamide, Ifosfamide, Trofosfamide,
Chlorambucil, Estramustine, and Melphalan),
nitrosoureas (e.g. carmustine (BCNU) and Lomustine
(CCNU)), alkylsulphonates (e.g. busulfan and
Treosulfan), triazenes (e.g. Dacarbazine and
Temozolomide), platinum containing compounds (e.g.
Cisplatin, Carboplatin, and oxaliplatin), vinca
alkaloids (e.g. vincristine, Vinblastine, Vindesine,
and Vinorelbine), taxoids (e.g. paclitaxel and
Docetaxol), epipodophyllins (e.g. etoposide,
Teniposide, Topotecan, 9-Aminocamptothecin,
Camptoirinotecan, Crisnatol, Mytomycin C, and
Mytomycin C), anti-metabolites, DHFR inhibitors (e.g.
methotrexate and Trimetrexate), IMP dehydrogenase
Inhibitors (e.g. mycophenolic acid, Tiazofurin,
Ribavirin, and EICAR), ribonuclotide reductase
Inhibitors (e.g. hydroxyurea and Deferoxamine), uracil
analogs (e.g. Fluorouracil, Floxuridine,
Doxifluridine, Ratitrexed, and Capecitabine), cytosine
analogs (e.g. cytarabine (ara C), Cytosine
arabinoside, and Fludarabine), purine analogs (e.g.
mercaptopurine and Thioguanine), Vitamin D3 analogs
(e.g. EB 1089, CB 1093, and KH 1060), isoprenylation
inhibitors (e.g. Lovastatin), dopaminergic neurotoxins
(e.g. l-methyl-4-phenylpyridinium ion), cell cycle
inhibitors (e.g. staurosporine), actinomycins (e.g.
Actinomycin D and Dactinomycin), bleomycins (e.g.
bleomycin A2, Bleomycin B2, and Peplomycin),
anthracyclines (e.g. daunorubicin, Doxorubicin
(adriamycin), Idarubicin, Epirubicin, Pirarubicin,
Zorubicin, and Mitoxantrone), MDR inhibitors (e.g.
verapamil), Ca2+ ATPase inhibitors (e.g.
thapsigargin), imatinib, thalidomide, lenalidomide,
tyrosine kinase inhibitors (e.g., erlotinib,
gefitinib, sorafenib, sunitinib), and proteasome
inhibitors such as bortezomib. Proliferative disorders
and cancers that can be treated using the methods
disclosed herein include, for example, lung cancer
(including small cell lung cancer and non small cell
lungcancer), other cancers of the pulmonary system,
medulloblastoma and other brain cancers, pancreatic
cancer, basal cell carcinoma, breast cancer, prostate
cancer and other genitourinary cancers,
gastrointestinal stromal tumor (GIST) and other
cancers of the gastrointestinal tract, colon cancer,
colorectal cancer, ovarian cancer, cancers of the
hematopoietic system (including multiple myeloma,
acute lymphocytic leukemia, acute myelocytic leukemia,
chronic myelocytic leukemia, chronic lymphocytic
leukemia, Hodgkin lymphoma, non-Hodgkin lymphoma, and
myelodysplastic syndrome), polycythemia Vera,
Waldenstrom's macroglobulinemia, heavy chain disease,
soft-tissue sarcomas, such as fibrosarcoma,
myxosarcoma, liposarcoma, chondrosarcoma, osteogenic
sarcoma, chordoma, angiosarcoma, endotheliosarcoma,
lymphangiosarcoma, lymphangioendotheliosarcoma,
synovioma, mesothelioma, Ewing's tumor,
leiomyosarcoma, rhabdomyosarcoma, squamous cell
carcinoma, basal cell carcinoma, melanoma, and other
skin cancers, adenocarcinoma, sweat gland carcinoma,
sebaceous gland carcinoma, papillary carcinoma,
papillary adenocarcinomas, stadenocarcinoma, medullary
carcinoma, bronchogenic carcinoma, renal cell
carcinoma, hepatoma, bile duct carcinoma,
choriocarcinoma, seminoma, embryonal carcinoma, Wilms'
tumor, cervical cancer, uterine cancer, testicular
cancer, bladder carcinoma, and other genitourinary
cancers, epithelial carcinoma, glioma, astrocytoma,
medulloblastoma, craniopharyngioma, ependymoma,
pinealoma, hemangioblastoma, acoustic neuroma,
oligodendroglioma, meningioma, neuroblastoma,
retinoblastoma, endometrial cancer, follicular
lymphoma, diffuse large B-cell lymphoma, mantle cell
lymphoma, hepatocellular carcinoma, thyroid cancer,
gastric cancer, esophageal cancer, head and neck
cancer, small cell cancers, essential thrombocythemia,



agnogenic myeloid metaplasia, hypereosinophilic
syndrome, systemic mastocytosis, familiar
hypereosinophilia, chronic eosinophilic leukemia,
thyroid cancer, neuroendocrine cancers, and carcinoid
tumors. Certain methods of the current invention may
be especially effective in treating cancers that
respond well to existing chemotherapies, but suffer
from a high relapse rate. In these instances,
treatment with the hedgehog inhibitor can increase the
relapse-free survival time or rate of the patient.
Examples of such cancers include lung cancer (e.g.,
small cell lung cancer or non-small cell lung cancer),
bladder cancer, ovarian cancer, breast cancer, colon
cancer, multiple myeloma, acute myelogenous leukemia
(AML) and chronic myelogenous leukemia (CML).The
invention also encompasses the use of a
chemotherapeutic agent and a hedgehog inhibitor for
preparation of one or more medicaments for use in a
method of extending relapse free survival in a cancer
patient. The invention also relates to the use of a
hedgehog inhibitor in the preparation of a medicament
for use in a method of extending relapse free survival
in a cancer patient who had previously been treated
with a chemotherapeutic. The invention also
encompasses the use of a hedgehog inhibitor in the
preparation of a medicament for use in a method of
treating pancreatic cancer patient. It has been
discovered that multiple tumor types exhibit
up-regulation of Hh ligands post chemotherapy (see
Examples 11 and 12 herein) and in response to other
stress, such as hypoxia (see Example 12). The type of
Hh ligand that is up-regulated (i.e., Sonic, Indian
and/or Desert) and the degree of up-regulation vary
depending upon the tumor type and the chemotherapeutic
agent. Without wishing to be bound to any theory,
these results suggest that stress (including
chemotherapy) induces Hedgehog ligand production in
tumor cells as a protective or survival mechanism. The
results further suggest that up-regulation of
tumor-derived Hh ligand postchemotherapy may confer
upon the surviving cell population a dependency upon
the Hh pathway that is important for tumor recurrence,
and thus may be susceptible to Hh pathway inhibition.
Thus, an aspect of the invention is a method of
treating cancer by determining whether expression of
one or more hedgehog ligands has increased during or
after chemotherapy, then administering a hedgehog
inhibitor. Ligand expression can be measured by
detection of a soluble form of the ligand in
peripheral blood and/or urine (e.g., by an ELISA assay
or radioimmunoassay), in circulating tumor cells
(e.g., by a fluorescence-activated cell sorting (FACS)
assay, an immunohistochemisty assay, or a reverse
transcription polymerase chain reaction (RT-PCR)
assay), or in tumor or bone marrow biopsies (e.g., by
an immunohistochemistry assay, a RT-PCR assay, or by
in situ hybridization). Detection of hedgehog ligand
in a given patient tumor could also be assessed in
vivo, by systemic administration of a labeled form of
an antibody to a hedgehog ligand followed by imaging,
similar to detection of PSMA in prostate cancer
patients (Bander, NH Nat Clin Pract Urol 2006;
3:216-225). Expression levels in a patient can be
measured at least at two time-points to determine of
ligand induction has occurred. For example, hedgehog
ligand expression may be measured pre- and
post-chemotherapy, pre-chemotherapy and at one or more
time-points whilechemotherapy is ongoing, or at two or
more different time-points while chemotherapy is
ongoing. If a hedgehog ligand is found to be
up-regulated, a hedgehog inhibitor can be
administered. Thus, measurement of hedgehog ligand
induction in the patient can determine whether the
patient receives a hedgehog pathway inhibitor in
combination with or following other chemotherapy.
Another aspect of the invention relates to a method of
treating cancer in a patient by identifying one or
more chemotherapeutics that elevate hedgehog ligand
expression in the cancer tumor, and administering one
or more of the chemotherapeutics that elevate hedgehog
ligand expression and a hedgehog inhibitor. To
determine which chemotherapeutics elevate hedgehog
expression, tumor cells can be removed from a patient
prior to therapy and exposed to a panel of
chemotherapeutics ex vivo and assayed to measure
changes in hedgehog ligand expression (see, e.g., Am.
J . Obstet. Gynecol. Nov. 2003, 189(5):1301-7; J .
Neurooncol., Feb. 2004, 66(3):365- 75). A
chemotherapeutic that causes an increase in one or
more hedgehog ligands is then administered to the
patient. A chemotherapeutic that causes an increase in
one or more hedgehog ligands may be administered alone
or in combination with one or more different
chemotherapeutics that may or may not cause an
increase in one or more hedgehog ligands. The hedgehog
inhibitor and chemotherapeutic can be administered
concurrently (i.e., essentially at the same time, or
within the same treatment) or sequentially (i.e., one
immediately following the other, or alternatively,
with a gap in between administration of the two).
Treatment with the hedgehog inhibitor may continue
after treatment with the chemotherapeutic ceases.
Thus, the chemotherapeutic is chosen based upon its
ability to up-regulate hedgehog ligand expression
(which, in turn, renders the tumors dependent upon the
hedgehog pathway), which may make the tumor
susceptible to treatment with a hedgehog inhibitor.
Suitable hedgehog inhibitors include, for example,
those described and disclosed in U.S. 



Patent 7,230,004, U.S. Patent Application Publication
No. 2008/0293754, U.S. Patent Application Publication
No. 2008/0287420, and U.S. Patent Application
Publication No. 2008/0293755, the entire disclosures
of which are incorporated by reference herein.
Examples of other suitable hedgehog inhibitors include
those described in U.S. Patent Application Publication
Nos. US 2002/0006931, US 2007/0021493 and US
2007/0060546, and International Application
Publication Nos. WO 2001/19800, WO 2001/26644, WO
2001/27135, WO 2001/49279, WO 2001/74344, WO
2003/011219, WO 2003/088970, WO 2004/020599,
WO2005/013800, WO 2005/033288, WO 2005/032343, WO
2005/042700, WO 2006/028958, WO 2006/050351, WO
2006/078283, WO 2007/054623, WO 2007/059157, WO
2007/120827, WO 2007/131201, WO 2008/070357, WO
2008/110611, WO 2008/112913, andWO 2008/131354. For
example, the hedgehog inhibitor can be a compound
having the following structure: or a pharmaceutically
acceptable salt thereof; wherein R1 is H, alkyl, -OR,
amino, sulfonamido, sulfamido, -OC(O)R5, -
N(R5)C(O)R5, or a sugar; R2 is H, alkyl, alkenyl,
alkynyl, aryl, cycloalkyl, nitrile, or
heterocycloalkyl; or R1 and R2 taken together form =0,
=S, =N(OR), =N(R), =N(NR2), or =C(R)2; R3 is H, alkyl,
alkenyl, or alkynyl; R4 is H, alkyl, alkenyl, alkynyl,
aryl, cycloalkyl, heterocycloalkyl, aralkyl,
heteroaryl, heteroaralkyl, haloalkyl, -OR, -C(O)R5,
-CO2R5, -SO2R5, -C(O)N(R5)(R5), -[C(R)2]q-R5,
-[(W)-N(R)C(0)] qR5, -[(W)-C(0)] qR5, -[(W)-C(0)0]
qR5, -[(W)-0C(0)] qR5, -[(W)-SO2]qR5,
-[(W)-N(R5)SO2]qR5, -[(W)-C(O)N(R5)]qR5, -[(W)-0] qR5,
-[(W)-N(R)]qR5, -W-NR3 +X or -[(W)-S]qR5; each W is
independently for each occurrence a diradical; each q
is independently for each occurrence 1, 2, 3, 4, 5, or
6; X is a halide; each R5 is independently for each
occurrence H, alkyl, alkenyl, alkynyl, aryl,
cycloalkyl, heterocycloalkyl, aralkyl, heteroaryl,
heteroaralkyl or -[C(R)2]P-R6; or any two occurrences
of R5 on the same substituent can be taken together to
form a 4-8 membered optionally substituted ring which
contains 0-3 heteroatoms selected from N, O, S, and P;
p is 0-6;each R6 is independently hydroxyl, -N(R)COR,
-N(R)C(O)OR, -N(R)SO2(R), -C(O)N(R)2, -OC(O)N(R)(R),
-SO2N(R)(R), -N(R)(R), -COOR, -C(O)N(OH)(R),
-OS(O)2OR, -S(O)2OR, -OP(O)(OR)(OR), -NP(O)(OR)(OR),
or -P(O)(OR)(OR); provided that when R2, R3 are H and
R4 is hydroxyl; R1 can not be hydroxyl; provided that
when R2, R3, and R4 are H ; R1 can not be hydroxyl;
and provided that when R2, R3, and R4 are H ; R1 can
not be sugar. Examples of compounds include:INTEREST
MAPPING SYSTEM RELATED APPLICATIONS [0001] The present
application is related to U.S. Patent Application No.
11/966,972, filed on December 28, 2007, which is
hereby incorporated by reference herein in its
entirety. BACKGROUND 1. Field [0002] The present
application relates generally to collection and
processing of information about preferences,
interests, and locations of participating users, and
more specifically to collection and processing of
information about user interest in particular
interests, such as brands or other subjects, at
particular locations and/or particular times. 2.
Related Art [0003] Association of consumer products,
such as automobiles with users of web sites, and
display of such associations, e.g., as part of a list
in a user's online profile, is known in the art.
Social networking web sites such as Facebook(r) and
MySpace(r) allow a user to create an online identity
that includes a user profile, and associate
institutional affiliations and interests with the
profile. A user may refer to a real-world object in
their profile to indicate that they endorse, use,
want, or own that object. The social networking sites
allow multiple users to share their online identities,
search for users based on interest, affiliation, and
any other information stored in the identity,
associate with other users, e.g., by joining a group
related to a common interest, and communicate with
each other by sending private messages and posting
public messages. A user's affiliations and interests
will then be displayed in association with the user,
e.g., on the user's information page, or with messages
the user posts. The user thereby shares his or her
interests with other users, who may learn about the
user's interests from the web site. Advertisers may
then direct advertisements to particular users based
on the users' interests and affiliations.SUMMARY
[0004] In one example, computer software and/or
hardware is provided for allowing people who are
interested (or not interested) in particular brands,
such as Apple(r) or BMW(r), to express their 



interest in, i.e., opinion of, those brands by
creating associations between particular brands and
geographic locations. The system creates an
association between the brand, the location, and the
user. The association indicates that the user is
interested in the brand, and that the user considers
the brand to be related to a particular location. The
number of users who have created the association
between the brand and location may be used to identify
locations that are related to the brand, and to
identify opportunities for marketing and advertising
the brand. User interfaces are provided to allow a
user to create the brand-location association by, for
example, pressing a button on a mobile device when the
user is at the location to be associated with the
brand. The location of the user may be automatically
determined from a Global Positioning System (GPS) unit
in the user's device (or other location technology).
[0005] In general, in a first aspect, the invention
features a computer-readable medium comprising
instructions for establishing an association between a
user and at least one interest. The instructions are
for receiving at least one declared interest
associated with the user, receiving a target object
selected based upon an action of the user, and
establishing an association between the at least one
declared interest, the target object, and the user.
[0006] Embodiments of the invention may include one or
more of the following features. The at least one
declared interest may include a person, a place, a
thing, a brand, or a combination of those. The at
least one declared interest may refer to a subject of
interest to the user, and the at least one declared
interest may include a name, a numeric identifier, or
a combination thereof. The target object may include
at least one location. The location may be specified
by absolute coordinates, relative coordinates, name,
or a combination thereof. The action may include
selection of the at least one location by the user.
Selection may include selecting a user interface
feature that causes the at least one location to be
selected based upon a geographical position of the
user. The geographical position may be determined by a
Global Positioning System device carried by the
user.Selection may include receiving the at least one
location in a user interface of a device. Selection
may include receiving selection of the at least one
location from a map displayed on the device. [0007]
Selection may include presence of the user within a
threshold distance of the at least one location,
wherein presence of the user within a threshold
distance is determined based upon geographical
coordinates provided by a GPS device associated with
the user. The target object may include a physical
object, an event, or a combination thereof. The target
object may be identified by an electronic tracking
device associated with the target object. The
electronic tracking device may include an RFID tag.
The target object may include a name, an identifier,
or a combination of those. The at least one declared
interest nay be selected by the user. Receiving the at
least one declared interest may include retrieving the
at least one declared interest from a profile
associated with the user. The instructions may further
be for receiving an affinity of the user for at least
one interest identified by the at least one declared
interest, wherein the affinity indicates whether the
user likes the at least one interest. [0008] The
instructions may further be for receiving a time
specifier selected based upon an action of the user,
and associating the time specifier with the at least
one declared interest, the target object, and the
user. The time specifier may include an absolute time,
a relative time, a range of time, or a combination
thereof. Establishing an association between the at
least one declared interest, the target object, and
the user may include storing the association in a
interest profile associated with the user. [0009] In
general, in a second aspect, the invention features a
computer-readable medium comprising instructions for
generating a map to display the interests of a user.
The instructions are for receiving an association
between the user, at least one declared interest, and
a target object, causing display of a map of a
geographical area that includes the target object, and
causing display of animage superimposed on the map,
wherein the image is located at a displayed position
on the map, the displayed position is based upon the
object, and the visual appearance of the image is
based upon the at least one declared interest. [0010]
Embodiments of the invention may include one or more
of the following features. The at least one declared
interest may include a person, a place, a thing, or a
combination thereof. Theat least one declared interest
may include a brand. Causing display of the image may
be in response to the declared interest satisfying a
filter, wherein the filter specifies at least one
displayable interest, at least one displayable
attention level, at least on displayable tag, or a
combination thereof. The target object may include a
location, and the displayed position may be based upon
geographical coordinates of the location. Causing
display of the interest- specific image may be in
response to a display time associated with the map
corresponding to an effective time associated with the
at least one declared interest. [0011] In general, in
a third aspect, the invention features a
computer-readable medium may include instructions for
identifying a user who has potential interest in a
interest. The instructions are for selecting a
previously-generated user-interest association that
associates the interest with a target object and an
associated user; and selecting a user in response to
the existence of an association between the selected
user and the target object. Embodiments of the
invention may 



include one or more of the following features. The
target object may include a location, and the
displayed position is based upon geographical
coordinates of the location. [0012] In general, in a
fourth aspect, the invention features a
computer-readable medium comprising instructions for
identifying a second user who has a potential interest
in a topic. The instructions are for selecting a first
previously-generated user-interest association that
associates a interest with a location and with a first
user, wherein the interest is related to the topic,
and selecting a second user in response to identifying
an association between the second user and the
location. Embodiments of the invention may include one
or more of the following features. Identifying an
association may include detecting presence of the
second user within a threshold distance of the
location, detecting a reference to the location by the
second user, or a combination thereof. Detecting a
reference to the location may include detecting a
query for information about the second location.
[0013] In general, in a fifth aspect, the invention
features an interface for establishing an association
between a user and at least one interest. The
interface includes a component for receiving at least
one declared interest associated with the user, a
component for receiving a targetobject selected based
upon an action of the user, and a component for
causing an association to be established between the
at least one declared interest, the target object, and
the user. [0014] Embodiments of the invention may
include one or more of the following features. The
target object may include at least one location. 30.
The action may include selection of the location by
the user. Selection may comprise selecting a user
interface feature that causes the location to be
selected based upon a geographical position of the
user, and the geographical position is determined by a
Global Positioning System device carried by the user.
The interface may further include a component for
receiving a time specifier selected based upon an
action of the user, and a component for causing
association of the time specifier with the at least
one declared interest, the target object, and the
user. [0015] In general, in a sixth aspect, the
invention features an interface for generating a map
to display the interest preferences of a user. The
interface includes a component for receiving an
association between the user, at least one declared
interest, and a target object, a component for causing
display of a map of a geographical area that includes
the target object, and a component for causing display
of a interest-specific image superimposed on the map,
wherein the interest- specific image is located at a
displayed position on the map, the displayed position
is based upon the object, and the visual appearance of
the interest- specific image is based upon the at
least one declared interest. Embodiments of the
invention may include one or more of the following
features. The target object may include a geographical
location, and the displayed position may be based upon
geographical coordinates of the geographical location.
[0016] In general, in a seventh aspect, the invention
features an apparatus for establishing an association
between a user and at least one interest. The
apparatus includes logic for receiving at least one
declared interest associated with the user, logic for
receiving a target object selected based upon an
action of the user, and logic for establishing an
association between the at least one declared
interest, the target object, and the user. [0017]
Embodiments of the invention may include one or more
of the following features. The target object may
include at least one location. The action may
comprises selection of the at least one location by
the user. Selection may include selecting a user
interface feature that causes thelocation to be
selected based upon a geographical position of the
user. The apparatus may further include logic for
receiving a time specifier selected based upon an
action of the user, and logic for associating the time
specifier with the at least one declared interest, the
target object, and the user. [0018] In general, in an
eighth aspect, the invention features a
computer-enabled method of establishing an association
between a user and at least one interest. The method
includes receiving at least one declared interest
associated with the user, receiving a target object
selected based upon an action of the user, and
establishing an association between the at least one
declared interest, the target object, and the user.
Embodiments of the invention may include one or more
of the following features. The target object may
include at least one location. [0019] In general, in a
ninth aspect, the invention features a
computer-enabled method of generating a map to display
the interest preferences of a user. The method
includes receiving an association between the user, at
least one declared interest, and a target object;,
causing display of a map of a geographical area that
includes the target object, and causing display of a
interest- specific image superimposed on the map,
wherein the interest- specific image is located at a
displayed position on the map, the displayed position
is based upon the object, and the visual appearance of
the interest- specific image is based upon the at
least one interest identifier. Embodiments of the
invention may include one or more of the following
features. The target object may include a location,
and the displayed position is based upon geographical
coordinates of the location. BRIEF DESCRIPTION OF THE
DRAWINGS [0020] The present application can be best
understood by reference to the following description
taken in conjunction with the accompanying drawing
figures, in which like parts may be referred to 



by like numerals: [0021] Figure 1 illustrates a
server-based interest mapping system in accordance
with embodiments on the invention. [0022] Figure 2
illustrates an interest mapping system in which server
logic is distributed across multiple server computers
in accordance with embodiments of the invention.[0023]
Figure 3 illustrates operations in an interest mapping
system in accordance with embodiments of the
invention. [0024] Figure 4 illustrates an interface
for displaying interest information produced by a
search in accordance with embodiments of the
invention. [0025] Figure 5 illustrates an interface
for displaying a user's interest map in accordance
with embodiments of the invention. [0026] Figure 6
illustrates user interfaces for displaying
interest-related content in accordance with
embodiments of the invention. [0027] Figure 7
illustrates user interfaces for displaying an interest
map for a route in accordance with embodiments of the
invention. [0028] Figures 8A-8B illustrate user
interfaces for establishing user-location-interest
associations in accordance with embodiments of the
invention. [0029] Figures 9A and-9B illustrate user
interfaces for presenting matching interests in
accordance with embodiments of the invention. [0030]
Figure 10 illustrates an advertisement that is
selected based on relevance of the advertisement to
the user's declared interests in accordance with
embodiments of the invention. [0031] Figure 11
illustrates a typical computing system that may be
employed to implement processing functionality in
embodiments of the invention. DETAILED DESCRIPTION
[0032] The following description is presented to
enable a person of ordinary skill in the art to make
and use the invention, and is provided in the context
of particular applications and their requirements.
Various modifications to the embodiments will be
readily apparent to those skilled in the art, and the
generic principles defined herein may be applied to
other embodiments and applications without departing
from the spirit and scope of the invention. Moreover,
in the following description, numerous details are set
forth for the purpose of explanation. However, oneof
ordinary skill in the art will realize that the
invention might be practiced without the use of these
specific details. In other instances, well-known
structures and devices are shown in block diagram form
in order not to obscure the description of the
invention with unnecessary detail. Thus, the present
invention is not intended to be limited to the
embodiments shown, but is to be accorded the widest
scope consistent with the principles and features
disclosed herein. [0033] Figure 1 illustrates a
server-based interest mapping system in accordance
with embodiments on the invention. In one example, a
server 102 provides, e.g., executes or makes available
for execution, interest mapping logic 104. The
interest mapping logic 104 associates users 108 with
target objects 112 and interests 116 in response to
requests received from a client device 140, e.g., a
mobile phone, portable computer, or other computing
device, via the network 132. The requests may be
generated by a web browser 130 in response to input
received from a user 162 via an input device 158. The
interests 116 are subjects of interest to the
associated users 108. In one example, the interests
116 are brands, e.g., brand names of products,
services, or companies. Example brands include
Apple(r), BMW(r), and the like. The interests 116 may
include any person, place, or thing that a user
identifies as an interest. An interest identified by a
user is referred to herein as a "declared interest".
The unqualified term "interest" is used herein to
refer to any type of interest, including interests
that are declared by users, and interests that are
inferred or otherwise determined for users. Examples
of interests include sports players, actors,
musicians, cities, tourist destinations, roads,
brands, hobbies, activities, events, movies, products,
services, and the like. [0034] The interest mapping
logic 104 includes objects 106, which include the
users 108, the target objects 112, the interests 116,
maps 110, and times 114. The objects 106 may be
computer program code and/or data represented in a
computer. Therefore, the users 108, target objects
112, interests 116, maps 110, and times 114 are
computer-based representations of respective
real-world (or virtual world) users, map locations,
interests, maps, and times, respectively. [0035]
Although the interest mapping logic 104 is shown as a
single component on the server computer 102 in this
example, in other examples, some or all components of
the interest mapping logic 104 may be located on
separate computers, such as the client device 140 or
other servers, andthe components may communicate with
each other through the network 162 using, for example
remote procedure calls (RPC). [0036] The objects 106
may represent entities in the real world or in a
simulated virtual world. In one example, the objects
106 are based upon information received from the user
162, from a database 160, from another server
computer, such as a map data server, or a combination
of those. The objects 106 include user(s) 108, map(s)
110, map location(s) 112, time(s) 114, and interest(s)
116. Each of the objects 106 may be identified by a
corresponding identifier, which may be, for example, a
numeric or textual value. Each of the users 108 may be
identified by a user identifier, 



such as a user name or user number. Each of the
interests 116 may be identified by an interest
identifier, such as a name of the interest or a number
that corresponds to the interest. The interest mapping
logic 104 may establish an association 107 between a
particular user 108, one or more map locations 112 (or
other target objects 112, such as physical objects
that remain stationary or move), and one or more
interests 110 to indicate a relation between that
user, location(s), and interest(s). The target objects
112 represent objects in the real world (or in a
virtual world), such as locations or things that may
be fixed in space, or that may move over time. The
association 107 may further include or be associated
with one or more time(s) 114 at which the association
is effective, to indicate that the relation is
effective at or during that time. In one example, an
interest map is associated with a display time, which
may be, for example a time at which the map is
displayed, or a time associated with the map (e.g.,
night time or day time). Information about the
interest, e.g., the interest' s symbol, will then be
displayed on the map only if the display time
corresponds to an effective time associated with the
association (or interest). A display time corresponds
to an effective time if the display time is equal to
the effective time, is within a predetermined range of
the effective time, or is within a range specified by
the effective time. [0037] The dashed line around the
time(s) 114 indicates that the time(s) 114 is an
optional part of the association 107. Multiple users
may be associated with each location, interest and/or
time, although the examples herein focus on a single
user for clarity of explanation. The user(s) 108 may
be omitted from the association 107, for example, if
the association is created by an anonymous user, or if
the association is created without reference to a user
(e.g., by an automated system such as a rule
engine).[0038] In one example, the user(s) 108
represent human users of the interest mapping logic
104. The maps 110 represent geographical regions and
associated features, such as roads, buildings, and so
on. In one example, the target objects 112 represent
specific places or points in space, and may be, for
example, geographic coordinates, such as a latitude,
longitude pair, or a path or region defined by a list
of latitude, longitude pairs. That is, the target
objects 112 specify the positions of physical
locations on the maps 110. In other examples, the
target objects 112 may represent any object, i.e., a
"target object", which may or may not be a physical
object. In other examples, the target object may be an
event that may or may not be associated with a
physical location. The term "map location" is used
herein as an example, and "target object" may be
substituted for "map location". The map 110 may be
rendered graphically on the client display 156, and
the target objects 112 may be rendered on the map 110,
e.g., as icons or as displayed features with
associated symbols or text. The times 114 represent
time values, e.g., hours, minutes, and seconds, or
seconds since an epoch date, which may be associated
with the target objects 112. The times 114 may include
absolute or relative time values, periodic time
values, e.g., every day at 6:00 PM, ranges of time,
e.g., 1:00 PM to 2:00 PM, or a combination of those.
[0039] The interest(s) 116 may be, for example,
numeric or string identifiers that refer to subjects
of interest. For example, the interest 116 may be a
name of a commercial brand, e.g., a name of a person,
place, thing, company, product, or product line, or
any other name that represents an entity, such as a
trade name or trademark. Examples of brands include
Coca-Cola(r), Apple(r), BMW(r), and the like. The
interest 116 may be a trademark, e.g., a name, or
symbol, or a combination of those that indicates the
source of goods or services. In another example, the
interest may be a name and/or symbol of a person or
other entity. [0040] As introduced above, the interest
mapping logic 104 may establish an association 107
between a particular user 108, map location 112, and
interest 116 to indicate a relation between that user,
location, and interest. The association 107 may
further include or be associated with a time at which
the association 107 is effective, to indicate a time
at or during which the relation is effective. In one
example, the association 107 is created in response to
receipt of at least a map location and/or interest by
the interest mapping logic 104. The map location
and/or interest may be received by the server computer
102 from the client device 140 or similar device in
communication with the servercomputer 102 via the
network 132. The client device 140 collects
information such as the map location, the interest,
the user, and the time, and sends the information that
it collects to the interest mapping logic 104 via the
network 132. In one example, a user presses a button
on the client device to cause the user's present
location to be associated with a particular interest
and with the user. This example is a form of active
collection, in which the user issues a command to
create the association 107, or otherwise explicitly
causes the association 107 to be created. A specific
interest may be selected by the user, e.g., by
pressing a button that corresponds to the interest,
such as an Apple(r) button that causes the user's
current location to be associated with the Apple(r)
brand. In another example, the client device 140
automatically sends the user's location to the server
computer 102 as the location changes and/or at
periodic intervals. This automatic marking is a
passive collection mode that may be chosen by a user
if, for example, the user wishes to create a trail of
locations visited without explicitly issuing commands
to create the associations 107. In one example, the
user's current location is determined based upon
coordinates provided by a GPS receiver 170 associated
with the client device 140 carried by the user. The
coordinates are sent via the network 



132 to the server computer via the network 132.
Location acquisition logic 124 located on the server
102 receives the location and creates or updates a
corresponding map location object 112. [0041] The
interest mapping logic 104 may receive an affinity
value associated with the interest 116. The affinity
value may be positive, which indicates that the user
likes the interest, or negative, which indicates that
the user does not like the interest. In another
example, the affinity value may be a positive number
to indicate a degree to which the user likes the
interest on a numeric scale, or a negative number to
indicate a degree to which the user dislikes the
interest on the numeric scale. [0042] As an example,
the beer company Samuel Adams(r) may sponsor a contest
in which users are asked to find the places in Boston
that are most like Samuel Adams(r) or represent Samuel
Adams(r). A user enters the contest and provides a
list of locations that the user visits in a pre-game
ritual prior to a Boston Red Sox(tm) baseball game.
The user has therefore indicated that he or she thinks
the locations in the list are like Samuel Adams(r).
The interest mapping logic 104 then creates an
association 107 between the user, the location, and
the interests Boston Red Sox(tm) and Samuel Adams(r)
for each entry in the user's list of locations. For
example, if the user's list includes Fenway Park, an
association is created between the user, the location
of Fenway Park, the BostonRed Sox, and Samuel
Adams(r). Associations 107 may be created in this way
by receiving locations and interests from multiple
users. The locations most strongly associated with
particular interests may then be determined based on
the relative number of associations 107 for each
location. Knowledge of locations and/or interests with
large numbers of associations 107 is likely to be of
interest to the owners of the interests and related
interests, and to advertisers. [0043] An interest map
may be generated showing the locations provided by the
user. The interest map may be, for example, a map of
Boston showing a Boston Red Sox(tm) symbol and a
Samuel Adams(r) symbol at each location in the user's
list of locations. The associations 107 may be used
for purposes other than generating maps. For example,
if the interest is the Samuel Adams(r) brand, a list
of locations that are associated with the Samuel
Adams(r) brand may be generated by selecting the
locations associated with Samuel Adams(r). [0044] As
another example, a user may be driving their car on a
stretch of a scenic highway, e.g., Highway 1, and may
think that the road is very enjoyable. The user may
further think that the road would be of interest to
other drivers, particularly to drivers of the brand of
car driven by the user. For example, the user may be
driving a BMW(r) automobile and may wish to mark the
road as an excellent BMW(r) driver's road. The user
then presses a button on the client device 140 to
create the interest-location association 107. The
interface may be simple, involving only a button
press, or may be more complex, involving collection of
specific information from the user. In the simple
case, one button may be provided, where pressing the
button causes the user's identity (if available) and
present location, retrieved from a GPS receiver 170,
to be transmitted to the interest mapping logic 104.
The interest mapping logic 104 may infer that the
interest the BMW(r) brand by deducing that the user is
driving on a road, based upon the user's location
and/or velocity as provided by a stream of GPS
coordinates. The interest mapping logic 104 may then
consult the interest profile 109 to determine the type
of car the user drives, and associate that brand with
the user and the location. The interest profile 109
may be referred to as a brand profile in cases such as
this example, where the interest is a brand. In a more
complex example, the user may indicate that the start
of the road marks the beginning of a path to be
associated with the user and the BMW(r) brand. A user
interface 144 displayed on the client device 140 may
provide options for marking the start and end of a
path. When the user reaches the end of the exciting
portion of the road, the user mayindicate that the end
of the path has been reached. The path, i.e., route,
would then be associated with the user and the brand.
In another example with a more complex user interface,
the user provides the brand as well as the location,
e.g., by selecting the brand from a list of brands,
entering the brand name, or selecting a button that
corresponds to the brand. Once the association 107
between the brand and the location is known,
inferences can be made. For example, the route is
known to be liked by BMW(r) drivers, and furthermore,
the route may be of interest to drivers of other
brands of cars, and particularly to car enthusiasts.
Although the person who created the association 107
has not indicated that they are a car enthusiast, they
may be, because they created the association 107
between the car brand and the route. The fact that a
location is associated with a brand can be monetized,
e.g., suggested and/or sold to interested parties such
as the brand's owner and/or the brand's competitors,
because the owner and/or competitors may find that
fact to be valuable for advertising or marketing
purposes. The associations 107 between users 108,
locations 112, and interests 114, and the information
in the users' interest profiles 109, may be used to
make suggestions to users about other locations or
interests that may appeal to the users, or other users
that may share common interests. These associations
107 may also be used to generate suggestions for brand
owners, competitors, and potential advertisers,
particularly when a substantial number of associations
107 have been received (e.g., 100 associations or more
for the same brands and/or locations). In one example,
these suggestions are generated by suggestion logic
117 based on the objects 106 and the associations 107
between the objects 106 of Figure 1. [0045] The
suggestion logic 117 may generate suggestions, which
may be textual messages for 



viewing by users, or objects with defined elements,
for use by data processing or data mining systems. In
one example, the suggestion logic 117 operates
according to a set of rules for generating suggestions
if certain conditions are true. Optionally, the
suggestion logic 117 may include an inference engine
121, which may use rules to make suggestions as known
to those skilled in the art. The rules used by the
suggestion logic 117 may be based on one or more of
the following logical statements. If a user is
associated with a declared interest and a location,
then when a second user is in the location, the second
user may also be interested in the declared interest.
That is, a second user may be identified by
identifying a previously-generated association that
associatesthe declared interest with a location and an
associated user, and selecting a second user as the
potentially interested user if there is an association
between the second user and the location. [0046]
Interests may be related to other interests, and the
degree of relation may be quantified by a numeric
value. The relation may be any type of relation
between two objects that can be expressed as a Boolean
value (related or not related) or a numeric value that
indicates the strength of the relation. The type of
relation may depend on a type or category of the
interests being compared. For example, for places, the
relation may be a distance relation, and closer
geographic locations are more strongly related than
locations that are farther apart. For things, the
relation may be determined by a table of similar
things or topics, or by words that often appear
together in sentences or in dictionary definitions.
For example, the object "car" may be strongly related
to the object "driving" because a predefined table
indicates that "car" is related to "driving", or
because the term "car" is found in the definition of
"driving", or the terms "car" and "driving" are known
to often appear together in sentences. For people, the
relation may be quantified by the distance between two
people in a social network graph, so that, for
example, two people that know each other directly are
strongly related, while two people that do not know
each other directly but both know a common person are
not as strongly related. In one example, the strength
of a relation between two interests may also be
quantified based on the number of users who are
associated with both interests. Two objects may be
considered related if the strength of the relation is
greater than a defined threshold value. [0047] In one
example, if a declared interest, such as "driving", is
related to another declared interest, e.g., cars, then
if a second user is in a location associated with the
declared interest, the second user may be interested
in the second interest. That is, the second user may
be identified by selecting a first
previously-generated user-interest association that
associates a first interest with a location and first
user, wherein the first interest is related to the
second interest (e.g., cars are related to driving),
and selecting a second user if an association is
"detected" between the second user, the location, and
the second interest. Detection of an association may
include detection of presence of the second user
within a threshold distance of the location, detection
of a reference to the location by the second user, or
a combination thereof. Detection of a reference to the
location may include detection of a query for
information about the second location.[0048] Knowledge
of associations between interests and locations may be
valuable to companies or individuals that are related
to that interest, such as companies that sell products
or services in a field related to the interest, or, if
the interest is a brand, to companies that own or
compete with the brand. If a location is associated
with a brand and an interest, that fact can
potentially be monetized to the brand's owner or
competitors, because the owner and competitors may
find value in the fact that the brand is associated
with the interest and the location. [0049]
Communication between the client device 140 and the
server computer 102 may be in the form of messages,
e.g., HTTP request messages generated and sent by the
client application or browser 142 to a web server
address associated with the server computer 102. The
client application or browser 142 may store
information such as a user identifier, a map location,
an interest, and a time specification, or a
combination of those, in the HTTP request message. The
HTTP request message also identifies the message as an
interest association message to be processed by the
interest mapping logic 104. Web server logic 130
receives the HTTP request and forwards it to the
interest mapping logic 104, which includes input logic
122 that extracts the information, e.g. the user
identifier, the map location, the interest, the time
specification, or a subset thereof. The web server
logic 130 sends and receives HTTP messages according
to the HTTP (Hypertext Transfer Protocol)
specification. The interest mapping logic 104
processes the request, e.g., by creating objects 106
as necessary, creating associations 107 between the
objects, storing the objects and associations in the
database 160, making suggestions based on the objects
(as described below), and generating user interface
screens or images. The interest mapping logic 104 may
generate output, such as map annotations for
displaying the interests on the map(s) 110, e.g., as
icons that show the interest name or symbol, e.g., a
brand name or symbol, in the location associated with
the interest, or suggestions based upon the interest
associations 107. The output may be sent to the client
device 140 by display logic 120, which formats the
output into an HTTP response message and forwards the
response message to the web server logic 130, which
sends the response message via the network 132 to the
client device 140. The client device 140 may display
the output on the client display 156. 



[0050] In one example, the user may also enter the
name of the interest, the location, and the time,
e.g., by typing a brand name on the device 140 or at a
computer keyboard. In anotherexample, the interest may
be determined automatically by logic on the client
device 140 or by the interest mapping logic 104. For
example, a user interest profile 109 may be associated
with the user, and the user interest profile may
specify a default interest, e.g., BMW(r), which is
associated with the user's present location when the
user selects a command to associate an interest. In
another example, the user profile may be configured to
indicate that the brand BMW(r) is to be associated
with the user's location if the location is a road or
highway. [0051] In one example, the user identifier
may be unavailable, i.e., unknown. For example, the
user may decline to provide the user identifier when
creating an association 107 between a location and a
interest, or the request to create the association may
be generated by a user who is not logged in and hence
has not provided a user identifier. If the user
identifier is not available, the association 107 is
established between the information that is available,
e.g., the interest, location, and optional time,
without the user identifier. [0052] If the user
identifier is received or otherwise known, the
corresponding user 108 is included in the association
107. That is, the association 107 is created between
the user, the location, and the interest. If a time
specifier is received, the corresponding time 114 is
included in the association 107. That is, the
association is created between the user, the location,
the interest, and the time, or, if the user is not
received, between the location, the interest, and the
time. [0053] The association 107 is represented in
Figure 1 by arrows between the boxes that represent
the users 108, target objects 112, times 114, and
interests 116. The association 107 may be stored as,
for example, an entry in a database table that refers
to identifiers that represent the particular user, map
location, interest, and (optional) time. In one
example, the association 107 is stored in an interest
profile 107 associated with the user 108. For example,
if the user corresponding to identifier Ul is to be
associated with the map location Ll and the brand Bl,
then an entry may be added to a database table that
represents an association 107, where the entry
includes the values Ul, Ll, and Bl. An interest
profile 109 may be created with a reference to that
association, or the interest profile 109 may itself
include a representation of the association, e.g., the
values Ul, Ll, and Bl. If the user is to be associated
with the location and interest during a specified time
or times, then the entry includes Ul, Ll, Bl, and Tl,
where Tl represents thespecified time. Other
implementations are possible, e.g., by creating
pointer or reference links in the computer memory to
link the associated objects. In this example, a user
object would include a set or list of object reference
that point to an associated map location object, an
associated interest object, and, optionally, an
associated time object. In another example, the
association 107 may be represented by an association
object, which includes object references that point to
the user object, map location object, interest object,
and optional time object for which an association is
to be established. [0054] The client device 140 may
display information provided by the interest mapping
logic 104 and received via the network 132 from the
server computer 102. The client device 140 may execute
computer program code received from the server
computer 102, such as user interface code that
generates a user interface 144 for display on a client
display 156, e.g., an LCD screen or the like. The
interest mapping logic 104 may provide user interface
components, e.g., HTML pages, JavaScript(tm)
components, widgets implemented in JavaScript(tm) or
another programming language by making the user
interface components available to the web browser or
client application 142 located on the client device
140. The interest mapping logic 104 may transmit the
components of the user interface 144 to the client 140
via the computer network 132. The user interface 144
may be displayed on the client display 156 by the Web
browser or client application 142 for use by a user
162, who may provide input to the user interface 144
via an input device 158. [0055] In one example, the
user interface 144 displays maps 152, and overlays
interest symbols 148 or other interest identifiers,
such as interest names, on the map at locations
specified by map locations 146. In other examples, the
user interface 144 displays the map locations 146 and
interest symbols 148 independently of any maps. For
example, the map locations 146 and interest symbols
148 may be displayed in a list form. [0056] The
interest mapping logic 104 may store and retrieve
associations 107 in a database 160 using
storage/retrieval logic 126. The database may be, for
example, Oracle(r) or the like, and may provide
persistent storage of the associations 107 and the
objects 106, including users 106, target objects 112,
interests 116, and maps 110.[0057] The life cycle of
the associations 107 may be divided into stages, which
include a first monetization stage, a collection
stage, an aggregation and processing stage, a
filtering stage, and a second monetization stage. The
first monetization stage involves initial activities
performed before the associations have been collected.
These activities may be, for example, creating and
funding a contest or promotion that encourages users
or potential users to create associations 107, as
described in the Boston Red Sox(tm) example above. The
collection stage includes receiving information for
creating associations 107, e.g., receiving messages
from the client device 140, or receiving messages or
other input from a client computer or web browser. For
example, a user may drag a 



brand symbol onto a map to associate the brand with a
map location, or may press a button on the device 140,
or may enter information about the brand and/or
location into the device 140. In another example, the
user may place an RFID tag or similar electronic
tracking device on an object to create an association
between the object's location, the user, and an
interest. The aggregation and processing stage
includes adding, summing, or otherwise evaluating the
associations 107 received in the collection stage to
generate information such as statistics or rankings of
interests, locations, and/or users by the number of
times each has been included in an association 107.
[0058] The filtering stage includes selecting entries
from the associations 107 that meet certain criteria.
The filtering stage may identify a subset of the
associations 107 by selecting associations that are
related to particular locations, interests, and/or
users. Associations may be selected and displayed
based on attention, interests, brands, and/or tags
specified in a user's interest profile 109 and/or in
the interest profiles of one or more other users.
Attention may be expressed as a location and an
attention level that quantifies the amount of
attention users have given to that location, e.g., by
taking photographs at the location, or by viewing
information related to the location, or by otherwise
directing attention at a location in a way that can be
quantified. A user's interest profile may then specify
the locations in the real (and/or virtualO world that
have received the user's attention, and the level of
attention that the user has given to each location.
The attention of multiple users may be aggregated to
determine a popularity ranking of locations. A user's
interests may be included in the user's interest
profile 109 as described elsewhere herein, and may
include brands that interest the user. A user's
interest profile may also include tags, e.g., text
strings, associated with locations, interests, and
other entities. The tags may describe the locations or
mayprovide meanings or synonyms for the locations. In
one example, a map may be generated for displaying the
declared interests of user at the geographic locations
associated with the interests. The number of declared
interests may be large, and may be reduced by
filtering out declared interests that have specified
attention levels, interests (e.g., brands, and/or
tags). For example, an interest map may be generated
to display the interests of the user in the state of
Texas. If the user is interested in food (e.g.,
because food is a specified interest in the user's
interest profile), then a large number of restaurants
and food-related businesses may be displayed on the
interest map of Texas, particularly if the user has
previously visited Texas and created interest-location
associations. The number of declared interests to be
displayed on the interest map may therefore be reduced
by filtering the displayed interests. For example, a
filter could be specified with minimum and maximum
values for the attention level, particular types of
interests and/or a maximum number of interests, and
particular tags. Then interests that match the filters
would be displayed on the interest map, and interests
that do not math the filters would be omitted from the
map. In one example, a filter may specify a minimum
attention level, a set of brands to include or
exclude, and/or a set of tags to include or exclude,
and the interests that meet those conditions would be
displayed at their corresponding locations on an
interest map. [0059] The subset may include, for
example, associations 107 that are related to a
particular user and a particular general location,
e.g., associations for which the user is Paris Hilton
and the location is in New York City. The subset may
also be selected based on the user, interest, time,
and/or location of each association 107. The subset
may then be used to generate a map of interests and
locations in New York City that are related to Paris
Hilton, e.g., by having a user or interest equal to
"Paris Hilton". Associations that have certain times
may also be selected. For example, the locations and
corresponding interests in New York City related to
Paris Hilton may be further filtered by selecting only
associations that have a time between 6:00 PM and 3:00
AM to generate a map of Paris Hilton's New York City
nightlife locations and interests. In another example,
associations that have a time between 8:00 AM and 5:00
PM could be selected to generate a map of Paris
Hilton's New York City during the day. [0060] In
another example, users may associate certain locations
with Grey Goose(tm) vodka. A brand map for the Grey
Goose(tm) brand may then be generated by filtering the
associations to selectthe associations that are in a
particular geographical area, e.g., Manhattan. Users
may have the Grey Goose(tm) vodka brand in their user
profile or brand profile, and when such users visit a
nightclub, an association may be generated between
Grey Goose(tm) vodka, the nightclub, and the user.
[0061] In another example, selecting associations 107
for a particular location produces a list of users and
interests associated with that location. If two
interests are associated with the same location and/or
users, then those two interests are likely to be
related as common interests of users. These two
interests are said to be "co-occurrences".
Co-occurrences may be selected by selecting two
specific interests, e.g., BMW(r) automobiles and
Apple(r). A co-occurrence map that displays locations
associated with both interests may then be generated.
If the number of associations 107 for a location
and/or user that have one of two (or more) interests
is relatively large (e.g., 100 or more), then the
relation between those interests is stronger. That is,
the strength of the relation between the interests may
be measured by the number of associations with a
common location and/or user that include one of the
interests. For example, if a location is associated
with both Apple(r) and BMW(r) automobiles, then a
suggestion could be made that Apple(r) and BMW(r) 



should create advertisements featuring both brands.
[0062] Figure 2 illustrates an interest mapping system
in which server logic is distributed across multiple
server computers in accordance with embodiments of the
invention. User A 202 interacts with a mobile device
210, e.g., a cellular phone or portable computer,
which communicates with a mobile application server
220 and an activity plotter map server via a network A
224. User B 204 is another user who interacts with a
computer 212, which communicates via the network A 224
similarly to the mobile device 210 (although possibly
using different network protocols). The mobile
application server 220 forwards requests from the
mobile device 210 and/or computer 212 to a network B
226, and the requests are further processed by a
user-generated context server 240 for user-generated
context information such as reviews and ratings of a
location, by an interest mapping server 250 for
storing and retrieving user-object-interest
associations, and a contextual server 260 for storing
general information about locations. [0063] Figure 3
illustrates operations in an interest mapping system
in accordance with embodiments of the invention. In an
exemplary scenario, User A 302 configures a mobile
device310 to track location and activities. An
application located on the mobile device 310 sends the
GPS coordinates of the mobile device 310 to the mobile
application server 320. The server 320 sends the
coordinates to the activity plotting map server 230.
The mobile server 320 queries a contextual information
server 360 for general information on the coordinates,
e.g., the names and types of businesses near the
location. Based on the contextual information, the
mobile server 320 queries an interest mapping server
350, which identifies the user's interest profile.
Based on information received from the mobile device
310, the application tracks the amount of time spent
at the contextual geographical location and determines
if the location is contextually relevant to the user.
Contextual relevancy is described in U.S. Patent
Application Serial No. 11/966,972, which is hereby
incorporated by reference herein in its entirety. If
the location is contextually relevant to the user,
then the application will, upon the user arriving at
or entering the location, push relevant information
from the user's interest profile for display on an
interest map, display related information provided by
other users (retrieved from the user-generated context
server 340) in the same interest map, and allow the
user to enter and/or upload user-generated context
information related to the location, activity, or
target object to be tracked on the interest map.
[0064] In one example, upon the user' s departure from
the location, the activity plotter map server 330
registers the location as a place of interest for the
user and includes that fact in the interest map and/or
interest profile. Upon departure, the activity plotter
map server 330 also prompts the user to enter
user-generated context information about the location
or target object, about the interest, about activity
at the location, or a combination of those. The
user-generated context information is then stored in
the user-generated context database 241 by the
user-generated context server 340. If the
user-generated context information includes a
interest, or the user has otherwise provided an
interest, an association between the location (or
target object), the interest, and the user is stored
in the interest mapping database 351 by the interest
mapping server 350. [0065] Figure 4 illustrates an
interface for displaying interest information produced
by a search in accordance with embodiments of the
invention. A user interface 402, which may be
displayed on a client computer or mobile device, shows
a location query text box 404 in which the address of
a location has been entered. A map 406 displays a
location indicator 410 that indicates, e.g., displays
or points to, the location on the map. A related brand
info panel 408 displays brand informationrelated to
the location, e.g., brands that have previously been
associated with the location by users. In this
example, the brand Puma(r) is associated with the
location, and information about the Puma(r) brand is
displayed in the panel 408, including a symbol of the
brand, text messages related to the brand, and photos
related to the brand. The panel 408 also includes an
input component that allows users to select cartoons
that they consider to be most like the Puma(r) brand.
The panel user interface component 406 receives a
selected cartoon, which corresponds to a target
object, and causes an association between the cartoon
object with the brand to be created. In one example,
the related brand information displayed in the panel
408 is information in the user's brand profile. [0066]
Figure 5 illustrates an interface for displaying a
user's interest map in accordance with embodiments of
the invention. A map display 502 includes a brand map
506 on which locations associated with brands are
displayed. The appearance, e.g., color or shading, of
location indicators 504, 508, 510 is based on the
degree of relevancy of the brands associated with the
corresponding location to the user. Two locations 504
are associated with brand(s) that are closely related
to the user, e.g. have a strong affinity with the
user. The close relation is indicated by the dark
color or shading of the location indicators 504. Two
other locations 508, 510 are associated with brands
that are more distantly related to the user. The more
distant relation is indicated by the light color or
shading of the location indicators 508, 510. [0067]
Figure 6 illustrates user interfaces for displaying
interest-related content in accordance with
embodiments of the invention. When a user accesses
interest information on a mobile device, the user
interfaces 604, 606, 608, and 610 may be displayed on
the mobile device. A first interface 604 displays
content directly related to the user's favorite
interest(s). The second interface 606 



displays content related to other users who are
interested in the user's favorite interest(s). The
third interface 608 and fourth interface 610 display
content that is related to the user's favorite
interests and provided by a content provider such as
Yahoo!(r) Inc. [0068] Figure 7 illustrates user
interfaces for displaying a brand map for a route in
accordance with embodiments of the invention. In one
aspect, a brand map is a type of interest map that
displays locations associated with brands, which are a
type of interest. The user interface displays a
geographical brand map 704. The map 704 shows that a
brand, e.g., BMW(r), is associated with aroute 706
that starts at a first location 708 and ends at a
second location 710. The association may have been
established by a user driving from point A to point B,
who indicated that the points on the path between
points A and B are associated with the BMW(r) brand.
Other users may then search for brand maps related to
the BMW(r) brand or to the geographic location of the
map, and the brand map 704 will be returned as a
search result. The relevancy of the route 706 will
increase in proportion to the number of users who
associate the same route, or a portion thereof, with
the same brand, e.g., BMW(r). In one example, a button
user interface component located on the mobile device
may receive input from the user when the user is in a
location to be associated with the BMW(r) brand.
Another user interface component located on the mobile
device may also receive the name of the brand, e.g.,
BMW(r), from the user, via a menu or text entry, for
example. The user interface on the mobile device then
sends a message to the server computer 102 to cause
the brand mapping logic 104 to associate the selected
brand with the selected location and the user of the
mobile device. [0069] Figures 8A-8B illustrate user
interfaces for establishing user-location-interest
associations in accordance with embodiments of the
invention. The user interface shown in Figure 8A
allows a user to declare one or more interests to be
associated with a location and to attach metadata such
as photographs to the association. The user interface
802 displays the user's current location 804, which is
Carmel, California in this example. An interest entry
component 806 allows a user to declare an interest to
be associated with the location. In this example, the
user has entered "17 mile drive" as an interest that
is related to Carmel, California. A "Take Photo"
component 808 allows the user to take a photograph,
e.g., using a camera attached to the mobile device.
The photograph will then be associated with the
location Carmel, California and the interest "17 mile
drive". The interface 802 also displays other
interests of the user as graphical images with text
labels in a "You might like" display 810. [0070] The
user interface 820 shown in Figure 8B allows a user to
associate a photograph with a location. A photograph
822 is shown and will be associated with the location
Carmel, California and the interest "17 mile
drive".[0071] Figures 9A and-9B illustrate user
interfaces for presenting matching interests in
accordance with embodiments of the invention. Figure
9A shows interests that match the user's declared
interests. The term "matching" is used herein to refer
to interests that are related or similar to a user's
interests. Two matching interests are not necessarily
the same interests. For example, an interest in golf
may match an interest in a particular golf course.
[0072] In one example, the matching interests are
determined by selecting interests that other users
have associated with the location, and displayed in a
user interface 902. For example, other users may have
used the interface shown in Figure 9A to associate
Zio's Restaurant, Golf Ramona, Casanova Restaurant,
The Golf Institute, and Carmel Valley Ranch with
Carmel, California. The user interface then displays
an "Offers You Might Like" panel 904 for businesses
that have made offers, and includes Zio's Restaurant
and Golf Ramona in the Offers panel 904. The user
interface also displays a "Businesses You Might Like"
panel 906, and includes Casanova Restaurant, The Golf
Institute, and Carmel Valley Ranch in the Businesses
panel 906. [0073] In another example, the matching
interests are determined by identifying interests that
are related to the user's declared interests and
selecting the related interests with the highest
strength values, as described above. The selected
interests are then displayed in the user interface
902. For example, Zio's Restaurant may be strongly
related to the user and location because it serves a
type of food that the user has expressed a preference
for in an interest profile, and because the restaurant
is located in Carmel. Golf Ramona may be strongly
related to the user and location because the user is
interested in the 17 mile drive, which is located near
the Pebble Beach golf course, and an inference is made
that golf and golf-related businesses are strongly
relevant to the user and location. Zio's Restaurant
and Golf Ramona are therefore displayed in the Offers
panel 904. In this example, the Casanova Restaurant,
The Golf Institute, and Carmel Valley Ranch are
strongly related to the user and location through
similar logical steps based on the user's interest
profile, other locations of interest to the user, and
the user's location, and these businesses are
therefore displayed in the Businesses panel 906.
[0074] The first technique described above, selecting
interests from associations created by other users for
the same location, may be combined with the second
technique, inferring interestsbased on relevance. For
example, an initial set of interests may be generated
using the first technique, and the initial set may be
expanded using the second technique. In this example,
the first technique may produce the interests "golf
and "restaurants" because other users have associated
the 



locations Carmel, California and/or 17 mile drive with
golf and restaurants. The second technique may
generate the interests Zio's Restaurant, Golf Ramona,
Casanova Restaurant, and The Golf Institute. [0075]
Figure 9B shows interests that match the declared
interests of people in the user's social network. The
interests of other users may be used to generate
suggested interests, particularly if the other users
are related to the current user. In the example of
Figure 9B, the interests of users in the current
user's social network are used to generate suggested
interests. The social network is, in one example, a
network or graph of users who know each other. In
another example, the social network includes the
people on the current user' s Contacts List, which may
be, for example, an online address book. The current
user's contacts include a first person who likes the
Del Monte Golf Course, and a second person who likes
the Monterey Bay Aquarium. The first or second person
may have other interests, and the contacts may include
other users who like other interests, but the other
interests are filtered out because they are not in or
near the location specified by the current user
(Carmel). Interests may also be filtered out if the
interests are not in a defined set of interests, or if
the interests are associated with locations that have
received little attention, or if the interests are The
interests specified by the other users may also be
ordered based on a weighting factor, such as the
number of people in the current user's network who
like the interest, or the distance between the current
user and the other users in the social network. In the
example of Figure 9B, the two interests, Del Monte
Golf Course and Monterey Bay Aquarium, have been
selected for presentation to the current user, and are
therefore displayed in a "Your Contacts Like" panel
912. As in the other interfaces described herein, the
current user may select one of the interests in the
panel 912, e.g., by clicking on the panel, to display
more detailed information about the interest. [0076]
The user interface 1002 of Figure 10 displays an
advertisement 1008 that is selected based upon the
user's interests and the user's location. The user's
location, Carmel California, is specified in the
location input component 1004. The user's interest in
the 17 Mile Drive through the Carmel region is
specified in the input component 1006. An
advertisement that is relevant to theuser, the user's
location, and the user's interests may therefore be
selected using techniques similar to those described
above for generating suggested interests. An
advertisement may be represented as an interest in the
product or service that is the subject of the
advertisement, and the advertisement may be stored in
a database of interests in the same way that other
interests are stored. The techniques described above,
i.e., searching other user's interests, and searching
for related interests, may therefore be used to find
relevant advertisements. In the example of Figure 10,
an advertisement for the PING golf equipment company
is represented as an interest in golf. In one example,
the user interface 1002 selected the PING
advertisement to be displayed because of the user's
interest n the 17 Mile Drive, which is located near
the Pebble Beach golf course. In another example,
there is a store that sells PING golf equipment in
Carmel, and the user's interest profile includes golf,
so the user interface 1002 selected the PING
advertisement 1008 because of the strong relation
between the user's location and PING's location, as
well as the strong relation between the user's
interest in golf and PING's golf products. In one
example, the user interfaces described above may be
displayed on a mobile device such as a cellular phone,
or on a client computer. [0077] While the invention
has been described in terms of particular embodiments
and illustrative figures, those of ordinary skill in
the art will recognize that the invention is not
limited to the embodiments or figures described. Those
skilled in the art will recognize that the operations
of the various embodiments may be implemented using
hardware, software, firmware, or combinations thereof,
as appropriate. For example, some processes can be
carried out using processors or other digital
circuitry under the control of software, firmware, or
hard-wired logic. (The term "logic" herein refers to
fixed hardware, programmable logic and/or an
appropriate combination thereof, as would be
recognized by one skilled in the art to carry out the
recited functions.) Software and firmware can be
stored on computer-readable media. Some other
processes can be implemented using analog circuitry,
as is well known to one of ordinary skill in the art.
Additionally, memory or other storage, as well as
communication components, may be employed in
embodiments of the invention. [0078] Figure 11
illustrates a typical computing system 1100 that may
be employed to implement processing functionality in
embodiments of the invention. Computing systems of
thistype may be used in clients and servers, for
example. Those skilled in the relevant art will also
recognize how to implement the invention using other
computer systems or architectures. Computing system
1100 may represent, for example, a desktop, laptop or
notebook computer, hand held computing device (PDA,
cell phone, palmtop, etc.), mainframe, server, client,
or any other type of special or general purpose
computing device as may be desirable or appropriate
for a given application or environment. Computing
system 1100 can include one or more processors, such
as a processor 1104. Processor 1104 can be implemented
using a general or special purpose processing engine
such as, for example, a microprocessor,
microcontroller or other control logic. In this
example, processor 1104 is connected to a bus 1102 or
other communication medium. 



[0079] Computing system 1100 can also include a main
memory 1108, such as random access memory (RAM) or
other dynamic memory, for storing information and
instructions to be executed by processor 1104. Main
memory 1108 also may be used for storing temporary
variables or other intermediate information during
execution of instructions to be executed by processor
1104. Computing system 1100 may likewise include a
read only memory ("ROM") or other static storage
device coupled to bus 1102 for storing static
information and instructions for processor 1104.
[0080] The computing system 1100 may also include
information storage system 1110, which may include,
for example, a media drive 1112 and a removable
storage interface 1120. The media drive 1112 may
include a drive or other mechanism to support fixed or
removable storage media, such as a hard disk drive, a
floppy disk drive, a magnetic tape drive, an optical
disk drive, a CD or DVD drive (R or RW), or other
removable or fixed media drive. Storage media 1118,
may include, for example, a hard disk, floppy disk,
magnetic tape, optical disk, CD or DVD, or other fixed
or removable medium that is read by and written to by
media drive 1114. As these examples illustrate, the
storage media 1118 may include a computer-readable
storage medium having stored therein particular
computer software or data. [0081] In alternative
embodiments, information storage system 1110 may
include other similar components for allowing computer
programs or other instructions or data to be loaded
into computing system 1100. Such components may
include, for example, a removable storage unit 1122
and an interface 1120, such as a program cartridge and
cartridge interface, a removablememory (for example, a
flash memory or other removable memory module) and
memory slot, and other removable storage units 1122
and interfaces 1120 that allow software and data to be
transferred from the removable storage unit 1118 to
computing system 1100. [0082] Computing system 1100
can also include a communications interface 1124.
Communications interface 1124 can be used to allow
software and data to be transferred between computing
system 1100 and external devices. Examples of
communications interface 1124 can include a modem, a
network interface (such as an Ethernet or other NIC
card), a communications port (such as for example, a
USB port), a PCMCIA slot and card, etc. Software and
data transferred via communications interface 1124 are
in the form of signals which can be electronic,
electromagnetic, optical or other signals capable of
being received by communications interface 1124. These
signals are provided to communications interface 1124
via a channel 1128. This channel 1128 may carry
signals and may be implemented using a wireless
medium, wire or cable, fiber optics, or other
communications medium. Some examples of a channel
include a phone line, a cellular phone link, an RF
link, a network interface, a local or wide area
network, and other communications channels. [0083] In
this document, the terms "computer program product,"
"computer-readable medium" and the like may be used
generally to refer to media such as, for example,
memory 1108, storage device 1118, or storage unit
1122. These and other forms of computer-readable media
may be involved in storing one or more instructions
for use by processor 1104, to cause the processor to
perform specified operations. Such instructions,
generally referred to as "computer program code"
(which may be grouped in the form of computer programs
or other groupings), when executed, enable the
computing system 1100 to perform features or functions
of embodiments of the present invention. Note that the
code may directly cause the processor to perform
specified operations, be compiled to do so, and/or be
combined with other software, hardware, and/or
firmware elements (e.g., libraries for performing
standard functions) to do so. [0084] In an embodiment
where the elements are implemented using software, the
software may be stored in a computer-readable medium
and loaded into computing system 1100 using, for
example, removable storage drive 1114, drive 1112 or
communications interface 1124. The controllogic (in
this example, software instructions or computer
program code), when executed by the processor 1104,
causes the processor 1104 to perform the functions of
the invention as described herein. [0085] It will be
appreciated that, for clarity purposes, the above
description has described embodiments of the invention
with reference to different functional units and
processors. However, it will be apparent that any
suitable distribution of functionality between
different functional units, processors or domains may
be used without detracting from the invention. For
example, functionality illustrated to be performed by
separate processors or controllers may be performed by
the same processor or controller. Hence, references to
specific functional units are only to be seen as
references to suitable means for providing the
described functionality, rather than indicative of a
strict logical or physical structure or organization.
[0086] Although the present invention has been
described in connection with some embodiments, it is
not intended to be limited to the specific form set
forth herein. Rather, the scope of the present
invention is limited only by the claims. Additionally,
although a feature may appear to be described in
connection with particular embodiments, one skilled in
the art would recognize that various features of the
described embodiments may be combined in accordance
with the invention. 



[0087] Furthermore, although individually listed, a
plurality of means, elements or method steps may be
implemented by, for example, a single unit or
processor. Additionally, although individual features
may be included in different claims, these may
possibly be advantageously combined, and the inclusion
in different claims does not imply that a combination
of features is not feasible and/or advantageous. Also,
the inclusion of a feature in one category of claims
does not imply a limitation to this category, but
rather the feature may be equally applicable to other
claim categories, as appropriate. [0088] Moreover, it
will be appreciated that various modifications and
alterations may be made by those skilled in the art
without departing from the spirit and scope of the
invention. The invention is not to be limited by the
foregoing illustrative details, but is to be defined
according to the claims.[0089] Although only certain
exemplary embodiments have been described in detail
above, those skilled in the art will readily
appreciate that many modifications are possible in the
exemplary embodiments without materially departing
from the novel teachings and advantages of this
invention. Accordingly, all such modifications are
intended to be included within the scope of this
invention.CLAIMS What is claimed is: 1. A
computer-readable medium comprising instructions for
establishing an association between a user and at
least one declared interest, the instructions for:
receiving at least one declared interest associated
with the user; receiving a target object selected
based upon an action of the user; and establishing an
association between the at least one declared
interest, the target object, and the user. 2. The
computer-readable medium of claim 1, wherein the at
least one declared interest comprises a person, a
place, a thing, or a combination thereof. 3. The
computer-readable medium of claim 1, wherein the at
least one declared interest comprises a brand,
product, service, or combination thereof. 4. The
computer-readable medium of claim 1, wherein the at
least one declared interest refers to a subject of
interest to the user, and the at least one declared
interest comprises a name, a numeric identifier, or a
combination thereof. 5. The computer-readable medium
of claim 1, wherein the target object comprises at
least one location. 6. The computer-readable medium of
claim 5, wherein the at least one location is
specified by absolute coordinates, relative
coordinates, name, or a combination thereof. 7. The
computer-readable medium of claim 5, wherein the
action comprises selection of the at least one
location by the user.8. The computer-readable medium
of claim 7, wherein selection comprises selecting a
user interface feature that causes the at least one
location to be selected based upon a geographical
position of the user. 9. The computer-readable medium
of claim 8, wherein the geographical position is
determined by a Global Positioning System device
carried by the user. 10. The computer-readable medium
of claim 7, wherein selection comprises receiving the
at least one location in a user interface of a device.
11. The computer-readable medium of claim 7, wherein
selection comprises receiving selection of the at
least one location, and the at least one location is
selected from a map displayed on the device. 12. The
computer-readable medium of claim 7, wherein selection
comprises presence of the user within a threshold
distance of the at least one location, wherein
presence of the user within a threshold distance is
determined based upon geographical coordinates
provided by a GPS device associated with the user. 13.
The computer-readable medium of claim 1, wherein the
target object comprises a physical object, an event,
or a combination thereof. 14. The computer-readable
medium of claim 1, wherein the target object is
identified by an electronic tracking device associated
with the target object. 15. The computer-readable
medium of claim 14, wherein the electronic tracking
device comprises an RFID tag. 16. The
computer-readable medium of claim 1, wherein the
target object comprises a name, an identifier, or a
combination thereof, that identifies a real-world
object..17. The computer-readable medium of claim 1,
wherein the at least one declared interest is selected
by the user. 18. The computer-readable medium of claim
1, wherein receiving the at least one declared
interest comprises retrieving the at least one
declared interest from a profile associated with the
user. 19. The computer-readable medium of claim 1,
further comprising instructions for receiving an
affinity of the user for at least one declared
interest, wherein the affinity indicates whether the
user 



likes the at least one declared interest. 20. The
computer-readable medium of claim 1, further
comprising instructions for: receiving a time
specifier selected based upon an action of the user;
and associating the time specifier with the at least
one declared interest, the target object, and the
user. 21. The computer-readable medium of claim 20,
wherein the time specifier comprises an absolute time,
a relative time, a range of time, or a combination
thereof. 22. The computer-readable medium of claim 1,
wherein establishing an association between the at
least one declared interest, the target object, and
the user comprises storing the association in an
interest profile associated with the user, the object,
or the interest. 23. A computer-readable medium
comprising instructions for generating a map to
display the interests of a user, the instructions for:
receiving an association between the user, at least
one declared interest, and a target object; causing
display of a map of a geographical area that includes
the target object; andcausing display of an image
superimposed on the map, wherein the image is located
at a displayed position on the map, the displayed
position is based upon the object, and the visual
appearance of the brand-specific image is based upon
the at least one declared interest. 24. The
computer-readable medium of claim 23, wherein causing
display of the image is in response to the declared
interest satisfying a filter, wherein the filter
specifies at least one displayable interest, at least
one displayable attention level, at least on
displayable tag, or a combination thereof. 25. An
interface for establishing an association between a
user and at least one declared interest, the interface
comprising: a component for receiving at least one
declared interest; a component for receiving a target
object selected based upon an action of the user; and
a component for causing an association to be
established between the at least one declared
interest, the target object, and a user. 26 The
interface of claim 25, wherein the at least one
declared interest comprises a person, a place, a
thing, or a combination thereof. 27. The interface of
claim 25, wherein the at least one declared interest
comprises a brand. 28. The interface of claim 25,
wherein the target object comprises at least one
location. 29. The interface of claim 28, wherein the
action comprises selection of the location by the
user. 30. The interface of claim 29, wherein selection
comprises selecting a user interface feature that
causes the location to be selected based upon a
geographical position of the user, and the
geographical position is determined by a Global
Positioning System device carried by the user. 31. The
interface of claim 25, further comprising:a component
for receiving a time specifier selected based upon an
action of the user; and a component for causing
association of the time specifier with the at least
one declared interest, the target object, and the
user. 32. An interface for generating a map to display
the interests of a user, the interface comprising: a
component for receiving an association between the
user, at least one declared interest, and a target
object; a component for causing display of a map of a
geographical area that includes the target object; and
a component for causing display of an image
superimposed on the map, wherein the image is located
at a displayed position on the map, the displayed
position is based upon the object, and the visual
appearance of the image is based upon the at least one
declared interest. 33. The interface of claim 32,
wherein the at least one declared interest comprises a
person, a place, a thing, or a combination thereof.
34. The interface of claim 32, wherein the at least
one declared interest comprises a brand. 35. The
interface of claim 32, wherein the target object
comprises a geographical location, and the displayed
position is based upon geographical coordinates of the
geographical location. 36. The interface of claim 32,
wherein causing display of the image is in response to
the declared interest satisfying a filter, wherein the
filter specifies at least one displayable interest, at
least one displayable attention level, at least on
displayable tag, or a combination thereof. 37. An
apparatus for establishing an association between a
user and at least one interest, the apparatus
comprising: logic for receiving at least one declared
interest; logic for receiving a target object selected
based upon an action of a user; andlogic for
establishing an association between the at least one
declared interest, the target object, and the user.
38. The apparatus of claim 37, wherein the at least
one declared interest comprises a person, a place, a
thing, or a combination thereof. 39. The apparatus of
claim 37, wherein the at least one declared interest
comprises a brand. 40. The apparatus of claim 37,
wherein the target object comprises at least one
location. 



41. The apparatus of claim 40, wherein the action
comprises selection of the at least one location by
the user. 42. The apparatus of claim 40, wherein
selection comprises selecting a user interface feature
that causes the location to be selected based upon a
geographical position of the user. 43. The apparatus
of claim 40, further comprising: logic for receiving a
time specifier selected based upon an action of the
user; and logic for associating the time specifier
with the at least one declared interest, the target
object, and the user. 44. An apparatus for generating
a map to display the interests of a user, the
apparatus comprising: logic for receiving an
association between the user, at least one interest,
and a target object; logic for causing display of a
map of a geographical area that includes the target
object; and logic for causing display of an image
superimposed on the map, wherein the image is located
at a displayed position on the map, the displayed
position is based upon the object, and the visual
appearance of the image is based upon the at least one
interest.45. The apparatus of claim 44, wherein the at
least one interest comprises a person, a place, a
thing, or a combination thereof. 46. The apparatus of
claim 44, wherein the at least one interest comprises
a brand. 47. The apparatus of claim 44 wherein the
target object comprises a location, and the displayed
position is based upon geographical coordinates of the
location. 48. The apparatus of claim 44, wherein the
logic for causing display of the image is operable to
cause display of the image in response to the declared
interest satisfying a filter, wherein the filter
specifies at least one displayable interest, at least
one displayable attention level, at least on
displayable tag, or a combination thereof. 49. A
computer-enabled method of establishing an association
between a user and at least one declared interest, the
method comprising: receiving at least one declared
interest; receiving a target object selected based
upon an action of a user; and establishing an
association between the at least one declared
interest, the target object, and the user. 50. The
method of claim 49, wherein the at least one declared
interest comprises a person, a place, a thing, or a
combination thereof. 51. The method of claim 49,
wherein the at least one declared interest comprises a
brand. 52. The method of claim 49, wherein the target
object comprises at least one location. 53. A
computer-enabled method of generating a map to display
the interests of a user, the method comprising:
receiving an association between the user, at least
one interest, and a target object;causing display of a
map of a geographical area that includes the target
object; and causing display of an image superimposed
on the map, wherein the image is located at a
displayed position on the map, the displayed position
is based upon the object, and the visual appearance of
the image is based upon the at least one interest. 54.
The method of claim 53, wherein the at least one
interest comprises a person, a place, a thing, or a
combination thereof. 55. The method of claim 53,
wherein the at least one interest comprises a brand.
56. The method of claim 53 wherein the target object
comprises a location, and the displayed position is
based upon geographical coordinates of the location. 


