wo 20097102328 A1 I 0K OO 00O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization . /gy | I NN 0 Y0000 0RO O R
nternational Bureau S,/ ‘ )
(43) International Publication Date \'é’;_._,/ 2 (10) International Publication Number
20 August 2009 (20.08.2009) PCT WO 2009/102328 Al
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
G01J 3/50 (2006.01) GOIN 21/27 (2006.01) kind of national protection available): AE, AG, AL, AM,
G01J 3/51 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
. . L. CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ,
(21) International Application Number: EC, EE, EG, ES, FL GB, GD, GE, GH, GM, GT, HN,
PCT/US2008/053826 HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
13 February 2008 (13.02.2008) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
) NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
(25) Filing Language: English SK, SL, SM, SV, SY, TJ, TM, TN, TR, TT, TZ, UA, UG,
(26) Publication Language: English US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant (for all designated States except US): (84) Designated States (unless otherwise indicated, for every
HEWLETT-PACKARD DEVELOPMENT COMPA- kind ofregional p}"Ol@C’ﬁOI’Z avaz'lable): ARIPO (BW, GH,
NY, L.P. [US/US]; 11445 Compaq Center Drive West, GM, KE, LS, MW, MZ, NA, 8D, SL, 8Z, TZ, UG, ZM,
HOllStOll, TX 77070 (IJS) ZW), Furasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
(72) Inventors; and ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(75) Inventors/Applicants (for US only): CLARK, Stephan MC, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR), OAPI
[US/US]; 1000 N.E. Circle Boulevard, Corvallis, OR (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR,
97330 (US). VANBROCKLIN, Andrew [US/US]; 1000 NE, SN, TD, TG).

N.E. Circle Boulevard, Corvallis, OR 97330 (US). . )
DAHLGREN, Brett [US/US]; 1000 N.E. Circle Boule- Peclarations under Rule 4.17:

vard, Corvallis, OR 97330 (US). —  as to the identity of the inventor (Rule 4.17(i))
(74) Agents: DANG, Tai et al.; Hewlett-Packard Company, — as fo applicant’s entitlement to apply for and be granted
Intellectual Property Administration, P.O. Box 272400, a patent (Rule 4.17(i1))

Mail Stop 35, Fort Collins, Colorado 80527-2400 (US).

[Continued on next page]

(54) Title: COLOR DETECTOR HAVING AREA SCALED PHOTODETECTORS

(57) Abstract: A color detector includes a light source, a

10 filter, and a photodetector. The photodetector outputs a

-14 signal proportional to the amount of a predetermined col-

] l_——:j-....j—:}/ or of light that passes through the corresponding filter.

6 When used in an array, each filter may have different

12 ” transmission characteristics, and each color signal may
( have a different magnitude and/or signal-to-noise ratio.

% M This may be corrected for by adjusting the area of each of
¢ %% : the photodetectors and corresponding filters. In other
¥
’
k]
’

N

words, the areas if the photodetectors may be contigured
to equalize the color signal of a reference color and there-
by maximize the signal-to-noise ratio of the color signals
the sensor is intended to measure. The area of the pho-
todetector may be based on a response curve of the pho-
todetector as a function of wavelength, a response curve
of the filter as a function of wavelength, and the amount
% of light as a function of wavelength generated by the light
PN

F \\\ source, among other factors.

ol el i

AN

N
N
&=

@747
L

v
7

"
%

o
N

N |
N

N\
7

X
NN

FIG. 1



WO 2009/102328 A1 I 0000 OO0 0 ORI T

Published:
—  with international search report (Art. 21(3))



WO 2009/102328 PCT/US2008/053826

COLOR DETECTOR HAVING AREA SCALED PHOTODETECTORS

BACKGROUND

[0001] Spectrophotometry is the study of electromagnetic waves in the
visible, near-ultraviolet, and near-infrared spectra. A spectrophotometer is a
light measuring device that is configured to measure various characteristics of
light, including intensity, color, and/or wavelength. Spectrophotometers have a
wide range of uses. For instance, they may be used to detect colors on
display devices such as televisions, projectors, monitors, and camcorder
viewfinders. Alternatively, spectrophotometers may be used in printing
devices to calibrate the colors printed.

[0002] Typically, when used as a color detector, the spectrophotometer
may include a light source, a light-to-electrical transducer, known as a
photodetector, and a filter. In one instance, the light is projected toward an
object. The object reflects the light, and the photodetector receives the

reflected light. The light may pass through the filter before being received by
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the photodetector so that the color may be detected. Specifically, the filter is
configured to only allow light having a specific range of wavelengths to pass
through. This is known as filter response. Light that passes through the filter
causes the photodetector to generate an electrical signal. The magnitude of
this electrical signal indicates the amount of the specific color of light present.
An array of photodetectors and filters allow for the spectrophotometer to
receive more detailed information. For example, an array of photodetectors
each having a filter tuned to filter light at different wavelengths would be able
to detect finer resolution on the input light spectrum than a smaller number of
filters would.

[0003] While useful in many technology areas, spectrophotometers
have several problems, especially related to the transmission characieristics
of the filter. For instance, in addition to only allowing different colors to pass
through them, filters tuned to allow the transmission of light at different
frequencies may also allow the transmission of different amounts of light. In
other words, the magnitude of light that passes through one filter may be
greater than the magnitude of light that passes through another filter. If this
difference is a result of the filter configurations, then it may lead to inaccurate
color determinations by the color detector if not corrected for. in addition,
some filters may exhibit a lower signal-to-noise ratio than other filters due to
~ low input signal strength in that filter bandwidth or the inability of any one filter
by its design to allow for a high enough transmission within the band of
interest. In this coniext, “noise” may be light interference from colors outside
the filters tuned spectrum of wavelengths or electrical noise in the

photodetector. Attempts to amplify the transmission by the filter may also
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result in amplifying the noise. Again, this may also lead to inaccurate color
determinations by the color detector. Photodetectors may have a different
response fo a given amount of light power depending on the particular
wavelength, i.e. color, of the light that reaches the photodetector. For
example, a “red” light could generate an electrical signal that is fen times
greater than generated by a “biue” light of equivalent light power.
Photodetectors can only detect a limited range of useable light. Light sources
may generate a different amount of light as a function of wavelength.

[0004] Accordingly, a spectrophotometer or color detector is needed
that equalizes the combined light source, filter, and photodetector responses

to provide more accurate color determinations by the color detector.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Figure 1 is cross-sectional side view of an exemplary color
detector;
[0006] Figure 2 is a cross-sectional side view of an exemplary filter

disposed on an exemplary photodetector; and
[0007]1 Figure 3 is an exemplary illustration of the color detector having

a plurality of area-scaled filters and photodetectors disposed in an array.

DETAILED DESCRIPTION
[0008] A color detector includes a light source configured to generate
light within a spectrum of wavelengths. A filter is in optical communication with
the light source. The filter is configured to pass light within a first

predetermined spectrum of wavelengths. A photodetector is in optical
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communication with the filter and is configured to output a color signal if light
passes through the filter. The strength, i.e. magnitude, of the color signal
indicates the amount of light within the first predetermined spectrum of
wavelengths is present. The magnitude of the color signal may be dependent
upon transmission characteristics of the filter, which may change based on
the predetermined spectrum of wavelengths. The filter and photodetector may
be used in an array with at least one other filter and photodetector. Each filter
in the array may be tuned to allow light of different colors (i.e., spectrum of
wavelengths) to pass. Because each filter is funed to allow a different color o
pass, the transmission characteristics of each filter in the array may be
different. The sensitivity of each photodetector and the amount of light emitted
by the light source may also vary according to color. Accordingly, each color
signal generated, for a given input light signal, by each of the photodetectors
may have a different magnitude and/or signal-to-noise ratio. This may be
corrected by adjusting the area of each of the photodetectors and their
corresponding filters. In other words, the photodetectors may have an area
configured to equalize the color signal and optimize a signal-to-noise ratio of
the color signal. In one embodiment, the signal-to-noise ratic may be
optimized for photodetectors by optimizing the signal for a reference color,
which in most cases may be a neutral or white color. The area of the
photodetector may be based on a response curve of the photodetector as a
function of wavelength, a response curve of the filter as a function of
wavelength, and a wavelength of the light generated by the light source,

among other factors.
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[0008] In one exemplary approach, the color detector may be used with a
printer to calibrate colors printed on a page. Specifically, the color detector
may detect the color of the page and/or a test area printed on the page, and
the printer may be configured to eject different amounts of ink for different
colors of paper to achieve the desired printed color. For example, if yellow ink
is desired, but the page is blue, yellow ink will appear green on the page.
Therefore, the color detector detects the color of the page and the ink
together and configures the printer to eject the ink so that the desired color is
shown on the page.

[G6010] Referring to Figure 1, an exemplary color detector 10 is provided
having a light source 12, a photodetector 14 in optical communication with the
light source 12, and a filter 16 spaced from the photodetector 14. In an
example of a calibration use, the light source 12 projects light onto a sample
18. The light source 12 may be configured to generate light within a spectrum
of wavelengths. In other words, the light source 12 may be configured to
generate “white” light or any other color light. The light source 12 may be, for
instance, a light emitting diode, although other light sources or combinations
of light sources are within the scope of the disclosure. The sample 18 may be,
for instance, a piece of paper, although other sampies 18 are within the scope
of the disclosure. The light projected onto the sample 18 is reflected by the
sample 18 onto the photodetector 14. However, before reaching the
photodetector 14, in one exemplary approach, the light passes through the
filter 16. The filter 16 may be a Fabry-Perot etalon or interferometer, or any
other filter 16 known in the art. In one exemplary approach, the filter 16 may

be tuned to only allow light having a specific spectrum of wavelengths to pass
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through to the photodetector 14, as will be discussed in greater detail below.
.Once received by the photodetector 14, the photodetector 14, a transducer,
outputs an electrical signal; this electrical signal is either a current or voltage.
The ‘photodetector’ 14 may be a photodiode, phototransistor, avalanche-
photodiode, or any other photodetector 14 known in the art. The magnitude of
the output of the phoiodetector 14 is proportional to the amount of light that
reaches the photodetector 14 and thus proportional to the amount of light
reaching the corresponding filter 16 that is the color to which the filter 16 is
tuned.

[0011] Multiple filters 16 may be used with the color detector 10, and
each filter 16 may be tuned to a unique specific spectrum of wavelengths. In
one exemplary approach, the specific spectrum of wavelengths of each filter
16 may at least partially overlap and may most likely have some transmission
at all wavelengths. In other words, each filter is designed to allow a peak or
dominant transmission in a specific region. Furthermore, when multiple filters
16 are used, the color detector 10 may include multiple corresponding
photodetectors 14 - at least one for each filter 16. In one exemplary
approach, the color detector 10 may include seven filters 16 and seven
photodetectors 14. Each filter 16 may be tuned to allow different colors to
pass through to the corresponding photodetector 14. By way of example, the

filters 16 may be configured to detect wavelength spectrums corresponding to

¥ L < "o

“red,” “orange,” “yellow,” “green,” “blue,” “indigo,” and “violet.” If the sample 18
is in the “red” spectrum, the light will only pass through the filter 16 having
wavelengths corresponding to the “red” spectrum, and be blocked by the

other filters 16. Therefore, only the photodetector 14 corresponding to the
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“red” filter 16 will output an electrical signal proportional to the amount of light
in the “red” spectrum. Similarly, if the sample 18 is “green,” the light will only
pass through the filter 16 having wavelengths corresponding to the “green”
spectrum, and be blocked by the other filters 16. Therefore, only the
photodetector 14 corresponding to the “green” filter 16 will output an electrical
signal, proportional to the amount of light in the “green” spectrum. Using more
filters 16 and corresponding photodetectors 14 allows the color detector 10 to
distinguish between varying hues of color. For instance, with additional filters
16 and corresponding photodetectors 14, the color detector 10 may be able to

LI 13

distinguish between “baby blue,” “sky blue,” and "navy blue,” as opposed to
just recognizing the color as being in the “blue” spectrum.

[0012] As discussed in greater detail below, the filter 16 and
photodetector 14 may be used in an array with other filters 16 and
photodetectors 14. Figure 2 is an exemplary cross-sectional illustration of one
of the filters 16 in the array disposed on one of the photodetectors 14 in the
array. When disposed in an array, light may reflect from one filter 16 and
interfere with other photodetectors 14 in the array. Therefore, the color
detector 10 may include a light blocking layer 20 deﬁning an opening 22 over
each filter 16. Light passes through the opening 22 before passing through
the filter 16, and the light blocking layer 20 prevents light from reflecting off
the filter 16 and interfering with other photodetectors 14. Similarly, the color
detector 10 may include at least one trench 24 that also prevents light from
interfering with other photodetectors 14.

[0013] in one exemplary approach, the filter 16 may include two

partially-reflective layers spaced from one another. A spacer layer may be
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disposed between the first partially reflective layer and the second partially
reflective layer. This type of filter 16 may be known in the art as a Fabry-Perot
etalon or Fabry-Perot interferometer, although other types of filters 16 may be
used. Light may pass through one of the partially reflective layers and reflect
between the two partially reflective layers. As illustrated, light may pass
through the first partially reflective layer and refiect between the first partially
reflective layer and the second partially reflective layer. This is known as
internal reflection. If the internal reflections are in phase (i.e., constructive),
the light will pass through the filter 16. If the internal reflections are out of
phase (i.e., destructive), the light waves will cancel each other out and resuit
in no light passing through the filter 16. Whether the internal reflections are
constructive or destructive depends on the wavelength of the light (i.e., the
color), the angle of the light entering the filter 16, the thickness of the spacer
layer, and the refractive index of the spacer layer. As previously discussed,
the color of the light is dependent upon the color of the sample 18. However,
the angle of the light entering the filter 16, the thickness of the spacer layer,
and the refractive index of the material making up the spacer layer may be
adjusted to allow light in a specific spectrum of wavelengths to pass through.

[0014] Figure 3 is an exemplary illustration of the color detector 10
having the array of filters 16 and corresponding photodetectors 14. Although
nineteen filters 16 and photodetectors 14 are illustrated, the color detector 10
may include more or less filters 16 and corresponding photodetectors 14. In
addition, the filters 16 and phofodetectors 14 may be predisposed on an
integrated circuit, and one or more of the filters 16 and photodetectors 14 on

the integrated circuit may not be used in certain circumstances. For instance,
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the integrated circuit may include nineteen filters 16 and corresponding
photodetectors 14, but only be configured to detect sixteen colors, thus only
using sixteen filters 16 and corresponding photodetectors 14.

[0015] The color detector 10 may include a first filter 26 én optical
communication with the light source 12. The first filter 26 is configured to pass
light within a first predetermined spectrum of wavelengths. The first
predetermined spectrum of wavelengths is within the spectrum of
wavelengths generated by the light source 12. The first filker 26 may be similar
to the filters 16 discussed above with reference to Figure 2. In other words,
the first filter 26 may include two partially reflective plates spaced from one
another with a spacer layer disposed therebetween.

[06016] A first photodetector 28 is in optical communication with the first
filter 26 and configured to output a first color signal if light passes through the
first filter 26. As previously discussed, the first filter 26 is tuned to allow light
within the first predetermined Spectrﬂm of wavelengths to pass. In other
words, the first filter 26 will et a first color of light through io the first
photodetector 28. The first color signal indicates the amount of the first color
of light that has been received, indicating the presence of the first color of light
in the sample 18. In other words, the first color signal is one of the
photodetector electrical output signals discussed above with regard to Figure
1.

[0017] Different color signals have different signal-to-noise ratios.
Accordingly, the first photodetector 28 has an area that is configured to
equalize the first color signal in relation to other color signals of others filters

14 when used in conjunctions with other filters 14 to measure color as well as
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to optimize a signal-to-noise ratio of the first color signal for the desired color
measurement set. Determining the area of each of the photodetectors 14 may
be based on different characteristics of the photodetector 14, the filter 16, or
the light source 12. Specifically, the area of the first photodetector 28 may be
based on a response curve of the first photodetector 28 as a function of
wavelength, a response curve of the first filter 26 as a function of wavelength,
or the amount of light as a function of wavelength generated by the light
source 12. For instance, light transmission of the first filter 26 may be directly
related to the color of light that the first filter 26 is configured to pass.
Therefore, some colors of light will have a greater affect on the first
photodetector 28 than other colors. Therefore, the size of each photodetector
14 is changed to accommodate for the different light transmission
characteristics of each filter 16. Specifically, filters 16 having low light
transmission may be disposed on photodetectors 14 having a larger area.
With the larger area, the photodetector 14 may receive more of the color,
even though the transmission of the color through the filter 16 is low.
Likewise, filters 16 having high light transmission may be disposed on
photodetectors 14 having a smaller area. With the combination of larger and
smaller areas of the photodetectors 14 based on the light transmission
through the filter 16, the color output signals of the photodetectors 14 may be
equalized. In other words, the design of color detector 10 may balance the
light transmission of the filters 16, as well as the response of the
photodetector 14 to each of the colors thereby creating equalized color
signals of any reference color or optimally equalized color signals for a set of

colors. In another embodiment, the photodetectors 14 with different effective
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areas can be created using different multiples of smaller or unit-sized
photodetectors. For example, for the color blue one might use 10 unit-sized
photodetectors connected in parallel to form one functional photodetector,
while for red, only one unit-sized photodetector may be required.

[0018] The color detector 10 may further include a second filter 30
arranged in the array with the first filter 26. The second filter 30 may be in
optical communication with the light source 12 and configured to pass light
within a second predetermined spectrum of waveiengths. Generally, each
filter in the array is specifically designed fo be unique in its total wavelength
band response. Thus, a given filter may have one dominant transmission
peak or multiple but the total transmission characteristic will be different from
one filter to another. When filters are used that have only one dominant
transmission peak, each dominant peak will cover a different wavelength
region than any other filter. When filters need to be used that have multiple
peak responses then the response of the two filters that have overlap will
differ to some degree in their response in that region of overlap. This ensures
that the net wavelength band transmission characteristic is different from one
filter to the néxt.

[0019] Often filters will need to be used where some have one
dominant peak and others have two dominant peaks. In this situation when
filters overlap there will be one dominant peak of one of the filters that does
not overlap the dominant peak of the other filter thereby making the net full
spectral fransmission of the filter unique from the other filters.

[0020] A second photodetector 32 is in optical communication with the

second filter 30 and may be configured to output a second color signal if light
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passes through the second filter 30. Like the first photodetector 28, the
second photodetector 32 has an area configured fo equalize the second color
signal and maximize a signal-to-noise ratio of the second color signal. Also,
the area of the second photodetecior 32 may be based on a response curve
of the second photodetector 32 as a function of wavelength, a response curve
of the second filter 30 as a function of wavelength, or the amount of light as a
function of wavelength generated by the light source 12.

[0021] The above description is intended to be illustrative and not
rest'rictive. Many embodiments and applications other than the examples
provided would be apparent to those skilled in the art upon reading the above
description. The scope of the invention should be determined, not with
reference to the above description, but should instead be determined with
reference to the appended claims, along with the full scope of equivalents to
which such claims are entitled. It is anticipated and intended that future
developments will occur in the arts discussed herein, and that the disclosed
systems and methods will be incorporated into such future embodiments. In
sum, it should be understood that the invention is capable of modification and
variation and is limited only by the following claims.

[0022] Al terms used in the claims are intended to be given their broadest
reasonable constructions and their ordinary meanings as understood by those
skilled in the art unless an explicit indication to the contrary is made herein. In

LLEN 1

particular, use of the singular articles such as “a,” “the,” *said,” etc. should be
read to recife one or more of the indicated elemenis unless a claim recites an

explicit limitation to the contrary.
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CLAIMS
We claim:

1. A color detector comprising:

a light source configured fo generate light within a spectrum of
wavelengths;

a first filter in optical communication with said light sourcé, wherein said
first filter is configured to pass light within a first predetermined spectrum of
wavelengths;

a first photodetector in optical communication with said first filter and
configured to output a first color signal if light passes through said first filter;
and

wherein said first photodetector has an area configured to equalize the

first color signal and maximize a signal-to-noise ratio of the first color signal.

2. A color detector as set forth in claim 1, wherein said area of said
first photodetector is based on at least one of a response curve of said first
photodetector as a function of wavelength, a response curve of said first filter
as a function of wavelength, and the amount of light as a function of

wavelength generated by said light source.
3. A color detector as set forth in claim 1, further comprising a

second filter in optical communication with said light source and configured to

pass light within a second predetermined spectrum of wavelengths.
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4. A color detector as set forth in claim 3, wherein said second
predetermined spectrum of wavelengths includes at least one wavelength

outside of said first predetermined spectrum of wavelengths.

5. A color detector as sef forth in claim 3, wherein said first filter

and said second filter are disposed in an array.

6. A color detector as set forth in claim 3, further comprising a
second photodetector in optical communication with said second filter and
configured to output a second color signal if light passes through said second

filter.

7. A color detector as set forth in claim 3, wherein an area of said
second photodetector is based on at least one of a response curve of said
second photodetector as a function of wavelength, a response curve of said
second filter as a function of wavelength, and the amount of light as a function

of wavelength generated by said light source.

8. A color detector as set forth in claim 6, wherein said first
photodetector is disposed on said first filter and said second photodetector is
disposed on said second filter, wherein said first filter and said second filter

are disposed in an array.
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9. A color detector as set forth in claim 3, wherein said second
predetermined spectrum of wavelengths is within said spectrum of

wavelengths of the light generated by said light source.

10. A color detector as set forth in claim 1, wherein said first
predetermined spectrum of wavelengths is within said spectrum of

wavelengths of the light generated by said light source.

11. A color detector as set forth in claim 1, wherein said first filter
includes at least two partially reflective plates spaced from one another with a

spacer layer disposed therebetween.

12. A color detector comprising:

a light source configured to generate light within a spectrum of
wavelengths;

a filter array in optical communication with said light source, and
wherein each filter in said filter array is configured fo pass light within a
predetermined spectrum of wavelengths;

a photodetector array in optical communication with said filter array and
configured to output a color signal for each light within said predetermined
spectrum of wavelengths that passes through each filter of said filter array;
and

wherein each photodetector in said photodetector array has an area
configured to equalize at least one of the plurality of color signals and

maximize a signai-to-noise ratio of each of the piurality of color signals.
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13. A color detector as set forth in claim 12, wherein said area of
each of said photodetectors in said photodetector array is based on at least
one of a response curve of each of said photodetectors as a function of
wavelength, a response curve of each of said filters as a function of

wavelength, and a wavelength of the light generated by said light source.

14. A color detector as set forth in claim 12, wherein said
predetermined spectrum of wavelengths is within said spectrum of

wavelengths of the light generated by said light source.

15. A color detector as set forth in claim 12, wherein each filter in
said filter array is configured to filter at ieast one unique dominant wavelength

in said spectrum of wavelengths.

16. A color detector as set forth in claim 12, wherein each filter in

said filter array includes a first partially reflective plate spaced from a second

partially reflective plate with a spacer layer disposed therebetween,
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