COLOR FI LTER- EMBEDDED MSM | MAGE SENSOR BACKGROUND
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part of the total cost of the, inmage sensor.
Additionally, the color filter |layer adds to the

physi cal size,of the device. |Inprovenents in color
filter design and fabrication are desired to redue
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constructed according to aspects of the present disclosure.

DETAILED DESCRIPTION
[0010] = 1t is fo be understood that the following disclosure provides many different

embodiments, or examples, for implementing different features of various embodiments.

Specific exampiss of components and arrangements are described below to simplify the present
disclosure. These are, of course, merely examples and are not intended to be limiting. In
addition, the prasent disclosure may repeat reference numerals and/or letters in the various
examples. This repetition is for the purpose of simplicity and clarity and does not in itself dictate

- arelationship between the various embodiments and/or configurations discussed. Moreovér, the




2 formation of a first feature over or on a second
feature in the description that follows may i nclude
enmbodi nents in which the first and second features are
formed in direct contact, and nmay also include

enbodi nents in which additional features may be forned
interposing the first and second feature!;, such that
the first and second features nay not be in direct
contact. [00111 Referring to Fig 1, an inage sensor
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[0014]  Thetwo electrodes 120, 130 are made from 2 conductive metal such as Cu, Ag, or .

~ Au. The electrodes 120, 130 are embedded within the silicon substrate 110 and arranged to
form a rectangular shaped array of slits as shown. After patterning and etching, a metal
deposition process is done to form the eﬁectrodes 120, 130 and may be finished off with a
metal pelishing process. Because these embedded MSM photodectors are inherently

. planar, it allows for easy fabrication and integration with the Vazl'ious types of image
SENS0TS.

{0015]  Referring now to Fig. 3, a kfoltage potential 1s applied between the electrodes
120, 13C which results in an electric field generated within 2 light-sensing region 170 (or

light absorption area) of the substrate 110. The pixel 100 is designed to receive li ght 180




deposition process is done to formthe electrodes 120,
130 and may be finished off with a netal polishing
process. Because these enbedded MSM phot odectors are
inherently planar, it allows for easy fabrication .and
integration with the various types of image sensors.
[00151 Referring nowto Fig. 3, a voltage potential is
appl i ed between the el ectrodes 120, 130 which results
in an electric fieId generated within a |ight-sensing
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~one shown in Figs. 2 except for the pixel includes a circular shaped array of slits instead of
rectangular. The electrodes 120a, 1302 embedded within the silicon substrate 110 form an

array of slits made up of concentric circles. The cross sectional view of this embodiment is

the same as the one shown in Fig. 3. The paraineters of the slits have the same range of

values, as discussed above, for filtering red, green, and blue light. Even though the array

- of slits is formed by four concentric circles, it is understood that the number of circles may

vary depending on the size of the pixel 100 and/or other design requirements.

[0018]  Referring now to Fig. 5, in still another embodiment, the pixels 100 are

~ photosensitive diodes or photediodes_, for recording an intensity or brightness of light. The




by other circuitry depending on the application for
whi ch the sensor is used Tor. It is understood that
the light 180 is not Iimted to visible |light beam
but can be infrared (IR), wultraviolet (UV), and other
radi ation. [00171 Referring nowto Fig. 4, in another
enbodi nent, the pixel 10.0 is the sane as the one
shown in Figs. 2 except for the pixel includes a

circul ar shaped array of slits instead of
nbedded wi t hin
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passing through to the Ii ght-sensing region 230. . For example, blue light experiences a
“more shallow zffective absorption depth, as compared to red light. Thus, the penetration
depth 250 for cach type of color pixel varies accordingly to maximize the sensiti\fity of the
pixel 100 to the specific wavelength of light. '

f0021]  Additional circuitry also exists to provide an appropriate functionality to handie the
type of pixels 100 being used and the type of light being sensed. An example of & photodiode
- that can be used in this embodiment is shown in U.S. Patent Application (TSMC 2005-0433)

which is hereby incorporated by reference. 1t is understood that the wavelengths of red, green,




pass through to the |ight-sensing region 230. The

array 240 can support several different <color filters-
(e.g., red, green, and blue and the specific

wavel ength is determ ned by the thickness, w dth, and
spacing of the slits. The array 240 is fornmed the sane

way and with the sane range~ of values 'for the slits _..
as discussed in Figs. 2 and 3). However, the array 240
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[0024} In another embodiment, an image sensor includes a semiconductor substrate having a
light-sensing region, and a first, second, and third pixel formed on the subsirate. The sensor
further includes a first, second, and third array of metallic slits embedded and aligned with
the first, second, and third pixel, respectively. The first array is configured to allow red |
light to pass through to the light-sensing region of the first pixel. The second array is

configured to &llow green light to pass through to the light-sensing region of the second




sensing region and a first and second el ectrode
enbedded within the substrate. The first and.-second
el ectrode forman array of slits, the array of slits
is configured to allow a wavel ength of |ight such as
red, green, and blue light, to pass; through to the
light-sensing region. In sone~ -enbodi nents, the
slits have a thickness between 100nmto 600mm, a w dth
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slits enbedded and aligned with the first, second,
and third pixel, respectively. The first array is
configured to allowred |light to pass through to the
i ght-sensing region of the first pixel. The second
array is configured to allow green |ight to pass
through to the Iight-sensing region of the second 6
pi xel . The third array is configured to allow bl ue
light to pass through to the |ight-sensing~




region of the third pixel. 100251 In anot her
enbodi nent, a nethod is provided for neking an inmage
sensor device. The method includes providing a
sem conductor substrate and formng a plurality of
pi xel s on the sem conductor substrate, The nethod
further includes formng a plurality of slits
-enbedded w thin each of the plurality of pixels.m The
plurality of slits is configured to all ow a wavel ength
of lig such as, red, green, and blue light, to pass
vvaﬁﬁ&@g *g“gg%ﬁ;of the plurality of pixels. In sone
enbodi ments, the plurality of slits are forned by a.
first and second electrode and further _includes
appl yi Mt FageFEnipet sice FRITRIIS et NBEk Y AlePirgls. of le@ﬁioone of the
pixeBeeRRA@Lectrode to forman electric field for
sensi ng fhe wavel en th of light. [0026] The foregoing
hessSsuEIndnelar subsiraie Baving 2 §alfeteasing esgitpMent s so t hat
t NPSR: Sl deb&fl crddohid @mﬁé&demthgleﬁjg ShbsHafey ﬁér@ﬂldtgg BSst and
det ai l ed description that follows. Those skilled in
seconq plecmodgfernsaouray Wphisevharctn hhatray hgitnayorieuted tp albev a
wavhBEpEasaRt, S BLASHNE 1B Aulanls Lob, dest gni ng o -
_ fying other prdcesses an Structures for carrying
out t he sane purposes and/or achieving the sane
advant f [ o gln Those
S%. L] eggg de?l %Jfr&?aéﬁ{ib%ﬁl {}‘Fl{]{h% vs'raggl Qg{ﬁ %?ﬂ lilpt 5,{Or 6 rf:d [Erec, ©and
blue Bgiti val ent construction's do not depart fron1the
spirit and scope of the present disclosure, and that
they may make various changes, substitutions and
al3t er aThofwiderfelamw hewin tepaty bNYitd iwm khensPirshbpe.
and scope of the present disclosure. 7 WHAT IS
CLAIMED 1 S: 1~An inmage sensor device, conprising a
pkur al The/dedfcpirxRbS 1, @hekiast a@RCoOflitd RS a dicXBE Shape.
conprising: a semi conduct or substrat e havi ng a
l'ight-sensing region; and a first Lod second el ectrode
egbeddeitk wvidion clahe 1 sWhstmaheslivigrel Midhes befvsden 308nm to
second el ectrode form an array of slits, wherein the
O0nmgr ray of slits is configured to.allow a wavel engt h of
light to pass through to the |ight-sensing region. 2.
The device of claim1, wherein the: wavel ength of
| $- ght The (ff&&ﬂce p@@}amgﬁe@ppre@ﬁ@e slits have 2 width between 20nm to

160nm.

7. The device of claim 1, wherein the slits are spaced between 180nm to 500nm

from each other.

&, The device of claim 1, further comprising a second pixel, wherein the second

pixel has at least one of a thickness, width, and spacing for the slits that is different.

9. The device of claim 1, wherein the first and second electrode are a

conductive metal.




blue Iight. 3. The device of claim1l, wherein the
array oil slits has a rectangul ar shape. 4, The
device of claiml, wherein the array of slits has a
“circular shape. 5. The device. of claim1, wherein the
slits have a thickness between 100nmto 600nm 6.
~The device of claim1l, wherein the slits have a width
between 20nmto 100nm 7. The device of claiml,
wherein the slits are spaced between 80nmto 500nm

fr each ot her he device of c|aim

LonDr ¢ sl R LS R R el e e = zrou
consiifigg at: heasgt amdnea. of a thickness, wi dth, and spacing

for the slits that is different. 9. The devi ce of

claiml, wherein the first and second el ectrode~ are a

conductriby @evied & olaidfo, whhén deviteR fenthiak BhSied ek &innhe
condycti ve tal is selectedb froma group
first e&tﬁ%ﬁc S Hertisre 1oRrmAg, Slater BHd within e dicketnaas seeier frm
gmmggIMpﬁkgln a voltage potential is applied between the
first and second electrode to forman electric field

within the light-sensing region for sensing

radi at i,QNm,J2.nél} VRS AHRSAL: devi ce, conprising: a
sem conductor substrate; a plurallty of pixels forned

on semecoadissarsabstrateaind a plurality of slits enbedded

Wiy yhr?ﬁ%rbfgixeistfgﬁnﬁ S @k shsndle. Rikel s, wherein the
slits are con Iguted to allom1a
vva\pédire]mtgtdﬁ slff enbgdedivatipessh of theplighlityof gach, @fﬁ:«retirhé:e
] t I T, i ce of I
plura% l“b;fgl ln a%‘hrgongl@:g?rgglt? Hc]ig ra W leteggfgrogﬁnfétttg %F% ﬁ}o h tol_ﬁach of
the pdenitcei wkelel ai m 10. mhereln the plurality or' sllts of

at | east one of the

13.  The device of claim 10, wherein the plurality of slits are metaliic.

14.  The device of claim 10, wherein the plurality of slits of at jeast ane of the
pixels has & thickness between 100nm to 600nm, & width between 20nm o 100nm, and are

spaced between 180mm to 500nm from each other.

15, The device of claim 10, wherein the plurality of pixels are selected from a
group consisting of: photodiodes, reset transistors, source follower transistors, pinned layer

photodiodes, and transfer transistors.

'16. A method for making an image sensor device, comprising:

providing a semiconductor substrate;

forming a plurality of pixels on the semiconductor substrate; and

forming a plurality of slits embedded within each of the plurality of pixels, wherein
the plurality of slits are configured to allow a wavelength of light to pass through to each

~ ofthe plurality of pixels.




pi xel s has a thickness between I 00nmto 600nm a

w dth between 20nmto 100nm and are- spaced between |
90nin to 500nm from each other. 15. The device of
claim10, wherein the plurality of pixels are selected
froma group consisting or. photodi odes, reset
transistors, source follower transistors, pinned |ayer
pbot odi odes, and transfer transistors. 16. A, nethod:
for nmeking an image sensor device, conprising:
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ity of wherein the plurality of
bm“?ﬁ?ﬁgﬁﬁfé ]éﬂ? gllom1a wavel ength of light to
pass through to each of the plurality of plxels 9
17._ The_met hod of ¢l a 6, . wherein each of the
pl 1 al %@ﬁ Hbeﬁ%gh qficdas alﬁﬂ Wgefetﬂﬁfﬂ% Rieal iy epels g S@éﬁﬁﬁﬁh from &
eroub QOiEKtind ot hoth dRRl-vaea:t 20mmatd:9, sbARR ML ARG tﬁtﬁ@xsﬁpsa‘ﬁﬁlgud layer
betﬁgen I 80m to 500nm from each ot her, 18.
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are selected froma group consisting of -,

phot odi odes, reset transjstors, source follomer
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am3&$@%34§%95§ 19. The nethod of claim 16, wherein the

plurality of sllts are formed by a first and second

el ectrode. 20. 'The nethod of claim19, further
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