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BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0004] Aspects of
the present disclosure are best understood fromthe
followi ng detailed description when read with the
acconmpanying figures. It is enphasized that, in
accordance with the standard practice in the

i ndustry, various features are not drawn to scale. In
fact, the dinmensions of the various features nmay be
arbitrarily increased. or reduced for clarity of

di scussion. [0005]Fig. I-is a top view of a sensor
including a plurality of pixels, according to one or

e %@p&cﬁ HBPES.ALa hHePmeSRAt THE 36l RIIREDy using a color filter
gﬁ_lg. 2 1s a top view of a pixel aving an ...
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.sa?%]mg. oggltelee;%yg ghe cgiﬂl'ﬁﬁﬂ’e%togi mt&s; ?nggi ¢h iﬁ%gf_t mmpm?@mﬁolr a large
e presen i'scl osure: )7, : is sectiqn
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phot odet ector, caonstructed according to aspects of :
togsuchHPe ¥ B E I RS PB009] Fig. 5 is a secti onal

vi ew of "anot her pixel having an enbedded MSM col or

i-BfiItepﬁ:c%pstructz%ﬂ§g§35ﬁ5Q% to aspects of the
[0064]  Aspects ofthe pr&ce:nt. d.isclosure are best understood from the following detailed
description when tead wifh the accompanying figures. It is emphasized that, in accordance with
the standard practice in the industry, varioes features are not drawn to scale. In fact, the
* dimensions of the various features may bsym‘bitraxiij.' increased or reduced for clarity of

© discussici. .
[6D0S] Fiz. 1 isa top view of a sensor inchuding a plumlity of pixels, according to one oz
more embodimsnts of the present disclosure. )
[0006]  Fig. 2 is a top view of 2 pixel having an embedded metal-semiconductor-metal
" {MSM) photodetect&r, constracted according to aspects of the present disc}ésure.’
[6007]  Fig. 3 is a sectional view of the pixél shown in Fig. 2.
[6008]  Fig. 4 is a top view of auoth;‘ar pixel having an embedded MSM pho;odetecior‘,

consiructed aczording o aspects of the present disclosure.
[0bB9}  Fig. 5 is a sectional view of another pizel heving an embedded MSM color filter,

construcied acco.rding to aspects of the present disclosure. .

DETAILED DESCRIPTION _
© [0010) . ¥t isio be understood that the following disclosure provides many different

" embodiments, o examples, for implementing different features of various embodiments.
Specific exampies 6f components and arrangements are described below fo simplify the present

‘ disclosure. These are, of course, fncrely examples and are not intended to be limpiting. In
addition, the prasent disclosure may repeat reference numerals and/or Jetters in the various
cxamplés. This fe;petiﬁon 1s for the purpose of simplicity and clarity and does not in itself dictate
- a ralétionship between the varjous embodiments and/or configurations discussed. Moreover, the



DETAI LED DESCRI PTION [0010] 1t is to be understood
that the follow ng disclosure provides many di - ent

enbodi ments, or exanples, for inplenmenting different
features of various enbodi nents. Specific exanpl es of
conmponents and arrangenents are described belowto
sinplify the present disclosure. These are, of
course, nerely exanples and are not intended to be
l[imting. In addition, the present disclosure may

. repeat reference nunerals and/or letters in the
various exanples. This repetition is for the purpose
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create d1 fferent pattems for the electrode formation.

-[8914} The two electrodns 170 130 are made from a conductive metal such as Cu, Ag, or.
- Au_ The slectrodes 120, 130 are embedded within the silicon substrate 110 and arranged to
form a rectangular shaped array of slits as shown. After patierning and eiching, a metal
deposition process is done to form the eicctrpdes 120, 130 and may be finished off with a
metal pelishing process. Becanse these embedded MSM photod_ectors are inherently
. plaopar, it allows for ca@ fabrication and integration with the various types of image
SCNS0TS.
[0015] Referring now to Fig. 3, a ‘voltage potential is apph:ed between the electrodes
120, 130 whic¢a results in an electric field generated within a ﬁght-@nsing region 170 (or

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



110 in order to form enbedded el ectrodes 120, 130 as
di scussed bel ow. This can be done by a variety of

di fferent techni ques. One technique is to apply a
phot osensitive |layer to the surface of the substrate
110, pattern the photosensitive |layer with the
specified geonetry, and dry plasma etch the substrate
according to the pattern. This process can be
repeated to create different patterns for the .

el ectrode formation. [0014] Thetwo el ectrodes 120, 130
are made from a conductive netal such as Cu, Ag, or
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one shown in Figs. 2 except for the pixel includes a
circular shaped array of slits instead of
rectangul ar. The el ectrodes 120a, 130a enbedded
within the silicon substrate 110 forman array of
slits made up of concentri c circles. The cross
sectional view of this enbodinment is the sane as the
one shown in Fig. 3. The paraneters of the slits have
the sane range of val ues, as discussed above, for . _
filtering red, green, and blue |ight. Even though the
array of slits is forned by four concentric circles,
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100211Additional circuitry also exists to provide an
appropriate functionality to handle the type of

pi xel s 100 bei ng used and the type of |ight being

sensed. An exanple of a photodi ode that can be used

in this enbodinent is shown in U S. Patent

Application (TSMC 2005-0433) which is hereby

i ncorporated by reference. It is understood that the
wavel engt hs of red, green, and blue |light are C
provided for the sake of exanple, and that the pixels ¢
100 are generally illustrated as being photodi odes :
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" plurality of pixels. The 'plmaiity of stits are metallic and configured to allow a wavelength of
- light, such as red, green, and blue lisht, to pass through to each of the plurality of pixels. In
A some embodiments, the plurality of pixels are photodiodes. In oiher embodiments, the plurality
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. transistors. In other embodiments, the plarality of pixels are pinned laycr photod:odes In stiil
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[0024]  In aaother embodiment, an image sensor includes a semiconductor substrate having a

light-sensing region, and a first, second, and third pixel formed on the substrate. The sensor
farther includes a first, secon&, 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 7
light to pass through to the light-sensing regidn of the first pixel. The second array is
configured to dllow green light to pass through to the light-sensing region of the segond



plurality of pixels forned on the substrate, and a
plurality of slits enbedded with each of the.

plurality of pixels. ThePlurality of slits are

metal lic and configured to allow a wavel ength of

l'ight, such as red, green, and blue light, to pass

t hrough to each of ‘the plurality of pixels.. In sone
enbodi nents, the plurality of pixels are photodiodes.

I'n other enbodi nents, the plurality of pixels are

‘reset transistors- . In other enbodi nents, '
theplurality of pixels are source foll ower
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confiqgured to al]ow. red. | 0 _pass ro o the
s GG PPl OFIGT WY SR PR aroom et s
incAdEPplivig @aariajggﬁtaﬁaltt@mlaﬂ @Y £@8echidHMerdd2 tPRSS an electric
grough to th% I.ght-sensing region .of the second
‘ ﬁe{gl XA RS FAKF H8¥: i s configured to all ow bl ue
" [odzpht THORRASH bl alged F@idriien flsb @il <8BShAYs §afkiahoseklilled

. the third pixel. [0025]]. not.her iment, a,.. .. .
in e B0y PEB BT FoS I AG R B e g POt il i the
art ﬂl’tﬁldf@bi‘&litej tSﬁLtlhk@Qﬁ_ ayEaNlly Ghbdihe @r&ﬁ&ﬁ?@ﬂﬁﬁk&_ | isQ’r basis I'I:m
substr at .an anni n a ra__lty 0 1 Xel s.on the
oSSR oo AR B OLanBPrarS Rt o e Rt Hate fpgawses
and/c 26060 s @ihp baniaddviyta sk of thie tabedibedd atrotdckhhersiga Thosfskilled

o he, plurality of pixels. .The plurality,of slits.is.. .
in o Pt rorRe S (B S S S maror do: Betrehpop e seis
andrseahe of tlegneseaitithchisore, dudgiet they capaske vhbugthangeseabktitofions
the plurality..of pixels..|ln.sone, e [ ts, the. '

enase R et Vi Batutrrnnd 00 SRR PR e St ingroome

el ectrode and thither includes applying a voltage - _
potential between the first-and second el ectrode to
forman electric field for sansim the wavel ength of
l'ight. [0026] The foregoing has outlined features of
several enbodi nents so that those skilled in the art
may better understand the detail ed description thAt
follows. Those skilled in the art should appreciate
that ‘they may readily use the present disclosure as a
basi s for designing or nodifying other processes and
~structures for carrying out the sane -purposes and/or
achi eving the sane advant ages of the enbodi nents . .

i ntroduced herein. Those skilled in the art should

al so realize that such equival ent constructions do
not depart fromthe spirit and scope of the present
di scl osure, and that they may nake vari ous changes,
substitutions and alterations herein w thout _
departing fromthe spirit and scope of the present

di scl osure. ' : : :




WHAT IS CLAIMED I'S: |I. An image sensor device,

conprising a plurality of pixels, at |east one of the
pi xel s conprising: a sem conductor substrate having a

i ght-sensing region; and .a first and second

el ectrode enbedded within the substrate, wherein the
first and second el ectrode font an array of slits,
wherein the array of slits is configured to allow a
wavel ength of light to pass through to the B

i ght-sensing region. 7.The device aof claiml,

wherein the wavelength of light is for red, green,
wanek 1§ opsbhvks.xs: 3. The device of claimi1,
whezein.the array of slits has a rectangul ar shape 4.
The device O claim1l, wherein the array of slits has
a c't rcu Iﬁafinﬁbﬁm.sor device, bomiisin heplivedtyof pizklai anidast one of the

rein th slits have a thickness between 100nmto

Pt PERring

a semiconductor substrate having a light-sensing region, and
a first and second electrode embedded within the substrate, wherein the first and

second electrode form an array of slits, wherein the array of slits is configured to allow a

wavelength of light to pass through to the light-sensing region.

2. The device of claim 1, wherein the wavelength of light is for red, green, and
blue light.

3. The device of claim 1, wherein.the array of slits has 2 ractanoula: shape.

4, The device 6F claim 1, wherain the array.of slits has 2 cirenlar shape.

The device of claim I, wherein the slits have a thickness between 100nm to

Lh

600nm.

6. The device of claim 1, wherein the sHts have 2 width between 20nm to

100nm. .

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

from each other.

8. The device of claim I, further comprising 2 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, threm the frst and second eiectrods area

conduct:ve metal.



6. The device of claiml1l, wherein the slits have a

wi dt h between 20nmto 100nm 7. The device of
claim1, wherein the slits are spaced between 180i am
to 500nm from each ot her. 8. The device of

claim11, further conprising a second pixel, wherein

t he l%ecoﬁ%e@lb%l@é oP@gindb, WEESh t@&)n@flctﬁfetﬂiﬁtﬁllﬁ@ e8&sted from a group

wi_dt h, and spaci rl%for the slits that is different.
copsistpgeolefelhi 4% 38E A% ai m 1, wherein the first and

second el ectrode are a conductive netal . 10.
The evi f cl aj wh
éil ectiZg devicP @aﬁ%ﬁp E%%g rés‘{ N %ﬁﬂgﬂ‘%k i H@&@é&ween the

ﬁrs’&umd second eletttodeTiodorhe it ekecloic feldive th@/\h@ﬂéﬁ?ﬁl%g region for

tential is applied between the first and
Seﬂsg)ricg:)ﬁg%t Igctrode to forman electric field within the

i ght-sensing region for sensing radiation.
12. 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 of the plurality of pixels,and wherein the plurality of slits are formed

by a first and second electrode.



12. A nmethod for making an i mage sensor device,
conprising: providing a sem conductor substrate;
formng a plurality of pixels on the sem conductor
substrate; and formng a plurality of slits
enbedded within each of the plurality of pixels,

whergi n e n@ﬂlﬁﬂ# ctla}{mIOIfZ %Jh‘efe?‘n &k of %fﬂlﬁ‘dﬁ £§hisRis have a

al | ow a wavel engt hrou to each
thigknas betpieenr HIQ 1y 1@ FOhRRed gﬂf&h@e&ﬁéﬁ 8 pmy ‘ﬁgl OBIng- apst e3¢
sde‘ed%leMe%nc’lB@nﬁthb%d nBYfrémfdaélsbthand second el ectrode.
. The nmethod of claim 12, wherein each of the
pI ural ity of slits have a thickness between 100 nmto
600 urn, The \ﬂhdﬂﬁdﬁi dfelaeel?, 2erpimthe lukAldy wf pixehrude selected
a%;eﬂilgbceﬁtg% 3){‘819’& 18(?6]?21‘69%&6%1?861&{)% O%?g{'fu r a{%’SI{fI&DS%S’[OIS,
plrpnedéi}@r p]nc&ochedi@@&mﬁtrmfﬂmﬁangﬁoﬁp consi sting of:
phot odi odes, reset transistors, source follower
transi stors, pinned | ayer phot od| odes, and tranlsfer_
trad$i st dhg method of clzm 1P firfher FRAPBTE 1RA WG 8 Voltage
polferBANREWESATRE fissh BSH SRBAY elBgrcle\O dragm dedteafitldl for sensing
between the first and second el ectrode to form an
theyalseth o lighlt for sensing the wavel ength of 1ight.
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