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SILICON SUBSTRATE WITH REDUCED
SURFACE ROUGHNESS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND

In semiconductor technologies, backside-1lluminated sen-
sors are used for sensing a volume of exposed light projected
towards the backside surface of a substrate. The backside-
illuminated sensors can be formed on the front side of the
substrate and light projected towards the backside of the
substrate can reach the sensors. However, annealing pro-
cesses used to fabricate the backside-1lluminated sensors can
result 1n surface roughness that can efiect the light photo
response of the backside-1lluminated sensors. Improvements
in backside 1lluminated sensors and/or the methods of fabri-
cating backside 1lluminated sensors are desired.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the accom-
panying figures. It 1s emphasized that, 1n accordance with the
standard practice in the industry, various features are not
drawn to scale. In fact, the dimensions of the various features
may be arbitrarily increased or reduced for clarity of discus-
S101.

FIG. 1 illustrates a flow chart of one embodiment of a
method for fabricating a semiconductor device according to
aspects of the present disclosure.

FI1G. 2 illustrates a cross sectional view of one embodiment
ol a semiconductor substrate provided according to aspects of
the present disclosure.

FI1G. 3 1llustrates a cross sectional view of one embodiment
of a plurality of 1imaging sensors formed on the semiconduc-
tor substrate of FIG. 2 according to aspects of the present
disclosure.

FI1G. 4 illustrates a cross sectional view of one embodiment
of a mult1 layer interconnect formed on the semiconductor
substrate of FIG. 3 according to aspects of the present disclo-
sure.

FI1G. 5 1llustrates a cross sectional view of one embodiment
of the semiconductor substrate of F1G. 4 inverted according to
aspects of the present disclosure.

FI1G. 6 illustrates a cross sectional view of one embodiment
of a positive type dopant layer formed on the semiconductor

substrate of FIG. 5 according to aspects of the present disclo-
sure.

FI1G. 7 1llustrates a cross sectional view of one embodiment
ol the positive type dopant layer on the semiconductor sub-
strate of FIG. 6 after etching according to aspects of the
present disclosure.

FI1G. 8 illustrates a cross sectional view of one embodiment
of a plurality of color filters formed adjacent the positive type
dopant layer on the semiconductor substrate of FIG. 7 accord-
ing to aspects of the present disclosure.

FI1G. 9 1llustrates a cross sectional view of one embodiment
of a plurality of micro lenses formed adjacent the color filters
on the semiconductor substrate of FIG. 8 according to aspects
of the present disclosure.

DETAILED DESCRIPTION

It 1s to be understood that the following disclosure provides
many different embodiments, or examples, for implementing,
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different features of various embodiments. Specific examples
of components and arrangements are described below to sim-
plify the present disclosure. These are, of course, merely
examples and are not intended to be limiting. In addition, the
present disclosure may repeat reference numerals and/or let-
ters 1n the various examples. This repetition 1s for the purpose
of simplicity and clarity and does not in itself dictate a rela-
tionship between the various embodiments and/or configura-
tions discussed. Moreover, the formation of a first feature
over or on a second feature 1n the description that follows may
include embodiments 1n which the first and second features
are formed 1n direct contact, and may also include embodi-
ments 1n which additional features may be formed interpos-
ing the first and second features, such that the first and second
features may not be 1n direct contact.

Referring now to FIG. 1, a method 100 for fabricating a
semiconductor device 1s illustrated. In the illustrated embodi-
ment, the method 100 1s used to fabricate a backside 1llumi-
nated 1imaging sensor. However, one of skill in the art waill
recognize that the processes and techniques disclosed 1n the
method 100 may be used to fabricate a varniety of different
semiconductor devices known 1n the art.

Referring now to FIGS. 1 and 2, the method begins at step
102 where a semiconductor substrate 102a 1s provided. The
semiconductor substrate 102a includes a first surface 102b
and a second surface 102c that 1s located opposite the semi-
conductor substrate 102a from the first surface 102a. The
semiconductor substrate 102a includes silicon. The semicon-
ductor substrate 102a may alternatively or additionally
include other elementary semiconductor materials such as
germanium and diamond. The semiconductor substrate 102a
may also include a compound semiconductor such as silicon
carbide, gallium arsenic, indium arsenide, and mndium phos-
phide. The semiconductor substrate 102a may include an
alloy semiconductor such as silicon germanium, silicon ger-
mamum carbide, galllum arsenic phosphide, and galllum
indium phosphide. The semiconductor substrate 102a may
include various p-type doped regions and/or n-type doped
regions. All doping may be implemented using a process such
as 1on 1mplantation or diffusion in various steps and tech-
niques. The semiconductor substrate 102a may include con-
ventional isolation features, known 1n the art, to separate
different devices formed 1n the semiconductor substrate 102a.
The semiconductor substrate 102a may include other features
such as an ep1 layer, a semiconductor on nsulator (SOI)
structure, or combinations thereof.

Referring now to FIGS. 1 and 3, the method 100 proceeds
to step 104 where 1maging sensors are formed adjacent the
first surface 102b on the semiconductor substrate 102a. A
plurality of imaging sensors 104a are formed adjacent the first
surface 102b of the semiconductor substrate 102a using
methods known 1n the art. In one embodiment, the 1maging
sensors 104a may be disposed over the first surface 102b of
the semiconductor substrate 102a and extended into the semi-
conductor substrate 102a. In another embodiment, the 1imag-
ing sensors 104a may be disposed above the first surface 102b
of the semiconductor substrate 102a. The 1imaging sensors
104a each may include a light-sensing region (or photo-sens-
ing region) which may be a doped region having N-type
and/or P-type dopants formed 1n the semiconductor substrate
102a by a method such as diffusion or 10n implantation. The
light-sensing region may have a doping concentration rang-
ing between about 10** and 10*" atoms/cm”. The light-sens-
ing region may have a surface area ranging between about
10% and 80% area of the associated sensor element, being
operable to receive light (or radiation from an object to be
imaged) illuminated on. The imaging sensors 104a may
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include photosensitive diodes or photodiodes for recording
an intensity or brightness of light on the diode. The 1maging
sensors 104a can be of various different types, including
complimentary metal-oxide-semiconductor (CMOS) 1image
sensors, charged coupling device (CCD) sensors, active sen-
sor, passive sensor, and/or other sensors diffused or otherwise
formed 1n the semiconductor substrate 102a. As such, the
imaging sensors 104a may comprise conventional and/or
tuture-developed 1image sensing devices. The imaging sen-
sors 104a may include a plurality of pixels disposed in a
sensor array or other proper configuration. The plurality of
sensor pixels may be designed having various sensor types.
For example, one group of sensor pixels may be CMOS 1mage
sensors and another group of sensor pixels may be passive
sensors. Other types of pixels may include reset transistors,
source lollower transistors, pinned layer photodiodes, and
transier transistors. Additional circuitry and inputs/outputs
are typically provided adjacent to the pixels for providing an
operation environment for the pixels and for supporting exter-
nal communications with the pixels. Moreover, the imaging
sensors 104a may include color image sensors and/or mono-
chromatic image sensors. The semiconductor substrate 102 1s
designed such that the imaging sensors 104a may receive
light (or radiation) directed towards the second surface 102¢
of the semiconductor substrate 102a during applications,
climinating obstructing the optical paths by other objects
such as gate features and metal lines, and maximizing the
exposure of the light-sensing region to the 1lluminated light.
The substrate 102a may be thinned such that the light directed
through the second surface 102c¢ of the semiconductor sub-
strate 102a thereof may effectively reach the imaging sensors
104a.

Referring now to FIGS. 1 and 4, the method 100 proceeds
to step 106 where a mult1 layer interconnect 1s formed on the
first surface 102b of the semiconductor substrate 102a and
adjacent the imaging sensors 104a. A multilayer interconnect
(MLI) 106a 1s formed on the first surface 102b of the semi-
conductor substrate 102a and coupled to the imaging sensors
104a such that the imaging sensors 104a are operable to
properly respond to illuminated light (imaging radiation).
The multilayer interconnect (MLI) 106a may be formed on
the semiconductor substrate 102a and disposed on the first
surface 102b overlying the imaging sensors 104a. The mul-
tilayer interconnect 106a may include conductive materials
such as aluminum, aluminum/silicon/copper alloy, titanium,
titanium nitride, tungsten, polysilicon, metal silicide, or com-
binations, being referred to as aluminum interconnects. Alu-
minum interconnects may be formed by a process including,
physical vapor deposition (or sputtering), chemical vapor
deposition (CVD), or combinations thereof. Other manufac-
turing techniques to form the aluminum interconnect may
include photolithography processing and etching to pattern
the conductive materials for vertical (via and contact) and
horizontal connects (conductive line). Still other manufactur-
ing processes such as thermal annealing may be used to form
metal silicide. Alternatively, copper multilayer interconnect
may be used and 1nclude copper, copper alloy, titanium, tita-
nium nitride, tantalum, tantalum nitride, tungsten, polysili-
con, metal silicide, or combinations thereof. The copper mul-
tilayer interconnect may be formed by a technique including
CVD, sputtering, plating, or other suitable processes. The
metal silicide used 1n multilayer interconnects may include
nickel silicide, cobalt silicide, tungsten silicide, tantalum sili-
cide, titanium silicide, platinum silicide, erbium silicide, pal-
ladium silicide, or combinations thereof.

In an embodiment, an interlayer dielectric (inter-level
dielectric or ILD) 106b 1s included to 1solate the multilayer
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interconnect 106a disposed therein. The interlayer dielectric
structure 106b may include silicon dioxide, silicon nitride,
silicon oxynitride, polyimide, spin-on glass (SOG), fluoride-
doped silicate glass (FSG), carbon doped silicon oxide, Black
Diamond® (Applied Materials of Santa Clara, Calit.), Xero-
gel, Aerogel, amorphous fluorinated carbon, Parylene, BCB
(bis-benzocyclobutenes), SILK (Dow Chemical, Midland,
Mich.), polyimide, and/or other suitable materials. The ILD
106b may be formed by a technique including spin-on, CVD,
sputtering, or other suitable processes. The MLI 106a and
IL.D 106b may be formed 1n an integrated process including a
damascene process such as dual damascene processing or
single damascene processing.

Retferring now to FIGS. 1, 5 and 6, the method 100 pro-
ceeds to step 108 where a positive type dopant layer 1s formed
adjacent the second surface 102¢ of the semiconductor sub-
strate 102a. In an embodiment, the semiconductor substrate
102 1s inverted, as illustrated 1n FI1G. 5. A localized annealing
process such as, for example, laser annealing, 1s then used to
activate an 10n 1implant 1n order to form a positive type dopant
layer 108a located adjacent the second surface 102¢ of the
semiconductor substrate 102a. A localized annealing process
provides concentrated energy to a local region of the second
surface 102c¢ of the semiconductor substrate 102a for etficient
annealing etfect. Other proper localized annealing processes
may alternatively be used. The localized annealing process
performed 1n step 108 of the method 100 1n order to form the
positive type dopant layer 108a results a surface roughness A
and a plurality of crystal defects on the second surface 102c of
the semiconductor substrate 102a. In an embodiment, the
surface roughness A of second surface 102c of the semicon-
ductor substrate 102a after localized annealing process 1s
approximately 100 to 1000 Angstroms.

Referring now to FIGS. 1 and 7, the method 100 proceeds
to step 110 where the second surface 102¢ of the semicon-
ductor substrate 102a 1s etched. An etchant 1s applied to the
second surface 102¢ of the semiconductor substrate 102a 1n
order to reduce the surface roughness A of the second surface
102c, 1llustrated 1n FIG. 6, to a surface roughness B. The
ctchant may utilize a wet chemical etchant. In an embodi-
ment, the etchant may be an alkaline solution of ammonia
water and aqueous amine. In an embodiment, the etchant may
be Tetramethyl ammonium hydroxide (TMAH), ethylenedi-
amene pyrocatecol (EDP), an Alkaline Hydroxide such as, for
example, KOH, NaOH, CeOH, and/or RbOH, and/or a vari-
ety of other etchants known 1n the art. In an embodiment, the
ctching of step 110 in method 100 1s carried out at a tempera-
ture between approximately 20 to 50 degrees Celcius. In an
embodiment, the etching of step 110 1n method 100 1s carried
out for a duration of between approximately 2 to 10 minutes.
In an embodiment, the etching of step 110 1n method 100 1s
carried out at an etch rate of between approximately 100 to
300 Angstroms per minute. In an embodiment, the surface
roughness B after etching 1s reduced to less than approxi-
mately 20 Angstroms such as, for example, 1n a range of
between approximately 10 and 20 Angstroms.

Referring now to FIGS. 1 and 8, the method 100 proceeds
to step 112 where a plurality of color filters are formed on the
second surface 102c¢ of the semiconductor substrate 102a and
adjacent the positive type dopant layer 108a. A color filter
layer 112a 1s formed on the second surface 102¢ of the semi
conductor substrate 102a using methods known in the art. The
color filter layer 112a includes a plurality of color filters 112b
which may include several different color filters such as, for
example, a red filter, a green filter, and a blue filter. The color
filters 112b may be positioned such that incident light 1s
directed thereon and therethrough. In an embodiment, the
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color filters 112b may comprise a polymeric material (e.g.
negative photoresist based on an acrylic polymer) or resin.
The color filter layer 112a may comprise negative photoresist
based on an acrylic polymer including color pigments.

Referring now to FIGS. 1 and 9, the method 100 proceeds
to step 114 where a plurality of micro lenses are formed
adjacent the color filters 112b. A plurality of micro lenses
114a are formed adjacent the color filters 112b using methods
known 1n the art. In operation, i1lluminated light may be
directed at the micro lenses 114a, filtered through the color
filters 112b, and sensed by the imaging sensors 104a.

In the disclosed structure and the method to make the same,
the 1lluminated light during operation may not be limited to
visual light beam, 1t can be extended to other optical light such
as infrared (IR) and ultraviolet (UV), and other proper radia-
tion beams. Other processes may be implemented 1n the
method 100. In one embodiment, a passivation layer may be
formed on the multiple layer interconnect 106a and an anti-
reflective coating (ARC) may be formed on the positive type
dopant layer 108a. In another embodiment, the semiconduc-
tor substrate 102a may be thinned from the second surface
102c using a proper process such as, for example, grinding.

Thus, the present disclosure provides a method for fabri-
cating a semiconductor device. In one embodiment, the
method 1ncludes providing a semiconductor substrate com-
prising a first surface and a second surface, wherein at least
one 1maging sensor 1s located adjacent the first surface, acti-
vating a dopant layer 1n the semiconductor substrate adjacent
the second surface using a localized annealing process, and
ctching the dopant layer.

The present disclosure also provides a method for fabricat-
ing a backside illuminated imaging sensor. In one embodi-
ment, the method includes providing a semiconductor sub-
strate having a first surface and a second surface, forming a
plurality of 1imaging sensors on the first surface, forming a
positive type dopant layer on the second surface, forming a
plurality of color filters on the positive type dopant layer, and
forming a plurality of micro lenses adjacent the color filters.

The present disclosure also provides a backside 1llumi-
nated semiconductor device. In one embodiment, the device
includes a semiconductor substrate having a first surface and
a second surface, a plurality of imaging sensors formed 1n the
semiconductor substrate adjacent the first surface, a positive
type dopant layer formed 1n the semiconductor substrate adja-
cent the second surface, wherein the positive type dopant
layer comprises a thickness between approximately 500 and
5000 Angstroms, a plurality of color filters formed adjacent
the positive type dopant layer, and a plurality of micro lenses
formed adjacent the color filters.

The foregoing has outlined features of several embodi-
ments so that those skilled 1n the art may better understand the
detailed description that follows. Those skilled 1n the art
should appreciate that they may readily use the present dis-
closure as a basis for designing or modilying other processes
and structures for carrying out the same purposes and/or
achieving the same advantages of the embodiments intro-
duced herein. Those skilled in the art should also realize that
such equivalent constructions do not depart from the spirit
and scope of the present disclosure, and that they may make
various changes, substitutions and alterations herein without
departing from the spirit and scope of the present disclosure.

What is claimed 1s:
1. A method for fabricating a backside 1lluminated imaging
SEeNsor, Comprising:
providing a semiconductor substrate having a first surface
and a second surface;
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forming a plurality of imaging sensors on the first surface;
and

forming a positive type dopant layer on the second sur-
facel;], wherein forming the positive tyvpe dopant layer
on the second surface includes activating the positive
tvpe dopant on the second surface with a localized
annealing process.

[forming a plurality of color filters on the positive type
dopant layer; and

forming a plurality of micro lenses adjacent the color fil-
ters.]

2. The method of claim 1, further comprising etching the
second surface to provide a surface roughness on the second
surface of less than approximately 20 Angstroms.

3. The method of claim 1, further comprising;

forming a multi layer interconnect on the first surface adja-
cent the plurality of imaging sensors.

4. The method of claim 1, further comprising etching the

second surface with wet chemical etching.

5. The method of claim 4, wherein the wet chemical etch-
ing comprises etching with an alkaline solution of ammonia
water and aqueous amine.

6. The method of claim 4, wherein the wet chemical etch-
ing comprises etching with an etchant chosen from the group
consisting of Tetra-methyl ammonium hydroxide (TMAH),
cthylenediamene pyrocatecol (EDP), and an Alkali Hydrox-
ide (Alkali-OH).

7. A backside illuminated semiconductor device, compris-
ng:

a semiconductor substrate having a first surface and a sec-

ond surface;

a plurality of imaging sensors formed 1n the semiconductor
substrate adjacent the first surface;

a positive type dopant layer formed in the semiconductor
substrate adjacent the second surface, wherein the posi-
tive type dopant layer comprises a thickness between
approximately 500 to 5000 Angstroms; and

a plurality of color filters formed [adjacent] directly on the
positive type dopant layer[; and].

[a plurality of micro lenses formed adjacent the color fil-
ters.]

8. The device of claim 7, wherein the positive type dopant

layer 1s fabricated by a process comprising:

activating a P+ 1on implant layer with a localized annealing
process; and

ctching the P+ 1on implant layer.

9. The device of claim 8, wherein the second surface has a
surface roughness of less than approximately 20 Angstroms.

10. The method of claim 1, wherein the forming of the
positive type dopant layer on the second surface includes:

forming an ion mmplant layer in the semiconductor sub-
strate; and

locally annealing the 10n implant layer.

11. The method of claim [1] /5, wherein the forming of the
plurality of micro lenses is carried out so that the micro lenses
are on a side of the color filters opposite from the positive type
dopant layer.

12. The method of claim 1, further comprising etching the
second surface, wherein the etching reduces a roughness of
the second surface.

13. The device of claim [7] / 6, wherein the micro lenses are
disposed on a side of the color filters opposite from the posi-
tive type dopant layer.

14. The device of claim 7, wherein the second surface has
a surface roughness of less than approximately 20 Angstroms.
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13. The method of claim 1, further comprising:

Jorming a plurality of color filters on the positive type
dopant layer; and

Jorming a plurality of micro lenses adjacent the color fil-
lers. 5

16. The backside illuminated semiconductor device of
claim 7, further comprising:
a plurality of micro lenses formed adjacent the color filters.

G x e Gx o
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