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BACKSIDE ILLUMINATED IMAGE SENSOR

Yacov Malinovich
Ephie Koltin

Wi 49 50 DY 84 5o o 19572 563 FAb H9 (777,

FIELD OF THE INVENTION---..

The present invention relates to solid state image
sensors. More specifically, the present invention relates
to a method for fabricating backside illuminated image
sensors and to a backside illuminated image sensor

fabricated by the method.

RELATED ART

Solid state image sensors are used in, for example,
video cameras, and are presently realized in a number of
forms including charge-coqpled devices (CCDs) and CMOS image
sensors. These image sensors are based on a two dimensional
array of pixels. Each pixel includes a sensing element that
is capable of converting a portion of an optical image into
an electronic signal. These electronic signals are then
used to regenerate the optical image on, for example, a
display.

CMOS- image sensors first appeared in 1967. However,
CCDs have prevailed since their invention in 1970. Both
solid-state imaging sensors depend on the photovoltaic
response-that‘results when silicon is exposed to light.
Photons in the visible and near-IR regions of the spectrum
have sufficient energy to break covalent bonds in silicon.
The number of electrons released is proportional to the
light intensity. Even though both technologies use the same

physical properties, all-analog CCDs dominate vision

ﬂ/l.
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applications because of their superior dynamic range, low

fixed-pattern noise (FPN), and high sensitivity to light.

More recently, however, CMOS image sensors have gained
in popularity. Pure CMOS image 'sensors have benefited from
advances in CMOS technology for microprocessors and ASICs
and provide several a&;éﬁtages over CCD imagers. Shrinking
lithography, coupled with advanced signal-processing |
algorithms, sets the stage for sensor array, array control,
and image processing on one chip produced using these well-
established CMOS techniques. Shrinking lithography should
also decrease image-array cost due to smaller pixels.
However, pixels cannot shrink too much, or they have an
insufficient light-sensitive area. Nonetheless, shrinking
lithography provides reduced metal-line widths that connect
transistors and buses in the array. As discussed below, in
frontside illuminated image sensors, this reduction of
metal-line width exposes more silicon to light, thereby
increasing light sensitivity. CMOS image sensors also
provide greater power savings, because they require fewer
power;supply voltages than do CCD imagers. In addition, due
to modifications to CMOS. pixels, newly developed CMOS image
sensors provide high-resolution, low-noise images that
compare with CCD imager quality.

CMOS pixel arrays are at the heart of the newly -
developed CMOS image sensors. CMOS pixel-array construction
uses active or passive pixels. Active-pixel sensors (APSs)
include amplification circuitry in each pixel. Passive
pixels use photodiodes to collect the photocharge, whereas
active pixels can include either photodicde or photogate
light sensitive regions. The first image—sensor devices
used in the 19COs'were passive pixel arrays, but read noise

for passive pixels has been found to be high, and it is

5
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difficult to increase the passive pixel array’s size without
exacerbating the noise. CMOS active-pixel sensors (APSs)
overcome péésive—pixel deficiencies by including active
circuits (transistors) in each pixel.

Fig. 1 shows a CMOS APS imége sensor circuit 100 that
includes a pixel array.110 and control circuitry 120.

Pixei array 110 includes a closely-spaced matrix of APS
cells (pixels) 140 that are arranged in rows and columns.
Pixel array 110 is depicted as a ten-by-ten array for
illusﬁrative purposes only. Pixel arrays typically consist
of a much larger number of pixels (é;g., 804Fby—1016
arrays). Moreover, the pixels may be arranged in patterns:
other than rows and columns. Each APS cell 140 of pixel
afray'llo includes a light sensing element that is capable
of converting a detected quantity of light irto a
corresponding electrical signal at an output terminal 150.
The pixels in each row are connected to a common reset
control line 123 and a common row select control line 127.
The pixels in each column are connected through respective
output terminals 150 to an associated common column data
line 130.

Control cifcuitry 120 includes a row decoder 123 and
sense amplifiers/registers 127. A timing controller (not
shown) provides timing signals to row decoder 120 that
sequentially activates each row of APS cells 140 via reset
control lines 124 and row select control lines 125 to detect
light intensity and to generate corresponding output voltage

signals during each frame interval. A frame, as used

herein, refers to avsinglé complete cycle of activating and

sensing the output from each APS cell 140 in the array a
single time over a predetermined frame time period. The

timing of the imaging system is controlled to achieve a

L
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desired fréme rate, such as 30 ffames per second in video
applications. The detailed circuitry of the row decoder
123, sense amplifiers/registers 127 and timing controller is
well known to one ordinarily skilled in the art. When
detecting a particulaz\ﬁrame, each row of pixels may be
activated to detect light intensity over a substantial
portion of the frame interval. In the time remaining after
the row of APS cells 140 has detected the light intensity
for the frame, each of the respective pixels simultaneously
generates output voltage signals corresponding to the amount
of light detected by that APS cell 140. If an image is
focused on the array 110 by, for example, a conventional
camera lensg, then each APS cell 140 generates an output
voltage signal corresponding to the light intensity for a
portion of the image focused on that APS cell 140. The
output voltage signals geﬁérated by the activated row are
simultaneously provided to column output lines 130 via
output terminals 150. Column output lines 130 transmit
these output voltage signals to sense amplifiers/registers
127.

" Figs. 2(A) and 2(B) are simplified schematic and cross-
sectional views showing a conventional frontside illuminated
APS (image sensor) cell 140(1). APS cell 140(1) includes a
photodiode 210, a reset transistor 220, an amplifier formed
by a sourée—follower transistor 230, and a select transistor
240. Reset transistor 220 includes a gate connected to
reset control line 124(1), a first terminal connected to a
voltage source Vpp (e.g., 5 volts) that is transmitted on a -
voltage source.line 223, and a second terminal connected to
a terminal of photodiode 210 and to the gate of source-
follower transistor 230 via meﬁal line 224. Reset |

trahsistor 220 controls integration time and, therefore,
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provides for electronic shutter control. Source-follower
transistor 230 has a first terminal connected to voltage
source line 223, a .second termihal connected to a first
terminal of select trahsistor 240. Source-follower
tfansistor 230 buffers the charge transferred to column
output lines 130 from.bhbfodiode 210, and provides current
to charge and discharge capacitance on column output lines
130 more quickly. The faster charging and discharging allow
the length of column output lines 130 to increase. This
increased length, in turn, allows an increase in array size.
Select transistor 240 has a gate connected to row select
control line 125(1) and a second‘terminal connected to
column data line 130(1) via output terminal 150(1). Select
transistor 240 gives half the coordinate-readout capability
to the_agray. Although reset transistor 220, source-
follower transistor 230 and select transistor 240 would
appear to increase the power consumption of APS cell 140 (1)
over passive pixel cells, little difference exists between
an active and a passive pixel's power consumption.

Fig. 2(B) shows a simplified cross-section of
conventional APS cell 140(1). APS cell 140(1) is formed in
a P-type substrate 250 using known CMOS techniques. |
Photodiode 210 is formed in a first n-type diffusion (light
sensitive) region 215. Voltage source Vpp is applied via
voltage source line 223 to a second n-type diffusion region
225 that.is spaced from photodiode region 215. A first
polysilicon gate structure 227 is provided over the space
between diffusion region 225 and photodiode region 215 and
connected to reset control line 124 (1) to collectively form
reset transistor 220. VA third n-type diffusion region 235

is spaced from second region 225, and a second polysilicon

| gate structure 237 is formed over this space. Photodiode

TSMC EX. 1002 Page 11 of 77



@@ 3 60 oo P

10
11
12
13
14

15

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

.\
——

210 is connected to second polysilicon gate 237 by metal
line 224 to form source-follower transistor 230. .A fourth
n-type diffusion region 245 is spaced from third region 235,
and a third polysilicon gate structure 247 is formed over
this space and connec;ed to row select control line 125(1)
to form select transist5£ 240. Fourth diffusion region 245
is connected to output terminal 150 (1), which in turn is
connected to column data line 130(1). APS cell 140(1)‘is
depicted'as an n-channel device with electrons as the photo-
generated charge carriers. 1In alternative embodiments (not

shown), APS cells may be formed as a p-channel device with

"holes as the photo-generated charge carriers.

APS cell 140(1l) operates in an integration and readout
phase that is controlled by signals received on reset
control line 124 (1) and row select control line 125(1).
Reset transistor 220 is pulsed on and off during the
integration phase. This reset process causes the potential
of photodiode region 215 to float at a reset level
approximately equal to Vpp less the threshold voltage of
reset transistor 220. Photodiode 210 inherently includes
capacitance to store an amount of charge proportional to the
light intensity reflected from an object!. The
photogenerated current discharges the pixel capacitance and
causes the potential of the photodiode 210 to decrease from
its value of approximately Vpp to another value, the signal
value, wﬁich is dictated by the amount of photogenerated
curfent. The difference between the reset and signal levels
is proportional.to the incident light and constitutes the
video signal. Photodiode 210 is buffered from the output
terminal 50 by source-follower transistor 230. Select

transistor 240 is used to select the pixel for read-out.
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A problem associated with frontside illuminated CMOS APS
ce;l 140(1). is that the active circuits, and in

particular, the metal lines assoéiated with the active
circuits, reduce the fill factoxr (i.e., the ratio of light
sensing area to total pixel area) of CMOS APS pixel arrays.
In particular, as shown in Fig. 2(B), reset control lines
124, row select control lines 125, voltage source lines 223,
metal lines 224 and column output lines 130 are allvformed
in an silicon-dioxide insulation layer located over P-
substrate 250. Light, in the form of photons, passes
through the insulation layer to light sensitive diffusion
region 215, thereby producing a photovoltaic reaction. The
presence of the metal and polysilicon.lines associated with
the active circuits reduces the amount of light that reaches
the photodiode diffusion region 215, thereby producing a
non-optimal £ill factor. -As mentioned above, the reduction
of metal-line width associated with cutting edge CMOS
fabrication pfdéésses exposes more silicon to light.
However, even very thin metal lines produce some light
blockage, thereby preventing frontside illuminated image
sensors from achieving a 100% f£ill factor.

Backside illuminated image sensors are alternative image
sensor structures that address the £ill factor problems '
associated with front illumination. Backside illuminated
image sensors receive light through a backside (lower)
surface of the substrate supporting the CMOS image sensor
circuitry. To detect light from the backside, the substrate
must be extremely thin (i.e., in the range of 15 to 20
microns) .

While backside illuminated image sensors eliminate the
fill factor prbblems associated with frontside illuminated

sensors, conventional methods for fabricating backside

g
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illuminated image sensors are expensive. Most notably, many
conventional methods require non-standard fabrication
process steps, such as a boron>doping step and diffusion of
speciai metal films that differ from standard CMOS processes
and are performed to control the potential on the backside
of the wafer during fabrication. In addition, packaging of

conventional backside illuminated image sensors is performed

w 3 &6 U1 kW NN

after image sensor fabrication is eompleted (e.g., device
9 fabrication on a semiconductor substrate, backside treatment
10 of the semiconductor substrate, mounting the semiconductor
11 subetrete ento a permanent substrate; and thinning the
12 semiconductor substrate to facilitate backside
13 illumination). This post-production packaging of backside
ix 14 illuminated image sensors is logistically complex and
e 15 produces high production costs.
ik 16 What is needed is a method for fabricating back
o 17 illuminated image sensors'that.minimizes the fabrication and
5 18 production costs associated with conventional methods.
bk 19
: 20 SUMMARY
%f 21 The present invention is directed to a method for
eé ‘22 producing a back—illuminated CMOS image sensor in which the
23 semiconductor wafer upon which pixels are fabricated is
24 mounted onte a protective substrate, and then subjected to a
25 material erosion process to thin the semieonductor'substrate
26 until the semiconductor substrate has a thickness that
27 allows effective exposure of the pixels through the backside
28 surface of the semiconductor substrate. Because the
29 material erosion process takes place after the semichductor
30 substrate is mounted on the protective substrate, the CMOS

31 image sensor can be fabricated using well-established

32 processing parameters, thereby making the fabrication
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‘process less expensive to perform. In addition, because the

method utilizes a protective substrate to support the
semiconductor substrate, the thinning prdcess ig less
expensive to perform. Further, the productibn method
incorporates package formation using standard CMOS process
steps, thereby reducing logistical complexity and production
costs. o

In accordance with one embodiment, the method begins by
fabricating an image sensor circuit, including a matrix of
pixels (e.g., CMOS APS celis), on the semiconductor
substrate. The semiconductor substrate is then secured to
the protective substrate using an adhesgive such that the

processed (frontside) surface of the semiconductor substrate

(1.e., the surface upon which the image sensor circuit is

formed) faces the protective substrate. ' The ‘exposed

backside surface of the semiconductor substrate is then

subjected to the material erosion process (i.e., grinding

and chemical etching, followed by an optional backside
stripping technique such as chemical/mechanical polishing)
to thin the semiconductor substrate until the semiconductor
subst?ate is transparent to visible light, thereby
effectively exposing the light-sensitive pixel diffusion
regions of the image sensor circuit through the backside
surface. In one embodiment, the semiconductor substrate is
eroded until its thickness is in the range of 10 to 15
microns. The backside surface 1s then treated using known
techniqués (i.e., doping or backside metal film formation)
to reméve the backside depletion region and to drive
electrons toward the frontside surface of the semiconductor
substrate. A transparent substrate (e.g., glass) is then
secured to the backside surface of the semiconductor

substrate, thereby sandwiching the semiconductor substrate
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between the transparent substrate and the protective
substrate. Openings are then formed in either the
protective substrate or the transparent substrate, and metal
leads are then formed to contact metal pads of the image
sensor.

. In accordance with another embodiment of the present
invention, a backeilldninated CMOS image sensor includes a
matrix of CMOS APS cells (light—éensitive pixel regions)
that are produced on a semiconductor substrate. In contrast
to prior art APS cells, the novel CMOS APS cell is formed on
a frontside surface of the semiconductor substrate that is
facing away from the image source. In particular, the novel
CMOS APS cells include a photodiode diffusion region that
extends into the substrate from the frontside surface, and
several metal lines are formed in an insulator material that
is formed on the frontside surface. A protective substrate
is secured to the semiconductor substrate such that the
metal lines are located behind the photodiode diffusion
fegion (i.e., between the protective'substrate and the
semiconductor substrate) . Finally, a transparent substrate
(e;g.; glass) is securéd to the backside surface of the
semiconductor substrate, thereby sandwiching the
semiconductor substrate between the transparent substraté
and the protective substrate. ‘

The novel aspects of the present invention will be more

fully understood in view of the following description and

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic diagram of an active pixel sensor

array;

10
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Figs. 2(A) and 2(B) are simplified schematic and éross-
sectional views showing a conventional front-illuminated
CMOS APS'ceil; |

Figs. 3(A) and 3 (B) are simplified plan and partial
cross-sectional views showing a éemiconductor wafer that
includes a plurality @ﬁ\imége sensor circuits;

Figs. 4 (A) through 4(I) are cross-sectional views
showing process steps associated with the production of
backside illuminated image sensors in accordance with a
first embodiment of the present invention; and

Fig. 5 is a cross-sectional view showing a backside
illuminated CMOS APS cell that is fabricated in accordance
with the present invention; and

Figs. 6(A) through 6(I) are cross-sectional views
showing process steps associated with the production of
backside illuminated image sensors in accordance with a

second embodiment of the présent invention.

DETAILED DESCRIPTION

The present invention is described below with referenée
to CMOS active-pixel sensors (APSs); and in particular to
CMOS APSs utilizing photodiode light sensitive regions.
However, the methods and structures described below may also
be used to produce passive CMOS image sensors and CMOS.APSS
utilizing photogate light sensitive regions. In addition,
the present inventors believe the methods and structures of
the present‘invéntion may also be used to produce MOS pixel
arrays and charge—coupled devices (CCDs) .

Figs. 3(A) and 3(B) are plan and partial cross-
sectional views showing a wafer 300 upon which is formed a

plurality of image sensor circuits 100. Wafer 300 is, e.g.,

~a.sllicon wafer having a thickness in the range of 600 to

11
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650 pum, and includes a first (frontside) surface 310 and a
second (backside) surface 320. Each image sensor circuit

100 is formed on first surface 310, and includes a matrix of

' light-sensitive pixel regions 110 (see Fig. 1) extending

into wafer 300 from first surface 310. Each image sensor
circuit 100 also includes control circuitry 120 (see Fig. 1)
and a plurality of metal contact pads 330 extending onto
first surface 310 of wafer 300. Insulation and metal lines

(not shown) are formed on wafer 300 and provide connections

between metal contact pads 330 and the matrix of light-

sensitive pixel regions 110 and control circuitry 120.
After tHe fabrication process is completed and wafer 300 is
diced, each image sensor 100 is a fully packaged device with

metal contact pads 330 providing contact points for external

vacéess to light-sensitive pixel regions 110 and control

circuitry 120. -

Figs. 4(A) through 4(I) illuéErate a method of
producing backside illuminated image sensors 100 in
accordance with a first embodiment“of the present invention.

Fig. 4(A) is a cross-sectional view showing a step of
securing wafer 300 onto a protective substrate 410 with
first surface 310 facing protective substrate 410.
Specifically, as described above with reference to Figs.
3(A) and 3(B), wafer 300 is pre-fabricated with image
sensors 100 formed on first surface 310. Because

fabrication of image sensors 100 is performed before

- mounting onto protective substrate 410, standard processes

and equipment are used during the fabrication process. As
mentioned above, wafer 300 has a beginning thickness TO of
600 to 650 um. A first adhesive layer 420 is deposited onto

protective substrate 410, and then wafer 300 is placed onto

. protective substrate 410 such that first surface 310

12
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contacts the deposited adhesive layer 410. In one
embodiment,.proﬁective substrate 410 is formed from glass
having a thickness of approximately 100 um. Adhesive layer
420 is composed of, e.g:., epoxy,.and has a thickness in the

range of 80 to 100 um.

Figs. 4(B) and 4(C) ‘are cross-sectional views showing
subsequent steps of removing material from seéond surface‘
320 of the wafer 300 until the light¥sensitive pixel regions
of image sensor circuits lQO are effeétively exposed through
the second surface 320. The term "effectively exposed" is
used herein to indicate that the pixel of each light-
sensitive pixel region generates electron flow in response;
to light (photons) passing throughbsecohd surface 320. As
such, the term "effectively exposed" is intended to cover
the actual exposure of the diffused (n+) pixel regions on .
second surface 320, by may. also cover the case where a thin,
mostly transparent layer of p-type wafer material is located
between each diffused pixel region and second surface 320.

Referring to Fig. 4(B), the process of removing
material from second surface 320(A) of wafer 300 begins with
a planar erosion process 433 whereby the thickness of wafer
300 is reduced to a thickness T1, which is in the range of
120 to 140 pum. In one embodiﬁent, planar erosion process
433 includes coarse and fine grinding operations on second
surface 320 using known techniques until wafer 300 is within
the specified range. 'Subsequent to the grinding process,
second surface 320(A) will have a certain amount of stress
and defects that are removed in subsequent thinning steps
(discussed below) .

Turning now to Fig. 4(C), after planar erosion is

completed, a chemical etchant 435 is applied to second

" surface 320(B) to further erode second surface 320(B) until

I
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wafer 300 has a thickness T2 in the range of 10 to 15 um.
Chemical etchant 435 is applied using equipment specially
designed to perform chemical etching at high etch rates
while maintaining a high level of uniformity. Such
equipment is produced, for example, by SEZ AG of Villach,
Austria. Chemical etch;ﬁf.435 is, for example, HF (50%) and
HNO; (70%) mixed with a ratio of 1:25 and applied at room
temperature. Another suitable chemical etchant 435, which
is also sold by SEZ AG, includes HF, HNO;, H3PO, and H,SO,.
After the chemical etching process, it is important that all
organic and grinding residues be removed from lower éurface
320(B) using known methods. Further, if the roughness of '
lower surface 320(B) is a concern, an optional
chemical/mechanical polishing process may be performed using
known techniques to prepare lower surface 320(B) for further
processing.

Fig. 4 (D) illustrates a subsequent step of separating
image sénsor circuits 100 from each other using techniques
disclqsed in U.S. Patent No. 5,455,455. In particular,
second surface 320 is scribed along predetermined dice lines
and then etched using an etchant 437 to separate the
individual image sensor circuits 100. A resist coéting 436
is patterned on wafer 300 over image sensor circuits 100
during this separation process, thereby maintaining the .
thickness T2 of wafer 300 in these regions. Etchant 437 is
a convenﬁional semiconductor substrate etching solution,
which for silicon may be a combination of 24% potassium
hydroxide (KOH), 63% water and 13% isopropanol, so as to
etgh the silicon down to metal contact pads 330 (i.e., to
adhesive layer 420), as shown in Fig. 4(D). The result of
wafer etching is a plurality of separated dies 300-1 through

300-4 arranged on substrate 410, each of which includes on

/1‘4
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image sensor circuit 100 and has a thickness (including
image sensor circuit 100) -in the range of 10 to 15 microns.

As mentioned in the background section (above), it is
necessary to negatively éharge Backside surface 320 of each
image sensor circuit 100 during operation as a backside
illuminated imagé sensor device. In one optional process
step, a metal film is formed over exposed backside surface
320 using known techniques that allows the application of
the negative bias to control the depletion region during
operation. According to another optional process, during
fabrication of image sensor circuits 100, a special implant
step is performed that is iﬁtroduced before the source/drain
implant activation. This special implant is, for example,
As'or Sb implanted at 150-400KeV.. While this second
optional_process adds a step to the fabrication process, it
is relatively simple to imblement.

| Figs. 4 (E) through 4(I) illustrate process steps
associated with the formation of a chip-size package (Csp)
for dies 300-1 through 300-4 in accordance with the first
embodiment. An alternative packaging process is disclosed
below with reference to Figs. 6(A) through 6 (H).

Fig. 4 (E) is a cross-sectional view showing a process
of securing a transparent (e.g., glass) substrate 440 onto
the second surface 320 of the wafer 300, thereby producing a
waferwise sandwich. In particular, transparent substrate
440 is bonded over dies 300-1 through 300-4 on the side
thereof opposite to protective substrate 410. A layer 430
of epoxy is applied on dies 300-1 through 300-4, and then
transparent substrate 440 is placed onto epoxy 430. Note

that epoxy 430 also fills the interstices between dies 300-1

. through 300-4, thereby protecting each of the image sensor

circuits 100. Accordingly, each die 300-1 through 300-4 is

b
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completely surrounded by epoxy layers 420 and 430, and is
sandwiched between protective substrate 410 and transparent
substrate 440.

Figs. 4(F) through 4 (I) Show process steps associated
with the formation of metal leads that are connected to
metal contact pads 330 of each imagé sensor circuit 100 to
facilitate signal transmission between each image sensor
circuit 100 and an external system (not shown). These metél
leads are formed on protective substrate 410, thereby
allowing the packaged image sensor circuits 100 to be
mounted on, for example, a printed cirCuit board with
transparent substrate 440 faéing upward.

Note that the structures shown in Figs. 4 (F) through
4 (I) are upside-down relative to Figs. 4(A) through 4(E)'
(i.e., with transparent layer 440 below dies 300—1 through
300-4) . , | |

Fig. 4(F) is a cross-sectional view showing the
formation of compliant layer portions 450, and the
subsequent formation of grooves 455 through protective
substrate 410 and adhesive layer 420 to expose metal contact
pads 330 of that are located along the edges of dies 306—1
through 300-4. Grooves 455 separate protective substrate
410 into die-sized sections 410-1 ﬁhrough 410-4 that are.
respectively attached to dies 300-1 through 300-4 via
adhesive.régions 420-1 through 420-4. Note that dies 300-1
through 300-4 remain connected by transparent substrate 440
and epoxy 430.

Referring. to Fig. 4(G), after grooves 455 are formed,
metai leads 460 are formed over die-sized sections 410-1

through 410-4. Each metal lead 460 extends from an

~associated compliant layer portion 450 to an associated

metal contact pad 330. After the formation of metal leads

16
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460, a solder mask (BCB) 470 is patterned such that a
poftion of each metal lead 460 located over its associated
compliant layer portion 450 is exposed.through an opening in
solder mask 470.

Fig. 4 (H) shows the formation of solder bumps 480 using
known ball-grid array (BGA) technology. Each solder bump

480 is formed on the exposed portion of an associated metal

ooy s W

lead 460.
S Finally, Fig. 4(I) is a cross-sectional view
10 illustrating a dicing process during‘whiéh the waferwise
11 sandwich is sliced along lines 490 that extend into grooves
12 455, thereby separating die-sized sections 410-1 through |
13 410-4 into separate backside-illuminated image sensor
i3 14 devices. The dicing process is performed using known
.* 15  mechanical sawing techniques.

n

;: 16 A benefit provided by the fabrication process

W17 illustrated in Figs. 4(A) through 4(I) is that each of the

i 18 disclosed process steps is performed using standard wafer
19 ©processing techniques and equipment. In particular, the

20 disclésed thinning and separating steps can be incorporated

W dim o de

f:= 21 into a fabrication process without the need for special

o
e Hud fie

22 bonding technologies, thinning techniques and packaging

o

23 steps. Therefore, the disclosed fabrication process reduces
24 the complexity, direct cost, cycle time, handling and

25 shipping of back-illuminated CMOS APS devices, thereby

26 providing such devices at a lower cost than conventional

27 back-illuminated CMOS APS devices.

28 Fig. 5 is a simplified cross-section showing a portion
29 | of a back-illuminated CMOS image sensor that is produced,

30 for example, in accordance with the method shown in Figé.

31 4 (A) through 4(I). In particular, the back-illuminated CMOS

32 - image sensor includes a matrix of CMOS APS cells (light-

17
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sensitive pixel regions), including CMOS APS cell 500, that
are produced on semiconductor substrate 505. In contrast to
prior art APS cell 40(1l), APS cell 500 is formed with front
surface 310 facing down, and backside surface 320 facing
upward (i.e. toward th_source of photons). CMOS APS cell
500 is formed on first éurface-310 of the substrate 505, and
includes a photodiode 510 formed by a diffusion region 515
extending into substrate 505 from first surface 310.

Several metal lines (e.g., metal line 524 connected between
diffusion region 515 and polysilicon gate structure 537) are
formed in an insulator material (e.g., silicon dioxide) thaﬁ
is located adjacént first surface 310 of substrate 505. A
protective substraﬁe 4ldtl is secured to semiconductor
substrate 505 such théﬁ the metal lines are located behind
diffusion region 515 (i.e., between protective substrate
410-1 énd substrate 505). Finally, a transparent substrate
440 is secured to second surface 320 of substrate 505 such
that substrate 505 is sandwiched between transparent
sﬁbst;ate 440 and protective substrate 410-1.

In accordance with an aspect of the present invention,
substrate 505 is processed by grinding, chemical etching and
an optional chemical/mechanical polishing process to have a
thickness defined such that light-sensitive pixel region 500
is effectively éprsed'through second surface 320. As
discussed above, this effective exposure is achieved by
feducing the thickness of substrate 505 to the range of 10
to 15 microns. _

In accordance with another aspect of the present
invehtion, backside illuminated image sensor 500 further
comprises a first adhesive layer 420, such as epoxy, that is
located between protective substrate 410 and substrate 505,
ahd a second adhesive layer 430 (also epoxy) that is located

1

18
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between transparent substrate 440 and semiconductor
substrate 505. By selécting an epoxy with, for example,
good optical qualities and a 98% transparency, there is
virtually no degradation in the optical performance of image
seﬁsor circuits 100.

aspect of the present invention, each CMOS APS cell 500 is
similar to conventional frontside illuminated CMOS APS cell
140 (1) (see Fig. 2(B)), in that each CMOS APS cell 500 also
includes active circuitry for controlling diffusion 515 of
photodiode 510. Diffusion (light sensitive) region 515 is
formed as an n-type in p-type substrate 505. Voltage sourée
Vpp is applied via voltag® source line 523 to a second n-type
diffusion region 525 that is spaced from photodiode region
515. A first polysilicon gate'structure 527 is provided
between diffusion region 525 and photodiode region 515 and
connected to reset control line 526 to collectively form

reset transistor 520. A third n-type diffusion region 535

" is spaced from second region 525, and second polysilicon

gate structure 537 is formed over this space. Photodiode
510 is connected to second polysilicon gate 537 by metal
line 524 to form source-follower transistor 530. A fourth
n-type diffusion region 545 is spaced from third region 535,
and a third polysilicon gate structure 547 is formed over
this space and connected to row select control line 549 to
form select transistor 540. Fourth diffusion region 545 is
connected to output terminal 550, which in turn is connected
to column data line 555. APS cell 500 is depicted as an n-
channel device with electrons as the photo-generated charge
carriers. In.alternative embodiments (not shown), APS cells
may be formed as a p-channel device with holes as the photo-

generated charge carriers.
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Other than the backside arrangement, discussed above
with reference to CMOS APS cell 500, the backside
illuminated CMOS image sensor of Fig. 5 is arranged in a
manner similar to that of.conventional image sensor 100
shown in Fig. 1 and includes similar control éircuitry (not
shown in Fig. 5) and a %éfrix of CMOS APS cells 500. As
such, CMOS APS cell 500 operates gsubstantially in the manner
described above with reference to Fig. 2(B), with the
exception that the image sensed by APS cell 500 is located
oh-the backside of substrate 505 (i.€., facing second
surfaceA%;%).

Figs. 6(A) through 6(I) illustrate a method of
producing backside illuminated image sensors 100 in
accordance with a gsecond embodiment of the present
inxentioq.

Fig. 6(A) 1s a cross-sectional view showing wafer 300
that is pre-fabricated with image sensors 100 formed on
first surface 310, and includes metal contact pads 330
éxposed on.first_surface 310. As mentioned above, wafer 300
has a beginning thickness TO0 of 600 to 650 um.

'Fig. 6 (B) shows the formation of a passivation layer
610 on ubper surface 310 using known methods. In one
embodiment, passivation layer 610 has a thickness in the
range of 8500 and 9500 angstroms.

Fig. 6(C) illustrates the formation of holes 620 in
passivatibn layer 610 through which metal contact pads 330
are exposed. Holes 620 are formed using known techniques.

Fig. 6 (D) shows the step of attaching a substrate 640
to wafer 300 such that passivation layer 610 is sandwiched
therebetween. _in one embodiment, substrate 640 1s glass and

has a thickness T61l in the range of 150 to 250 um.
%/20
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Referring to Fig. 6(E), the process of removing
material from second surface 320 (A) of wafer 300 begins with
a planar erosion process 653 whereby the thickness of wafer
300 is reduced to thickness T1, which is in the range of 120
to 140 pm. In one embodiment, planar erosion process 633
includes coarse and fine‘érinding operations on second
surface 320 using known grinding technologies until wafer
300 is within the specified range. In another embodiment,
all planar.erosion steps may be performed using chemical
etching, although this embodiment may not be economical with
current technologies.

Turning now to Fig. 6(F), after planar erosion is
completed, a chemicél etchant 655 is then applied to second

surface 320 (B) to further erode second surface 320(B) until

wafer 300 has the thickness T3 in the range Jf 10 to 15 pum.

‘Suitable chemical etchanté\635 are described above with

reference to Fig. 4(C), as is equipment suitable for
performing the chemical etching process. Unlike the
embodiment shown in Figs. 4 (A) through 4(I), the present
embodiment does not require the scribing and etching step
(see description related to Fig. 4(D)).

Fig. 6(G) illustrates a step of attaching a glass

substrate 660 to second surface 320(B). Glass substrate 660

has a thickness of approximately 100 um, and is attached
using substantially transparent epoxy- (not shown).

Fig. 6(H) illustrates a subsequent step of grinding
substrate 640 to a thickness T62 of approximately 50 um
using known grinding technologies. This secondary grinding
process provides an extremely thin overall device thickness
in the range of 350 to 500 pm. |

Fig. 6(I) shows the formation of openings through

thinned substrate 640, and the formation of solder bumps 670

21
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using known ball-grid array (BGA) technology. The openings
formed in substrate 640 are aligned with openings 620
through passivation layér»GlO. Finally, Fig. 6(I) shows a
dicing process during which the waferwise sandwich is sliced
along lines 680, thereby'separating the waferwise sandwich
into die—sized.sectionsTmeach section forming a separate

backside-illuminated image sensor device.

e o) ~J (o)} Ul S w N

As with the embodiment shown in Figs. 4 (A) through
9 4(I), the second embodiment described above provides a

10 benefit in that the disclosed process steps are performed

11 using standard wafer processing techniques and equipment.

12 Although the invention has been described in connection

13 with several embodiments, it is understbod that this
£ 14 invention is not limited to the embodiments disclosed, but
ﬂé '15 ~ 1s capable of various modifications which would be apparent
o 16 to a person skilled in the_art. For example, in addition to
%5 17 fabricating CMOS APS devices, the disclosed methods may be
7z 18 Dbeneficially utilized to produce backside illuminated CCD
# 19 image.sensors, as well as passive pixel CMOS sensors and
ik 20 other-MOS image sensors. Further, the particular parameters
21- set -forth in the above examples are exemplary, and may be
g 22 altered to meet the requirements of particular fabrication

23 processes. Thus, the invention is limited only by the

24 following claims.

22
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1{?&1@
2 What Is Claimed Is:
3 _
(i;\m&- 1. A method of broducing backside illuminated/image
5 sensors comprising the steps of:
6 . producing a pluraligiAof image sensor cipeuits on a
7 wafer having first and second surfaces eag
8 sensor circuits being formed on the fix
9 including a matrix of light-sensiti
10 extending into the wafer from the
L1 securing the. wafer onto a pyrofective substr
that the first surface faces
13 removing material from/Zhe sefond surfaefe of the wafer
34 until the light-sensitive ffixel regions of each image sensor
:é 15 circuit are effectively ;/ééseo througly/the second surface;

securing a transpa/ené Jubstrate’ onto the second

o
3

Y
T

i
I\\lll :I
b W N H O v ©® a9 O

/
surface of the wafer, hér-my prodycing a waferwise
/ : ,

4

sandwich; and /

=3
it
N

&,
.

/
slicing the waférpwige sandwich, thereby defining a

£y
Ei

/
plurality of backsfide¢ illuminated image sensors.

R T T —

Al

[ R

2. The methdd according to Claim 1, wherein the step

Fadl Bl e E- -

o

of securing the pyotrctivé layer onto the first surface

D),

comprises depOﬁi/inq an adhesive onto the protective
substrate, and/ thery placing the wafer onto the protective
A6 substrate such hat the first surface contacts the deposited

27 adhesive.

3o - 3. Thig method according to Claim 1, wherein the step

- 31  of removing ,aterial from the wafer comprises:

3 | . grinding the second surface until a thickness of each

7

23
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image sensor circuit is in the range of 120 to 140 migTons;
and
etching the second surface until a thicknes# of each

image sensor circuit is in the range of 10 to /A5 microns.

4. The method according to Claim

of etching comprises:

fherein the step

0 O U s W N e

scribing the second surface alghg Yredétermined dice

9 lines located between the pluraliyy £f AmAge sensor
10 circuits; and |
11 applying an etching soluy/iory tg tlhle second surface to
12 exposé metal contact pads locatg¢d on #he first surface of
13 the wafer. 4
g 14 | |
2% 15 5. The method ac oré/ng to (laim 1, whérein the step
f; lé of'removihg material fryo he/wafer comprise
i: 17 performing a fir /e'chfng pyocess on the second planar
g: 18 surface, and '
?- 19 performing a segond e cﬁing process pn the second
Zi 20 surface to separate [thg imaAge sensor cirtuits from each
if 21 other so as to defihd/edgds therebf.
22
2 23 - 6. The methpd according to Claim 5, wherein the step
24 of performing the -coﬁm etching process comprises:
25 scribing the [fecond surface along predetermined dice
26 lines located bet,-en the plurality of image sensor
27 circuits; and
28 applying an jgtching solutidn to the second surface to
29 expose metal contacty pads located on the first surface of
30 the wafer. |
31
32 7. The mathod according to Claim 1, wherein the step
24
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o J O wn > w N [and

10
11
12
13

14.

15

16

17
18

19
20

21
22

23

24
25
26
27
28
29
30
31
32

- substrate,

of securing a transparent substrate onto the secghd surface

comprises depositing an adhesive onto the secoAd surface,

separating each of the plural e sensor circuits;
and

wherein the step of depbsiting/the adhesive onto the
second surface furthe epositing adhesive into

etal leads are connected to metal

contact phds lpcated on thdg first surface of the wafer.

compri;es: 
férmihg a passfivation laxer on tlxé first surface of the
wafer;.
fdrming openings in the passivation layer; and
se' ri g the protédtive substrate onto the passivation
layer.
11. ethod according to Claim 1, further
comprising} after the step of securing the transparent

grinding the protective substrate until the

25
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10
11
12
13
14

15

16
17
18
19

20

21
22
23
24
25
26
27
28
29
30
31

w 3 6 U kW N

_p;o;eetiVé’EﬁBstrate‘héé\a’fhickness of 50 microns.

\ F

yé. A backside illuminated image sensor comprising:

a semiconductor substrate having a first surface and a
second surface; |

a plurality of light-sensitive pixel regions formed on
the first surface of tﬂéméemiconductor substrate and
including a photodiode diffusion region extending into the
semiconductor substrate from the first surface;

a metal line formed adjacent the first surface of the
semiconductor substrate;

a protective substrate secured to the semiconductor
substrate such that the metal line is located between the
protective substrate and the semicdnductor substrate; and

a transparent substrate secured to the second surface

" of the semiconductor substrate such that the semiconductor

substrate is sandwiched between the transparent substrate
and the protective substrate;

wherein the semiconductor substrate has a thickness
defined such that the light-sensitive pixel region is

effectively exposed through the second surface.

2

yé. The backside illuminated image sensor according to
Claim yé, further comprising a first adhesive layer located
between the protective substrate and the semiconductor '
substrate, and a second adhesive layer located between the
transparént substrate and the semiconductor substrate.

3. -
ﬁAll The back—illuminated image sensor according to
Claim yé, wherein each of the plurality of light-sensitive

-— n
pixel regions further comprises:

26
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11
12
13
14

15
‘16

17
18
19
20
21
22
23
24
25
26
27
28

29 -

30
31
32

a second diffusion region that is formed in the

semiconductor substrate and spaced from the photodiode
diffusion region; .

a first polysilicon gate structure provided between the
second diffusion region and the photodiode diffusion region;

a third diffusion region thét is formed in the
semiconductor substrate\agd spaced from the second diffusion
region;

a second polysili¢on gate structure that is provided
between the second diffusion region and the third diffusion
region; .

a fourth diffusion region that is formed in the
semiconductor substrate and spaced from third diffusion
region;

a third polysilicon gate structure that "is provided
between the third diffusion region and tﬁe fourth diffusion
region; wherein the photodiode region is connected to the
second polysilicon gate bylé first metal line té form a
source-follower transistor, and wherein the first metal line
is located between the semiconductor substrate and the

protective substrate.

v/

wherein the thickness of the semiconductor

' yé. The backside illuminated image sensor according to
Claim %é{

substrate is in the range of 10 to 15 microns.

%é., The backside illuminated image sensor according to

Claim %é, wherein the transparent substrate is glass.

b
Hﬁ., The backside illuminated image sensor according to
Claim %é,_further comprising a plurality of metal leads

formed on the protective layer.

27
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BACKSIDE ILLUMINATED IMAGE SENSOR

Yacov Malinovich
Ephie Koltin

ABSTRACT OF THE DISCLOSURE

© N ! s W H

A method for producing a back-illuminated CMOS image
9 sensor including a matrik'of pixels (e.g., CMOS APS cells)
10 that are fabricated on a semiconductor substrate! The
11 semiconductor substrate is secured to a protective substrate
12 by an adhesive such that the processed (frontside) surfaCe:
13  of the semiconductor substrate faces the protective
s 14 substrate. With the protective substrate providing‘
i lé‘ structural support, the exposed backside surface of the
16 | semicond&ctor substrate is then subjected to grinding and/oxr
i 17 chémical etching, followe&“by optional chemical/mechanical
3 18 processing, to thin the semiconductor substrate to a rahge
19 of 10 to 15 micromns. A transparent substrate (e.g., glass)
20 is then secured to the backside surface 6f the semiconductor
21 substrate, thereby sandwiching the semiconductor substrate
B 22 between the transparent substrate and the protective

ERE

23 substrate.

|
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Practitioner's Docket N o. TSL-008 | PATENT

COMBINED DECLARATION AND. POWER OF ATTORNEY

(ORIGINAL, DESIGN, NATIONAL STAGE OF PCT, SUPPLEMENTAL, DIVISIONAL,
CONTINUATION OR C-I-P)

As a below named inventor, I hereby declare that:

TYPE OF DECLARATION
This declaration is for an original application.

d INVENTORSHIP IDENTIFICATION

Mesidence, post office address and citizenship are as stated below, next to my name. I believe that I aﬁ\

the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor

23 (if plural names are listed below) of the subject matter that is claimed, and for which a patent is sought on
5 5 the invention entitled:

| - TITLE OF INVENTION

. "Backside Mluminated Image Sensor"

: . ‘ SPECIFICATION IDENTIFICATION

The specification is attached hereto.

Y
# o h-

e g e

it HF e

/Q’KN OWLEDGMENT OF REVIEW OF PAPERS AND DUTY OF CANDOR
I

W

hereby state that I have reviewed and understand the contents of the above-identified specification,
including the clains, as amended by any amendment referred to above.

acknowledge the duty to disclose information, which is material to patentability as defined in 37,
e of Federal Regulations, § 1.56, and which is material to the examination of this application, namely,
information where there is a substantial likelihood that a reasonable Examiner would consider it important
in deciding whether to allow the application to issue as 2 patent, and in compliance with this duty, there is
attached an information disclosure staterent, in accordance with 37 CFR 1.98. . '

(Declaration and Power of Attorney—page | of 3)
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Practitioner's Docket No. TSL-008

PATENT

POWER OF ATTORNEY

I hereby appoint the following practitioner(s) to prosecute this application and traﬁsact all business
in the Patent and Trademark Office connected therewith.

Patrick T. Bever

E. Eric Hoffman
Jeanette S. Harms
Edward S. Mao
Julie A. Stephenson

Registration Number 33,834
Registration Number 38,186
Registration Number 35,537
Registration Number 40,713
Registration Number 41,330

SEND CORRESPONDENCE TO

Patrick T. Bever

BEVER & HOFFMAN, LLP -
2099 Gateway Place, Suite 320
San Jose, CA 95110-1017

DIRECT TELEPHONE CALLS TO:

Patrick T. Bever
(408) 451-5902

DECLARATION

I hereby declare that all statements made herein of my own knowledge are true and that all
statements made on information and belief are believed to be true; and further that these statements were
made with the knowledge that willful false statements and the like so made are punishable by fine or
imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that such willful false

statements may jeopardize the validity of the application or any patent issued thereon.

(Declaration and Power of Attorney—page 2 of 3)
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Yacov Malinovich %
Inventor's signature & _
Date q/99 | Country of Cltizenship Isracl

\4

Residence Y iS[Qb , Israel
Post Office Addross P.O.Box 619
Migdal Haemek, Israel 23105

Ephie Koltin ‘
Inventor's signature ;,— /é A
.Dhte ,:’ ) <f’, ;9 9 )

Residence Givat Elah, fsrael

Post Office Address P.O.Box 619
Migdal Haemek, Israel 23105

“Country of Citizenship Israel

PATENT

(Declaratlon and Power of Attorney—page 3 of 3)
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Practitioner's Docket No. TSL -008

PATENT

For:  U.S.Rights and Foreign nghts
For:  U.S. Application
By: Inventors

ASSIGNMENT OF INVENTION

In consideration of the payment by ASSIGNEE to ASSIGNOR of the sum of One Dollar ($1.00), the
receipt of which is hereby acknowledged, and for other good and valuable consideration,

ASSIGNORS:

hereby sell, assign and transfer to

ASSIGNEE:

Yacov Malinovich

P.O. Box 619

Migdal Haemek, Israel 23105
Nationality: Israel

Ephie Koltin

P.O.Box 619

Migdal Haemek, Israel 23105
Nationality: Israel

Tower Semiconductor Litd.

Ramat Gabriel Industrial Area
P.0.Box 619

Migdal Haemek, Israel 23105
Nationality: an Israeli corporation

and the successors, assigns and legal representatives of the ASSIGNEE the entire right, title and interest for
the United States and its territorial possessions and in all foreign countries, including all rights to claim
priority, in and to any and all improvements which are disclosed in the invention entitled:

"Backside INluminated Image Sensor"

and which is found in (37 C.F.R. § 3.21) and any legal equivalent thereof in a foreign country, including the
right to claim priority and, in and to, all Letters Patent to be obtained for said invention by the above
application or any continuation, division, renewal, or substitute thereof, and as to letters patent any reissue

or re-examination thereof.

ASSIGNOR hereby covenants that no assignment, sale, agreement or encumbrance has been or will be
made or entered into which would conflict with this assignment.

(Assignment of Invention—page | of 2)

TSMC EX. 1002 Page 42 of 77



Practitioner's Docket No, TSL -008 PATENT
ASSIGNOR further covenants that ASSIGNEE will, upon its request, be provided promptly with all
pertinent facts and docurnents relating to said invention and said Letters Patent and legal equivalents as may
be known and -accessible to ASSIGNOR and will testify as to the same in any intetference, litigation of
proceeding related thereto and will promptly execute and deliver to ASSIGNEE or its legal representatives
any and all papers, instruments or affidavits required to apply for, obtain, maintain, issue and enforce said
application, said shvention and said Letters Patent and said' cquivalents thereof which may be necessary or
“desirable to catry out the purposes thereof. :

Somedse_TOWEK , MIGA! Hﬁfﬂg%
Date: J{Zé}j} - .

Signature of Yacoy Malinovich

SIGNED IN THE PRESENCE OF TWO WITNESSES

ey - | )

Signed at: Y‘FO\JJGV Mia 1‘"\ a t g@(e W f.\{
! } %
Dae: 8577 | c. /C,/{-\

" Signatare of Ephie Xoltin

SIGNED IN THE PRESENCE OF TWO WITNESSES

o G lard @)

(Assignunent of Invention~—page 2 of 2)
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TSL-008 US o PATE
09/372,863

- IN THE UNITED STATES PATENT. AND TRADEMARK OFFICE

Applicants: Yacov Malinovich, Ephie Koltin
Assignee: Tower Semiconductor, Ltd.

Title: "Backside Lllgminétéd Image Sensor"
Serial No.: . Not Yet Assigned Filed: Herewith

Attorney Docket No.: TSL-008-1D US

. San Jose, California
ASSISTANT COMMISSIONER -FOR PATENTS
Washington, D. C. 20231

PRELIMINARY AMENDMENT

Sir: @
’ - IN THE CLAIMS
Please delete Claims 1- 11
. | REMARKS

" The present divisional application is filed in response to .

a Restriction Requirement filed in parent U.S. application
serial no. 09/372,863. Claims 1-11 are hereby canceled from the
abdve—identified divisional application, thereby leaving Claims
12-17 pending.

Should the Examiner have any questions regarding this
application, the Examiner is invited to cbntact the undersigned
attorney. |

_ Respectfully submitted,
' ' Patrick Tijilv r
Attorney for Applicants’

Reg. No. 33,834
408-451-5902
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Practitioner’s Docket No.‘TSL-O'OS-lD PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In 15 plication of: Yacov Malinovich et al.

3 .
Application No.:09/441,766 Group No.: 2877

Filed: 11/17/1999 . Examiner:  unknown

"Backside Illuminated Image Sensor"”
Date: May 12, 2000

For:

Assistant Commissioner for Patents

Washington, D.C. 20231
TRANSMITTAL OF INFORMATION DISCLOSURE STATEMENT

WITHIN THREE MONTHS OF FILING OR
EFORE MAILING OF FIRST OFFICE ACTION (37 C.F.R. 1.97

B

IDENTIFICATION OF T IMEOF FILING THE ACCOMPANYING
INFORMATION DISCLOSURE STATEMENT

The information disclosure statement submitted herewith is being filed within three months of the filing
date of the application or date of entry into the national stage of an international application or before the
mailing date of a first Office action on the merits, whichever event occurs last. 37 CE.R. 1.97(b).

SIGNATURE OF PRACTITIONER

Patrick T. Bever
BEVER, HOFFMAN & HARMS, LLP

Reg. No. 33,834
Tel. No.: (408) 451-5902
' 2099 Gateway Place, Suite 320
San Jose, CA 95110-1017 ~ "~

Customer No.: 022888

q..'

. . (o}

1 hereby certify that this correspondence is being deposited with the United States Postal Service as FIRST CLASS MA@a’
in an envelope addressed to: Assistant Commissioner for %C., 20231-0001, on May 12, 2000. <
: O

-

7 . b

=
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<O
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o ¢

Date; M V//‘f ( 2/1 PV aid) Signature:

3334

3

Wz sz
|
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FOREIGN PATENT DOCUMENTS o
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1 Unique citation designation number. 2'See attached Kinds of U.S. Patent Documents. 3 Enter Office that issued the document, by the two-letter

code (WIPO Standard ST.3). 4 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial
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Burden Hour Statement: This form is estimated to take 2.0 hours to complete. Time will vary depending upon the needs of the individual case. Any comments on
the amount of time you are required to complete this form should be sent to the Chief Iriformation Officer, Patent and Trademark Office, Washington, DC 20231.

DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for Patents, Washington, DC 20231.
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This is a.communication from the examiner in charge of your appltcatton
COMMISSIONER OF PATENTS AND TRADEMARKS :

NOTICE OF ALLOWABILITY

Al claims being allowable, PROSECUTION-ON THE MERITS IS (OR. REMAINS) CLOSED . in this application. 'If not included herewith (or
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TSL-008-1D

IN THE UNITED STATES PATENT. AND TRADEMARK OFFICE

In re application of {(lst Inventor): Yacov Malinovich
Assignee: Tower Semiconductor  Lid.

Serial No. 09/441,766 Group No.:2811
Filed: 11/17/1999 Examiner: G. Munson
For: “Backside Illuminated Image Sensor”

Date: November 10, 2000

Assistant Commissioner for Patents
Box Issue Fee
Washington, D.C. 20231-0001

TRANSMITTAL OF FORMAL DRAWINGS

In response to the Notice of Allowance mailed on August 29 2000,
attached please find: :

(a) corrected formal drawings for this application - Number of Sheets: 3

Each sheet of drawing indicates the identifying indicia suggested
in Section 1.84(c) on the reverse side of the drawing.

A2 )

BEVER, HOFFMAN & HARMS, LLP Patrick T. Bever
2099 Gateway Place, Suite 320 Reg. No. 33,834
San Jose, CA 95110-1017

Tel.: (408) 451-5902

Fax: (408) 451-5908

I hereby certify that this correspondence is being deposited with the United States
Postal Service as FIRST CLASS MAIL in an envelope addressed to: Assistant Commigsioner
of Patents, Box Issue Fee, Washington, D.C. 20231-0001, on November 10, 2000.

Date: /// /0 - )/acza Signature: /W
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