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IMAGE SENSORS WITH GROUNDED OR OTHERWISE BIASED
CHANNEL-STOP CONTACTS

RELATED APPLICATION

0001} This application claims priority to US Provisional Patent Application Nos.
62/571, 11, filed October 11, 2017, titled “Novel Approach to Ground Return for Back-
Huominated Imager Sensors™; 62/593,559, filed December 1, 2017, titled “Adjustable
Modulation-Transfer-Function (MTF) Through Top Contacts to LOCOS for Back-Humiated
bmager Sensors”; and 02/593, 616, filed December 1, 2017, titled “"Mulii-Spectral Inspection
Svstem From DUV To Near IR With Adjustable Modulation-Transfer-Fanction (MTF) Using
Back-Hunamated Imager Sensors,”™ which applications are hereby incorporated by reference in

thetr entirety for all purposes.
TECHNICAL FIELD

{8002} This disclosure relates to smage sensors, and more specifically to back-

iluminated image sensors i which channed stops between pixels may be grounded or otherwise

biased.
BACKGROUND
{1003] One challenge in designing back-tllununated image sensors is dealing with the

weak aliernating-current (AC) ground return i the photo-sensitive area {i.¢., the pixel arrav).
For example, a time-domain integration {TDI) charge-coupled device (CCD) unage sensor may
use multi-phased clock signals to clock the vertical registers of the pixel array. Lack of an
adeguate AC ground return can cause imbalances in the multi-phased clock signals to feed
through to the readout amplhifiers, which sense the feedtbrough before it reaches ground. This
feedthrough mcreases with vertical frequency {1.e., with line rate) and results in 4 direct-current
{DC) offset (1.e., dark offset} for pixels that impairs system performance.

0004} Another challenge is aliasing, which refers to artifacts introduced nto an image
through the sampling process. Aliasing causes the sampled image to differ from the target being

naged. For example, it may be desirable to maximize the amount of lght on an image sensor,
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to increase the signal-to-noise ratio and to Increase imaging speed and throughput {e.n., in the
context of semiconductor mspection). However, magnifications that increase the amount of hight
on the image sensor may result in aliasing. Abiasing may be mitigated by deprading the
modulation transfer function {MTF), which is a measure of the contrast at which different spatial
frequencies are transferred to an unage. The governing equation for MTF in an imaging process

18
MTFE, fge. = M TF()}?K?:C!IE * MTE, dif Fusion ® MTF&?‘N;V * ﬁ"fTFpimcf:a‘sing {h

where MTF, 100 15 the MTF of the imaging-system optics, MT Fyir pusion 18 the MTF of the
sensor diffusion as defined by the charge from a sigle pixel that leaks into adjacent pixels,

MT Eyppay 18 the MTF created by the discrete nature of pixel sampling, and MTF gre0ing 15 the
MTF of image processing subsequent to image formation by the image sensor. Per equation 1,
any of these factors can be degraded 10 degrade the overall MTFy, . and thus reduce or avoid
aliasmg. Techniques for MTF degradation, however, have significant side effects and may be
impractical. MTFypp000 may be reduced by alienng the imaging-system optics, but such
alterations are often impractical because they discard hight energy and thus reduce throughput,
modify the light used to Huminate the tmage sensor in a manner that impedes imaging, and/or
complicate the design of the optics. Algorithms for altering MTF, e qqing are generally
impractical because artifacts are typically indistinguishable from troe image details. MTFypqy
may be degraded by combining pixels, which tends to produce unacceptable results.

MT Fyirpuston ay be degradad by adjusting the amplitude of the clock signals that bias gates in
the sensor array, which modifies the depletion depth of the active region. While effective, this
technique reduces the pixel foll-well capacity. Accordingly, mproved technigaes for degrading

MT Fpnpge are needed.

{H005] Yet another challenge is how to implement multi-spectral imaping. It may be
desirable to use a single imaging system 1o perfonming imaging scross a raage of wavelengths
{e.g., from ultraviolet o infrared). Typical photon-penetration depths vary strongly as a function
of wavelength, however. The typical photon-penetration depth at 405 nm is approximately 0.1 1o
0.2 um, at 650 nm 1s approxunately 3 wm, and at 900 nm is approximately 10 um. In the deeper

portions of the ultraviolet (UV}, for example between 190nm gnd 300nm, the photon-penetration

o]
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depth is less than 0.01 wm. This strong variation comyplicates the question of what substrate
thickness to use for a multi-spectral imaging sensor. {The substrate of a back-iHuminated image
sensor is thinned to a specified thickness, in accordance with the wavelength or range of
wavelengths to be used in the case of non-multi-spectral timaging.) When the substrate is too
thin, it becomes semi-transpavent at longer wavelengths {e.g.. i the near infrared). I is desurable
to increase the substrate thickness with increasing wavelength, to improve quantum efficiency
{i.e., the rate at which photons produce electron‘bole pairs). Increasing the sabstrate thickness,
however, degrades the MTF at lower wavelengths by significantly increasing the depletion-free
region i the substrate. This MTF degradation may result in poor imaging guahity at shorter

wavelengths when the substrate 15 thick enough to allow for imaging at longer wavelengths.
SUMMARY

{6006} The above challenges may be addressed by providing contacts that extend through
the LOCOS (an oxide formed by localized oxidation of silicon) of channel stops separating pixel
columns, to allow the doped regions beneath the LOCOS m the channel stops to be grounded,
negatively biased, andfor positively brased. {An oxide structure fabricated using the LOCOS
process is referred to as LOCOS in the art).  Grounding the channel-stop contacts, and thus the
doped regions beneath the LOCOS, provides an AC ground return that prevents feedthrough
produced by clock-signal imbalances from affecting the readout amplifiers and degrading
performance. Negatively biasing the channel-stop contacts, and thus the doped regions beneath
the LOCQS, degrades MTFy;r pysion and thus mitigates aliasing. Positively biasing the channel-
stop contacts, and thus the doped regions beneath the LOCOS, mmproves MTFyir prsian and thus
allows imaging to be performed at shorter wavelengths even when the image-sensor substrate is

thick enough to support imaging at longer wavelengths.

j0007] In some embodiments, a back-iHluminated image sensor includes a first pixel, a
second pixel, and a channel stop situated between the first pixel and the second pixel to 1solate
the first pixel from the second pixel. The channel stop includes a LOCOS strocture and a region
of doped silicon beneath the LOCON stracture. The back-iluminated image sensor also inclodes

a first electrically conductive contact that extends through the LOCOS structure and forms an

ohmic contact with the region of doped silicon.

Lad
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{008} In some embodiments, a methed of falwicating a back-illuminated image sensor
mclades fabricating first and second columns of pixels and fabricating a channel stop situated
between the first and second columns of pixels, to isolate the first column of pixels from the
second column of pixels. Fabricating the channel stop includes doping a region of sthicon and
forming a LOCOS structure above the doped region of silicon. The method further includes
etching an opening through the LOCOS structure and depositing an electrically conductive
material 1 the opening to form an electrically conductive contact comprising an ohmic contact

with the doped region of silicon beneath the LOCOS structure.

{0009} in some embodiments, an mnaging method includes huninating an imaging
sensor with light reflected from a target. In the imaging sensor, while dluminating the imaging
sensor, tme-domam mtegration (TDD 1s performed alonyg a plurality of pixel columas
comprising pairs of pixel columns separated by respective channel stops. The channel stops
comprise respective LOCOS structares and respective regions of doped silicon beneath the
respective LOCOS structures, Electrically conductive contacts extend through the LOCOS
structures and form chotic contacts with the regions of doped silicon of the plurality of chanael
stops. While iuminating the imaging sensor and performing TDY, the electrically conductive

contacts are hiased.

BRIEF DESCRIPTION OF THE DRAWINGS

{0010} For a better nnderstanding of the various described implementations, reference

should be made 1o the Detailed Description below, in conjunction with the following drawings.

joa 1] Figure 1A ¥s a plan view of a portion of a pixel aveay in an image sensor.
{0012} Figure 1B shows a cross-section of two gates and an intervening channel stop in

the pixel-array portion of Figure 1A,

{9013 Figure 2 1s a plan view of a portion of a pixel array in an image sensor, in which a
sequence of electrivally connected polysilicon sepments and overlapping metal segments overlay
g channel stop, with the metal segraents being electrically connected to 8 doped region of the

channel stop through contacts, in accordance with some embodunents.
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{0014} Figare 3A is a plan view of a portion of a pixel array m an image sensor, i which
a polysilicon line overlays and 1s electrically connected to a channel stop, and a metal line
overlays and is electrically connected o the polysilicon line in accordance with some

embodiments.

janis] Figure 38 shows a cross-section of two gates and an intervening channel stop o

the pixel-array portion of Figure 3A, 1 accordance with some entbodinets.

{0016} Figure 4 is a plan view of a portion ef a pixel array i which a metal line crosses a
plurality of pairs of pixel cohwnms at a slant and s electrically connected to corresponding

channel stops, in accordance with some emboduments.

8017} Figures 5A ix ¢ schematic Hustrasion showing the grounding of a channel-stop

contact in accordance with some ambodiments.

{001 8] Figures 5B is a schamatic iflusiation showing the biasing of a channel-stop

contact in accordance with some embaodiments.

{6019} Figure 6 1s a flowchart showing a method of fabucating a back-iHuninated image

sensor, in accordance with some ambodiments.
ja020] Figure 7 is a flowchart showing a method of performing imaging, in accordance

with some emmbodiments,

jou2 1} Like reference numerals refer to corresponding parts thronghout the drawings and

specification,
DETAILED DESCRIPTION

{6022} Reterence will now be made in detail 1o various embodiments, examples of which
are iustrated in the accompanying diawings. In the following detailed description, numerons
specific details are set forth o order to provide a thorough understanding of the varions
described embodiments. However, it will be apparent to one of ordinary skill in the art that the
various described embodiments may be practiced without these specific details. In other
instances, well-known methods, procedures, components, circuits, and networks have not been

described in detail so as not to unnecessarily obscure aspects of the embodmments,
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{0023} Figare 1A is a plan view of a portion 100 of a pixel array in an image sensor. The
portion 100 includes a pair of pixel columns 101-1 and 101-2 and an intervening channel stop
108. The full pixel array includes a repeating sequence of pairs of pixel colummns 101 with
respective intervening channel stops 108 between the pixel colummns 101 of each pair. Each pair
of pixel columns 101 may be separated from the next pair of pixel columng 101 by another
channel stop 108 or by an anti-blooming structure {2.g., an anti-blooming drain surrounded by a

pair of anti-blooming gates, all extending in the direction of the pixel columng 101}

{0024} Fach pixel column 101 includes a vertical series of gates 102, The channel stop
108 stops charge from leaking to horizontally adjacent gates 102 (1e., trom a gate 102 in the first
column 161-1 to an adjacent gate 102 in the second column 101-2, and vice-versa). The gates
102 are fabricated using stripes 104 of electrically conductive polysihicon (“poly-517 or simply
“poly”} that extend across the columns 101 and mtervening channel stops 108, (Gate fabrication
is discussed further below with respect to Figure 1B}, Each polysilicon stripe 104 is elecirically
tsolated from adjacent polysilicon siripes 104 {e.g., each polysilicon stripe 104-2 15 electrically
isolated from adjacent polysilicon stripes 104-1 and 1043, and likewise for each polysilicon
stripe 104-1 and 104-3). Each polysilicon siripe 104 is biased using a clock signal . Inthe
example of Figure 1, each polysilicon stripe 104-3 is biased by a clock signal @3, each
polysilicon stripe 104-2 s biased by a clock signal &, and each polysilicon stripe 104-1 1
biased by a clock signal 44, The clock signals ©y, ;, and & applied to successive polysilicon
stripes 104 have respective phases that are offset from each other {e.g., by 120%). When the pixel
array is iluminated, charge accamulates under respective gates 102, accordance with the
biasing. The phase offsets of the clock signals @y, @, and D1 result in accumulated charge being
transferred from gate 102 to gate 102 glong each pixel column 101 until the charge reaches a
transfer gate 110 at the end of the pixel columm 101, The wansfer gate 110, which s biased by a
clock signal P, transfers the charge from the last gate 102 in a column to 3 respective horizontal
register 112, Charge is then transferved borizontally between successive horizontal registers 112

to a readout amplifier {not shown), which senses the charge.

j0025] A sequence of gates 102 that receive the full set of clock signals @&y, @:, and @5 in
a pixel cohunn 101 iz defined as a pixel, with a vertical pixel pitch 106. In the example of Figare
1, there are three clock signals @y, @, and O, and a pixel therefore includes three successive

eates 102, In other examples, there may be only two clock signals or four or more clock signals
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with respective phases {e.g., offset by a number of degrees equal to 360° divided by the number
of clock signals), and the nomber of successtve gates 102 m g pixel equals the number of clock

signals and thus the number of respective phases. The clock signals may be sinusoidal.

[0026] Figare 1B shows a cross-section 114 of two gates 102 and an intervening channel
stop 108, Each gate 102 includes a gate oxide 122 situaied beneath a polysibicon stripe 104 and
above a region 124 doped n-tvpe (e.g., n+}). The channel stop 108 includes LOCOS {1e., a
LOCOS structure) 120 and a region 128 beneath the LOCOS 120 that is doped p-type. For
example, the dopant concentration of the region 126 may be p++ {e.g.. yreater than 1el8 cm-3}
of pt {e.g., between 1el7 em-3 and lel8 em-3). The regions 124 and 126 and the LOCOS 120
are formed on a subsirate 128, which may be an epitaxial silicon layer {(an “epi-layer™) grown on
bulk silicon, with the bulk sthicon subseguently being polished off to allow for back-side
lomination 130, The subsirate 128 may be p-type {e.g., near-intninsic p-type}). The dopant
concentration of the region 126 is thus significantly higher (e.g., by several orders of magnitude)
than the dopant concentration of the subsirate 128, While the region 124 is described as n-type
and the region 126 and subsirate 128 are described as p-type, these dopant types may be

reversed.

8627} The region 126 may be connected to ground at the edge of or outside the pixel
array butis otherwise flogting, and thus offers at best a high-resistance path to ground.
Providing electrically conductive contacts to the region 126 inside the pixel array, however,
would provide an extra variable i the operation of an image sensor that would address the
challenges described above. The region 126 could be grounded through the contacts to provide
an AC ground return for feedthrongh. The region 126 could also be positively or negatively
bigsed through the contacts to modulate the depletion region m the substrate 128 and thereby

enhance or degrade MT Fyp rision-

{0028} Figure 2 is a plan view of a portion 200 of a pixel array in an image sensor 0
accordance with some erboditnents. In the portion 200, a channel stop 202 with a structure
similar to the channel stop 108 (Figures TA-1B) 1solates pixels 204-1 and 204-3 {and thus their
corresponding gates 102} in the first pixel column 101-1 from respective adjacent pixels 204-2

and 204~4 {and thew corresponding gates 102} 1 the adjacent second pixel column 101-2. In
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some embodiments {e.z., for 2 um design rules), the channe!l stop 202 has a width of 4-6 um and

extends for a depth of 1-2 um with respect to the surface of the substrate 128,

{60294 An alternating sequence of electrically conductive polysiticon segments 206 and
metal segments 208 overlay (1.e, are situated above and extend along the direction of) the
chamnel stop 202, and thus are situated above the LOCOS 120 (Figure 1B) of the channel stop
202. The metal segments 208 overlap respective polysilicon segments 206: each metal segment
208 overlaps previous and subseguoent polysilicon segments 200 {except, e.g., at the top and
bottom edges of the pixel array}. The corresponding metal and polysiticon layers are separated
by one or more dielectric layvers, The polysilicon layer may be deposited directly on the LOCOS
120, Electrically conductive metal/poly contacts 210 extend between and electrically connect
the metal segments 208 and thewr respective previous and subsequent polysilicon sepments 206,
thereby creating a condacior that extends along the channel stop 202, This conductor comprises
the polysilicon segments 206, metal segments 208, and metal/poly contacts 210. Metal/substrate
contacts 212 exiend between and electrically connect respective metal segments 208 {e.g., each
metal segment 2083 and the region 126 {Figure 18} of the channel stop 202, and form respective
ohnuc comtacts with the region 126, The metal/substrate contacts 212 thos extend through the
LOCOS 120, The metal/substrate contacts 212 are formed beneath portions of the metal
segments 208 that do not have polysthicon segments 206 directly underneath, in accordance with

some embodiments.

{0030} In some embodiments, there are two metal/poly contacts 210 and one
metal/substrate contact 212 per pixel (i.¢., per adjacent pair of pixels). In some embodinents,
there are two metal‘poly contacts 210 and one metal/substrate contact 212 per n pixels {e.g., per
2" pixels), where nomay be an iiteger. For example, there may be two metal/poly contacts 210

and one metalisubsirate contact 212 per n pixels, where n 1s an integer less than or equal to eight.

LHHREE Figare 3A is a plan view of'a portion 300 of a pixel array in an image sensor that
1s an alternative to the portion 200 {Figure 2) m accordance with some embodiments. Figure 3B
shows a cross-seetion 306 of two gates 102 and the mtervening channel stop 202 in the portion
300, in accordance with some embodiments. In the portion 300, an electrically conductive
polysificon line 302 is sitoated above and extends along the channel stop 202, An electrically

conductive contact 308 extends through the polysilicon line 302 and LOCOS 120 to the region
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126, as shown in the cross-section 306, and forms au ohmic contact with the region 126, The
polysiticon hine 302 is 11 contact with, and thus i electrically connected to, the contact 308, A
metal line 304 is sifuated above and extends along the polysilicon line 302 and channel stop 202.
As 11 the portion 200 (Figure 2), the corresponding metal and polysilicon lavers are separated by
one or more dielectric layers. Metal/poly contacts 210 (e.g., a series of such contacts) extend
between and electrically connect the polysilicon line 302 and metal line 304. Strapping the
polvsilicon line 302 {o the metal line 304 in this manner provides a low-resistance connection
from the contact 308 and region 126 to an external pomt of connection {e.g., to ground orto a
power supply). In some embodiments, the metal line 304 is omitted and the connection from the
coptact 308 and region 126 to the external point of connection is through the polysilicon line
302,

{60321 in some embodiments, there is one contact 308 and/or one metal/poly contact 210
per pixel, muitiple contacts 308 anddor multiple metal/poly contacts 210 per pixel {e.g¢., one per
gate 102), or one contact 308 and/or one metal/poly contact 210 per n pixels (e.g., per 27 pixels),
where n may be an integer. For example, there may be one contact 308 andfor one metal/poly

contact 210 per nopixels, where n is an ieger less than or equal to eight

{8033} As described with respect fo Figore 1A, a full pixel array may mclode a repeating
sequence of pairs of pixel columns 101 with respective intervening channel stops 202 between
the pixel colunms 101 of each pax. Each channel stop 108 is thus one of a plurality of channel
stops 108 that isolate the pixel columns 101 of respective pairs of pixel columns 1. Each pair
of pixel columns 101 mav be separated from the next pair of pixel columns 101 by another
channet stop 202 or by an anti-blooming structure. A plurality of electnically conductive
contacts 212 (Figure 2} or 308 (Figore 3B) extend through the LOCOS structures 120 and form

olimic contacts with the regions 126 of the channel stops 202,

{0034] Figure 4 is a plan view of a portion 400 of a pixel array in an image sensor in
which a first pair of pixel columns 101-1 and 101-2 are separated from a second pair of pixel
cohanns 101-3 and 101-4 by an anti-blooming sirseture 402 {or alternatively another channel
stop), 1 accordance with some embodiments. These first and second pairs of pixel colunms are
part of a plurality of pairs of pixel cohwmns 1n a pixel arrav, each with a respective channpel stop

202 between the pixel columas 101 of the pair. A metal line 404 crosses above the plurality of

9
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pairs of pixel columns 101, In some embodiments, the metal line 404 is oriented at a slant with
respect to the plarality of pairs of pixel columns 101, A plurality of metal/substrate contacts 212
extends between and electrically connect the metal line 404 and regions 126 of the channel stops
202, In some embodiments, polysilicon lines 302 are situated above and extend along respective
channel stops 202, and metal/poly contacts 210 extend between the metal line 4044 and the
polvsilicon lines 302, The metal line 404 may be used {e.g., in conjunction with the polysilicon
lines 302} {o ground, negatively bias, andfor positively bias the metal/substrate contacts 212 and

regions 126,

0035} Figare SA 15 a schematic illustration showing the groundmg 500 of a contact 308
n accordance with some embodiments. The contact 308 may be connected to ground through
the polvsilicon line 302, metal/poly contacts 210, and/or metal line 304 (Figure 3A), as well as
metal lines 1o the periphery of the sensor chip that includes the pixel array. Similarly, a
metal/substrate contact 212 may be connected to ground through the conductive structures shown
tn Figures 2 and 4, as well as metal hnes in the periphery of the sensor chup that includes the
pixel array. Grounding such contacts provides a ground return that prevents feedthrough caused
by unbalance clock signals from affecting the readow amplifiers. Iaaging performance 1s thus
mproved and imaging can be performed at higher hne rates than would otherwise be possible.
Grounding such contacts may also provide other benefits, such as reducing plasma-induced
charge damage during fabrication and thus improving yield, reducing mechaunical stress, and

enthancing MTF by improving operation of the channel stop.

{6036} Figure 5B is a schematic iHlystration of the positive and/or negative biasing of a
contact 308 m accordance with some embodiments. The contact 308 or a metal/substrate contact
212 18 electrically connected 1o a progranimable power supply 522 (2.g., a digital-to-analog
converter {(DACH, for example through one of the conductive structares shown in Figures 2, 34,
and 4 as well as metal lines in the periphery of the sensor chip that includes the pixel array. In
some embodiments, the power supply 522 1s controlled by a controller 524 {e.g, 2
nucrecontroller or FPGA), which provides digital signals to the power supply 322 specifving the
bias voltage to be provided by the power supply 522, This bias voltage may vary gs a function of

g, whether the

Boe.

the imaging wavelength{s}, the target being imaged, and/or other factors (e,
naging 1s bnghtfield or darkfield). In some embodiments, the controller 524 includes non-

volatile memory 326 that includes a non-transitory computer-readable mediom storing

10
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mstructions, configured for execution by the controller 324, for providing the digital signals

specifyving the bias voltage.

{6037} in some embodiments, the bias voltage provided by the power supply 322 may be
adjusted i real time, during the imaging process, 1o allow dynamic adjustment of the imaging

Process.

{8038} Negatively biasing the contact 308 {or metal/substrate contact 212} degrades

MT Fyiy rusion and thus reduces or eliminates aliasing, with potentially little to no mapact on the
sensor full-well capacity. Negative biasing achieves this result by reducing the extent of the
depletion region in the substrate 128; the more negative the bigs, the smaller the depletion region
and the larger the field-free region near the back surface of the substrate 128, Increasing the
extent of the field-free region increases charge diffusion, which degrades MTFypus10n-
Negative biasing may be used in brightfield imaging to image as much light as possible on the
sensor {e.g., using a UV or deep UV broadband huht sowrce) and to improve darkfield inspection
performance by allowing the collection of high-angle scattering from small defects withowt

aliasing.

{00391 Positively biasing the contact 308 {or metal/substrate contact 212) enhances
MTF i pusion and thus allows multi-spectral tmaging: an imaging sensor with a substrate 128
thick enough {e.g., 30 um thick) to support imaging at long wavelengths (e.g., ved or infrared,
where infrared may extend to 900 mm or more) can also be used to perform imaging at shorter
wavelengths (e.g., blue, UV, or deep UV, where deep UV may be defined as 190 nm to 355 nm).
in one example, the same imaging sensor may be used to perform imaging at 405 mm, 600 nm,
and 900 nm. Positive biasing achieves this resuli by increasing the extent of the depletivn region
in the substrate 128: the more positive the bias, the larger the depletion region and the smaller the
field-free region near the back surface of the substrate 128, Decreasing the extent of the field-

free region decreases charge diffusion, which enhances MTFyyr rysion-

{0040} The precise degree of depletion may be simulated for a specific pixel structure

using known simulation software (e.g., 2-D sumalation software from Silvaco, Inc.).

{8041} Figure 6 iz a flowchart showing a method 600 of falwicating a back-i1uminated

image sensor, in accordance with some embodiments. In the method 600, first and second

1t
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columns of pixels {e.g., columns 1.1 and 1012, Figure 2, 3A, or 4} are fabuicated (602). A
channel stop {e.g., channel stop 202, Figures 2-4) situated between the first and second columns
of pixels is also fabricated (604), to isolate the first columm of pixels from the second columm of
pixels. To fabricate the channel stop, a region of silicon (e.g.. region 126, Figure 3B} 1s doped
{606}, for example using implantation, and a LOCOS structwre (e.g., LOCOS 120, Figure 3B} s
formed (608) above the doped region of silicon. A portion of the doped region of silicon may be

consumed m step 608 when forming the LOCOS structure.

{0042} An opening is etched (610) through the LOCOS structure. Electrically conductive
material {e.g., aluminum} is deposited {612) in the opening to form an eleciically conductive
contact (e.g., metal/sabstrate contact 212, Figore 2 or 4; contact 308; Figure 3B) comprising an

ohmic contact with the doped region of silicon.

6043} In some embodiments, the electrically conductive contact 1s connected (614} to
groand. For example, the electrically conductive contact is coupled 1o one or more ground ping
of a sensor chip on which the structures of the method 600 are situated. In some embodiments,
the electrically conductive contaet is coupled (616) to a progranunable power sapply (e.g., power
supply 522, Figure 3B), which may be implemented on the sensor chip on which the structures of

the method 600 are situated or oo @ separate chip,

00444 Steps in the method 600 may be combined or broken out and steps that are not
order-dependent may be reordered {2.g., tn accordance with known semuiconductor-processing

techuigues).

{0045] Figure 7 15 a flowchart showing a method 700 of performing imaging, in
acvordance with some embodiments, In the method 700, an imaging sensor {e.g., as fabricated
per the method 600, Figure 6) 15 illomunated (702) with light reflected from a trget (e.g., a
semiconductor wafer). In the maging sensor, while ilaminating the imaging sensor, time-
domain integration {TDI) is performed (704) along a plurality of pixel columns that comprise
pairs of pixel colunns {e.g., columns 101-1 and 1012, Figwre 2, 34, or 4} in which the pixel
columns are separated by respective channel stops {e.g., channel stops 202, Figures 2-4). The
channet stops comprise respective LOCOS structures {e.g., LOCOS 120, Figure 38) and
respective regions of doped sthcon {e.g., regions 126, Figure 3B} beneath the respective LOCOS

struyctares. Electrically conductive contacts {e.g., metal/sabstrate contacts 212, Figore 2 or 4;
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contacts 308; Figure 3B) extend through the LOCOS structures and form chmic contacts with the

regions of doped silicon of the phaality of channel stops.

{6046} While itheminating the imaging sensor and pertormung TDI, the electrically
conductive contacts are biased (706). In some embodiments, the electnically conductive contacts
are biased by grounding them (708}, as shown for example in Figure 3A. In some embodiments,

a negative bias (710} or positive bias (712} is applied to the elecirically conductive contacts, as

6047} The foregoing description, for purpose of explanation, has been desoribed with
reference to specific embodiments. However, the iHlustrative discussions above are not intended
to be exhanstive or to Limit the scope of the claims to the precise forms disclosed. Many
modifications and variations ave possible m view of the above teachings. The embediments were
chosen in order to best explain the principles underlying the claims and their practical
applications, to thereby enable others skilled in the art to best use the embodiments with various

modifications as are suited to the particular uses contemplated.
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WHAT IS CLAIMED IS:

i A back-Hluminated indge sensor, congrising:
a first pixel
a second pixel;
a channel stop situated between the first pixel and the second pixel to isolate the first
pixel from the second pixel, the channel stop comprising?
a local oxidation of siicon (LOCOS) structure, and
a region of doped silicon beneath the LOCOS structure; and
a first electrically conductive contact extending through the LOCOS strocture and

forming an obmic contact with the region of doped silicon.

2 The image sensor of claim 1, wherein the electrically conductive contact is connected to
ground.
3 The image sensor of claim |, further comprising a power supply electrically coupled to

the clectrically conductive contact, wherein the power supply is configurable to negatively bias

the electrically conductive contact.

4. The tmage sensor of claim 1, further comprising a power supply electrically coupled to
the elecirically conductive comtact, wherein the power supply is configurable to buth negatively

and positively bias the electrically conductive contact.

5. The image sensor of claim 1, wherein:
the region of doped silicon is a p++ implanted region; and

the first and second pixels comprise a phuality of gates having n-type channels,

G. The image sensor of claim 1, further comprising:
a first column of pixels that includes the first pixel; and
a second column of pixels that includes the second pixel;
wherein the channel stop is situated between the first coluran and the second column to

isolate the first colurnn from the second colums.

14
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7. The image scasor of claim 6, further comprising a series of electrically conductive
contacts, cach extending through the LOCOS structure and forming a respective ohmic contact
with the region of doped silicon;

wherein the series of elecirically conductive contacts includes the first electrically

conductive contact.

B The image sensor of clahm 6, wheret

the pixels in the first column and in the second column conprise respective pluralities of
gates;

respoetive gates of cach pharality of gates are to receive respective clock sigaals of 3
phurality of clock signals: and

each clock signal of the phaality of clock signals has a distinct phase.

9, The image sensor of clain 6, wherein the electrically conductive cordact is a first contact,
the image seasor further comprising:

a motal sogment situated above the channel stop, wherein the first confact is between the
metal segment and the region of doped silicon;

an clectrically conductive polysilicon segment overlapped by the metal segment; and

a second electrically conductive contact between the metal segment and the polysilicon

segment.

18, The image sensor of claim &, farther comprising an electrically conductive polvsiicon

line extending along the channel stop and in contact with the first electrically conductive comtact.

11, The image sensor of claine 10, further comprising:

a metal Hine situated above and extending slong the polysilicon Hue and the channel stop;
and

a series of electrically conductive contacts between the metal Hne and the polysihicon

line.

12, The image sensor of claim 6, wherein the first and second columns of pixels compose a
first pair of pixel columnx and the channel stop is & {first channel stop, the image sensor further

comprising
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a plorality of pairs of pixel columns, including the first patr;

a plurality of channel stops, including the first channel stop, cach situated between the
pixel colurons of a respective pair of pixel columns to solate the pixel colurnns of the respective
pair of pixel cohwmmns, wherein each channel stop comprises a respective LOUOS structure and a
respective region of doped silicon beneath the respective LOCOS structure; and

a plurality of electrically conductive contacts, including the first electrically conductive
contact, extending throagh the LOCOS structures and forming ohmic contacts with the regions

of doped silicon of the plurality of channel stops.

13, The mage sensor of claim 12, further comprising a metal line crossing above the
phurality of pairs of pixel colunmns at a slant with respect to the plarality of pairs of pixels
cohumns;

wherein the plurality of electrically conductive contacts are between the metal line and

the regions of doped silicon.

4, A method of fabricating a back-illuminaied image sensor, comprising:
fabricating first and second columns of pixels;
fabricating a chanael stop situated between the first and second columns of pixels, to
solate the first columnn of pixels from the second column of pixels, wherein fabricating the
channe! stop comprises:
doping a region of silicon; and
formung a LOCOS stracture above the doped region of silicon.
ctehing an opening through the LOCOS structure; and
depositing electrically conductive material in the opening to form an electrically

conductive contact comprising an olunic contact with the doped region of silicon,

15, Themethod of claim 14, further comprising connecting the clectrically conductive

contact to ground.

16, The method of claim 14, further comprising coupling the electrically conductive contact

to a progranmmable power supply.

17, Anmmaging method, comprising:

ia
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iluminating an tmaging sensor with light reflected from a target;

in the Emaging scnsor, while iHuminating the imaging sensor, performing time-domain
integration {TDY) along a plurslity of pixel columns comprising pairs of pixel columns in which
the pixel columns are separated by respective channel stops, wherein the channel stops comprise
respective LOCOS structures and respective regions of doped silicon beneath the respective
LOCOS structures, and wherein electrically conductive contacts extend through the LOCOS
structures and form ohmie contacts with the regions of doped stlicon of the plurality of channel
stops; and

while Hluminating the imaging sensor and performing TDI, blasing the elecirically

conductive gontacts,

18, The method of clabm 17, wherein blasing the electrically conductive contacts comprises

grounding the electrically conductive contacts,

19, The method of claim 17, wherein binsing the electrically condactive contacts comprises

appiying a negative bias to the electrieally conductive contacty.

28, Themethod of clatm 17, wherein biasing the electrically conduative contacts comprises

applying a positive bias to the electrically conductive contacts.
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600\‘

Fabricate first and second columns of pixels. (602)

l

Fabricate a channel stop situated between the first and second columns of pixels, to isolate the
first column of pixels from the second column of pixels. (604)

Etch an opening through the LOCOS structure. (610)

A

Deposit an electrically conductive material in the opening to form an electrically conductive
contact comprising an ohmic contact with the doped region of silicon. (612)

v

Connect the electrically conductive contact Couple the electrically conductive contact to
to ground. (614) a programmable power supply. (616)

Figure 6
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llluminate an imaging sensor with light reflected from a target. (702)

:

In the imaging sensor, while illuminating the imaging sensor, perform TDI along a plurality of
pixel columns that comprise pairs of pixel columns in which the pixel columns are separated by
respective channel stops. The channel stops comprise respective LOCOS structures and
respective regions of doped silicon beneath the respective LOCOS structures. Electrically
conductive contacts extend through the LOCOS structures and form ohmic contacts with the
regions of doped silicon of the plurality of channel stops. (704)

l

While illuminating the imaging sensor and performing TDI, bias the electrically conductive
contacts. (706)

Figure 7
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