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(57) Abstract: A method for fabricating a backside-illuminated sensor includes providing a thin film semiconductor lamina having a
first conductivity, and forming a doped region having a second conductivity within the lamina and at a front surface of the lamina.
The lamina may be provided as a free-standing lamina, or may be provided as a semiconductor donor body from which the lamina is
cleaved. An electrical connection is formed to the doped region. A temporary carrier is contacted to the back surtace of the semicon -
ductor and later removed. A backside-illuminated sensor is fabricated from the semiconductor lamina, in which the thickness of the
semiconductor lamina remains substantially unchanged during the fabrication process.
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METHOD FORFABRICATING BACKSIDE-ILLUMINATED SENSORS

RELATED APPLICATIONS

{801} This application claims priority to ULS. Patent Application No.
137425,877, filed March 21, 2012, and entitled “Method for Fabricating Backside-
Htiuminated Sensors”; which claims priority to ULS. Provisional Application No.
61/596,694, filed February 8, 20172, and entitled “Method for Fabricating Backside-
Hhuminated Sensors,” both of which are hereby incorporated by reference for all
purposcs. This application is also related to U.S. Patent Application No. 13/425 870,
entitled “Back-Contact Photovoltaic Cell Comprising A Thin Lamina Having A
Superstrate Receiver Element,” filed March 21, 2012, and which 1s hereby incorporated

by reference for all purposes.

BACKGROUND OF THE INVENTION

{802} Image sensors receive light and convert the energy into electrical
signals based on the amount of light received. Image sensors generally include a silicon
light-seunsitive layer and clectrical circuitry, such as an mtegrated chip, for processing the
clectrical signals. 1t is desirable to increasc the pixel density on a chip to improve
resolution.  However, increasing pixel density creates issues such as crosstalk and denser
circuitry wiring.

16031 o frontside-iHuminated (FS1) sensors, Hight enters the “front” of the
chip where the metal interconnections le. Increasing the amovnt of wiring causes more
shadowing and therefore iess efficiency of light reaching the silicon light-sensitive layer.
In backside-illuminated (BST) sensors, light enters the silicon side of the chip and
therefore does not require passing through the metal intercommect layers. Thus, BSI
sensors are desirable for advance fmage sensing technology. However, BS1 sensors
require thinner silicon in order for the light to pass through and reach the photoactive
layer and therefore have not been as cost-cffective to manufacture as FSI sensors. BSI
sensors also require precision uniformity in thickness across the chup, which can be
difficolt to accomplish.

604 Ume approach for manufacturing thin semiconductor waters is utilizing
epitaxial sihicon, in which layers of silicon are grown on a bulk silicon substrate. The
silicon substrate 18 a very thin sheet of typically less than 1.5 microns. Another approach

is using a thicker silicon wafer and grinding it down to the desired thioness after the
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circuitry and mterconnect layers have been formed. Because 1t is difficult to achieve the
necessary precision uniformity in thickoess with grinding, BSI processing often requires
hoth wafer level grinding and dic level polishing, This creates throughput issucs,
increases cost, and can cause contamination. Other factors in fabricanng BSI sensors
inchude differences in processing temperatores at the various stages of manufactoring,
which greatly affects the materials and sequence of manufacturing stops, and the ability to

handle thin films during fabrication.

SUMMARY OF THE INVENTION

{305 A method for fabricating a backside-illuminated sensor inchudes
providing a thin film semiconductor lantina having a first conductivity, and forming a
doped region having a second conductivity within the lamina and at a front surface of the
lamina. An electrical connection is formed to the doped rogion. A temporary carrier is
contacted to the back surface of the semiconductor and later removed. A backside-
luminated sensor is fabricated from the semiconductor lamina, in which the thickness of
the provided semiconductor lamina remains substantially unchanged during the
fabrication.

{8061 In other embodiments, & method for fabricating a backside-iluminated
sensor inchides providing & semiconductor donor body having a first conductivity., A
doped region of a second conductivity is formed at a fust surface of the donor bedy and
within the donor body. Tous are traplanted into the first surface to define a cleave plane,
and a semiconductor lamina is cleaved from the donor body. The doped region is
included in the lamina, and an elecirical connection is formed to the doped region. A
temporary carrier is contacted to the back surface of the semiconductor and later
removed. A backside-iluminated sensor 18 fabricated from the semiconductor lanunag, in
which the thickness of the semiconductor lamina remains substantially unchanged doring

the fabrication.

BRIEF DESCRIPTION OF THE DRAWINGS
{6871 Each of the aspects and embodiments of the tnvention described herein
can be used alone or in combination with one another. The aspects and embodiments will
now be described with reference to the attached drawings.
{8881 FIG. 1 depicts a cross-sectional view of a conventional frontside-

illuminated sensor.
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[049] FIG. 2 depicts a cross-sectional view of a conventional backside-
illuminated sensor.

{0416} F1Gs. 3A-3C are cross-sectional views of an embodiment of a
backside-iluminated sensor in various stages of manufacturing.

{8011} FIG. 4 is a flowchart of an exemplary method of the present invention.

i6012] FiGs. 5A-3C show exemplary cross-sectional views of another
embodiment of a backside-iluminated sensor in various stages of manufacturing.

[B313] FIG. 6 s a flowchart of another exemplary method of the present

nvention.
DETAILED DESCRIPTION OF THE EMBODIMENTS
{8014 A backside-iHuminated sensor is fabricated using a lamina having a

thickness substantially cquivalent to the desired thickness for the finished sensor device.
In some ershodiments, the lamina may be provided as a free-standing lamina, in which
doped regions are formed within and at a front surface of the lamina, In other
embodiments, doped regions are formed in a first surface of a semiconductor donor body
and a lamina is cleaved from the donor body, where the doped regions are within and at
the front surface of the lamina. The methods disclosed herein enable improving
throughput and decreasing manofacturing cost.

{0015] FIG. 1 shows a simplified view of a conventional FSI sensor 100
which includes lenses 110, color filter 120, integrated circuit 130, metal interconnoct
layer 140, doped regions 150 and semiconductor substrate 160, The semiconductor
substrate 160 has a first conductivity and may be, for example, silicon. The doped regions
150 arc doped to a differont conductivity than the semiconductor substrate 160. For
instance, the semiconductor substrate 160 may be a p-type conductor while the doped
regions 150 may be n-type. A depletion zone forms at the p-n junction, creating an
clectric field. The p-n junction between the doped regions 150 and semiconductor
substrate 160 forms a photodiode. Incident photous, indicated by arrows 170, will knock
electrons from the valence band to the conduction band, ¢reating free electron-hole pairs.
Within the electric field at the p-n junction, electrons tend to migrate toward the n region
of the diode, while holes migrate toward the p region, resulting in current, called
photocurrent. Typically the dopant concentration of one region will be higher than that of

the other, so that the junction is either an n-/p+ junction or a p-/nrt junction.
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{Bi16] In the FSI sensor 100 of FIG. 1, metal interconnect layer 140 may
include wiring or nterconnects 142 and dielectric 144, Similarly, integrated circuit 130
also focludes wirtng 132, Light 170 enters the “front side” of the of the FST sensor 100,
where some ight rays are blocked or reflected by wiring 132 and wiring 142, Light
energy that reaches the doped regions 150 is then converted to electrical signals that are
processed by integrated circuit 130,

L FIG. 2 is a simplified diagram of a conventional BS1 sensor 200, A
BSI sensor is essentially an inverted FSI so that Hght enters the back side, through the
semiconductor substrate, In FIG. 2, incident light, indicated by arrows 270, enters lens
210 and passes through color filter 220, and then proceeds through semiconductor
substrate 260 to diode regions 250, vnhindered by wiring in metal interconnect layer 240
and integrated circuit 230. Thus, the efficiency of captiring photons is greatly increased
for BSI sensors compared to FSI sensors. However, making the semiconductor substrate
260 thin enough to allow light to reach doped regions 250 can be very difficult, as the
substrate 260 also requires high precision uniformity in thickness and avoiding damage to
the thin film semiconductor during processing. Grinding is typically used io thin 2 silicon
wafer; however, wafer level grinding commonly results in thickness variation across the
wafer. Therefore, additional die level polishing is often performed. The need for
muultiple material remeval steps creates various issues such as lower throughput, higher
cost, increased risk of surface contamination, and potential for damage to the
seodconductor substrate due to increased handling.

[6818] FIGs. 3A-3C depict cross-sectional views of an embodiment of the
present disclosure, in which a BSI sensor is fabricated utilizing a thin film semiconductor
lamina that already posscsses a thickness substantially equivalent to the desived thickness
required for the finished sensor assembly. The lamina may be less than 30 microns {(um)
thick, such as between 1 and 20 pm or between | and 10 pm thick. The thickness of the
provided lamina remains substantially unchanged, for exampic within at least 80% of its
inttially provided thickness, during processing steps for fabrication of the BSI sensor.

{6319] In FIG. 34, a thin film semiconductor lamina 360 is provided, where
semiconductor lamina 360 has a front surface 362, a back surface 364, and a first
conductivity. The lamina 360 has a thickness measured between the front surface 362
and the back surface 364, Semiconduoctor lamina 360 may be contacted by a temporary
support 380 at back surface 364 to aid in handling the thin film. Temporary support 380

may be contacted to lamina 360 by any type of separable force or adherence such as a
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vacuum, electrostatic or chemical force. In some embodiments, semiconductor laming
360 may be a doped n-type or p-iype moncerystalline sificon. The doping conceniration
may be, for cxample, between about 1 x 10" and about 1 x 10° dopant atoms/cny’, or for
example, about 1 x 10" dopant atoms/crn’. One or more doped regions 350 are formed
within semicondoctor lamina 360 at front surface 362, where the doped regions 350 have
a different conductivity than that of the semiconductor. One aspect of this invention is
that doped regions may be formed on any lamina of any thickoess, such as less than 50
win thick., Another aspect of this invention 1s that imperfections in the lamina that may
have been generated by an exfoliation process may be repaired before the fabrication of
doped diode regions.

[0826] The doped regions 350 i FIG. 3A may be formed by methods known
in the art, inchuding diffusion doping. For example, as shown in FIG. 3A, a doped glass
layer 390 may be formed on the front surface 362 by any method such as stmospheric
pressure chemical vapor deposition (PCV D). For a p-type dopant, the doped glass layer
390 may be, for example, borosilicate glass (BSG) doped with boron. The source gas
may be any suitable gas that will provide boron, for example, BBry, BaHs, or BCl. For
an n-type dopant, an appropriate gas such as POCH may be flowed at about 880 °C for
about 30 minutes on front surface 362, forming phosphosilicate glass (PSG). In other
embodiments, a dopant-providing material may be spun onto the front surface 362 and
baked. In still other embodiments, the doped glass may be grown thermally, by flowing
(32 over a solid source such as BN, The doped glass layer 390 may have a thickness
between, for example, about 500 and about 1500 angstroms, for example, about 1000
angstroms. Next, the doped glass 390 is removed in selected arcas, for example by sereen
printing ctchant paste, leaving glass regions 392 (shown as shaded areas} where the doped
regions 350 are 1o be formed. Alternatively, doped regions 350 may be formed on front
surface 362 by the deposition of amorphous silicon comprising an n-type dopant. In
some embodiments, an intrinsic {undopead) layer of amorphous silicon may be interposed
between the doped amorphous silicon layer and front surface 362,

{8621 In an alternative process for forming the doped regions 350, a laver of
SNy (not shown) may be deposited on the front surface 362, A screen print etchant
pasie is applied to ctch the SiaNy, to mask any locations on front surface 362 in which
doped regions 350 are not fo be formed. Alternatively, conventional photolithographic
techniques could be used to define these masked regions. Diffusion doping using a

source of phosphorus (e.g., POCLE) is performed to form n-type doped regions, or a
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boron-containing ambient (e.g., BBrs) is used to form p-type regions in the exposed arcas.
Any remaining Si;Ny may be eiched off at this time using known methods such as
hydrofluoric acid (HF). A thin oxide laver may be grown on the water.

{08221 An anneal, for example between about 850 and about 1000 °C, is
performed tn a fumace from between about 30 and about 90 minutes, and diffuses
dopants from glass regions 392 into semiconductor lamina 360 at front surface 362, Thig
ditfusion forms either doped p-type (from, ¢.g., BSG) or n-type (from, e.g., PSG) regions
350. Next a conventional wet eich, for example an HF dip, removes the BSG or PSG,
leaving doped regions 350 exposed at front surface 362, Boron and phosphorus are the
most commonly used p-type and n-type depaunts, respectively, but other dopants may be
used.

180231 After doped regions 350 have been formed in thin film semiconductor
lamina 360, electrical connections may be formed as shown in FIG. 3B. o some
cmbodiments, the clectrical connection may inchide one or more sub-layers in
metallization layer 340, The metallization layer 340 may be formed by, for example,
sputter deposition using physical vapor deposition. The metallization layers 340 may
comprise, for example, titantum, titaniure-tungsten, or copper. Photolithography methods
known in the art may be used to mask and etch the desived wiring patterns in
metallization layers 340, to form electrical connections 342 to the doped regions 350, as
depicted in FIG. 3C. Subsequent manufacturing steps may then be exccuted to fabricate 8
backside-1Huninated sensor from the thin film semiconductor lamina 360, For instance,
copper-tin, copper-indium or indiom-tin bumps 344 may be electroplated onto the
metallization layers 340 to facilitate bonding of integrated circuit 330, This bonding can
be accomplished using any known method that will result in electrical connections
between the integrated cireuit and the lamina; for example, copper-copper thermo-
compression bonding, or solid-liguid nter-diffusion bonding, esing copper and tin or
indium and indium or indium and tin. In some embediments, integrated circuit 330 may
be a complementary metal-oxide semiconductor {CMOR).

[0824] After the desired components have been constructed on the front
surface 362 of thin film semiconductor 360, temporary support 380 is removed from back
surface 364 of the lamina 360, A completed BSI sensor may be fabricated by adding, for
example, coatings, color filters, and micro-lenses to back surface 364 (e.g., F1G. 2). As

seen in the embodiments of FIGs. 3A-3C, the thickness of initially provided thin film



WO 2013/119513 PCT/US2013/024684

semiconductor lamin 360 remains substantially anchanged doring fabrication of the
backside dhiminated sensor, thus reducing issues created by grinding,

[0825] Flowchart 400 of FIG. 4 illustrates the embodiments FiGs. 3A-3C.
The exemplary method of flowchart 400 begins with providing a thin film semiconductor
lamina in stop 410, In step 420 a temporary carrier or support may be contacted to the
back surface of the lamina, to support handling of the fragile lamina doring processing.
One or more doped regions are formed at the front surface of the lanina in step 430,
where the doped regions have a conductivity opposite of the conductivity of the thin film
semiconductor. In step 440, one or more elecirical connections are formed to the doped
region. The electrical connections may include, for example, metallization layers, solder
bumps and thermo-compression interfaces. The temporary carrier is removed in step 450,
after which a finished backside-illuminated sensor may be fabricated in siep 460 by
performing any additional manufacturing steps as desired on the back surface of the
laraina. These finishing steps may include, for example, adding coatings, color filters and
micro-lenses. The coatings may include layers that passivate the back surface of the
lamina. These passivation fayers may include a 10 A - 300 A layer of hydrogenated
amorphous silicon, deposited by plasma-enhanced chemical vapor deposition at 2
temperature of <450 C. The finishing steps may also include ctching some material from
the back surface of the lamina, to remove damage incurred during the cleaving implant
process.

{8626] Another embodiment of the present disclosure is shown in FIGs. 5A-
SC. In this embodiment, doped regions 550 of FIG. SA are formed in 2 semiconductor
donor body 500, and then a lamina is cleaved from the semiconductor donor body 500,
where the lamina includes the doped regions 550. The donor body 500 is an appropriate
semiconductor material such as a monocrystalline silicon wafer of any practical thickness,
for example from about 200 to about 1000 microns thick, In alternative embodiments, the
donor water may be thicker; maximom thickness is Himited only by practicalitics of wafer
handling. Alternatively, wafers or ingots of other semiconducters materials, including
germanium, siicon germaniom, or -V or [I-V1 semiconductor compounds such as
GaAs, InP, etc may be used,

{0827} The process of forming monocrystalline sificon generally rosults in
circular wafers, but the donor body can have other shapes as well. Cylindrical
monocrystalline ingots are often machined to an octagonal cross section prioy to cutting

wafers. Multicrystaliine wafers are often square. Square wafers bave the advantage that,
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unlike cireslar or hexagonal wafers, they can be aligned edge-to-edge with minimal
unused gaps between them. The diameter or width of the wafer may be any standard or
custom size. For simplicity this disclosure will describe the use of a monocrystalline
stlicon wafer as the semiconductor donor body, but 1t will be umderstood that donor
bodies of other types and materials can be used.

{6028] Exfoliation of a lamina comprising the doped regions 550 may ocour
by any means, inchiding an ion induced cleavage reaction. Sivaram et al, U.S. Patent
Application No. 12/026530, “Method to Form a Photovoltaic Cell Comprising a Thin
Lamina,” filed Feb, §, 2008, owned by the assignee of the present invention and hereby
ncorporated by reference, deseribes a semiconductor donor wafer (without doped regions
550y implanted with one or more species of gas jons, for example hydrogen and/or helium
ions. The implanted 1ons define a cleave plane, such as cleave plane 501 of FIG. SA,
within the semiconductor donor wafer 500. Semiconductor donor wafer 500, also
reterred to as a donor body in this disclosure, has a first surface 562, which will become
the front surface 562 of the later-exfoliated lamina. The gas 1ons are implanted (ndicated
by arrows S03) through first surface 562, to create cleave plane 501. The cost of this
hydrogen or helium foplant may reduced by methods described in Parriil et al, ULS.
Patent Application No. 12/122108, “lon Implanter for Photovoltaic Cell Fabrication,”
filed May 16, 2008, owned by the assignee of the present tnvention and hereby
incorporated by reference. The overall depth of cleave plane 501, as measured from first
surface 562, is determined by several factors including tmplant energy. The depth of
cleave plane 501 can be between about 0.2 and about 100 pm from fivst serface 562, for
example between about 0.5 and about 20 puny; or between about 0.5 and about 50 um, for
exanple between about 1 and about 23 wm or between about § microns and about 20 pm.
The depth of the cleave plane 501 will determine the thickness of cleaved lamina.
Desirably, the thickness of cleaved laming is chosen to be substantially equivalent to the
desired thickness of a semiconducior subsirate in the completed BSI sensor. Thus, a
seodconductor substrate for a BS1 according to emboduments of this invention may
advantageously be produced with a specifically desired thickness and with a highly
precise uniformity in thickness.

{6629 As shown in FIG. 5B, an anneal reaction causes lamina 560 to cleave
from donor wafer SO0 at cleave plane 501, where the cleave plane 301 creates back
surface 564 of lamina 560, The first surface 562 of the semiconductor donor body 360

becomes front surface 562 of the lamina 560. Donor wafer 500 is atfixed at first surface
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562 to a temporary support clement 585, which may be used to lift the lamina 560 from
the semiconductor donor body 500,

{0630] According to embodiments of Sivaram et al., semiconductor lamina
560 may be between about 0.2 and about 100 um thick, for example between about 0.2
and about 5O pm, for example between about 1 and about 25 um thick, in some
cmbodimenis between about 5 and about 20 pm thick, though any thickoess within the
named range is possible. Using the methods of Sivaram et al., photovoltaic cells are
formed of thin semiconductor laminae rather than being formed from shiced wafers,
without wasting silicon through excessive kerf loss or by fabrication of an unnocessarily
thick celi, thus reducing cost. The same donor wafer can be reused to form multiple
laminae, further reducing cost, and may be resold after exfoliation of muktiple laminae for
some other use.

{0031} In the methods of Sivaram et al,, though, the wafer mwst be contacted
to a temporary or permancuat support clement early in the process in order to provide
mechanical sapport to the thin lamina. Typically, lamina formed in this manner must
either incorporate the support element into any resuitani device or engage in a debonding
step to remove the support clement. o some ersbodiments of the present disclosure, 2
thin, free standing lanina may be formed and separated from a donor body without
adhesive or permancnt bonding to 8 support element and without requiring debonding or
cleaning sieps prior to fabricating a device from the lamina, beneficially providing for any
number of processing steps to the front or back surface of the lamina. The first surface of
the donor body SO0 - which will be the front surface of an exfoliated lamina - may be
placed adjacent to support cloment 585 and an anneal stop may be performed that
exfoliates a lamnina from the first surface of the donor body before or afier the surface is
treated with a processing step. The cleaved plane creates the back surface of the lamina,
and once again, any number of processing steps may then occur on either side of the
cxfoliated lamina. These processes may occur in the absence of a bonded support
clement on the lamina as described in Kell ot al., “A Method and Apparatus for Foroing a
Thin Lamina,” U.S. Patent Apphcation No. 13/331,909 filed December 20, 2011 and
hereby incorporated by reference.

[6832] Turning to FiG. 5C, prior to exfoliation, a sccond surface 502 of
semiconductor donor body SO0 of the present invention may be separably contacted to &
temporary support element 586, such as a susceptor assembly. The contact between the

donor body SG0 and the support element 586 may comprise any type of separable force or
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adherence such as a vacuum, electrostatic or chemical force. In some embodiments the
interacting force between the donor body 500 and the susceptor 586 during exfoliation of
a lamiea 18 solely the weight of the donor bedy 500 on the susceptor 586, In other
embodiments where the exfoliation equipment has a configuration which is fnverted
vertically from that shown in FIG. SB, the interacting force 1s solely the weight of the
susceptor assembly 586 on the donor body. Following the contacting of the donor body
500 to the susceptor assembly 586, heat or other force may be applied to the donor body
500 to cleave lamina 560 from the donor body 500 at the cleave plane SO1. Exfoliation
conditions may be optimized to cleave the lamina from the donoer body in order to
minimize physical defects in a lamina exfoliated in the absence of a permanently adhered
support element. Exfolistion may be performed at temperatures between, for example,
about 350 and about 650 degrees C. In general, exfoliation proceeds more rapidly at
higher temperature.

{66331 In cleaving lamina 560 from donor wafer 500 at cleave plane 501, a
back sorface $64 which is apposite of the front surface 562 on lamina 560 is created, as
shown in FIG, 5C. Doped regions 550 are located at front surface 562 and within lamina
560 The lanvna 560 may be annealed to remove any damage caused by the ion
mmplantation. The free-standing lamina 560 may be temporarily contacted at either the
front surface 562 or back surface 564 with a temporary support element. For example,
support element 380 in FIG. 5C may contact back surface 564 during further
manufacturing steps, and later removed, for fabricating the lamina 560 into a backside-
luminated sensor as described in relation to FIGs. 3B-3C above.

[0834] Note that the steps of implanting ions, cleaving the semiconductor
donor body, and forming doped regions occur at high temperatures, such as above 450
degrees Celsius. Performing these high temperatore steps in the early stages of
fabricating a BSI sensor advantageously allows for the more thermally fragile materials to
be used in later steps of fabricating the backside-iluminated sensor. In some
cembodiments of the present invention, during manufacture of a completed BSI sensor,
only the steps of implanting ions, cleaving the semiconductor donor body, and forming
the doped region have processing temperatures above about 450 degrees Celsius, In other
embodiments, forming a doped region occurs prior to the step of implanting ions.

[0835]) Flowchart 600 of FIG. 6 llustrates an exemplary embodiment of the
metheds of FIGs, 5A-5C, In step 610, a semiconductor donor body is provided. One or

more doped regions, which will serve as photodiodes of a finished BSI sensor assembly,

10
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are formed in the donor body m step 620. The doped regions are formed at a fivst surface
of the donor body and have a conductivity that is different from the conductivity of the
donor body. Tons are tmaplavted into the senriconductor donor body to form a cleave
plane in step 630, and then a semiconductor lamina is cleaved from the donor body n
step 644, The first surface of the semiconductor body serves as the front sarface of the
lamina, and the cleave plane creates the back surface of the lamina. Furthermore, the
doped regions are included at a front surface of the exfohiated lamina. Instep 650 a
temporary carvier or support is contacted to the back surface of the semiconductor lamina.
Electrical connections, such as the metallization layers described above, are coupled to
the doped regions on the front side of the lamina n step 660, The temporary carrier is
removed m step 670, A finished backside-illuminated sensor may be fabricated in step
680 by performing any additional manufacturing steps desired on back surface of the
lamina, such as those described in relation to step 460 of FIG. 4,

{8636] As discussed above, the embodiments of the present invention provide
method of providing a lamina that does not require forther thinning to achieve the desired
thickness for a BSi sensor, thus reducing cost and improving and manufacturability, The
thickness of the provided lamina remains substantially unchanged — such as being
modified by not more than 20% of its nitial thickness as a result of, for example, etching
- during processing of the lamina and fabrication of the backside-illuminated sensor.
Embodiments of the methods alse invelve doping the diede regions — processes which
typicaily require high temperatures — carly in the manufacturing process, consequently
allowing for use of lower temperature materials and processes in sebsequent fabrication

step

w

80371 Note that additional stops may be incorporated inte the flowcharts
described i this disclosure, without departing from the scope of the invention. For
instance, in some embodiments a temporary support may aiso be contacted to the fromt
surface. Similarly, temporary supporis contacting cither or both of the front and back
surfaces roay be used to transfer the lamina through the various steps invelved with
fabricating a finished B3I sensor assembly. In other embodiments, etching or other
surface preparation processes may be performed. An etch step may serve o remove
damage at the back surface of the lamina. This ctch sicp may be performed, for example,
by a wet or plasma treatment. The plasma treatment may cccur, for example, in an SFs

ambient. The amount etched may be < 20% of the total lamina thickness.
Y
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[6838] While the specification has been described in detail with respect to
specific embodiments of the invention, it will be appreciated that those skilled in the art,
upon attaining an understanding of the foregoing, may readily conceive of alterations to,
variations of, and equivalents to these embodiments. These and other modifications and
variations to the present invention may be practiced by those of ordinary skill in the art,
without departing from the spirit and scope of the present invention, which is more
particularly set forth in the appended claims. Furthermore, those of ordinary skill in the
art will appreciate that the foregoing description is by way of example only, and i3 not

intended to linut the nvention.
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What is claimed is;

I. A mcthod of fabricating a backside-illuminated sensor, the method comprising
the steps of:

providing a thin film semicondoctor lamina having a front surface, a back surface
and a thickness between the front surface and the back surface, wherein the
semiconductor lamina has a first conductivity,;

forming a doped region within the semiconductor lamina at the front surface of
the lamina, wherein the doped region has a second conductivity;

contacting a teraporary carrier 10 the back surface of the semiconductor lamina;

forming an electrical conmection to the doped region at the front side of the
semiconductor lamina;

removing the temporary carrier from the back surface; and

fabricating 2 backside-iHuminated sensor from the semiconductor lamina, whetein
the thickness of the semiconductor lamina remains substantially unchanged during

fabrication of the backside tHuminated sensor.

2. The methed of claim | further comprising the steps ofd

providing a semiconducior donor body having a first surface, wherein the
semiconductor donor body has the first conductivity;

tplanting iowvs jnto the first surface of the semiconductor donor body to define
cleave plane; and

cleaving the semiconductor donor body at the cleave plang, wherein the cleave
plane forms the back surface of the semiconductor lamina and wherein the first surface of

the semiconductor donor body forms the front surface of the semiconductor lamina.
3. The method of claim 2 wherein only the steps of taplanting ions, cleaving the
seodconductor donor body, and forming the doped region have processing temperatures

above about 450 degrees Celsius.

4. The method of claim 2 wherein the step of forming the doped region oceurs

prior to the step of implanting ions.

13
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S. The method of claim 2 wherein the step of implanting ions comprises an
implant encrgy;

wherein the implant energy determines a depth of the cleave plane, the depth
being measured from the first surface of the semiconductor donor body; and

wherein the depth is chosen to be substantially equivalent to the thickness of the

senuconductor lamina.

6. The method of claim 1 wherein the step of forming the clectrical connection

)

comprises the steps of:
applying a metallization Jayer to the front side of the semiconductor famina; and

coupling an mtegrated circuit to the metallization layer.

7. The method of claim 6 wherein the integrated circuit s a complomentary

metal-oxide senviconductor (CMOS),

8. The method of claim 1 further comprising the step of coupling a color filter to

the back surface of the semiconductor lamina.

9. The method of claim 1 wherein the thickness of the thin film semiconductor

lamina is less than about 25 microns.

10. The method of claim 1 wherein the thickness of the thin film semiconductor

fanuna is between abowt 1 sucron to about 30 microns,

1. The method of claim 1 wherein the thickness of the semiconductor lamina
rewains within a 209 deviation of its mitially provided thickness during fabrication of

the backside iHhuminated sensor.

12. A method of fabricating a backside-illuminated sensor, the method
comprising the steps of:

providing a semiconductor donor body having a first surface and a first
conductivity;

forming a doped region within the semiconductor donor body at the first surface,

wherein the doped region has a second conductivity;

14
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implanting 1ons into the first surface of the semiconductor donor body to define a
cleave plane;

cleaving a semiconductor lamying from the semiconductor donor body at the cleave
plane, wherein the cleave plane forms a back surface of the semiconductor lanina,
whergin the first surface of the semiconductor donor body is a front surface of the
semiconductor lamina, and wherein the front surface includes the doped region;

contacting a temporary carrier to the back surface of the seniconductor lamina;

forming an electrical connection to the doped region on the front side of the
sermiconductor lamina;

remoeving the temporary carrier from the back surface; and

fabricating a backside-illuminated sensor from the semiconductor lamina, wherein
a thickness between the front side and the back surface of the semiconductor lamina

remains substantially unchanged during fabrication of the backside-illuminated sensor.

13. The method of claim 12 wherein the step of forming the electrical connection

)

comprises the steps of
applying a metallization Jayer to the front side of the semiconductor famina; and

coupling an ntegrated circuit to the metallization layer.

14. The method of claim 12 further comprising the step of coupling a color filter

to the back surface of the senvconductor {amina.

15. The method of claim 12 wherein the step of forming the doped region ocours

prior {o the step of implanting iovs.

16, The method of claim 12 wherein the thickness of the thin film semiconductor

lamina is between about 1 micron to about 50 microns.
17. The method of clatm 12 wherein the thickness of the semiconductor lamina

remains within a 20% deviation of its initially provided thickness during fabrication of

the backside illuminated sensor.

15
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18. The method of claim 12 wherein the step of implanting tons comprises an
implant encrgy, and whercin the fraplant encrgy determines a depth of the cleave plane,

the depth being measured fror the first surface of the semiconductor donor body.

19. The method of elaim 12 wherein the thickness of the cleaved semicondactor
lamina is substantially equivalent to a desired final thickness of a semiconductor substrate

in the fabricated backside-illuminated sensor.

20. The method of claim 12 wherein only the steps of forming the doped region,
implanting tons, and cleaving the semiconductor donor body have processing

temperatures above about 450 degrecs Celsius,
21. The method of claim 12 wherein the step of fabricating a backside-illominated
seusot from the lamina includes depostting a layer to passivate the back surface of the

lamina.

22. The method of claim 21 wherein the passivating layer comprises hydrogenated

amorphous silicon.

16
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