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(57) Abstract: A method of fabricating a photoactive array having an integrated backplane is provided. The layers of the device
may be stamped or deposited on a planar or a curved substrate, such as a semispherical or ellipsoidal substrate. Each metal layer
may be stamped using an elastomeric stamp and a vacuum mold. By depositing the patterned and full-surface layers in a single
process, a photosensitive array with an integrated transistor backplane may be fabricated, resulting in improved sensitivity and
performance.
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METHOD AND SYSTEM FOR CREATING PHOTOSENSITIVE ARRAY
WITH INTEGRATED BACKPLANE

FIELD OF THE INVENTION
[0001] The present invention relates to photosensitive devices, and more particularly to

photosensitive arrays having an integrated backplane.

BACKGROUND OF THE INVENTION
[0002] Photosensitive devices such as charge-coupled device (CCD) and complementary
metal-oxide-semiconductor (CMOS) sensors, pixel array sensors, and infrared sensors, may
use a focal plane array to collect and detect photons. Typically, a focal plane array includes
an array of photosensitive pixels that can be arranged at or around the focal plane of a lens.
Each pixel may include a photodetector such as a photodiode. The pixels often are arranged
in a rectangular array. To achieve high levels of sensitivity, photosensitive arrays often
require a transistor backplane, where each pixel in the array is connected to and controlled by
a transistor in the backplane. Typically, the backplane is fabricated separately from the

photosensitive array.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Fig. 1 shows a cross-section of a focal plane array.
[0004] Fig. 2A shows a substrate with a deposited anode layer.

[0005] Fig. 2B shows the device of Fig. 2A with a photoactive layer deposited over the

anode layer.

[0006] Fig. 2C shows the device of Fig. 2B with a source/drain layer deposited over the

photoactive layer.

[0007] Fig. 2D shows the device of Fig. 2C with a channel layer deposited over the

source/drain layer.

[0008] Fig. 2E shows the device of Fig. 2D with an insulator deposited over the channel

layer.
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[0009] Fig. 2F shows the device of Fig. 2E with a gate layer disposed over the insulator.

[0010] Fig. 3 shows a method of fabricating a focal plane array having an integral transistor

backplane.

[0011] Fig. 4A shows a schematic representation of a photosensitive array having an

integrated transistor backplane.

[0012] Fig. 4B shows a schematic representation of an integrated element having a

photodiode and a transistor.
[0013] Fig. 5A shows a coated, patterned elastomeric stamp attached to a vacuum mold.

[0014] Fig. 5B shows a coated, patterned elastomeric stamp attached to a vacuum mold

with a non-planar substrate disposed over the stamp.

[0015] Fig. 5C shows a patterned elastomeric stamp attached to a vacuum mold after

depositing a patterned layer on a substrate.

DETAILED DESCRIPTION OF THE INVENTION
[0016] A photosensitive array having an integrated backplane may be fabricated using
stamping of patterned layers, such as with an elastomeric stamp, combined with full-surface
deposition of photosensitive and other layers. The layers may be stamped or deposited on a
planar or a curved substrate, such as an ellipsoidal or other non-planar substrate. By
depositing the patterned and full-surface layers in a single process, a photosensitive array
with an integrated transistor backplane may be fabricated, resulting in improved sensitivity

and performance.

[0017] Fig. 1 shows a cross-section of a focal plane array deposited on a substrate 110.
The substrate 110 may be a plastic or any other suitable material, and may be transparent or
semi-transparent. Although shown as a planar substrate, the layers of the array may be
deposited on a non-planar substrate as described herein. The array may include an anode
layer 120 having one or more anode contacts disposed over the substrate. Typically, a series
of anode contacts may be disposed over or on the substrate as shown. The anodes may be
deposited using a stamping process, such as where an anode material is applied to an
clastomeric stamp and transferred to the substrate by applying force to the stamp. The anode

layer may include one or more metals, and may be primarily or entirely made of one or more
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metals. A photosensitive layer 130 may be disposed over and between the anodes. The
photosensitive layer may be any suitable organic or inorganic material, or any suitable
combination of organic and/or inorganic materials, including amorphous semiconductors.
The photosensitive layer may include small molecules, polymers, or a combination of small
molecules and polymers. It may be deposited using any suitable deposition method, such as
sputtering, thermal evaporation, spin-coating, vapor phase deposition, chemical vapor
deposition, and vapor jet printing. These and other exemplary deposition methods are
described in further detail in U.S. Patent Nos. 6,013,982; 6,087,196; 6,337,102; 6,294,398;
and 6,468,819; and U.S. Application No. 10/233,470, each of which is incorporated by

reference in its entirety.

[0018] To fabricate integrated transistors, source and drain contacts 140, 150, respectively,
may be deposited over the photosensitive layer. These contacts may be deposited using a
stamping process similar to that used to deposit the anode layer. For example, a metal layer
may be placed on a patterned, elastomeric stamp and deposited over the photoactive layer by
stamping. Typically, the contacts 140, 150 may include one or more metals, and may be

primarily or entirely made of one or more metals.

[0019] A channel layer 160 may be disposed over and between the source and/or drain
contacts. The channel layer may include any suitable material or materials, such as small
molecules, polymers, organic, inorganic materials, and amorphous semiconductors. An
exemplary, non-limiting example of a suitable channel material is pentacene. The channel
layer may be deposited using any suitable deposition method, such as sputtering, thermal
evaporation, spin-coating, vapor phase deposition, chemical vapor deposition, and vapor jet

printing.

[0020] A gate insulator 170 may be disposed over the channel layer. The gate insulator
may include any suitable material or materials, and may include small molecules, polymers,
organic, and inorganic materials. Exemplary, non-limiting examples of suitable gate
insulator materials include glassy insulators and parylene. The gate insulator may be
deposited using any suitable deposition method, such as sputtering, thermal evaporation,

spin-coating, vapor phase deposition, chemical vapor deposition, and vapor jet printing.

[0021] One or more gate contacts 180 may be disposed over the gate insulator. Typically, a
series of gate contacts may be disposed over the gate insulator perpendicular to the anodes

120 and aligned with the drain contacts 150. The gate contacts may be deposited using a
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stamping process, such as where a metal layer is placed on a patterned, elastomeric stamp and
deposited over the gate insulator by stamping. Typically, the gate contacts may include one

or more metals, and may be primarily or entirely made of one or more metals.

[0022] As described herein, metal or metallic layers in a photosensitive device may be
deposited by stamping. This may allow for fabrication at lower temperatures than
conventional fabrication techniques allow. For example, conventional techniques often
require high temperatures to deposit metal layers and/or achieve sufficient bonding with
underlying layers. These high temperatures may increase the risk of damage to adjacent
layers, especially where the adjacent layers include organic or other heat-sensitive materials.
Since stamping techniques as described herein may bond adjacent layers using lower-
temperature techniques such as cold welding, these techniques may reduce or eliminate the

need for high-temperature deposition.

[0023] As described herein, a photosensitive device may be fabricated by depositing the
layers described with respect to Fig. 1 in order. Each layer may be transparent or semi-
transparent. The device also may be fabricated by depositing the layers in the reverse order
from that previously described, i.¢., from top to bottom. For example, the gate contact layer
may be stamped onto a substrate, the gate insulator deposited over the gate contact layer, and
so forth. In some cases, the device may be intended to receive light primarily through one
surface. For example, a device as illustrated in Fig. 1 may receive light primarily through the
substrate, allowing for more light to be incident on the photoactive layer. Devices as

described herein also may be configured to receive or detect light from multiple sides.

[0024] Figs. 2A-2F and 3 show a method of fabricating a focal plane array having an
integral transistor backplane. As shown in Fig. 2A, an anode layer 120 having a plurality of
anodes may be deposited on a substrate 110. The contacts may extend beyond the region of
the substrate that defines the active portion of the device, such as to provide external
connections to the array. The anode layer may be deposited using a stamping process as
described herein. A photosensitive layer 130 may be deposited over the anode contacts as

shown in Fig. 2B.

[0025] A layer including source contacts 140 and drain contacts 150 may be deposited over
the photosensitive layer 130. As shown in Fig. 2C, the drain contacts 150 may be aligned
with the underlying anode contacts 120. The portion of each anode contact obscured by the

photoactive layer 130 is shown by dashed lines. Using the methods described herein, it is

4
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believed that alignments of within 1 um may be achieved, preferably within 0.5 — 1.0 um,
and more preferably within 0.1 — 0.5 um. As used herein, an upper feature is aligned with an
underlying feature if the upper feature is positioned such that its center or edge is within the
specified distance of the corresponding center or edge of the underlying feature, if projected
directly through to the upper layer on which the upper feature is fabricated. For example,
when a planar device as illustrated in Fig. 2C is viewed from above, each side of the drain
contacts 150 may extend less than 1.0 um past the corresponding edge of the anode 120
directly under each drain contact. In configurations where the drain contacts are deposited
with widths different from the underlying anode, the center of each drain contact may be

aligned to the vertical center line of the underlying anode.

[0026] In Figs. 2D and 2E, a channel layer 160 and gate insulator layer 170, respectively,
may be deposited over the source and drain contacts. The channel layer may extend between

the source and drain contacts as shown in Fig. 1.

[0027] Fig. 2F shows the gate contacts 180 deposited over the gate insulator. The gate
contacts 180 may be perpendicular to the anode contacts 120 and to the source contacts 140,
and aligned with the drain contacts 150 (shown with dotted lines). Using the methods
described herein, it is believed that the gate contacts may be aligned to the underlying drain
contacts to within 1 um, preferably within 0.5 — 1.0 um, and more preferably within 0.1 —

0.5 um.

[0028] Fig. 4A shows a schematic representation of a photosensitive array having an
integrated transistor backplane. Large-scale arrays may be fabricated using patterned stamps
and large-scale deposition of active and insulating layers as described herein, and/or by
repeated application of the stamping and deposition techniques described herein. For
example, a large-scale array contains multiple each integrated elements as shown in Fig. 4B.
Each integrated element may be fabricated as a photoactive pixel coupled to the
corresponding, integrated transistor using a single stamping process. When connected to
other integrated elements, the transistors may be connected as shown in Fig. 4A to form a
complete, integrated backplane. Multiple integrated elements also may be fabricated
concurrently, such as by using a single patterned stamp. Thus, the methods and techniques
described herein may be used to fabricate individual pixels, groups of pixels, and pixel

arrays.
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[0029] Figs. SA-5C show a method of depositing a layer by stamping onto a non-planar
substrate using a vacuum mold. An elastomeric stamp 520 may be placed over an opening in
a vacuum mold 510 and sealed to the edge of the opening. The vacuum mold has an interior
cavity connected to a vacuum source and may include a permeable or semi-permeable surface
on which the stamp is placed. Such a surface may prevent the elastomeric stamp 520 from
deforming into the vacuum mold beyond a desired amount. It also may be used to deform the
stamp into a specific desired shape, such as when the surface has the same general shape as
the substrate on which material is to be deposited. When a vacuum is applied to an internal
cavity of the vacuum mold, the elastomeric stamp may be deformed into the mold as shown
in Fig. SA. The stamp 150 may be coated with the material 530 to be deposited before it is
deformed, i.c., while in a planar configuration, or it may be coated after being deformed into

the vacuum mold.

[0030] A substrate 110 on which material to be deposited is placed above a coated,
deformed stamp, as shown in Fig. SA. The substrate may be previously coated with one or
more layers 500, as previously described. For example, when the elastomeric stamp is used
to deposit the source and drain contacts, the coated substrate may include a prior-deposited
anode layer and photoactive layer. The coated substrate also may have other layers not
explicitly described herein, such as an adhesion layer, a strike layer, or a metal layer to which
the patterned material will be bonded, such as via cold welding. The substrate may have one-
dimensional curvature, such as the curved surface of a cylinder, or two-dimensional
curvature, such as a hemispherical or semispherical substrate. The substrate also may have at
least one surface that is non-developable. That is, the surface is a topological shape that
cannot be flattened onto a plane without distortion such as stretching, compressing, or
tearing. The entire substrate may be non-developable, such as where a substrate is created by

deforming a thin sheet to have a dome or semispherical shape.

[0031] As shown in Fig. 5B, the vacuum applied to the vacuum mold may be removed or
decreased. Due to the elastic properties of the stamp, the stamp then may relax away from
the vacuum mold, causing the patterned surface to come into contact with the substrate.
Typically, sufficient force may be exerted by the elastomeric stamp to cause the material to
bond to the coated substrate. Other procedures may be used to exert force between the

substrate and the stamp.
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[0032] After pressure has been applied between the substrate and the stamp, the stamp may
be removed from the substrate by applying a vacuum to the vacuum mold as shown in

Fig. 5C. As the stamp is pulled away from the coated substrate, a layer 535 of material may
remain on the coated substrate. The material may be deposited over the entire surface of the
substrate, or it may be deposited on only a portion of the substrate surface. The layer 535

may be a patterned layer, such as the layer of source and/or drain contacts previously
described.

[0033] Various other substrate shapes in addition to those explicitly described herein may
be used, including substrates having a surface that is ellipsoidal or semispherical. An
ellipsoidal surface is one formed by rotation of an elliptical curve around an axis. A
semispherical surface is one having a cross-section that is an arc. Other shapes may be used.
Typically, non-planar substrates will have at least one continuously curved surface. A non-
planar substrate may be further characterized by the major axis measured across a flat surface
of the substrate, and the maximum height of the substrate measured along a line
perpendicular to a flat surface of the substrate to a point on the curved surface of the

substrate.

[0034] Elastomeric stamps as described herein may be made of any suitable material, with
PDMS being an exemplary material. The stamp may be a hybrid stamp, i.e., have multiple
layers of different elastomeric materials of varying elasticity or hardness. For example, a
stamp may have a hard, less elastic center portion and a soft, more elastic outer portion. The
stamp may have a gradient elasticity and/or hardness. Such hybrid stamps may be useful for
depositing on substrates having high curvature, since it may be desirable for the inner
portions of the stamp to deform more or less easily than the outer portions. The specific
configuration of a hybrid stamp may be matched to the degree of deformation each region of

the stamp is expected to undergo when depositing material on a specific substrate.

[0035] Other substrates and stamping methods may be used. Specifically, the materials,
methods, and systems described in co-pending U.S. Application No. 11/711,115, filed
February 27, 2007, the disclosure of which is incorporated by reference in its entirety, may be

used.

[0036] Various processes may be used to effectuate transfer of material from the
clastomeric stamp to the substrate while the stamp and the substrate are in contact. An

exemplary method of transferring material is the use of cold welding. As used herein, cold
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welding refers to bonding of like materials at room temperature due to an application of
pressure, such as bonding between two metals. Additional information regarding cold
welding is provided in U.S. Application No. 10/387,925, filed March 13, 2003, the disclosure
of which is incorporated by reference in its entirety. Properties of the material being
deposited may also be used. For example, the substrate and the stamp may be brought into
contact for a time sufficient to allow a self-assembled monolayer of the material to form on
the substrate. A chemical reaction may also occur or be induced to assist with material
transfer or strengthen the bond between the substrate and the deposited material. Additional
curing or bonding agents may be used to improve or affect the transfer of material. For
example, heat, ultraviolet light, or an oxidizing agent may be applied to the stamp, the
substrate, or both. The stamp, the substrate, or both also may be treated with a plasma

oxidation process prior to placing the substrate on the stamp.

[0037] The methods and devices described herein may be used to fabricate devices or
components of devices such as imaging devices, pixel arrays, cameras, light sensors and

detectors, and other optoelectronic devices.

[0038] As used herein, the term "organic" includes polymeric materials as well as small
molecule organic materials. "Small molecule" refers to any organic material that is not a
polymer, and "small molecules" may actually be quite large. Small molecules may include
repeat units in some circumstances. For example, using a long chain alkyl group as a
substituent does not remove a molecule from the "small molecule” class. Small molecules
may also be incorporated into polymers, for example, as a pendent group on a polymer
backbone or as a part of the backbone. In general, a small molecule has a well-defined
chemical formula with a single molecular weight, whereas a polymer has a chemical formula

and a molecular weight that may vary from molecule to molecule.

[0039] As used herein, "top" means furthest away from the substrate, while "bottom"
means closest to the substrate. Similarly, "upper” refers to a layer farther away from the
substrate than a "lower" or "underlying" layer. For example, for a device having two
electrodes, the bottom electrode is the electrode closest to the substrate, and is generally the
first electrode fabricated. The bottom electrode has two surfaces, a bottom surface closest to
the substrate, and a top surface further away from the substrate. Where a first layer is
described as "disposed over" a second layer, the first layer is disposed further away from

substrate. There may be other layers between the first and second layer, unless it is specified
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that the first layer is "in physical contact with" the second layer. For example, a cathode may

be described as "disposed over" an anode, even though there are various layers in between.

[0040] While the present invention is described with respect to particular examples and
preferred embodiments, it is understood that the present invention is not limited to these
examples and embodiments. The present invention therefore includes variations from the
particular examples and preferred embodiments described herein, as will be apparent to one

of skill in the art.
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WHAT IS CLAIMED IS:

1. A method of fabricating a photosensitive device, comprising:

depositing an anode layer over a substrate, the anode layer comprising a plurality of
anode contacts;

depositing a photoactive layer over the anode;

using an elastomeric stamp, stamping a first metal layer over the photoactive layer,
the metal layer comprising a plurality of source and drain contacts, cach of the drain contacts
aligned to an anode contact in the anode layer;

depositing a channel layer over the first metal layer;

depositing an insulator over the channel layer; and

using an elastomeric stamp, stamping a second metal layer over the insulator, the
second metal layer comprising a plurality of gate contacts, each gate contact aligned to a

plurality of the drain contacts in the first metal layer.

2. The method of claim 1, wherein the substrate is non-planar.

3. The method of claim 1, wherein the substrate has a non-developable surface and the

anode layer is deposited on the non-developable surface.

4. The method of claim 1, wherein each of the drain contacts is aligned to an anode

contact to within 0.1 — 1 um.

5. The method of claim 1, wherein each of the gate contacts is aligned to the source and

drain contacts to within 0.1 — 1 um.

6. The method of claim 1, wherein stamping the first metal layer comprises:

applying a metal layer to a pattern on the surface of the elastomeric stamp;

10
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placing the patterned metal layer in contact with the coated substrate; and

applying pressure to the elastomeric stamp.

The method of claim 1, wherein stamping the first metal layer comprises:
applying a metal layer to a pattern on the surface of the elastomeric stamp;
deforming the elastomeric stamp with a vacuum mold; and

placing the patterned metal layer in contact with the coated substrate.

The method of claim 7, wherein the surface of the elastomeric stamp is coated with

the metal layer while the stamp is in a planar configuration.

9.

The method of claim 7, wherein the surface of the elastomeric stamp is coated with

the metal layer while the stamp is in a non planar configuration.

10.

11.

12.

The method of claim 1, wherein stamping the second metal layer comprises:
applying a metal layer to a pattern on the surface of the elastomeric stamp;
placing the patterned metal layer in contact with the coated substrate; and

applying pressure to the elastomeric stamp.

The method of claim 1, wherein stamping the second metal layer comprises:
applying a metal layer to a pattern on the surface of the elastomeric stamp;
deforming the elastomeric stamp with a vacuum mold; and

placing the patterned metal layer in contact with the coated substrate.

The method of claim 11, wherein the surface of the elastomeric stamp is coated with

the metal layer while the stamp is in a planar configuration.

13.

The method of claim 11, wherein the surface of the elastomeric stamp is coated with

the metal layer while the stamp is in a non-planar configuration.

11
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14. The method of claim 1, further comprising incorporating the combined layers into an

optoelectronic device.

15.  The method of claim 14, wherein the optoelectronic device is a camera.
16. A method of fabricating a focal plane array having an integrated transistor backplane,
comprising:

depositing an anode layer over a substrate, the anode layer comprising a plurality of
anode contacts;

depositing a photoactive layer over the anode;

coating a first patterned elastomeric stamp with a first metal;

placing the first patterned elastomeric stamp over a vacuum mold;

applying a vacuum to the vacuum mold to deform the coated first elastomeric stamp;

placing the substrate over the vacuum mold;

depositing a first metal layer over the anode layer by releasing the vacuum, the first
metal layer formed from the first metal and comprising a plurality of source and drain
contacts, each of the drain contacts aligned to an anode contact in the anode layer;

depositing a channel layer over the first metal layer;

depositing an insulator over the channel layer; and

depositing a second metal layer over the insulator.

17. The method of claim 16, wherein depositing the second metal layer comprises:
coating a second patterned elastomeric stamp with a second metal;
placing the second patterned elastomeric stamp over a second vacuum mold;
applying a vacuum to the second vacuum mold to deform the second coated
clastomeric stamp;

placing the substrate over the vacuum mold;

12
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depositing a second metal layer over the anode layer by releasing the vacuum applied
to the second vacuum mold, the second metal layer formed from the second metal and
comprising a plurality of gate contacts, each gate contact aligned to a plurality of the drain

contacts in the first metal layer.

18. The method of claim 16, wherein the substrate is non-planar.

19. The method of claim 16, wherein the substrate has a non-developable surface and the

anode layer is deposited on the non-developable surface.

20. The method of claim 16, wherein each of the drain contacts is aligned to an anode

contact to within [ um.

21. The method of claim 16, wherein each of the drain contacts is aligned to an anode

contact to within 0.1 — 0.5 um.

22. The method of claim 16, wherein each of the gate contacts is aligned to the source and

drain contacts to within 1 um.

23. The method of claim 16, wherein each of the gate contacts is aligned to the source and

drain contacts to within 0.1 — 0.5 um.

24. A device fabricated according to a method comprising;:

depositing an anode layer over a substrate, the anode layer comprising a plurality of
anode contacts;

depositing a photoactive layer over the anode;

using an elastomeric stamp, stamping a first metal layer over the photoactive layer,
the metal layer comprising a plurality of source and drain contacts, cach of the drain contacts

aligned to an anode contact in the anode layer;

13
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depositing a channel layer over the first metal layer,

depositing an insulator over the channel layer; and

using an elastomeric stamp, stamping a second metal layer over the insulator, the
second metal layer comprising a plurality of gate contacts, each gate contact aligned to a

plurality of the drain contacts in the first metal layer.

25. The device of claim 24, wherein the device is a camera.

14
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