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(57) Abregeé/Abstract:

A method for forming a coating of material on selected portions of a surface of a substrate having a plurality of cavities (11
Includes: providing a structure (16) having a release agent (18) thereon; contacting a top surface (17) of the wafer (10) with tF
release agent to transfer portions of the release agent to the top surface of the wafer while bottom portions of the cavities remai
spaced from the release agent to produce an intermediate structure (24); the release agent disposed on the top surface of th
wafer and with the bottom portions of the cavities void of the release agent; exposing the intermediate structure to the material (27
to blanket coat the material on both the release agent and the bottom portions of the cavities; and selectively removing the releas

agent together with the coating material while leaving the coating material on the bottom portions of the cavities.

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca

50 Victoria Street e Place du Portage 1l ¢ Gatineau, Quebec

K1A OC9 e www.cipo.ic.gc.ca

Ll

Canada

o

D



CA 02924123 2016-03-10

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

(43) International Publication Date

Organization
International Bureau

WIPOIPCT

18 June 2015 (18.06.2015)

(10) International Publication Number

WO 2015/088771 Al

(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
B81C 1/00 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
, o DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN. HR, HU. ID., IL, IN, IR. IS, JP, KE. KG. KN, KP, KR,
PCT/US2014/067285 KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(22) International Filing Date: MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
25 November 2014 (25.11.2014) PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

(25) Filing Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(26) Publication Language: English (84) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind of regional protection available). ARIPO (BW, GH,
14/100,048 9 December 2013 (09.12.2013) US GM, KE, LR, LS, MW, MZ, NA, RW, 5D, SL, ST, 52,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(71) Applicant: RAYTHEON COMPANY [US/US]; 870 TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

Winter Street, Waltham, Massachusetts 02451-1449 (US).

DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK.
SM, TR), OAPI (BF, B, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

(72) Imventors: GOOCH, Roland; 6936 Sedgwick Drive, Dal-
las, Texas 75231-5646 (US). KOCIAN, Thomas, Allan;
7365 Flmridge Drive, Dallas, Texas 75240-3623 (US).
DIEP, Buu; 1229 Crestwick Drive, Murphy, Texas 75094
(US). KENNEDY, Adam, M.; 5220 Calle Cristobal, Santa
Barbara, California 93111 (US). BLACK, Stephen, H.;
149 Karen Place, Buellton, California 93427-9749 (US).

(74) Agents: MOFFORD, Donald, F. et al.; Daly, Crowley,
Mofford & Durkee, LLP, 354A Turnpike St., Suite 301A,
Canton, Massachusetts 02021 (US).

Declarations under Rule 4.17:

— as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

— as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(1ii))

Published:

(81) Designated States (unless otherwise indicated, for every — with international search report (Art. 21(3))

kind of national protection available). AE, AG, AL, AM,

(34) Title: METHOD OF FORMING DEPOSITED PATTERNS ON A SURFACE

13

FIG. IE

(87) Abstract: A method for forming a coating of material on selected portions of a surface ot a substrate having a plurality of cavit -
1es (11) includes: providing a structure (16) having a release agent (18) thereon; contacting a top surtace (17) of the water (10) with
the release agent to transfer portions of the release agent to the top surtace of the water while bottom portions of the cavities remain
spaced from the release agent to produce an intermediate structure (24); the release agent disposed on the top surface of the water
and with the bottom portions of the cavities void of the release agent; exposing the mtermediate structure to the material (27) to
blanket coat the material on both the release agent and the bottom portions of the cavities; and selectively removing the release agent
together with the coating material while leaving the coating material on the bottom portions of the cavities.

WO 2015/088771 A1 [HJ 1! AT D000 R AR R R



10

15

20

25

30

CA 02924123 2016-03-10

WO 2015/088771 PCT/US2014/067283

METHOD OF FORMING DEPOSITED PATTERNS ON A SURFACE

TECHNICAL FIELD
[0001] Thas disclosure relates generally to methods for forming deposited patterns on a
surface and more particularly, the methods for forming anti-reflection coatings on selected

arcas of an optical window wafer used in wafer level packaging of optical clements.

BACKGROUND
[0002] As 1s known 1n the art, 1t 18 frequently required to forming anti-reflection coatings
on sclected areas of an optical window wafer used 1n wafer level packaging of optical
clements. In one application, for example, wafer level packaging of Infrared (IR)
bolometers, an optical window wafer (sometimes referred to as a cap wafer) has a plurality
of cavities or recesses formed 1n a surface thereof, each recess being formed to provide a
cavity (with vertically extending walls) associated with (spaced from and disposed over) a
corresponding one of a plurality of IR detector (¢.g., bolometers) arrays formed 1n a second,
underlying wafer bonded to the cap wafer. In addition to the recesses, the cap wafer also
includes a patterned anti-reflective coating (ARC), thin film getters, 1f required, and bond

Structurcs.

[0003] As 1s also known 1n the art, coating a window cap wafer with an anti- reflection
coating for wafer level packaged IR bolometer detectors 1s currently done by coating the
optical window through a shadow mask or by coating the whole surface (top surface and
cavity surface) and polishing off the upper surface. A photolithographic resist lift-offt
method may also be used, but expensive capital equipment 1s required. The shadow mask
adds the cost of the mask (often only good for a single use) and alignment tooling. Polishing
requires precision polishing equipment and skilled operators. Both require cleaning to a
higher level than 1s typical in the optics industry. Thus, patterning an anti-reflective
coating on a surface can be difficult with traditional methods, which are 1. Shadow mask
(llmited by alignment tolerance, edge sharpness). 2. Photolithographic lift-oft (ARCs are
typically too thick for easy photoresist lift-off, and require capital equipment. Lift-off 1s an
undesirable messy process i the semiconductor industry). 3. If over topology where

recessed surface 1s to be coated and upper surface to be removed, polish off of upper surface
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may be used (requires precision optical polishing equipment). All of these have problematic
1ssuecs when applied to the semiconductor world, particularly with cleanliness and particle

control.

[0004] The basic wafer level packaging process may be summarized as: Etch cavities in
cap wafer; Deposit an ARC on the bottom of the cavity, Metallize a seal ring pattern on
the top surface of the cap water surrounding the cavity; Deposit getter material on another
portion of the top surface, 1f required; Apply solder to seal ring arca; Bond to IR detector

device wafer; and Saw into individual detector arrays.

SUMMARY
[0005] In accordance with the present disclosure, a method 1s provided for forming a
coating of material on selected portions of a substrate having a plurality of cavities formed
in seclected portions of a surface of the substrate, cach cavity having outer, peripheral
sidewalls extending outwardly from a floor of the cavity. The method includes: providing
a structure having a release agent thercon; contacting top surfaces of the sidewalls with the
portions of the contacted release agent being transferred to the top surfaces of the
substrate while bottom portions of the cavities remain spaced from the release agent to
produce an mtermediate structure surface comprising: the release agent disposed on the
top surfaces of the substrate and with the bottom portions of the cavities void of the
release agent; exposing the surface of the intermediate structure to the material to blanket
coat the material on both the release agent disposed on the top surface of the substrate and
the bottom portions of the cavities; and exposing the intermediate structure having the
coated release agent and the bottom portions to a process to selectively remove the release
agent together with the coating material thereon from the top surface of the substrate while

leaving the coating material on the bottom portions of the cavities.

[0006] In one embodiment, a method 1s provided for forming an anti-reflection coating on
selected portions of an optical energy transparent wafer having a plurality of cavities
formed in selected portions of a surface of the wafer, cach cavity having outer, peripheral
sidewalls extending outwardly from the floor of the cavity. The method includes:
providing a structure having a release agent thercon; contacting top surface of the wafer

with a portion of the release agent to transfer the release agent to the top surfaces of the
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wafer while bottom portions of the cavities remain spaced from the release agent to
produce an intermediate structure surface comprising: the release agent disposed on the
top surface of the wafer and with the bottom portions of the cavities void of the release
agent; exposing the surface of the intermediate structure to an anti-reflection coating
material to blanket coat the anti-reflection material on both the release agent disposed on
the top surface and the bottom portions of the cavities; and exposing the intermediate
structure having both the release agent disposed on the top surface of the wafer and the
bottom portions of the cavities void of the release agent to a process to selectively remove
the release agent together with the anti-reflection coating material thercon while leaving

the anti-reflection coating material on the bottom portions of the cavities.

[0007] In one embodiment, the method includes: providing a second wafer having a
plurality of arrays for detectors, cach one of the arrays being associated with a
corresponding one of the cavities; aligning each one of the array with the corresponding one
of the cavities; and bonding the optically transparent wafer to the second wafer, with each
on¢ on the cavities having the anti-refection coating thereon displaced from the
corresponding array and a second portion of the top surface being bonded to the second

wafer.

[0008] With such method, a thin water or solvent soluble layer (the release agent) 1s
applied only to the exposed surface by controlled contact transfer prior to depositing an
AR film or coating. The ARC film portions of the release layer are then easily removed
when the release layer 1s removed 1n water or solvent 1n an ultrasonic cleaner. If the
release agent 1s only a monolayer or so thick, the ARC adhesion 1s weakened by this layer,
and 1s casily removed 1n an ultrasonic cleaner. The method removes the need for a shadow
mask, polishing equipment, and capital equipment for these and any traditional alternative,
such as a photoresist sprayer, UV exposure and development, and liftoff equipment. The

equipment savings for high volume production could be several million dollars.

[0009] The details of one or more embodiments of the disclosure are set forth 1n the
accompanying drawings and the description below. Other features, objects, and
advantages of the disclosure will be apparent from the description and drawings, and from

the claims.
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DESCRIPTION OF DRAWINGS

[0010] FIGS. 1A-1E are simplified cross sectional diagrams of a process for forming an
anti-reflection coating on selected portions of an optical energy transparent wafer

according to the disclosure.

[0011] Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION

[0012] Referring now to FIG. 1A, a portion of an optically transparent window wafer 10
(a cap wafer), here for example, silicon, 1s shown. The nside surface of the wafer 10 1s
formed with a plurality of cavities 11 formed 1n selected portions of the inside surface,
cach cavity 11 having outer, peripheral sidewalls 13 extending outwardly from the inner
surface, as indicated. The sidewalls 13 have top surfaces 17, as indicated. The outside
surface 12 of the wafer 10 1s temporarily attached to a vacuum chuck 14. A second
structure 16, with a very flat surface, here for example, a polished granite surface plate, or
another silicon wafer, 1s coated with a release agent 18, as shown. Here, for example, the
release agent 18 1s polyvinyl alcohol, or other suitable material, having a thickness of one
molecular layer to many layers, up to a fraction of a millimeter thick. The top surface 17
of the wafer 1s contacted momentarily with a portion of the release agent 18 to transfer
portions of the release agent 18 to the top surface 17 of the water while bottom portions 20
of the cavities 11 remain spaced from the release agent 18 to produce an intermediate
structure 24 (FIG. 1B) having a surface comprising: the release agent 18 disposed on the
top surface 17 of the wafer and with the bottom portions 20 of the cavities 11 void of the

release agent 18.

[0013] Referring now to FIG. 1C, the intermediate structure 24 1s exposed to an anti-
reflection coating material 27 to blanket coat the anti-reflection material 27 on both the
release agent 18 disposed on the top surface 17 of the watfer and the bottom portions 20 of

the cavities 11 to produce the structure 24°, as shown 1n FIG. 1C.
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[0014] Referring now to FIG. 1D, the structure 24’ (FIG. 1C) having both the release
agent 18 disposed on the top surface 17 of the wafer and the bottom portions 20 of the
cavities 11 void of the release agent 18 to a process, here for example, immersion in water
(or a solvent, for example 1f the release agent 18 a photoresist layer) to selectively remove
the release agent 18 together with the anti-reflection coating material 27 thercon while
[caving the anti-reflection coating material 27 on the bottom portions 20 of the cavities 11,

as shown 1n the upper portion of FIG. 1D.

[0015] Here the wafer 10 1s wafer bonded to a second wafer 32 (shown 1n the bottom
portion of FIG. 1D) having plurality of bolometers 34 connected to readout circuitry in
wafer 32that comprise wafer level package (WLP) detector devices 36, each one of
detector devices 36 being associated with a corresponding one of the cavities 11. Each one
of the detector devices 36 1s aligned with the corresponding one of the cavities 11. Thus, as
shown in FIG. 1E, the optically transparent wafer 10 1s bonded to the second wafer 32, with
cach one on the cavities 11 having the anti-reflection coating 24 on the bottom portion of the
cavities 11 displaced from the corresponding array 34 and a second portion of the distal ends
17 of the walls (top surface) being bonded to the second wafer 32. The bonded wafer pair
(wafer 10 and wafer 32) as shown in FIG. 1E are then singulated into individual completed

WLP detector devices.

[0016] It should now be appreciated a method for forming a coating of material on selected
portions of a substrate having a plurality of cavities formed 1n selected portions of a
surface of the substrate, cach cavity having outer, peripheral sidewalls extending
outwardly from the cavity floor, includes: providing a structure having a release agent
thercon; contacting a top surface of the wafer with the release agent to transfer portions of
the release agent to the top surface of the wafer while bottom portions of the cavities
remain spaced from the release agent to produce an intermediate structure with a surface
comprising: the release agent disposed on the top surface of the wafer and with the bottom
portions of the cavities void of the release agent; exposing the surface of the intermediate
structure to the material to blanket coat the material on both the release agent disposed on
the top surface of the wafer and the bottom portions of the cavities; exposing the
intermediate structure having the coated release agent and the bottom portions to a process

to selectively remove the release agent together with the coating material thercon from the

S



10

15

20)

25

30

CA 02924123 2016-03-10

WO 2015/088771 PCT/US2014/067283

top surface of the water while leaving the coating material on the bottom portions of the

cavities.

[0017] It should now also be appreciated a method for forming an anti-reflection coating
on sclected portions of an optical energy transparent wafer having a plurality of cavities
formed 1n selected portions of a surface of the wafer, each cavity having outer, peripheral
sidewalls extending outwardly from the surface (cavity floor), includes: providing a
structure having a release agent thercon; contacting top surface of the wafer with a portion
of the release agent to transfer the release agent to the top surface of the wafer while
bottom portions of the cavities remain spaced from the release agent to produce an
intermediate structure with a surface comprising: the release agent disposed on the top
surfaces of the wafer and with the bottom portions of the cavities void of the release agent;
exposing the surface of the intermediate structure to an anti-reflection coating material to
blanket coat the anti-reflection material on both the release agent disposed on the top
surface of the wafer and the bottom portions of the cavities; exposing the intermediate
structure having both the release agent disposed on the top surface of the wafer and the
bottom portions of the cavities void of the release agent to a process to selectively remove
the release agent together with the anti-reflection coating material thercon while leaving
the anti-reflection coating material on the bottom portions of the cavities. The method may
also include: providing a second wafer having a plurality of arrays for detectors, each one of
the arrays being associated with a corresponding one of the cavities; aligning each one of the
arrays with the corresponding one of the cavities; and bonding the optically transparent
wafer to the second wafer, with cach one of the cavities having the anti-reflection coating
thereon displaced from the corresponding array and a second portion of the top surfaces of

the wafer being bonded to the second wafer.

[0018] A number of embodiments of the disclosure have been described. Nevertheless, 1t
will be understood that various modifications may be made without departing from the
spirit and scope of the disclosure. Accordingly, other embodiments are within the scope of

the following claims.
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WHAT IS CLAIMED 18:

. A method for forming a coating ot a matcrial on sclected portions of a substrate having
a plurality of cavities formed 1n selected portions of a surface of the substrate, each cavity having
outer, peripheral sidewalls extending outwardly tfrom the cavity tloor, comprising:

providing a structure having a release agent thereon;

contacting a top surface of the substrate with the release agent to transfer portions of the
release agent to the top surface of the substrate while bottom portions of the cavities remain
spaced from the release agent to produce an intermediate structure with a surface comprising: the
release agent disposed on the top surface ot the substrate and with the bottom portions of the
cavities void of the release agent;

exposing the surface of the intermediate structure to the material to blanket coat the

material on both the release agent disposcd on the top surface of the substrate and the bottom

portions of the cavitics;

exposing the intermediate structure having the coated release agent and the bottom
portions to a process to selectively remove the release agent together with the coating material

thereon tfrom the top surface of the substrate while leaving the coating material on the bottom

portions of the cavities.

2. A method for forming an anti-retlection coating on selected portions of an optical
energy transparent wafer having a plurality of cavities formed in selected portions of a surface of
the wafer, each cavity having outer, peripheral sidewalls extending outwardly from the surface
(cavity floor), comprising;

providing a structure having a release agent thereon;

contacting top surface of the water with a portion of the release agent to transfer the
release agent to the top surface of the wafer while bottom portions of the cavities remain spaced
from the release agent to produce an intermediate structure with a surface comprising: the release

agent disposed on the top surtaces of the water and with the bottom portions of the cavities void

of the release agent;
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exposing the surface of the intermediate structure to an anti-reflection coating material to

blanket coat the anti-retlection material on both the release agent disposed on the top surface of

the water and the bottom portions of the cavities;

exposing the intermediate structure having both the release agent disposed on the top
surface of the water and the bottom portions of the cavities void of the release agent to a process

to selectively remove the release agent together with the anti-reflection coating material thereon

while leaving the anti-reflection coating material on the bottom portions of the cavities.

3. The method recited 1n claim 2 including:

providing a second wafer having a plurality of arrays for detectors, each one of the arrays

being associated with a corresponding one of the cavitics;
aligning cach onc of the arrays with the corresponding one of the cavities; bonding the
optically transparent wafer to the second wafer, with each one of the cavities having the anti-

reflection coating thereon displaced from the corresponding array and a second portion of the top

surfaces of the wafer being bonded to the second wafer.
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