wo 2017/184120 A1 | 0000 0O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
26 October 2017 (26.10.2017)

(10) International Publication Number

WO 2017/184120 A1

WIPO I PCT

(51) International Patent Classification:
GOIN 21/65 (2006.01)

(21) International Application Number:
PCT/US2016/028272

(22) International Filing Date:
19 April 2016 (19.04.2016)

English
English

(71) Applicant: HEWLETT-PACKARD DEVELOPMENT
COMPANY, L.P. [US/US]; 11445 Compaq Center Drive
West, Houston, Texas 77070 (US).

(25) Filing Language:
(26) Publication Language:

(72) Imventors: CHEN, Zhizhang; 1070 NE Circle Blvd., Cor-
vallis, Oregon 97330-4239 (US). CHEN, Chien-Hua; 1070
NE Circle Blvd., Corvallis, Oregon 97330-4239 (US). AB-
BOTT, JR, James Elmer; 1070 NE Circle Blvd., Corval-
lis, Oregon 97330-4239 (US).

(74) Agent: HP INC. et al.; Intellectual Property, 3390 E. Har-
mony Road, Mail Stop 35, Fort Collins, Colorado 80528
(Us).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH,CL,CN,CO,CR, CU,CZ,DE, DK, DM, DO, DZ,
EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR,
HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR, KZ, LA,
LC, LK, LR, LS, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, 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, TR, TT, TZ,
UA, UG, US,UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, 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,

(54) Title: PLASMONIC NANOSTRUCTURE INCLUDING SACRIFICIAL PASSIVATION COATING

110

~120
~118

FIG. 1

(57) Abstract: In an example, a lab-on-chip Raman spectroscopy system is described. The lab-on-chip system includes a housing
having a fluid channel formed thereon. The fluid channel is coupled to an inlet and to an outlet. A surface-enhanced Raman spectroscopy
substrate is positioned inside the fluid channel. The surface-enhanced Raman spectroscopy substrate includes a plasmonic nanostructure
and a sacrificial, conformal passivation coating deposited over at least the plasmonic nanostructure.

[Continued on next page]



WO 2017/1841:20 A1 ||} /00001 0 0 0 Y A

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:
— as to the identity of the inventor (Rule 4.17(i))

— as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

Published:
—  with international search report (Art. 21(3))



WO 2017/184120 PCT/US2016/028272

PLASMONIC NANOSTRUCTURE INCLUDING SACRIFICIAL PASSIVATION
COATING

BACKGROUND

[0001] Raman spectroscopy is a spectroscopic technique that can be used to

identify molecules in a sample. The technique relies on Raman (inelastic)
scattering of emitted monochromatic light. The emitted light interacts with
molecular vibrations, phonons, or other excitations in the sample, which causes
the energy of the emitted photons to be shifted up or shifted down. Information
about the vibrational modes in the sample can be inferred from the shiftin energy.
This information can, in turn, be used to identify the molecules in the sample,
since vibrational information is specific to the chemical bonds and symmetry of
molecules.

[0002] Although spontaneous Raman spectroscopy is a powerful molecular
detection technique, Raman-scattered signals tend to be very weak. These
signals can be enhanced by many orders of magnitude by using specially
patterned structures that locally enhance the electric field of the light source and
the emitted light. This technique is known as surface-enhanced Raman
spectroscopy (SERS). In SERS, sample molecules are adsorbed onto rough
metal surfaces and/or by nanostructures. For instance, a liquid sample may be
deposited onto a silicon or glass surface having a nanostructured noble metal

surface.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0003] FIG. 1 is a high-level block diagram of an example lab-on-chip Raman

spectroscopy system including a surface-enhanced Raman spectroscopy
(SERS) substrate of the present disclosure;

[0004] FIG. 2 is a cross sectional diagram taken along line A—A’ of FIG. 1 and
illustrating a portion of a cross section of an example surface-enhanced Raman
spectroscopy substrate;

[0005] FIG. 3 illustrates a flowchart of an example method for fabricating a lab-
on-chip Raman spectroscopy system, such as the system illustrated in FIG. 1;
and

[0006] FIG. 4 illustrates a flowchart of an example method for removing a
conformal passivation coating from a surface-enhanced Raman spectroscopy
substrate positioned in a lab-on-chip Raman spectroscopy system, such as the

system illustrated in FIG. 1.

DETAILED DESCRIPTION

[0007] The present disclosure broadly describes a surface-enhanced Raman

spectroscopy (SERS) substrate having a sacrificial conformal passivation layer
and a method of depositing the sacrificial conformal passivation layer on the
SERS substrate. Plasmonic materials, such as those that may be used to
fabricate SERS substrates, are susceptible to contamination from ambient
conditions, particularly when deployed in lab-on-chip packages which include
other materials whose outgassing products can negatively react with the
plasmonic materials. Contamination of the SERS substrate can, in turn, lead to
decreased signal-to-noise ratio and a general degradation in performance.

[0008] Examples of the present disclosure provide a SERS substrate having
a sacrificial conformal passivation coating that protects the plasmonic materials
of the SERS substrate from external contamination prior to use. The sacrificial
conformal passivation coating is removable, for example using a reagent, so that
it does not interfere with the operation of the SERS substrate when the SERS
substrate is ready for use.

[0009] FIG. 1 is a high-level block diagram of an example lab-on-chip Raman
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spectroscopy system 100 including a surface-enhanced Raman spectroscopy
(SERS) substrate 106 of the present disclosure. In one example, the system 100
includes aninlet 102, an outlet 104, the SERS substrate 106, a reservoir 108, and
a fluid channel 110. In one example, all of these components are arranged on a
housing 118 that is sealed by a lid 120.

[0010] In one example, the housing 118 comprises a substantially flat
substrate formed, for example, from injection-molded plastic such as cyclic olefin
polymer, poly(methyl methacrylate), polystyrene, polycarbonate,
polydimethylsiloxane, or silicone. The fluid channel 110 is positioned on the
housing 118 and may occupy a large portion (e.g., half or more) of the housing’s
surface area. The inlet 102 and the outlet 104 are also positioned on the housing
118, at opposite ends of the fluid channel 110. The housing 118, fluid channel
110, inlet 102, and outlet 105 may be injection molded as a single integrated unit.
[0011] The fluid channel 110 is positioned to transport a fluid, such as a liquid
analyte solution containing a sample whose molecular composition is to be
identified, from the inlet 102 to the outlet 104. The fluid channel 110 may
comprise a substantially serpentine path and may include two or more functionally
and physically distinct regions between the inlet 102 and the outlet 104. For
instance, the fluid channel 110 may include a polymerase chain reaction (PCR)
amplification region 112, a separator region 114, and/or a detector region 116. In
this case, the PCR amplification region 112 is positioned closest to the inlet 102,
the detector region 116 is positioned closest to the outlet 104, and the separator
region 114 is positioned between the PCR amplification region 112 and the
detector region 116.

[0012] The SERS substrate 106 is positioned inside the fluid channel 110, in
the detector region 116, so that a flow of an analyte solution through the fluid
channel 110 will encounter and interact with the SERS substrate 106. The SERS
substrate 106 comprises a patterned surface structure designed to enhance
Raman scattered signals emitted by an analyte solution flowing through the fluid
channel 110 and activated with excitation light (not shown).

[0013] FIG. 2, for example, is a cross sectional diagram taken along line A—

A’ of FIG. 1 and illustrating a portion of a cross section of an example SERS
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substrate 106. FIG. 2 is not to scale. Asillustrated, the SERS substrate 106 may
comprise a two-dimensional array of fingers 2001-200, (hereinafter collectively
referred to as “fingers 200”). The fingers 200 may be formed from a polymer and
may each include a corresponding cap 2021-202, (hereinafter collectively referred
to as “caps 202”). The caps 202 may be formed from a plasmonic material, such
as gold, silver, and/or copper coating or nanoparticles. The fingers 200, including
the caps 202, are coated with a sacrificial conformal passivation coating 204. The
passivation coating 204 may be formed, for example, from zinc oxide, titanium
dioxide, aluminum oxide, tantalum oxide, silicon dioxide, silicon nitride, silicon
carbide, zirconium oxide, hafnium oxide, and/or chromium oxide. One or more of
these materials may also be used in combination with other materials. For
instance, different zinc oxide-based materials, including indium gallium zinc
oxide, zinc tin oxide, and aluminum-doped zinc oxide may also be used in the
passivation coating 204. Using a combination of cations may help to achieve
amorphous properties that can lead to better barrier properties, while the zinc
oxide can help to facilitate removal of the sacrificial material. Similar types of
combinations based on other oxides, including the oxides listed above, can also
be used to maximize barrier properties while facilitating efficient removal. In
further examples, the passivation coating 204 may also comprise multiple layers,
where each layer is formed from a different one of these materials.

[0014] Referring back to FIG. 1, the fluid channel 110 is also fluidly coupled to
the reservoir 108, which may contain a supply of a liquid reagent. The liquid
reagent may comprise a substance that is capable of stripping the passivation
coating 204 from the SERS substrate 106, such as diluted hydrochloric acid.
[0015] The lid 120 is positioned over the lab-on-chip system 100 to seal the
components from external conditions. The lid 120 may be formed, for example,
from a polymer, glass, silicon, a metal sheet, or other materials.

[0016] The lab-on-chip system 100 may be fabricated as illustrated, including
the passivation coating 204 formed over the SERS substrate 106. The
passivation coating 204 protects the SERS substrate 106, and in particular
protects the plasmonic materials of the SERS substrate 106 (e.g., the caps 202

on the fingers 200) from contamination. For instance, without the passivation
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coating 204, the caps 202 might be contaminated by outgassing products
produced by the polymer fingers 200 and/or by ambient conditions during storage
and/or shipping of the lab-on-chip system 100. When the lab-on-chip system 100
is ready to be used for sample analysis, the passivation coating 204 may be
stripped from the SERS substrate 106. Thus, while the passivation coating 204
protects the integrity of the SERS substrate 106 prior to use of the lab-on-chip
system 100, it does not impair the enhancement abilities of the SERS substrate
106 when the lab-on-chip system 100 is ready to be used.

[0017] In one example, an atomic layer deposition (ALD) process may be used
to deposit the sacrificial conformal passivation coating 204 on the SERS substrate
106. ALD is capable of depositing an easily removable, uniform, conformal thin
film even in a tight or tortuous space such as the fluid channel 110. Moreover,
ALD can be performed at a relatively low temperature (e.g., two hundred degrees
Celsius), and ALD films have demonstrated thermal stability, mechanical
flexibility, low defect density, freedom from pin holes, and excellent dielectric
strength.

[0018] FIG. 3 illustrates a flowchart of an example method 300 for fabricating
a lab-on-chip Raman spectroscopy system, such as the system 100 illustrated in
FIG. 1. The fabricated system includes a SERS substrate having a conformal
passivation coating as described above.

[0019] The method 300 begins in block 302. In block 304, a lab-on-chip
Raman spectroscopy system, such as the system 100 illustrated in FIG. 1, is
provided. In one example, the system includes a housing on which at least a fluid
channel, a sample inlet, and a sample outlet have been fabricated. Forinstance,
one or more of the housing, the fluid channel, the sample inlet, and the sample
outlet are injection molded as a single integrated unit. The system may
additionally include at least one reservoir, as well as at least one pump (e.g.,
connected to the sample inlet and/or reservoir).

[0020] In block 306, a sacrificial conformal passivation coating is deposited on
a SERS substrate. The SERS substrate may include a plasmonic patterned
surface structure, such as a two-dimensional array of polymer fingers capped with

metallic nanoparticles. In one example, the sacrificial conformal passivation
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coating is deposited using an ALD process. The passivation coating may be
formed, for example, from zinc oxide, titanium dioxide, aluminum oxide, tantalum
oxide, silicon dioxide, silicon nitride, silicon carbide, zirconium oxide, hafnium
oxide, and/or chromium oxide. . One or more of these materials may also be
used in combination with other materials. Forinstance, different zinc oxide-based
materials, including indium gallium zinc oxide, zinc tin oxide, and aluminum-
doped zinc oxide may also be used in the passivation coating 204. Using a
combination of cations may help to achieve amorphous properties that can lead
to better barrier properties, while the zinc oxide can help to facilitate removal of
the sacrificial material. Similar types of combinations based on other oxides,
including the oxides listed above, can also be used to maximize barrier properties
while facilitating efficient removal. In further examples, the passivation coating
may comprise multiple layers, where each layer is formed from a different one of
these materials.

[0021] In block 308, the SERS substrate is positioned in the lab-on-chip
Raman spectroscopy system. In one example, the SERS substrate is positioned
inside the fluid channel, near the outlet.

[0022] In block 310, a lid is sealed onto the lab-on-chip Raman spectroscopy
system system, for example using an adhesive, an epoxy, or other sealing means.
However, the inlet and outlet are still accessible, for example as illustrated in FIG.
1. Thatis, the lid may not cover the inlet and the outlet.

[0023] In block 312, the lab-on-chip Raman spectroscopy system is sealed for
storage. In one example, sealing the system for storage includes sealing the
entire system with a removable seal such as a tape, an aluminum-coated plastic
sheet, or the like.

[0024] The method 300 ends in block 314.

[0025] As discussed above, the sacrificial conformal passivation coating can
be easily removed from the SERS substrate when the lab-on-chip Raman
spectroscopy system is ready to be used for sample analysis. Removal of the
sacrificial conformal passivation coating may be implemented as part of the
sample preparation process.

[0026] FIG. 4 illustrates a flowchart of an example method 400 for removing a
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sacrificial conformal passivation coating from a SERS substrate positioned in a
lab-on-chip Raman spectroscopy system, such as the system 100 illustrated in
FIG. 1. The fabricated system includes a SERS substrate having a sacrificial
conformal passivation coating as described above.

[0027] The method 400 begins in block 402. In block 404, a lab-on-chip
Raman spectroscopy system, such as the system 100 illustrated in FIG. 1, is
provided. In one example, the system includes a housing on which at least a fluid
channel, a sample inlet, and a sample outlet have been fabricated. Forinstance,
one or more of the housing, the fluid channel, the sample inlet, and the sample
outlet may be injection molded as a single integrated unit. The system may
additionally include at least one reservoir, as well as at least one pump (e.g.,
connected to the sample inlet and/or the reservoir). In addition, the system
includes a SERS substrate that has been coated with a sacrificial conformal
passivation coating, such as the SERS substrate 106 illustrated in FIG. 2.

[0028] In block 406, a reagent is pumped through the fluid channel until the
passivation coating is removed. The reagent may be supplied from the reservoir
or from another on-chip or external location. In one example, the reagent is
diluted hydrochloric acid (e.g., one hundred parts water to one part hydrochloric
acid).

[0029] In block 408, a wash is pumped through the fluid channel to rinse the
reagent and any remaining traces of the conformal passivation coating from the
system. The wash may be supplied from the reservoir or from another on-chip or
external location.

[0030] The method 400 ends in block 410.

[0031] Once the method 400 has been completed, the lab-on-chip Raman
spectroscopy system is ready for use. A liquid analyte solution containing the
sample to be analyzed may then be introduced at the inlet and pumped through
the fluid channel to the outlet.

[0032] Variants of the above-disclosed and other features and functions, or
alternatives thereof, may be combined into many other different systems or

applications.  Various presently unforeseen or unanticipated alternatives,
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modifications, or variations therein may be subsequently made which are also

intended to be encompassed by the following claims.
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What is claimed is:

1. An apparatus, comprising:
a housing;
a fluid channel formed on the housing, wherein the fluid channel is coupled
to an inlet and to an outlet; and
a substrate positioned inside the fluid channel, wherein the substrate
comprises:
a plasmonic nanostructure; and
a sacrificial, conformal passivation coating deposited at least over

the plasmonic nanostructure.

2. The apparatus of claim 1, wherein the apparatus comprises a lab-on-chip

Raman spectroscopy system.

3. The apparatus of claim 2, wherein the substrate is a surface-enhanced

Raman spectroscopy substrate.
4, The apparatus of claim 1, wherein the plasmonic nanostructure comprises:
a two-dimensional array of polymer fingers; and

a metallic cap formed on each finger in the array of polymer fingers.

5. The apparatus of claim 1, wherein the conformal passivation coating

comprises a layer of a zinc oxide-based material.

6. The apparatus of claim 1, wherein the conformal passivation coating

comprises a layer of a titanium dioxide-based material.

7. The apparatus of claim 1, wherein the conformal passivation coating

comprises a layer of an aluminum oxide-based material.

8. An apparatus, comprising:
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a substrate;
a plasmonic nanostructure formed on the substrate; and
a sacrificial, conformal passivation coating deposited over the plasmonic

nanostructure.

9. A method, comprising:

depositing a sacrificial, conformal passivation coating over a plasmonic
nanostructure of a substrate; and

positioning the substrate inside a fluid channel of a system including the
fluid channel, an inlet coupled to the fluid channel, and an outlet coupled to the
fluid channel, wherein the positioning is performed subsequent to depositing the

sacrificial, conformal passivation coating

10.  The method of claim 9 wherein the system comprises a lab-on-chip Raman
spectroscopy system, and wherein the substrate is a surface-enhanced Raman

spectroscopy substrate.

11.  The method of claim 9, wherein the plasmonic nanostructure comprises:
a two-dimensional array of polymer fingers; and

a metallic cap formed on each finger in the array of polymer fingers.

12. The method of claim 9, wherein the depositing is performed using an

atomic layer deposition process.

13.  The method of claim 9, wherein the conformal passivation coating

comprises a layer of a zinc oxide-based material.

14. The method of claim 9, wherein the conformal passivation coating

comprises a layer of a titanium dioxide-based material.

15. The method of claim 9, wherein the conformal passivation coating

comprises a layer of a aluminum oxide-based material.
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