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Experimental details

Au nanoparticle array synthesis and characterization: Arrayed AuNHs were fabricated as the

surface parts of the Bio-NOF layer by controlling the surface energy using block copolymer
(BCP) chemistry. After a cleaning process, a thin SiO; layer was coated with PS-b-P2VP
solution to control the surface energy. An Au nanolayer was deposited onto the BCP-treated
Si0O, substrate in vacuum at room temperature in an electron-beam evaporator system
(Angstrom Engineering Evovac Evaporator). Thermal treatment of the substrate was followed
by an annealing process with air condition. Then the morphology and density of the formed
AuUNH arrays were characterized by scanning electron microscopy (Hitachi SU-8000) and

Image J software.

Few-layer MoS, photodetector channel fabrication: A few-layer MoS; photoconductive
channel was first prepared on a SiO,/Si substrate using a micro-printing.!! A Ti (5 nm) - Au
(50 nm) electrode pair providing the drain and source contacts for the MoS; channel was
subsequently fabricated by metal deposition and lift-off. The topography of the MoS,
Integration of AuUNH-deposited Bio-NOF layer and few-layer MoS, photoconductive channel:
The AuNH-deposited Bio-NOF layer and the atomically layered MoS; photoconductive
channel were first prepared separately. Subsequently, these components were integrated into a
single on-chip device platform. Based on macro-manipulation control, AUNH-deposited Bio-
NOF layer was placed on the Au electrodes next to the MoS; channel. Using a microscope
along with alignment marks on the substrates of the Bio-NOF and MoS, channel, these
components were assembled. They were physically bonded using a biomedical double-sided

adhesion layer (100 um) handling.

Near-field electromagnetic radiation calculation: Near-field electromagnetic radiation around

an AuNH particle was simulated by solving the Helmholtz wave equation: V x (1V x E) —
2
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k(& — jowey) E= 0 with a finite element analysis method (FEA, COMSOL Multiphysics

software). Hybrid mesh structures were created for the AuNH particle to adopt its round shape.
The relative permeability and complex permittivity of gold were assumed to be ¢4+=1and & =
f(4), respectively. The polarization vector was applied in the direction parallel to the AuNH,
whereas the direction of the k-vector was taken to be perpendicular to the plane of the
structure. Perfect absorption was assumed at the outer boundary to minimize spurious
reflections by setting a perfectly matched layer and an integration layer in the concentric

space. The dimension of the AUNH (daunn = 40 nm) was chosen based on the SEM images.

Enzyme-linked sandwich assay (ELISA): ELISA is the current gold standard method to

quantify CitH3 in a serum sample. A 96-well plate of CitH3 ELISA kit was developed in our
laboratory as described previously.? Briefly, an anti-CitH3 monoclonal antibody (Cayman
Chemical, Ann Arbor, MI) was coated onto a 96-well plate as a capture antibody, then the
plates were blocked with a blocking buffer (Thermo Scientific, Rockford, IL, USA) at room
temperature (RT) for 2 h. Serum was treated with DNase. And it added to the wells with an 80
ul blocking buffer and incubated at RT for 2 h. After 4 times of washing, an anti-CitH3 rabbit
polyclonal antibody (Abcam, Cambridge, MA, USA) was added as a detecting antibody and
incubated at RT for 2 h. Following 4 times of washing, the anti-rabbit peroxidase-labeled
secondary antibody was incubated in wells at room temperature for 1 h. After removing extra
secondary antibodies with 4 thorough washes, we treated the plate with 3, 3°, 5, 5°-
Tetramethylbenzidine (TMB) for 20 minutes in dark followed by stop solution (R&D Systems
Inc., Minneapolis, MN, USA). We determined CitH3 levels by measuring absorbance at A=

450 nm.
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Figure S1. Fabrication and characterization of arrayed plasmonic gold nano
hemispheres (AuNHs). The arrayed AuNHs were constructed in a controlled manner by
varying the gold layer deposition thickness and the thermal treatment duration. (a) AuNH
morphologies (SEM images) resulting from a Au layer deposited with the thickness of 2, 5, 10,
20, and 40 nm, respectively, (scale bar = 250 nm) under the thermal treatment of 30 minat T
=500 °C. (b) AuNH morphologies (SEM images) resulting from the thermal treatment of 10,
30, 60, and 120 min, respectively, at T =500 °C for a Au layer deposited with the thickness
of 5 nm (scale bar = 250 nm). (c) LSPR extinction spectra of AuNHs fabricated with a Au
layer deposited with the thickness of 2, 5, 10, 20, and 40 nm, respectively, (scale bar = 250
nm) under the thermal treatment of 30 min at T =500 °C. and (d) LSPR extinction spectra of
AuNHs with a Au layer deposited with the thickness of 5 nm under the thermal treatment
0f10, 30, 60, and 120 min, respectively, at T =500 °C (scale bar = 250 nm).
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Figure S2. Finite element analysis (FEA) of AUNH LSPR substrate. A) near-field
electromagnetic field distributions around i) a single and two neighboring AUNHS with liper =
ii) 10 nm and iii) 100 nm at A = 650 nm (scale bar = 50nm) and E-field enhancement as a

function of |aunk.
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Figure S3. Fabrication and integration of few-layer MoS, channel for the iNOBS device.
1)-ii) A few-layer MoS, channel was patterned on a thermally oxidized Si substrate using a
micro-printing method. iii)-viii) Using photolithography followed by metal deposition and
lift-off, we deposited a pair of Ti (5 nm)/Au (50 nm) electrodes that serve as drain and source
contacts for the MoS, photoconductive channel. ix) In the meantime, we fabricated a
nanoplasmonic optical window layer by forming AuNH arrays on a thin (100 pm-thick) SiO,
substrate. x) The microfluidic well chamber made of PDMS was attached on the AuNH/SIiO,
Bio-NOF layer (prior to antibody functionalization) after oxygen plasma surface treatment of
PDMS. xi) The microfluidics/Bio-NOF unit was integrated on the MoS; channel. Using a
micro-manipulator, we placed the unit on the Au electrode of the MoS, detection platform.
Here, we used photolithographically patterned alignment marks to precisely align the features
on the AuNH/SIiO; Bio-NOF layer and the MoS; channel-patterned Si substrate and bonded
them together using a biomedical double-sided adhesion layer (100 pum).
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Figure S4. Schematic design (a) and photos (b) of whole device setup for the

measurement.



WILEY-VCH

— 151 — 15]
E | .. —] S
10 [ £ 10/(ID)
£ 5 =
=2 L
2 o—— 2 ot
0 500 1000 0 500 100
Length (nm) Length (nm)
"'E" 5 . e 'EJIS ]|
£ 10 (i) £ 10/ [
k=3 | e —
ﬁ 5 ﬁ 5 |
% ﬂ_l_,‘._.l'-..._ E uw—*wh"‘""‘J
1] 500 1000 0 500 1000
Length {nm) Length {nm)
E [ E ey T
£ 10 W £ 10/V1)
£ s £ 5
o — o -
0 _ 2 o
T 0 500 1000T o 500 100
Length (nm) Length (nm)

Figure S5. Morphology of the few-layer MoS; channel. Cross-sectional profiles along the
white lines from (i) to (vi) of the atomic force microscope image of MoS; layer on a SiO;
layer in Figure 3b.
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Figure S6. l4s-Vgs characteristics of the MoS; under the dark condition and the light

illumination (A = 650 nm and P=~ 2.4 mW) (Inset: Iy under alternating Light-ON and OFF
states).



WILEY-VCH

1.04 —— Coiris=0ng/mL

0.4

/. (a.u

0.2

| —— Ceit3=10"ng/mL
0.8- Ceit13=10"ng/mL
Ceit3=10"ng/mL
Ceit13=10"ng/mL
—~ 0.6 Ceit13=10°ng/mL
1 Ceit43=10"ng/mL

o

.95

400

500

A(nm)

Figure S7. LSPR spectral peak shift of the antibody-conjugated Bio-NOF layer with varying

CCitH3.
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Figure S8. Calibration curves of (a) Ci..1;gand (b) Cpcrin sham. The value of 4l/1o x100
represents the photocurrent variation in % at 10 min. All the detections were performed at A =
650nm and P = 2.4 mW/cm? The estimated Kq values are 0.572 ng/mL, 0.717 ng/mL, and

0.658 ng/mL for CitH3, PCT, and IL-1p3, respectively.
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Table S1. Photoresponsivity.

Measurement -

Sample conditions Photoresponsivity

3] Vg=-710V, V4 =8V B 1
Ref. 1 \.=561 nm, P = 150 pW SS0AW
R 2 White illumination, P = 0.7 mW LA [ Y

5] Vg=-40V, Vg =1V _ 4
Ref. 3 A =520 nm, P = 40 mW 025 AW

[6] Vg=-3V,Vg=1V _ 3
Ref. 4 A= 633 nm, P = 50 mW 12mAW
Ref. 517 Vy=0and50V, Vg =1V ~50 uA W (at Vg4 = 0)

' A =550 nm, P =80 uW ~7.5mA W™ (at Vg = 50)

ourMos, ~ Ye=OViVe=1V ~ 267 AW

A =650 nm, P =24 nW

To demonstrate that our device can be a portable and simple biosensor for point-of-care
(POC) applications, we operated it at a relatively lower drain voltage (Vg4s = 1 V) with no gate
bias voltage (Vg =0 V).

12
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LSPR structures
Plasmon resonances are extremely sensitive to the refractive index of the surrounding medium.

With the value of the refractive index increased, the LSPR peak shows a red shift. The
plasmon resonance sensitivity is given by di/dn, where d is the shift of the resonance peak
wavelength, and dn is the change in the refractive index. Previous studies explored various
approaches to achieve a higher sensitivity value, a large figure of merit (FOM), and a lower
limit of detection (LOD) for LSPR sensing. Each of these studies employed a relatively

simple LSPR structure fabrication method applied for a large substrate area.

Table S2. Sensitivity of plasmonic structures. The figure of merit (FOM) was estimated by
measuring the LSPR peak wavelength shift range as the refractive index np, was varied from
1.33t0 1.47.

A4 RIU FWHM FOM

42 300 125 2.40

13



WILEY-VCH
Table S3. Comparison of LSPR substrate”

Shape Method FOM  Uniformity Substrate Size
AuNPs!®! O Drop-cast 1-1.5 Low 10 me
Island™ -- s  Dewetting (1):?0_ Medium 10 mm2
Nano Ring[m] fijtohllzircell?)lhy 2.1 Very Low 0.25 mm2
Nano Disk!"! D fijtoljclgri?)lhy 2.7 Very Low 0.25 mm
Nano Disk!"! u Nanoimprint 1.635  High 10 mm’

Lithography

Nano Disk!'> %! gfgg;r;;i]am 2.0 High 0.25 mm’
Eiﬁ?éﬁipffum ) Theory 073
Eiﬁ‘;g’fﬁﬁ] () Theory 222
é]u NanoStar'"> ’ | ( Drop-cast ?éz i Very Low 5 rnrn2

* This table does not include colloidal particles in solution.

In Table S3, we compare various substrate-bound nanoplasmonic structures used for LSPR
sensing in previous studies. The compared features of each structure include the fabrication
method, figure of merit (FOM), structural uniformity, and substrate size. The FOM of 2.4 for
the arrayed AuNH structure in this paper is close to the highest value of 2.7 reported in the
literature.

14
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Table S4. Limit of detection (LOD) resulting from different CitH3 detection methods.
We experimentally determined LOD values for the three methods used in the current study to
detect CitH3 in serum. Here, the LOD value is given by 3o/Ksiope, Where o is the standard
derivation of the background noise detected with a blank sample, and Ksjope is the regression
slope extracted by sigmoidal curve-fitting to the standard curve.

Sample Blank S.D.

Volume ©) Usystem (36)  k slope LOD=30/kslope
(ul—) (%) (%) (pg/ml—)'l (pg/ml—)
iINOBS! 25 0.00093 0.00280 0.0032 0.87
LSPR 25 0.00236 0.00709 0.0004 17.28
ELISAZ 150 0.0155 0.0405 0.00175 232

! The LOD of iNOBS in PBS was 0.14 which was lower than that in sham.

2 The claimed LOD of the ELISA kit was 100 pg/mL from the company and our own signal
intensity was a slightly lower than the company's data, and that is why we obtained the higher
LOD than expected.

15
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Table S5. Estimated LOD for IL-1p and PCT in sham mice serum using the INOBS
device. We experimentally determined the LOD values for the three sepsis-related biomarkers
in serum samples from sham mice.

(Bc';"”k SD- Usystem 36) Kk slope LOD=3c/kslope
0] -

(%) (%0) (pg/mL)-1 (pg/mL)

CitH3 0.00093 0.00280 0.0032 0.87

IL-1p 0.00176 0.0052784 0.0043 1.22

PCT 0.00197 0.00591 0.0036 1.64

16
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