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Table S1. Parameters used for optimal CO, laser cutting.

Sheet material Cutting power Engraving speed Numbers of
(watts) (m/s) cutting cycles

PMMA* (1.5 mm thickness) 85 10 10

PMMA (6 mm thickness) 95 3 20

PSA# 59 30 6

NCS fiber 38 40 3

VW tissue fiber 36 50 2

* polymethyl methacrylate

# pressure sensitive adhesives
$ nitrocellulose

f virgin wood

S.1. Design No. 2 — Modified
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Figure S1. A representation of Design No.2-Modified performance. (A) The overall representation of the chip
fabricated based on Design No.2-Modified. (B) The performance of the chip after dispensing the sample (within 10 min
period), (scale bars: 4 mm).

S.2. Microscopy characterization of various layers of the microfluidic chip

Figure S2. Optical microscopy images of fibres, pressure-sensitive adhesive (PSA), and polymethyl Methacrylate
(PMMA) cut layers of the microfluidic chip. (A) Inlet channel cut inside the PSA and the VW tissue, as well as the
representation of the connection point of the redox NC and the VW tissue. (B) Dimensions of the redox channel cut made
into the 1.5 mm PMMA sheet. The soft edges of the engraved sheet depict the appropriateness of the engraving power,
speed, and cutting cycles (scale bar: 1000 um).
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S3. Numerical simulation
S.3.1. Governing equations
S.3.1.1. Simulating the laminar fluid flow in the redox channel and the sensing chamber

The laminar incompressible fluid flow in the zigzag redox channel is considered as a two-phase flow
with a clear interface between two immiscible liquids of fluid (the water) and the air. The dynamic
of fluid flow is described by the unsteady incompressible Navier—Stokes equations. For an
incompressible Newtonian fluid, continuity and momentum equations are presented in equations S1
and S2, respectively.

Vu=0, (Eq. S1)

pouwot+pVu=V.[-pl+p(Va+(Vu)*T)]+pg+F st (Eq. S2)

where u (m/s), p (kg/m?), u (Pa.s), p (Pa) and g (m/s?) are flow velocity vector, density, dynamic
viscosity for the the water or the air, flow pressure, and gravity vector, respectively. The identity
matrix is denoted by the letter I. Besides, for two-phase flow simulations, F_st is the surface tension
force acting at the air-water interface. The surface tension force is calculated at the Level Set interface
and is defined as:

F st=V.T, (Eq. S3)
T =0 (I-(nn’T)) §, (Eq. S4)
where,

n = V¢/|V| (Eq. S5)

o (N/m) is the surface tension coefficient and o is a Dirac delta function that is nonzero at the two-
phase fluid interface. The interface normal n is in terms of the level set function. The level set interface
function is a smooth continuous function that is usually denoted by 0<¢<1. The level set function of
0.5 represents the fluid interface and ¢ equals 0 and 1 for the air and the water, respectively. For the
level set method, the fluid interface between the two phases is given by:

0/0t +uVh =y V. (Vo - & (1-0) Vo/|Vd|) (Eq. S6)

The numerical stabilization parameters are € and y, where ¢ is interface thickness and vy is the
reinitialization parameter which is equal to the maximum velocity magnitude occurring in the model.
The viscosity and density of the fluids at the interface are determined as:!

p = p_air + (p_water-p_air ) ¢ (Eq. S7)

W= air+ (u_water-p_air ) ¢ (Eq. S8)

S.3.1.2. The transport of diluted species

The transport of species through the water is modelled as a diffusion—convection transport equation:
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oc/ot + V.(-DVce) + u.Ve =0 (Eq. S9)

where ¢ (mol/m?) is the concentration of the species, D (m?/s) is the diffusion coefficient, and u (m/s)
is the velocity vector of the flow field obtained from coupling the physics interface to the laminar
two-phase flow equations. In the transport of diluted species, two boundary conditions are considered:
(1) Concentration of ¢ = ¢_0 for constant concentration and (2) No flux: -n.(-DVc) = 0. In this study,
the convection-diffusion equation is solved with fluid flow equations, and diffusion of species
through the well is examined until a homogeneous concentration of species is obtained on the fiber
located at the surface of the sensing electrode.?

S.3.2. Solution domain of the redox channel

For modeling the two-phase flow through the zigzag redox channel, a computational domain is
defined as shown in Fig. S3.
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Figure S3. Solution domain of the redox channel. (A) Computational domain, (B) Fiber at the bottom of the zigzag
redox channel, (C) The mesh generated for the redox channel and biosensing chamber (scale bars: 4 mm).
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Figure S4. Characterization of the on-chip biosensing unit. (A) Evaluating the efficiency of redox-soaked NC fibers
through conducting experiments on Day 1 and Day 5 of soaking in NCs. (B) Selective response of the biosensing system
in its exposure to samples containing S1 proteins as opposed to the samples containing N-proteins. (C) Investigating the
stability of the antibody in different time points taken out from 4 °C by testing clinical control samples. (D) The response
of the biosensing system for detecting the samples of COVID-19 positive patients and healthy control subjects (nasal
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Table S2. The EIS signals and the repeatability of on-chip sensing at different concentrations of N-proteins on the sensor’s

calibration curve.
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N-Protein Concentration EIS signal (Impedance Standard
(pg/mL) Change /AZ/Z,) Deviation (SD)
10 0.43 0.16
50 0.99 0.15
100 1.33 0.25
500 1.62 0.05
1000 1.90 0.32
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