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S1. Calibration plot for ICP-OES analysis
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Fig. S1: Calibration plot and prediction interval for ICP — OES analysis.
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Concentration Y[Intensity] (cts)
(ppm)
0 -109921.2 -109921.7 -109920.7
10 9889617.0 9889616.6 9889617.4
15 14889386.1 14889385.8 14889386.5
20 19889155.2 19889154.9 19889155.5
25 24888924.3 24888923.9 24888924.6
30 29888693.4 29888693.0 29888693.8
40 39888231.6 39888231.1 39888232.1

To determine the prediction interval, a calibration plot was constructed using a series of

silver standards (0, 5, 10, 15, 20, 25, and 30 ppm), each prepared in triplicate with AgNOs

in 2% HNOs. The prediction interval quantifies the uncertainty associated with predicted

concentration values and is calculated using the following expression":

§/—E<y<§/+E



where:

E = /N + 1/71 + (X* - xmean)z/Z(xi - xmean)2

ta/ x standard error
2 , J1
S

N: number of repeat measurements made on the standard solution (N = 3 for
measurement repeated thrice)

n: number of paired calibration points

s: slope of the calibration curve

x*: the value of a particular standard’s concentration
Xmean: average of the xi values

tw2: Student t value for the 95% conference with n-2 degrees of freedom

S2. Porosity Calculation Methodology

The porosity of the deposited silver (Ag) layers was determined by comparing the
calculated apparent density (papp) of the coating with the known theoretical density of

bulk silver (poulk,ag)-
a. Apparent Density Calculation

The apparent density of each deposited layer was calculated from the experimental mass
loading (ma, in mg/cm?) and the deposition thickness (t, in um). The apparent density is
the ratio of the mass loading to the thickness:

my
Papp =

To ensure correct unit conversion from the measured units to a standard density unit

(g/cm?), a conversion factor of 10 is applied:

3 (mg/cm?)
Papp (g/cm?) = AT :Eﬁmc)m x 10

Example calculation using the lowest loading:

0.64(mg/cm?)
3y — _ 3
Papp(g/cm?) 24 (um) x 10 = 1.455 g/cm




b. Porosity Calculation

The porosity €, expressed as a percentage, represents the fraction of void volume within
the coating. It was calculated by comparing the apparent density (papp) to the theoretical

density of bulk silver, which is taken as ppuik,ag = 10.49 g/cm?

The formula used is:

e(%) = (1 - ﬂ) x 100%
PbulkAg

Example calculation:

1.455 g/cm3

0, = -_ 0fy — 0,
£(%) (1 10_499/m3>><100/o 86.1%

Additionally, the Relative Density (or Material Volume Fraction) was calculated. This
represents the percentage of the coating's volume occupied by silver nanostructure
material compared to bulk silver.

Relative Density (%) = 100 - £(%)

¢. Summary of Calculated Data

The calculations were applied to each sample, as summarized in Table S2. The reported
thickness values represent the mean of measurements, and the uncertainty corresponds to
the standard deviation of those measurements. The average porosity and its standard

deviation were calculated from the set of four individual porosity values.

Table S2: Summary of Porosity Calculation Data

Loading Deposition Relative silver

1 o
(mg/cm2) Thickness (um) Porosity(%) ng‘;ﬁi::;tf,}:};e
0.64 4.4+0.6 86.1 13.9
1.28 9.4+0.7 87 13.0
1.6 11.2£0.8 86.4 13.6
2.56 17.0£0.9 85.6 14.4
Average 86.3 13.7

Standard Deviation 0.6 0.6



Table S3. A comparative analysis of different literatures from the
manufacturability aspect

Frequency Gain
Ref Process Antenna Prototype Antenna Type (GH2) (dBi) Substrate Remarks
straight dipoles, Polyimide o
Photolithographically meandering film, Suptradive Complex
i etal. 2025 pattern the stainless-steel dipoles, drcular Willow glass Stabl glnkep
(Leietal, 3) screen + Screen-print disc monopoles, 24 - ribbon, formlEl ibie Thermal
copper nanoparticle ink + and 2x1 monopole Alumina P;tlc{;r;;n <
themmal treatment antenna amrays with nbbon Lithoora ﬁgj)
CPW feedin ceramic erapty
An additive process,
Manual fabricaion using but poor
p metasurface- s
(Muhammad et al., copper conductive tape backed microstrip 52.125 3 Paper reproducibility due
2024) adhered to paper atch ant to manual patteming
substrates P and limited to simple
designs
- An additive process,
Inkjet-printing( Pelet- criﬂgglﬁ;lpole but requires
DP500 microelectronics coplanar- Complex ink
(Yang et al., 2024) printer) of silver-nano ink L 2.9-1061 55 FET formmlation and
wavegude feed I
followed by plasma d thr <ted C sintering steps, as
sintering an Slotfoftlgm . well as dedicated
} material printer setup
A subtracive
(Hamilbar Gerani Conventional PCB Metasurface slot RO4003C nmanufacturing
o 2331 943 and
et al., 2024) fabrication antenna RT/durcid process based on
' photolithography
. o An additive process,
Inlget printing (Brother . : *
(Ashfetal,  DCP-T310)using sifver- petamaterial b 06 | rosEes Qurreduites
2022) nanoparticle conductive oaded monopale . . an omplex
ik antenna photo-paper formulation and
sinfering steps
nucl:rn{;?t?pf?}it & A subtractive
(Chakravarty etal.. . . . ; - < FR-4and RT- manufactuning
2022) photolithographic etching antenna with 58 538 | Durcid 5880 | process based on
fransmissive hotolithography
metasurface lens P S
Slot-fed beam- A subtracive
(Hongnara etal., . . . steering She. manufactuning
2018) photolithographic etching metasurface 2.40-250 8.69 FR4 process based on
antenna photolithography
An additive process,
reconfigurable but requires
Inkjet printing (Dimatix multiband antenna Complex ink
(Abutarboush & DMP-2831) with silver with switchable 1034 2 resin-coated fornmilation and
Shamim, 2018) nanoparticle-based ink muain, L-shaped, o photo paper sintering steps, as
followed by oven sintering and U-shaped well as dedicated
radiators material printer
setups
An additive process,
. . but requires
. - N Microstr: :
It;k]et;iprm_nng (Dlmfx) monopole baiked fomplgx ink d
- of conductive nano-silver e - < 3 ation am
(Kimetal., 2012) ink followed by thermal by mk]et-pnntgd 236261 095 photo-paper sintering steps, as
S EBG amray forming ;
sintering AMC reflector well as dedicated
: material printer
setups
An additive process
e using an office
Dual l_a}_er desktop printer and
ransmissive aqueous salt
This wortk Print- Expose- Develop (r;l:;assur 1:}? 1::1;1 4 6.1 Paper prec:lrsor solutions.
quare p; Photographic

array) + microstrip
patch feed

chemistry that was
widely used in 20®
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