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Table of Content:
TableS1 : Reported T, with thickness in NbN superconducting film

S.No. | Film Substrate Technique Thickness Tc(K) Reference
material (nm) s
1. | NbN Sapphire Reactive sputtering 500 15.2 [1]
2.5 6.5
2. | NbN MgO Reactive sputtering >50 9.9-16.1 [2]
3. | NbN MgO Reactive sputtering >50 2.7-16.8 [3]
4. | NbN MgO Reactive sputtering >50 11.9 [4]
5. | NbN MgO PLD 100 16 [5]
6. | NbN Sapphire HTCVD 40 17 [6]
7. | NbN AIN/ALO; PVD epitaxy 5 11 [7]
50 15
8. | NbN AIN/ALO; PVD 5 11.2 [8]
50 15.3
9. | NbN Si+AIN buffer Reactive sputtering 5 9.9 [9]
50 14.5
10.[ NbN Si (Flexible) Magnetron sputtering 10 8.3 [10]
50 11.9
100 12.4
11.] NbN Si Ton-assisted sputtering 100 13 [11]
12.| NbN Si DC Magnetron sputtering 100 16 [12]
13.| NbN MgO PLD 50 13.1 [13]
AlL,O4 50 15.2
Sapphire 50 16.6
14.| NbN Si Ton beam sputtering 100 13 [14]
15.| NbN Si Reactive sputtering 200 12.8 [15]
16.| e-NbN Bulk sample HPHT synthesis Bulk 11.6 [16]
5-NbN polycrystalline | 17.5
17.| Nb,N Si3N4/Si DC Magnetron sputtering + | 16 0.73 [17]
nitridation 11 0.68
8 0.62
18.[ NbN SiO, DC Magnetron sputtering 144 13.8 Present
SiN 144 14.55 work

Table S1 : Compilation of reported superconducting transition temperatures (Tc) of NbN thin films as a function of film thickness from the
literature. The table summarizes the film material, substrate, growth technique, thickness, and corresponding Tc values reported in previous
studies. For consistency across different reports, Tc values correspond to the zero-resistance transition temperature (Tco) wherever

available. The dataset spans a wide range of film thicknesses and deposition techniques including reactive sputtering, magnetron sputtering,
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pulsed laser deposition (PLD), chemical vapor deposition, and ion-assisted sputtering. Data for Nb.N and &-NbN phases are also included for
comparison with related niobium nitride systems. The final entry corresponds to the NbN film investigated in the present work.

Supplementary Figure S1. FESEM image of NbN-NR3 device , Yellow hexagon is denoting the one unit cell and
purple color lines are weak link spacing (s)
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Supplementary Figure S2. Comparison between pristine and patterned NbN films. (a) R-T of the pristine NbN
parent film for NbN-NR2 (144 nm, unpatterned): resistance decreases monotonically above Tc with no WL-SCF
crossover. (b) R—T of the independently fabricated NbN-NR3 device (s = 97.87 nm, SiN substrate) showing the
same WL—SCF crossover as NR2, confirming that the crossover is geometry-driven and reproducible across
devices on different substrates.
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Monte Carlo: 30 keV Ga* = NbN | Rp =10.2 nm | ARp = 8.0 nm | Lat =11.4 nm | Film retention = 64%

lon Distribution — SRIM-Calibrated ZBL MC

Rp = 10.2 nm

NbN film = 20 nm

10 R

15

Depth (nm)

20 R T T T T T TR

25

30
=20 -10 0 10 20

Lateral X (nm)

Lateral X (o = 8.23 nm)
0.06 (c) i -- Beam axis

*10=8.23 nm

0.05 1

0.04 1

0.03 1

Prob. Density

0.02 1

0.01 1

=30 -20 -10 0 10 20 30
Lateral X (nm)

30

Prob. Density

Depth Distribution

= Rp =10.2 Nm
50 0.5 1 (b) +ARp = 8.0 nm
Film = 20 nm
40 0.4 4
2
= ‘B
30 é § 0.3
: 4
20 & 0.2
10 0.1
o o L ot
0 5 10 15 20 25 30
Depth (nm)
Lateral ¥ (o = 7.92 nm)
0.07 4 i i - Beam axis
(d) - *10=7.92 nm
0.06 A
0.05 1
0.04 4
0.03 1
0.02 4
0.01 4
0.00 -

=10 0 10
Lateral Y (nm)

Supplementary Figure S3. SRIM/ZBL Monte Carlo simulations of Ga* ion damage in NbN (144 nm). (a) lon
range and lateral straggle distributions for 30 keV Ga* incident on NbN (b) . Depth profile of FIB milling. (d)
Schematic cross-section showing undamaged NbN core (~35-52 nm) flanked by ~23 nm damaged edge zones on

each side, consistent with projected range ~10 nm and lateral straggle ~8 nm.
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Lateral Beam Spread — 30 keV Ga* - NbN
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Supplementary Figure S4. Cross-section showing undamaged NbN core (~35-52 nm) flanked by ~23 nm
damaged edge zones on each side . (a) 2D-scatter plot for showing the ion distribution around the hole edges. (b)

2D-ion density color map.
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Supplementary Figure S5. Statistical characterization of FIB nanohole geometry. (a) Edge-to-edge spacing
histogram for NR2 ~ 81 + 6 nm, narrow Gaussian confirming uniformity. (b) Edge-to-edge spacing histogram for
NR3 ~ 98 £ 10 nm. (c) Hole diameter histogram for NR2 ~1001 £+ 7 nm. (d) Hole diameter histogram for NR3
~1001 £ 5 nm. The narrow distributions demonstrate statistical uniformity of the FIB network; the resulting Tc
variation of ~0.1-0.2 K is negligible compared to the multi-kelvin transport features observed.

This journal is © The Royal Society of Chemistry 20xx

J. Name., 2013, 00, 1-3 | 6

Please do not adjust margins




Please do not adjust margins

Journal Name ARTICLE

100 SN e ——
100 « ——AQCCFit
(b)
- — 80
E 804 E
5 5
;_ = 100 A =0.0015320.00014
e § 60 !
g 604 S 8"
n 0 £
g g :”
& x £
40 4 40 4
———
20 o
20 . T Y
12 13 14
Temperature (K) Temperature (K)
.00 NbN-NR3
@ NbN-NR2 hd -
. e (d : 5
0.01016 Linear fit :'w '( ) Linear Fit
s 0.00993 4
0.01015 4
0.01014 4 W
» L3
5 0]
0.01013 4 0.00991 4
0.01012 4 0.00990
0.01011 4
0.00989 b 7 7 T ¥ T T ’ T ¥
e % o e P 550 2,68 270 272 2.74 276 2.78 2.80 2.82 2.84 2.86
In(T) (K) In(T) (K)

Supplementary Figure S6. QCC composite model fit. (a) QCC fit for NbN-NR?2 inset is showing WL+EEI fit in
resistance upturn region. (b) QCC fit for NbN-NR3 inset is showing WL+EETI fit in resistance upturn region. (c) G
vs In(T) for multi-kelvin temperature scale transport confirms long range competition of WL+SCF dominated 2D
transport behavior for NbN-NR2. (d) G vs In(T) for multi-kelvin temperature scale transport confirms competition
of WLASCF dominated 2D transport behavior for NbN-NR3.
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Supplementary Figure S7. Modified HLN magnetoconductance fitting for NbN-NR3 at T* = 13 K and Tpeak =
13.5 K. (a) AG vs. B at T =13 K (crossover temperature T*): experimental data (cyan) and SCF+WL combined fit
(red, 0-2.5 T). A clear conductance valley confirms simultaneous SCF and WL activity. Extracted: Bo =0.0175 T,
BSF =0.3839 T, lp = 96.99 nm = s = 97.87 nm, SCF/WL ratio = 1.054 (balanced — true crossover). (b) AG vs. B
at T = 13.5 K (Tpeak): monotonically negative magnetoconductance (SCF-dominated, fit 0—1.05 T), no WL upturn.
Extracted: Bo = 0.0407 T, BSF =2.384 T, lp = 63.6 nm (l¢p/s = 0.650 < 1, crossover not yet satisfied), SCF/WL =

0.917 (WL dominant).
T (K) Bo (T) Bgr (T) TeL(ps) | D (ecm?/s) | t¢ (ps) lp (nm) | Iy (nm) € (nm)
13 0.0175 0.3839 2.612 1.642 57.295 96.99 24.63 3.87
135 0.0407 2384 1.8415 0.375 107.87 63.6 11.55 1.84

Table S2. Characteristic parameters for NbN-NR3 at T* = 13 K and Tpea = 13.5 K.

T (K) C1 (AL) C2 (MT) C3 (WL) C1+C2 SCF/WL Status

(SCF) ratio
13 0.3851 0.1282 0.4866 0.5133 1.054 Balanced
13.5 0.0933 0.3945 0.5317 0.4878 0917 WL dominant

Table S3. Relative coefficients for NbN-NR3 at T* = 13 K and Tpea = 13.5 K.
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Parameter NbN-NR2 NbN-NR3

FIB spacing s (nm) 80.97 97.87

B at crossover (mT) 21.35 17.50

lp from Be (nm) 87.8 97.0

lo/s 1.08 0.99

Bgr at crossover (mT) 230.9 383.9

It from Bgp (nm) 37.76 29.28

Table S4. Parameters extracted from modified HLN fitting at the WL-SCF crossover for NR2 and NR3.

Criterion T =13.5 K (Tpear) T=13 K (T*%)

lo (nm) 63.6 96.99

lo/s 0.650 0.991

SCF/WL ratio (C1+C2)/C3 0.917 (WL dominant) 1.054 (balanced )
Bsr (T) 2.384 0.384

Table S5. Four-criterion crossover diagnostic for NbN-NR3.
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Supplementary FigurtS8pguptuce{ff)cting transition of NbN parent films. (aﬁg‘—pfrg%ﬁle parent film
(144 nm, SiO2): Tc = 13.8 K, exceeding the as-deposited benchmark of Ref. [12] (Tc ~ 11.8 K, same power, no
annealing), confirming above-benchmark film quality. (b) R—T of NbN-NR3 parent film (144 nm, SiN): Tc = 14.55
K, surpassing the Chockalingam et al. power-matched value of 11.61 K at 40 W (Phys. Rev. B 77, 214503).
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