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Figure S1 SEM morphology images (cross-section) of the 135 Nanopipettes samples

used for training the ANN model. The numbers in each figure correspond to the serial

numbers in Table S1.



Table S1 the 135 sets of Nanopipettes parameters for training the ANN model.

HEAT Fil Vel Del Pull Diameter

1 320 3 35 230 140 69

2 300 3 40 240 130 118
3 300 3 40 220 150 75

4 300 3 30 220 130 196
5 300 3 30 220 150 110
6 300 3 30 240 150 103

7 300 3 40 220 130 97.6
8 300 3 40 240 150 71

9 300 3 30 240 135 203.5
10 280 3 35 250 140 109
11 280 3 35 230 120 152
12 280 3 29 230 140 170
13 300 3 30 240 130 223

14 280 3 45 230 140 52

15 270 3 35 235 135 145

16 260 3 33 240 135 266
17 280 3 35 210 140 103

18 280 3 35 230 160 77.6
19 280 3 35 230 140 98

20 260 3 35 230 130 211

21 260 3 30 240 135 202
22 260 3 30 240 150 192
23 260 3 40 220 130 75.5
24 260 3 40 220 150 56

25 260 3 30 220 135 221

26 260 3 40 240 130 170
27 260 3 30 220 150 130
28 260 3 40 240 150 126
29 250 3 35 230 135 186
30 260 3 38 240 135 172
31 260 3 40 240 135 150
32 250 3 35 235 135 200
33 290 3 35 235 110 150
34 255 3 35 235 120 192
35 255 3 35 235 130 172
36 260 3 35 235 130 166
37 290 3 35 235 130 120
38 250 3 35 220 135 165
39 300 4 38 220 150 66.2
40 255 3 35 235 135 188
41 260 3 35 235 135 170
42 280 3 35 235 135 115
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Figure S2 Frequency distributions of the key fabrication parameters and resulting
nanopipette diameters. (a) Heat; (b) Filament; (c) Velocity; (d) Pull; (e) Delay; (f)

Nanopipette diameter (nm).

As shown in Figure S2, it should be noted that the fabrication parameters appear to be
concentrated in the middle regions, with fewer data points near the parameter boundaries. This is
not due to an uneven experimental design, but arises from the instability of the pulling process near
the parameter limits: when parameters approach the edges of the feasible range, the nanopipette
aperture often exhibits an abrupt change (similar to Point 4 in Figure 4b), yielding invalid or
unusable samples. These unstable and meaningless data were excluded during preprocessing,
leaving only valid and reproducible data within the reliable parameter range. Notably, even though
the fabrication parameters are concentrated in the middle range, the corresponding nanopipette
aperture values are evenly distributed across the target range of 50—-1000 nm, which ensures that the
dataset is representative and sufficient for model training and prediction within the practical

application scope.
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Figure S3 (a) Convergence curves of training and validation loss for the ANN over
5000 iterations; (b)Evolution of the out-of-bag mean squared error (OOB-MSE) as a

function of the number of decision trees in the random forest model.
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Figure S4 (a-j) SEM cross-sectional images of ten nanopipette tips fabricated under

the same parameter set (Heat 250, Filament 3, Velocity 35, Delay 235, Pull 135).

Figure S5 (a-j) SEM cross-sectional images of ten nanopipette tips fabricated under

the same parameter set (Heat 252, Filament 3, Velocity 35, Delay 235, Pull 135).

(CY

Figure S6 (a-j) SEM cross-sectional images of ten nanopipette tips fabricated under

the same parameter set (Heat 255, Filament 3, Velocity 35, Delay 235, Pull 135).
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(a)‘ (b)‘ (C)‘ (d)‘ (e)‘

Figure S7 (a-j) SEM cross-sectional images of ten nanopipette tips fabricated under

the same parameter set (Heat 252, Filament 3, Velocity 35, Delay 235, Pull 137).

(b)‘ m‘ )
(g) (i)‘ G)

Figure S8 (a-j) SEM cross-sectional images of ten nanopipette tips fabricated under

(h)

the same parameter set (Heat 252, Filament 3, Velocity 35, Delay 235, Pull 133).

(d)‘ (6)
(D ‘ G)
Figure S9 (a-j) SEM cross-sectional images of ten nanopipette tips fabricated under

the same parameter set (Heat 252, Filament 3, Velocity 35, Delay 237, Pull 135).
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Figure S10 (a-j) SEM cross-sectional images of ten nanopipette tips fabricated under

the same parameter set (Heat 252, Filament 3, Velocity 35, Delay 233, Pull 135).
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Figure S11 SEM characterization of a 50 nm nanopipette fabricated with parameters
Heat 320, Filament 4, Velocity 35, Delay 235, Pull 150. (a) Top-down view. (b)

Cross-sectional view. (¢) Diameter measurements from ten independent fabrication

runs.
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Figure S12 SEM characterization of a 100 nm nanopipette fabricated with parameters
Heat 300, Filament 4, Velocity 35, Delay 235, Pull 145. (a) Top-down view. (b)

Cross-sectional view. (¢) Diameter measurements from ten independent fabrication

runs.
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Figure S13 SEM characterization of a 200 nm nanopipette fabricated with parameters
Heat 252, Filament 3, Velocity 35, Delay 235, Pull 135. (a) Top-down view. (b)
Cross-sectional view. (¢) Diameter measurements from ten independent fabrication

runs.
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Figure S14 SEM characterization of a 300 nm nanopipette fabricated with parameters
Heat 240 Filament 2, Velocity 35, Delay 240, Pull 135. (a) Top-down view. (b)
Cross-sectional view. (¢) Diameter measurements from ten independent fabrication

runs.

(b) (©)
406.3 nm E 40
r g-ﬂl o
J E :i: o " . p .“
R
z
S 30
Lo ER 4.0 4.1 41
Time(s)

Figure S15 SEM characterization of a 400 nm nanopipette fabricated using a two-line
program: Heat 300, Filament 3, Velocity 40, Delay 255, Pull 0 /Heat 300, Filament 3,
Velocity 70, Delay 128, Pull 35. (a) Top-down view. (b) Cross-sectional view.
Equivalent circular radius is calculated as Repp=~ax b. (c) Diameter distribution

from ten independent fabrication runs.
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Figure S16 SEM characterization of a 500 nm nanopipette fabricated using a two-line
program: Heat 270, Filament 3, Velocity 40, Delay 255, Pull 0 /Heat 270, Filament 3,
Velocity 70, Delay 128, Pull 35. (a) Top-down view. (b) Cross-sectional view.
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Equivalent circular radius is calculated as “eff — V ax b. (c) Diameter distribution
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from ten independent fabrication runs.
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Figure S17 SEM characterization of a 600 nm nanopipette fabricated using a two-line
program: Heat 260, Filament 3, Velocity 40, Delay 255, Pull 0 /Heat 260, Filament 3,

Velocity 70, Delay 128, Pull 35.(a) Top-down view. (b) Cross-sectional view.

Equivalent circular radius is calculated as Repp=~ax b. (c) Diameter distribution

from ten independent fabrication runs.
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Figure S18 SEM characterization of a 700 nm nanopipette fabricated using a two-line
program: Heat 245, Filament 3, Velocity 40, Delay 255, Pull 0 /Heat 245, Filament 3,
Velocity 70, Delay 128, Pull 35. (a) Top-down view. (b) Cross-sectional view.
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Equivalent circular radius is calculated as “eff — V ax b. (c) Diameter distribution

from ten independent fabrication runs.
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Figure S19 SEM characterization of a 800 nm nanopipette fabricated using a two-line

program: Heat 240, Filament 3, Velocity 40, Delay 255, Pull 0 /Heat 240, Filament 3,
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Velocity 70, Delay 128, Pull 35. (a) Top-down view. (b) Cross-sectional view.

R

Equivalent circular radius is calculated as “eff — V ax b. (c) Diameter distribution

from ten independent fabrication runs.
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Figure S20 SEM characterization of a 900 nm nanopipette fabricated using a two-line
program: Heat 230, Filament 3, Velocity 40, Delay 255, Pull 0 /Heat 230, Filament 3,

Velocity 70, Delay 128, Pull 35. (a) Top-down view. (b) Cross-sectional view.

Equivalent circular radius is calculated as Repp=~ax b. (c) Diameter distribution

from ten independent fabrication runs.
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Figure S21 SEM characterization of a 1000 nm nanopipette fabricated using a two-
line program: Heat 227, Filament 3, Velocity 40, Delay 255, Pull 0 /Heat 227,
Filament 3, Velocity 70, Delay 128, Pull 35. (a) Top-down view. (b) Cross-sectional
view. Equivalent circular radius is calculated as Reff =~axb . (¢) Diameter

distribution from ten independent fabrication runs.
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Table S2 Pulling parameters for 50 nm-1000 nm nanopipettes

Nanopipettes

Heat  Filament Velocity Delay Pull Diameter(nm)
1 320 4 35 235 150 50
2 300 4 35 235 145 100
3 252 3 35 235 135 200
4 240 2 35 240 135 300
5 300 3 40 255

300 3 70 128 35 400
6 270 3 40 255

270 3 70 128 35 500
7 255 3 40 255

255 3 70 128 35 600
8 245 3 40 255

245 3 70 128 35 700
9 240 3 40 255

240 3 70 128 35 800
10 230 3 40 255

230 3 70 128 35 900
11 227 3 40 255

227 3 70 128 35 1000

240 3 70 128 35 800
10 230 3 40 255

230 3 70 128 35 900
11 227 3 40 255

227 3 70 128 35 1000
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