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1. 3D-PRINTED TIP IMAGES

SEM inspection uncovered the partial or complete burning of the apex due to electrical
discharge. In total, four printed tips suffered this damage, which was traced to an insufficient
grounding of the AFM system identified early in the campaign; the affected tips showed a
molten droplet at the apex. Burning events occurred predominantly in nanohelix tips, coinciding
with the grounding issue and therefore not necessarily reflecting an intrinsic weakness of that

nanoarchitecture.

Fabrication After 1%t set of
measurements

Figure S1: HIM and SEM images illustrate the tips with nanohelix architecture fabricated by
He* FIBID, shown both after fabrication and after the first set of measurements, for those tips

that did not preserve their physical integrity through two consecutive AFM/SEM cycles.
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SEM inspection of the hollow nanopillar tips shows that this nanoarchitecture most frequently
fractured during the AFM approach. In some cases, electrical-discharge damage, attributable

to insufficient AFM grounding was also evident, leaving a molten droplet at the apex.
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Figure S2: HIM and SEM images illustrate tips with nanopillar architecture fabricated by He*
FIBID, shown both after fabrication and after the first set of measurements, for those tips that

did not preserve their physical integrity through two consecutive AFM/SEM cycles.
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Nanospiral tips are markedly more susceptible to mechanical failure via structural deformation.

Fabrication After 15t set of
measurements

Figure S3: HIM and SEM images illustrate tips with nanospiral architecture fabricated by He*
FIBID, shown both after fabrication and after the first set of measurements, for those tips that

did not preserve their physical integrity through two consecutive AFM/SEM cycles.
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The SEM images of the pristine AFM tips — used as reference standards for comparing height
and roughness measurements with those obtained using the 3D-printed tips — show slight
modifications at the tip apex after the first and second AFM scanning cycles, a behaviour that

can occur even in tips generally considered mechanically robust.

After 1st set of After 2nd set of
measurements measurements

Figure S4: SEM image of the two commercial AFM reference tips—TAP 300G (standard) and
RTESPA 150 (ultra-sharp)—characterised using the same protocol applied to the 3D-printed

tips.
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2. 3D-PRINTED TIP DIMENSIONS

Table S1: Description of nanohelix tips parameters, including modifications in growth direction,
height, number of loops, length, nanohelix diameter (dvw = 75 nm) and nanowire diameter (dnw
= 50 nm) of each nanohelix tip. Error was calculated as deviation from the average of three

measurements.
Nanohelix Average Length
tips Growth Height (um) Loops (um)
H1 Right 093+0.02 9 2.94
H2 Left 0.89+0.02 10 3.25
H3 Left 0.99+0.01 14 4.50
H4 Left 1.04 +0.02 15 4.80
H5 Right 0.87 £ 0.02 10 3.25

Table S2: Variations in hollow nanopillar tips dimensions, focusing on length while maintaining
a consistent outer (do = 50 nm) and inner diameter (di= 6 nm).

Nanopillar Average
tips Length (um)

P1 3.19+0.04
P2 2.88 £0.33
P3 2.30+0.26
P4 0.58 +0.20
PS5 1.24+0.04
P6 0.63+0.10
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Table S3: Nanospiral tips dimensions indicating the growth pattern, height, number of loops,
estimated length, maximum and minimum diameter of the nanospirals (dns) and the diameter

of the nanowire (dvww = 30 nm). Error was calculated as deviation from the average of three

measurements.

Nanospiral Average Length Max dns Min dns
tips o Height (nm) P (um) (nm) (nm)
S1 Out 162 + 34 2 0.94 257 +5 60+ 1
S2 In 152+4 3 0.52 106 £ 4 703
S3 In 202 + 26 2 0.40 1318 502
S4 Out 207 + 17 1 0.51 146 £ 4 505
S5 In 164 + 13 3 0.75 164 + 13 90+4
S6 Out 218 + 16 25 0.91 183 +£10 110+ 4
S7 In 202 + 15 2 1.04 186 + 11 1302
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3. 3D-PRINTED TIP HEIGHT AND ROUGHNESS

3.1. HEIGHT AND ROUGHNESS

Table S4: Average height and roughness from type-nanoarchitecture tips profiles obtained in
the first set of measurements in the scanned regions of 25 um2. The error in height was
calculated as deviation from the average of five profile measurements, and similarly, the
roughness error was calculated from the average of three roughness measurements using the

Gwyddion software.

Nanoarchitecture Height (hm) Roughness (nm)

Standard 209+0.2 0.60 £ 0.10
Ultra-sharp 21.0+£0.3 0.94 £ 0.10
H1 20.3+0.1 0.55+0.10
H3 222+0.7 1.68 £ 0.10
H4 20.1+04 1.06 +0.10
H5 214 +0.1 0.38£0.10

P1 20.8+0.2 0.59 + 0.04
P3 20.6 £ 0.1 0.57 £ 0.05
P4 216+0.5 0.38+0.08
P6 20.6+0.6 0.95+0.10

S1 21.2+0.9 1.10+0.03
S2 20.7+0.3 0.83+0.15
S3 216104 1.07 £ 0.04
S4 21.3+0.3 0.57 +0.05
S5 20.8+0.4 0.94 +0.04
S6 206+0.4 0.53+0.10
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