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Fig. S1. Principle of precontact sensing. The two crossed CNT-Al,0; coaxial
flexible fibers possess the capability to function as a capacitive sensor. This capacitive
sensor exhibits a specific precontact detecting capacity. The sensing mechanism is
based on two types of capacitance induced by parallel plate capacitance: mutual
capacitance between two electrodes (CM) and self-capacitance to ground (fringing

capacitance, Cr ). The principle of its operation is similar to other nanomaterial-based

fiber sensors that rely on evanescent interaction [1] two crossed fibers, it acts as a
third electrode to partially intercept and shunt the edge electric field to the ground
within the detectable range. Capacitive coupling of the object to the sensor original
reduces the coupling between the two electrodes. The charges on the two electrodes
flow out, or the increased electric field directed toward the approaching objects.

Therefore, the fringing capacitance Cr increases, and the mutual capacitance Cu
decreases logarithmically. This corresponds to the model established by Garbini:
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where W and H are the geometric width and height of the proximity object, / is the

C=4eW

distance between the bottom and top electrodes of the fiber, and €' is a constant factor.
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Fig. S2. Short time high temperature resistance testing of CNT, CNT-PI and
CNT-ALO;. (A) CNT fiber burned at high temperatures for short periods of time. (B)
CNT-PI fiber burned at high temperatures for short periods of time. (C) CNT-AL,0O4

fiber burned at high temperatures for short periods of time.
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Fig. S3. Long time high temperatures heating of CNT-ALO; fibers deposited
with different thicknesses of Al,O;. (A) Before and after the fibers deposited with
different thicknesses of Al,O; were exposed to 650 °C for 2 hours. (B) Before and
after the fibers deposited with different thicknesses of Al,O3; were exposed to 700 °C
for 2 hours. (C) Before and after the fibers deposited with different thicknesses of
AL O3 were exposed to 750 °C for 2 hours. (D) Before and after the fibers deposited

with different thicknesses of Al,O; were exposed to 800 °C for 2 hours.
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Fig. S4. Long time high temperatures heating of the fibers deposited with
different materials. (A) Before and after the CNT, CNT-PI and CNT-Al,O; fibers
were exposed to 550 °C for 2 hours. (B) Before and after the CNT, CNT-PI and CNT-
AlLO; fibers were exposed to 600 °C for 2 hours. (C) Before and after the CNT, CNT-
PI and CNT-AlLO; fibers were exposed to 650 °C for 2 hours. (D) Before and after the

CNT, CNT-PI and CNT-Al,0O5 fibers were exposed to 700 °C for 2 hours.
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Fig. S5. Short time ultra-high temperatures heating of the fibers deposited with
different materials. (A) Before and after the CNT, CNT-PI and CNT-Al,O; fibers
were exposed to 800 °C for 20 min. (B) Before and after the CNT, CNT-PI and CNT-
ALO; fibers were exposed to 900 °C for 10 min. (C) Before and after the CNT, CNT-

PI and CNT-AlLO; fibers were exposed to 1000 °C for 5 min.



The capacitance-to-distance sensitivity is defined as S=(AC/Cy)/D, where AC is
the capacitance change and D is the distance between the detected object and the
sensor. The sensor sensitivity of sensor varies with distance. At the very beginning,
from 0 to 5 cm, the capacitance changes sharply with distance. Subsequently, from 5
to 15 cm, the change in capacitance with distance begins to slow down rapidly. After
15 cm, the capacitance basically doesn't change with the distance. The sensor
sensitivities for these three stages are 0.02353, 0.00223 and 0.00037 cm! respectively.
The sensor can achieve a resolution of less than 1 mm over an inspection range of 15

cm by using a LCR digital bridge.
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Fig. S6. Distance sensitivity of CNT-Al,O; sensor's sensing.



Fig. S7. SEM image of the CNT-ALO; fiber after bending 10,000 times. (A) SEM
image of the CNT-Al,O; fiber after bending 10,000 times. (B) SEM image of the

CNT-AlO; fiber surface after bending 10,000 times.



Table. S1 Comparison of the sensing performance of our work with previously

reported work.

Reference Measuring Distance Response Strength
Our Work 150 mm 0.16 pF

[2] 55 mm 0.3 pF

(3] 0.14 mm 0.07 pF

(4] 80 mm 150 fF

[5] 160 mm 10 fF

[6] 300 mm none
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