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Supporting Discussion

Discussion S1. Derivation of the relationship between the relative change in 

electrical current (ΔI/I0) and the relative change in electron concentration (Δn/n0) 

under a given strain.

According to Ohm's law, the electrical current can be expressed as

                     (1)
𝐼=

𝜎𝐴𝑈
𝑙

where I is the current, σ is the material conductivity, A is the cross-sectional area of the 

silicon wire (SiW), l is the effective length of the SiW, and U is the applied fixed bias. 

Due to the large piezoresistive effect of Si, the impact of the shape effect under a strain 

on I is negligible compared with the impact of conductivity change. Thus, the relative 

change in electrical current (ΔI/I0) under a strain can be expressed as

                      (2)
∆𝐼
𝐼0
=
∆𝜎
𝜎0

where I0 is the electrical current without applying strain. The conductivity of a material 

depends on the carrier mobility and carrier concentration.

                    (3)𝜎= 𝑛𝑒𝜇

where e is the elementary charge and μ is the carrier mobility. The SiWs used in this 

work are n-type, and the majority carriers are electrons. Thus, n is the electron 

concentration. The carrier mobility μ is mainly affected by the applied strain. Based on 

Equations 2 and 3, ΔI/I0 under a strain can be further expressed as:
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                    (4)
∆𝐼
𝐼0
=
∆𝑛
𝑛0

where n0 is the initial electron concentration and Δn/n0 is the relative change in electron 

concentration.
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Discussion S2. The effect of q0 change under strain on humidity sensitivity is 

negligible.

The volume (V) and lateral area (S1) of the SiWs can be calculated with Equations 

12 and 13, respectively:

                                (5)𝑉= 𝜋𝑟20𝑙

                               (6)𝑆1 = 2𝜋𝑟0𝑙

where r0 and l are the radius and effective length of the SiW, respectively.

When strain was applied on the SiW, the effective length of the SiW (l) and the 

radius of SiW were changed to l’ and r0’, which can be calculated with Equations 14 

and 15, respectively:

                            (7)𝑙' = 𝑙(1 + 𝜀)

                         (8)
𝑟0
' =

𝑉

𝜋𝑙'
=

𝑟0
1 + 𝜀

Then, the lateral area (S1) of the SiW was changed to S1’:

                     (9)𝑆 '1 = 2𝜋𝑟0
'𝑙' = 2𝜋𝑟0𝑙 1 + 𝜀= 𝑆1 1 + 𝜀

Furthermore, the saturated adsorption amount of water molecules (q0) was 

changed to q0’:

                         (10)𝑞 '0 = 𝑞0 1 + 𝜀
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In the experiments, under 0.3% tensile strain, the change ratio of q0 is 0.15%, while 

the change in humidity sensitivity is over 20%. In other words, the impact of q0 on 

humidity sensitivity under strain is less than 1% of the total strain effect. Thus, the 

effect of q0 change under strain on humidity sensitivity is negligible.
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Supporting Figures

Figure S1. Schematic diagram of the experimental setups for silicon wire-based field-

effect sensor (SiW-FET sensor) humidity detection.
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Figure S2. The plots of the relative change in electrical resistance (ΔR/R0) of the 

device versus the relative humidity under 0 strain.


