Electronic Supplementary Material (ESI) for Journal of Materials Chemistry C
This journal is © The Royal Society of Chemistry 2013

Electronic Supplementary Information

Highly Sensitive Piezoresistance Behaviors of n-type 3C-SiC Nanowires

Jinghui Bi"??, Guodong Wei’, Lin Wang’, Fengmei Gao’, Jinju Zheng’, Bin Tang"" and
Weiyou Yang2’*
! Research Institute of Surface Engineering, Taiyuan University of Technology, Taiyuan City, 030024,
P.R. China.
* Institute of Materials, Ningbo University of Technology, Ningbo City, 315016, P.R. China.
3 College of Applied Science, Taiyuan University of Science and Technology, Taiyuan City, 030024,

P.R. China.

* Corresponding Author E-mails: tangbin@tyut.edu.cn (B. Tang)

weiyouyang(@tsinghua.org.cn (W. Yang)

Tel: +86-574-87080966
Fax: +86-574-87081221



Electronic Supplementary Material (ESI) for Journal of Materials Chemistry C
This journal is © The Royal Society of Chemistry 2013

Characterization of SiC Nanowires:

The as-synt hesized n-type 3C-SiC nanowires was characterized by TEM (JEM-2100F, JEOL,
Japan). Fig. S1(a) shows a typical TEM image of the nanowires, suggesting their smooth and clean
surface with a uniform size in diameter. Fig. S1(b) presents the selected area electron diffraction (SAED)
pattern of the SiC nanowires recorded from the marked area of A in Fig. S1(a), which can be indexed to
the 3C-SiC (JCPDS Card No. 41-0360). The SAED pattern is identical over the entire nanowire,
disclosing its high crystallinity and single-crystalline nature. Fig. S1(c) is the corresponding HRTEM
image of the n-type SiC nanowire. The lattice fringes with a separated spacing of 0.25 nm correspond to

the planes of 3C-SiC. Both the SAED pattern and the HRTEM image suggest that the nanowires grow

along [111] direction with a top surface of (liO) , which is schematically shown in Fig. S1(d).

Fig. S1 (a) A typical TEM image of n-type 3C-SiC nanowires. (b) SAED pattern of the SiC nanowire recorded from
the marked are of A in (a). (c) Corresponding HRTEM image of the SiC nanowire. (d) A schematic illustration for the
crystal growth habit of n-type 3C-SiC nanowire.
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Calculation of the Piezoresistance Coefficient:

When a semiconductor crystal is subjected to strain, the change in resistance is referred to the
piezoresistance effect. ' In semiconductors, particularly in the ones with indirect band gap, mechanical
strain affects the electronic band structure, thus modifying the effective electron mass, the mobility, and

the resistivity. The change of the resistance induced by the external strain fixed on the (110) surface of

the SiC nanowire can be given by:

AR
T =—
o Rjo (1)
T
where AR is the resistance change between those with and without an external force; [0 is the

_F
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piezoresistance coefficient; " is the resistance under zero force; @ is the stress ( S, where F

is the force applied over the area of §). The contact area between the spherical AFM tip and nanowire
can be approximately considered as an ellipse with a major axis of 2a along the nanowire and a minor

axis of 2b along the transverse direction, which can be present as below: >

where 7,4,=20 nm and 7nanowire=115 nm are the respective radius of the AFM tip (provided by the
manufacturer) and SiC nanowire (Figure 1(b)), and 44 is the deformation of SiC nanowire along the
transverse direction. According to the Hertz model * used for a cylinder in contact with a spherical tip,

Ah can be expressed as:
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where Ec is the effective Young’s modulus, and Q is the geometric factor. Combining Eq. (1-4), the
3
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T
piezoresistance coefficient of 110 can be given by:

272.’/'[ AR r;zanowire 9F2
T = s ( )1/3 Q(}/;lp)
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(o] FR rtip + rnanowire 16Ye_‘[’f'rtip (5)

T
where k is a constant of ca. 4.82x107"°. Consequently, the piezoresistance coefficient [ of the

nanowire can be calculated out, which falls in the range of 0.75 to 7.7x10™"" Pa™! under the applied

loading forces from 25.59 to 153.56 nN.
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Fig. S2. The relationship between the loaded force and the current density under the voltage of -7 V.

Current (pA)

-60 — = from -to +
1 = from +to -

Voltage(v)

Fig. S3. The /-V characteristics of the nanowire with bias voltage sweeping from negative to positive

values and in turn under the applied force of 43.87 nN.
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