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Fig.S1 Home-made tensile testing machine.
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Fig.S2 Sandwich structure of Formvar/Graphene/SiO;. (a) OM image of

formvar/graphene/SiO,. (b) Raman spectrum of strained graphene under formvar.
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Fig.S3 AFM image of graphene transferred by PMMA.
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Fig.S4. Raman spectrum of strained graphene on SiO»/Si substrate. (a) Raman map of
the 2D peak positions of the strained graphene. (b) Representative Raman spectra of

graphene in (a).
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Fig. S5. The effect of smoothing for Raman maps.
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Fig.S6. Raman spectrum of unstrained graphene on SiO2/Si substrate. (a) Raman map
of the 2D peak positions of the strained graphene. (b) Representative Raman spectra
of graphene in circled regions in (a). (c) Raman maps of I.p/lc of unstrained
graphene. (d)Raman spectra of graphene marked in (c). ((a) and (c) are adopted from

Figure 2(d) and (e) in manuscript, respectively)

The fitted peak parameters of the blue region in Figure R1(a) are G~1532 cm?,
G*~1564 cm?, 2D~2597 cm?, and 2D*~ 2638 cm™ as shown in Figure R1(b). The
calculation process of the strain value is as follows:

Firstly, in order to exactly obtain the frequency of the Raman peak at zero strain, we
transferred an unstrained graphene onto SiO./Si substrate by the same procedure except
for stretching in Figure R1 (c). As shown in Figure R1 (d), the position of G peak at
zero strain (g ) is 1580 cm, and the position of 2D peak at zero strain ( @y, ) is 2680
cm™. Then inserting the coefficients of y = 1.99 and = 0.99 in Eq.S1,[ A. Bosak, M.
Krisch, M. Mohr, J. Maultzsch, and C. Thomsen, Phys. Rev. B 75, 153408 2007. ;A.
Bosak, M. Krisch, M. Mohr, J. Maultzsch, and C. Thomsen, Phys. Rev. B 75, 153408
2007.]:



N 1
INON :_7602 (& —gtt)izﬂa)g (&1 —&¢) 51

a uniaxial strain of 1.53% can be derived fromthe G* peak, which is consistent with

the strain value of 1.5% mentioned in manuscript. Besides, the position of G peak in
the yellow and green regions of Figure R1(b) are 1533 cm™ and 1557 cm™, respectively.
Using Eq.R1, the strain value of 0.75% and 0.37% can also been derived respectively.
As for the strain value derived from 2D peak, we directly use the value of Raman peak
shifts for and 2D peak components per percentage of strain (~-64 cm™'/%) as mentioned
in the same references of (T.M.G. Mohiuddin et al., Phys. Rev. B 79 (2009) 205433).
The peak shifts of 2D in the yellow and green regions of Figure S6(b) are -48 and -24
1

cm™, corresponding to strain values of 0.75% and 0.37%, respectively.
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Figure S7. The peak shifts of the decomposed subpeaks for the Raman G and 2D peaks

as a function of the strain value.

In order to confirm the strain value, we plotted the peak shifts of the decomposed
subpeaks for the Raman G and 2D peaks as a function of the strain value as shown in
Figure S7. The slopes of the fitted lines that represent the shifting rates of graphene’s

Raman peaks are 0@, [oe~—-10.7, 0w, [oe~-31.4, 0w, ., [0~ -28, Ow, [ o¢

2D*

~—55.3 cm /%, which is similar to the results obtained by other publications as shown
in Table S1.

Table S1. Comparison of Raman peak shifts for G (2D) peak components per

percentage of strain

ow | 0G (cm™/%) ow ! 02D (cm™/%)
Reference
owl oG™* owl oG~ owlo02D" Oowl 02D~
This work -10.7 -31.4 -28.0 -55.3
Ref. 1 -10.8 -31.7
Ref. 2 -16.6 -35.2 -28.0 -56.7
Ref. 3 -14.2 -31.8 -21.9 -55.5
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Fig.S8 Raman spectrum of strained graphene on PDMS.



Fermi
level

-40 -2|0 (I) 2b 40
v, (V)

Fig. S9. Electric performances of unstrained graphene on SiO»/Si substrate. (a) Transfer
characteristic curves of devices fabricated by unstrained graphene. (b) Schematic

illustration of the Fermi level derived from the unstrained graphene.

As shown in Fig. S9 (a), theV,, ._is about 8.2 V, and its carrier concentration (n) of the

Dirac

neutral point can be derived from the following equation:*

n
Dirac C

9

V,

C, is the gate capacitance of SiO2 substrate and e is the elementary charge. By inserting
Viiae = 8.2V andC, =1.2110® F €m™ > we obtain the carrier content is about 410
cm, corresponding the Fermi level of about 4.68 meV, which indicates the graphene
has slightly p-doped as schematically shown in Figure S9(b).% However, we think this
doping may has little effect on the calculation of the strain value of graphene, since

these two devices were fabricated by the same procedure.
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Fig.S10 Leakage current of fabricated graphene FET.
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