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Figure S1. (a) The theoretically-calculated Rech—Lch and (b) Rsh—Leh result for polycrystalline graphene
simulated with an average grain size of 2.5 um, and (c¢) the grain-parameter extraction using the analytical
resistance model and comparison of three-grain parameters given for the theoretical calculation with those
extracted by the fitted analytical model. (d) The theoretically-calculated Rch—Lch and (€) Rsh—Leh result for
polycrystalline graphene simulated with an average grain size of 15 pm, and (f) the grain-parameter extraction
using the analytical resistance model and comparison of three-grain parameters given for the theoretical
calculation with those extracted by the fitted analytical model. The channel width used for the calculation
processes was 20 um. For both cases with the different grain sizes, the three-parameter values provided for
the theoretical computation and those extracted from the best-fitted analytical model agreed well with a
difference less than 1%. This result implies that the proposed characterization method using the analytical

model can be applied to extract the grain parameters of various polycrystalline graphene layers with different

average grain sizes.
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Figure S2. (a) The theoretical Reh—Lch and (b) Rsh—Len result calculated using different Wen (50 pm), Rsh© (500
Q/sq), and pcs (20 kQ-um) values. These Ra® and pcB values were also selected within the range of those of
CVD-grown polycrystalline graphene reported in the literature. (¢) The grain-parameter extraction using the
analytical resistance model and comparison of three-grain parameters given for the theoretical calculation with
those extracted by the fitted analytical model. The three grain parameters extracted from the best-fitted
analytical model are in good agreement with those values provided for the theoretical calculation (with a
difference less than 1%). This result implies that the proposed analytical model can also be applied to extract

the grain parameters of various polycrystalline graphene layers with different electrical properties of grains
and GBs.
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Figure S3. Average histogram distributions of the proportion of the number of GBs within the channel region
at (a) Lch = 2 um, (b) Leh =4 pm, (¢) Leh = 10 um, (d) Leh = 50 pm, (e) Leh = 100 pm, and (f) Len = 200 pum.
For all the channel lengths, the envelope of the proportion distribution of the number of GBs follows the
continuous gamma PDF, and the discrete proportion distributions of the GB number can be estimated

accurately based on the gamma CDF [i.e., GamCDF(n+0.5) — GamCDF(n—0.5)].
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Figure S4. For polycrystalline graphene with an average grain size of 2.5 um, average histogram distributions

of the proportion of the number of GBs within the channel region at (a) Lch = 1 um, (b) Leh = 2 pum, (¢) Leh =

2.5 um, (d) Leh = 5 pm, (e) Leh = 25 pm, and (f) Len = 50 pm. For all the channel lengths, the envelope of the

proportion distribution of the number of GBs follows the continuous gamma PDF with a = 3.85 X Len/lc and

S = 0.33. The discrete proportion distributions of the GB number can be estimated accurately based on the

gamma CDF [i.e., GamCDF(n+0.5) — GamCDF(n—0.5)].
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Figure SS. For polycrystalline graphene with an average grain size of 15 um, average histogram distributions
of the proportion of the number of GBs within the channel region at (a) Lch =5 um, (b) Leh = 10 pm, (¢) Leh =
15 pum, (d) Leh = 30 pum, (e) Leh = 100 um, and (f) Len = 200 um. For all the channel lengths, the envelope of
the proportion distribution of the number of GBs follows the continuous gamma PDF with a = 3.85 x Lev/lG
and £ = 0.33. The discrete proportion distributions of the GB number can be estimated accurately based on

the gamma CDF [i.e., GamCDF(n+0.5) — GamCDF(n—0.5)].
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Figure S6. Raman spectrum of the graphene layer grown by CVD. The intensity ratio of 2D to G peaks is
evaluated to be approximately 2.8, and no noticeable D peak (corresponding to a crystal defect) is observed

in the spectrum. This indicates that CVD graphene used for the FET fabrication is a monolayer with minimized
defects.
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1. Measurement of total device resistances (Ry) 2. Calculation of channel resistances (R.,) using 3. Calculation of channel sheet resistances (Rj;,) using
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4. Extraction of three grain parameters by fitting the

analytical resistance model to the Ry,—L;, plot
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Figure S7. A procedure for measuring the graphene sheet resistance as a function of the channel length and

extracting the average grain size, grain sheet resistance, and GB resistivity by fitting the analytical resistance

model to the measured Rsh—Lch plot.
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Fit-parameter range setting*
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* In this work, the initial range of Ry,® and pgg was set from 50% of the minimum to
200% of the maximum of the values reported in the literature to date. The initial range
v of /s was set from 0.5 to 50 pm.

Find a parameter set (I, RxC, pes) ** R2 is the coefficient of determination used to evaluate the accuracies of a fitting curve.
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grain-parameter extraction.

Figure S8. A flow chart explaining the algorithm for the process of extracting grain parameters using the

analytical resistance model.
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Figure S9. Top-view SEM images of UV/ozone-treated CVD graphene, used for estimation of the average
grain size: (a) The images with UV/ozone-treated GBs highlighted in yellow and (b) their original images.

The average grain size estimated from 376 grains is 5.88 + 1.5 um. Scale bars in all SEM images are 5 um.
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