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Abstract. Graphene was grown by chemical vapor deposition on high-purity polycrystalline Cu at 1020 
0C while CH4 flow was varied from 20 to 1 sccm at a constant H2 flow of 20 sccm. Pressure and process times 

were fixed. XRD showed that the CVD cycle enhanced the Cu(200)-dominated texture without a significant 

lattice change or detectable bulk Cu-oxide phase. Nine Raman spectra, three per flow condition, were fitted 

independently. H2:CH4 = 20:1 gave the most reproducible response: ID/IG = 0.072 ± 0.015, I2D/IG = 1.809 ± 

0.076 and FWHM(2D) = 44.03 ± 1.41 cm−1. Higher methane flows produced greater point-to-point dispersion. 

Reduced methane delivery therefore provided the best balance of weak defect scattering, narrow 2D bands and 

Raman-scale uniformity, consistent with monolayer-like or thin few-layer graphene. 

Keywords: graphene; chemical vapor deposition; methane flow rate; Raman spectroscopy; spatial 

uniformity; copper; PMMA-free transfer. 
 

1. Introduction. Chemical vapor deposition 

(CVD) on Cu is widely used for large-area graphene 

because the low carbon solubility of Cu favors 

surface-mediated growth [1]. At fixed temperature, 

methane supply and hydrogen-assisted surface 

reactions influence nucleation, domain coalescence, 

layer overlap and defect formation [2–4]. Transfer 

can additionally introduce cracks, folds, residues 

and non-uniform doping [5]. Raman D, G and 2D 

bands provide complementary measures of 

disorder, sp2 bonding and layer-sensitive electronic 

structure [6,7]. Because a single spectrum may 

conceal spatial variation, this work compares three 

positions for each of three CH4 flows at 1020 °C and 

uses correlated G/2D shifts only as qualitative 

strain–doping indicators [8]. 

2. Experimental. High-purity Cu foil (Alfa 

Aesar Puratronic, 99.9999%, 0.05 mm) was cut into 

40 × 50 mm pieces, solvent-cleaned and placed in a 

horizontal quartz-tube reactor. All runs were 

performed at 1020 °C and approximately 0.5 Torr. 

Cu was annealed for 60 min under 20 sccm H2; 

graphene was then grown for 30 min with CH4 flows 

of 20, 10 or 1 sccm while H2 remained at 20 sccm. 

The resulting H2:CH4 conditions were 20:20, 20:10 

and 20:1. Cooling used 100 sccm Ar. Thus, only 

methane flow was deliberately varied (Table 1). 

Transfer. Graphene/Cu was floated on Nickel 

Etchant Type I, rinsed in three distilled-water baths, 

collected on SiO2 and dried without PMMA or post-

transfer annealing. 

Table 1. 

Principal CVD parameters for graphene growth on high-purity Cu at 1020 °C. 

Parameter H2:CH4 = 20:20 H2:CH4 = 20:10 H2:CH4 = 20:1 

Growth temperature, °C 1020 1020 1020 

H2 flow, sccm 20 20 20 

CH4 flow, sccm 20 10 1 

Working pressure, Torr ~0.5 ~0.5 ~0.5 

H2 annealing time, min 60 60 60 

CH4 growth time, min 30 30 30 

Ar cooling flow, sccm 100 100 100 
 

XRD. Cu before and after CVD was measured 

in coupled θ–2θ geometry with Cu radiation (30 kV, 

10 mA), a 0.0400° step and 16.5 s per step. The 

common 27.50–89.98° interval was analyzed in 

HighScore+. Because the graphitic (002) region was 

outside the scan and the graphene volume was 

negligible relative to Cu, XRD was used to assess 

substrate texture rather than graphene thickness. 

Raman spectroscopy. Spectra were recorded 

at room temperature with 514.5 nm excitation, a ×50 

objective and 10 s acquisition at three positions (P1–

P3) per condition. Unscaled spectra were fitted by a 

local quadratic background and single Lorentzian 

profiles over the D (1240–1475 cm−1), G (1480–

1685 cm−1) and 2D (2500–2875 cm−1) ranges. Peak 

heights gave ID/IG and I2D/IG; uncertainties are 

sample standard deviations. Pairwise checks 

confirmed nine distinct intensity vectors, so n = 3 

for each condition. Figure 2 alone uses baseline-

corrected, G-normalized and vertically offset traces; 

quantitative fits used unscaled data. 

3. Results and Discussion. 3.1. XRD of the 

Cu substrate. Before CVD, reflections at 43.4676°, 

50.6019° and 74.2913° were assigned to fcc-Cu 

(111), (200) and (220), with relative intensities of 

20.77, 100 and 3.44%. After the 1020 °C cycle, 
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Cu(200) at 50.6128° dominated, and its fitted height 

and area rose by approximately 11.74-fold. 

Although absolute θ–2θ intensities depend on 

specimen geometry, this redistribution 

demonstrates stronger Cu(200)-dominated out-of-

plane texture. The small shift Δ2θ = +0.0109° 

corresponds to an apparent lattice change of only 

−0.020% and is not significant without zero-shift 

calibration. Weak residual features did not form a 

consistent CuO or Cu2O set; therefore no distinct 

bulk crystalline oxide was detected, although an 

ultrathin or amorphous surface oxide cannot be 

excluded. 

3.2. Multi-point Raman spectra. All nine 

spectra contain the D (~1350 cm−1), G (~1580 cm−1) 

and 2D (~2690–2700 cm−1) bands of graphitic sp2 

carbon [6,7]. The 20:1 traces show the most 

reproducible G and 2D shapes and consistently 

weak D scattering (Figure 2). Representative 20:1-

P2 gives ID/IG = 0.071, I2D/IG = 1.839 and 

FWHM(2D) = 42.75 cm−1. Across 20:1, the 

corresponding ranges are 0.058–0.088, 1.722–1.865 

and 42.75–45.53 cm−1. These narrow single-

component 2D bands support a monolayer-like or 

thin few-layer assignment, but do not establish 

complete monolayer coverage [7,8]. 

 
Fig. 1. XRD patterns of the initial Cu substrate (red) 

and the substrate after the 1020 °C CVD cycle 

(blue); logarithmic intensity scale. 
 

 
Fig. 2. G-normalized and vertically offset Raman spectra at 1020 °C for H2:CH4 = (a) 20:20, (b) 20:10 

and (c) 20:1; each panel contains three independent positions 
 

3.3. Raman statistics. Table 2 confirms that 

20:1 is the most uniform condition: ID/IG = 0.072 ± 

0.015, I2D/IG = 1.809 ± 0.076 and FWHM(2D) = 

44.03 ± 1.41 cm−1. Its G and 2D positions are 

likewise compact (1582.60 ± 0.21 and 2696.19 ± 

1.46 cm−1). The 20:10 heterogeneity is illustrated by 

P3, which combines I2D/IG = 3.163 and FWHM(2D) 

= 38.91 cm−1 with a comparatively high ID/IG = 

0.244, whereas P1–P2 have I2D/IG = 0.952–1.007 

and FWHM(2D) = 53.02–69.67 cm−1. At 20:20, P1 

has I2D/IG = 2.091 and FWHM(2D) = 47.13 cm−1, 

but P2–P3 show ratios of 1.122–1.228 and widths of 

66.91–68.82 cm−1. Accordingly, the coefficient of 

variation of I2D/IG is 4.2% for 20:1, versus 73.8% for 

20:10 and 35.9% for 20:20. Film quality is therefore 

judged from weak D scattering, narrow 2D width 

and low spatial dispersion together, rather than from 

the largest isolated I2D/IG value. 
Table 2. 

Raman parameters at 1020 °C (mean ± sample standard deviation, n = 3). 

H2:CH4 

regime 

ωD (cm−1) ωG (cm−1) ω2D (cm−1) ID/IG I2D/IG FWHM(G) 

(cm−1) 

FWHM(2D) 

(cm−1) 

20:20 (n = 3) 1351.05 ± 1.13 1585.63 ± 3.00 2695.30 ± 5.34 0.124 ± 0.017 1.480 ± 0.531 27.31 ± 4.76 60.95 ± 12.01 

20:10 (n = 3) 1346.63 ± 1.50 1583.05 ± 3.19 2691.25 ± 5.36 0.189 ± 0.071 1.708 ± 1.261 21.45 ± 5.07 53.87 ± 15.39 

20:1 (n = 3) 1350.60 ± 0.55 1582.60 ± 0.21 2696.19 ± 1.46 0.072 ± 0.015 1.809 ± 0.076 22.10 ± 0.76 44.03 ± 1.41 
 

3.4. Raman correlations. In the ωG–ω2D plane, 

20:1 forms the tightest cluster (Figure 3a). The 

overall fit (slope −1.059; r = −0.617, R2 = 0.380, p 

= 0.077) is neither significant nor aligned with a 

single pure-strain or pure-doping trajectory; the 

reference directions [8] are therefore qualitative 

only. Absolute strain and carrier density were not 

calculated because a calibrated neutral reference 

and dense spatial mapping were unavailable, while 

local stacking and transfer stress can shift both 

bands. The relation between ID/IG and FWHM(2D) 

is also weak (r = 0.259, R2 = 0.067, p = 0.501; 

Figure 3b). The defensible observation is group-

level: 20:1 clusters at low defect response and 

narrow 2D width, whereas higher methane flows 

give broader spatial distributions.
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Fig. 3. Raman correlation plots for nine spectra: (a) ωG–ω2D positions with qualitative strain and hole-doping 

directions [8]; (b) ID/IG versus FWHM(2D) 

 
 

3.5. Effect of methane supply. With 

temperature, H2 flow, pressure and time fixed, 

lowering CH4 from 20 to 1 sccm reduced the 

nominal carbon feed twentyfold. Graphene growth 

on Cu depends on methane activation, nucleation, 

lateral coalescence and hydrogen-assisted removal 

of weakly bound carbon [1–4]. The 20:1 response is 

consistent with suppression of excessive carbon 

supply, secondary nucleation and local multilayer 

overlap; the broader 20:10 and 20:20 distributions 

indicate less uniform competition among growth 

and etching processes. XRD identifies the common 

Cu-texture evolution, whereas methane flow 

differentiates the Raman response.  

4. Conclusions. At a fixed growth temperature 

of 1020 °C, reducing CH4 flow to 1 sccm at 20 sccm 

H2 produced the most reproducible Raman 

response. For H2:CH4 = 20:1, ID/IG = 0.072 ± 0.015, 

I2D/IG = 1.809 ± 0.076 and FWHM(2D) = 44.03 ± 

1.41 cm−1. Higher methane flows yielded 

substantially greater point-to-point variation. The 

combined weak D band, narrow 2D band and low 

dispersion support monolayer-like or thin few-layer 

graphene, without claiming complete monolayer 

coverage. The common thermal cycle strengthened 

Cu(200)-dominated texture without a significant 

lattice change or detectable bulk Cu oxide. 
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