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I. Characterization of C3N QDs.

Fig. S1. (a) HR-TEM image of the C3N QDs. (b) The high-angle annular dark field-

STEM image of the C3N QD.

The monolayer feature is confirmed by high-resolution transmission electron 

microscopy (HR-TEM), as shown in Fig. S1 (a). The suspended the C3N QDs on the 

TEM grids and the HR-TEM image randomly taken from numerous C3N QDs edges 

exhibits the single layer characteristics reveals. A high-angle annular dark field-STEM 

image taken from C3N QD shows the well-crystallized graphene liked honeycomb 

structure, as shown in Fig. S1 (b).

Fig. S2. Chemical structure analysis of C3N QDs: FT-IR of C3N QDs.
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The fourier transform infrared (FT-IR) spectrum of C3N QDs is shown in Fig. 

S2, the peak at 3488 cm-1 can be due to the N-H asymmetric stretching vibration of -

NH2 age groups. The peak at 1601 cm-1 may be due to the C=C and C=N stretching in 

phenazine structure. The peak at 1500 cm-1 may be due to the N-H in-plane deformation 

in parahelium structure. The peak at 1337 cm-1 may be due to the C-N stretching 

vibration in parahelium structure. The peak at 1220 cm-1 may be due to the C-N 

stretching vibration in parahelium structure. The peak at 1131 cm-1 may be due to the 

N-H out-of-plane deformation in parahelium structure. The peak at 758 cm-1 may be 

due to the 2,4,6-trisubstituted (phenazine structure) ring deformation vibration.

II. The spectral response characteristics of the device.

Fig. S3. The photocurrents under 440 nm, 780 nm, and 1550 nm light illumination (VDS 

= 30 mV and VBG = 0 V). The light intensity is fixed at 40 mW/cm2.

The performance of photodetectors measured under light illumination with 

variable wavelengths (440, 780, and 1550 nm) have been measured during the 

preparation of the manuscript. The photo-response of photodetector based on the hybrid 

graphene and C3N QDs is assessed with variable wavelengths as depicted in Fig. S3. It 

clearly shows that when decreasing the wavelength from 1550 nm to 440 nm, the 



4

photocurrents increase from 89 A to 238 A, which can be attributed to the increment 

of photo-generated electron-hole pairs motivated by higher photon energy.[1-3]

III. The concentration of C3N QDs affect the photo-response properties of the 

photodetectors.

Fig. S4. Photo-switching curves of the photodetector in response to pulsed light 

illumination with the variable concentration of C3N QDs integrated with single-crystal 

graphene.

The concentration of C3N QDs integrated with single-crystal graphene can be 

accurately governed by tuning C3N QDs spin-coat speed. The switching behavior 

depends on the variable concentration of C3N QDs integrated with single-crystal 

graphene, as exhibited in Fig. S4. In detail, as the spin-coat speed is decreased from 

1200 to 400 rpm, the switching behavior preserves for the light illumination with the 

wavelength of 1550 nm, but the reproducibility and stability become worse. With 

regard to 400 rpm, no switching behavior is observed for the light illumination. The 

degraded switching behavior for low spin-coat speed is attributed to weakened the 

quantum confinement effect and edge effect for C3N QDs.[4-7]
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IV. The size of C3N QDs affect the photo-response properties of the 

photodetectors.

Fig. S5. (a) Uv-visible near-infrared absorption spectrophotometry of C3N QDs with 

different diameter. (b) The photocurrents of three samples under 1550 nm light 

illumination (VDS = 30 mV and VBG = 0 V). The light intensity is fixed at 40 mW/cm2.

We have successfully synthesized C3N QDs with the different diameters (10 nm, 

8 nm, and 6 nm). Fig. S5 (a) shows the Uv-vis near-infrared absorption spectrum of 

C3N QDs with different size. Obviously, C3N QDs with diameter of 10 nm show strong 

absorption at ca. 1550 nm. This can be due to the large size of C3N QDs. By contrast, 

due to the quantum size effect, C3N QDs with diameter of 8 nm and 6 nm show much 

weak absorption at ca. 1550 nm. When decreasing the sizes of C3N QDs from 10 nm to 

6 nm, the photocurrents gradually decline, as shown in Fig. S5 (b), which can be 

attributed to the reduced intensity of electron-hole pairs since the hole-electron pairs 

need to be generated by light-illumination in the C3N QDs.[8-10]

V. The responsivity (R) and specific detectivity (D*) measurement.
The responsivity (R) and specific detectivity (D*) can be calculated as follow:

The R is expressed by the equation:[11]

R = Iph/Plight

Where Iph is the photocurrent and Plight is the incident-light power, respectively. Iph is 

90 μA. The illumination power is 40 mW/cm2.

And D* is given by:[12]
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D* = (AΔf)1/2 × R/in

Where A is the effective area of a photodetector (the beam spot size is 2 μm for 

photoresponsivity measurement and the light focus only on the entire device channel), 

Δf is the electrical bandwidth, and in is the noise current. The noise current is determined 

mainly by dark current (Idark) (Idark is 9 nA), and the dark current noise can also be 

calculated from the following equation:[13-14]

in = (2eIdarkΔf)1/2

D* = (A/2eIdark)1/2 × R

Fig. S6. Noise current spectral density measured under ambient condition.

To obtain the specific detectivity, we must obtain the dark current noise. 

Generally, it can be measured directly using the Fast Fourier Transform (FFT) 

algorithm method. We measured the dark current using a preamplifier with a sampling 

rate of 10 kHz, and the data were analyzed with FFT software. As shown in Fig. S6, 

based on dark current of the device at 0 V, the measured dark current noise is 2.9 fA 

Hz-1/2 at 1 Hz, and the resulting specific detectivity is 1.2 × 1014 cm Hz1/2 W-1 

considering the device working area of 4 μm2, when the light intensity is 40 mW/cm2.
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