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Fig. S1 AFM images of the O-SCD (a) and the H-SCD (d). Corresponding KPFM 

surface potential maps of the O-SCD (b) and the H-SCD (e). Plots of the surface 

potential of the O-SCD (c) and the H-SCD (f) were measured along the white dash lines 

depicted in panels. The work functions of SCDs can be calculated by 

 , where ΦAu is work function of gold reference (5.1 eV), V Φ𝑆𝐶𝐷=Φ𝐴𝑢+ 𝑉𝑆𝐶𝐷 ‒ 𝑉𝐴𝑢

is contact potential difference (CPD) depicted in figure (c) and (f). The work functions 

of O-SCD (ΦO-SCD) and H-SCD (ΦH-SCD) are estimated to be 4.27 eV and 4.85 eV, 

respectively.



Fig. S2 UPS spectra of the O-Dia (a) and the H-Dia (b) excited by He Ⅰ photons (hν = 

21.2 eV). The emery difference between vacuum level (EVAC) and valence band 

maximum (EV) can be deduced by  , here the W is electron band 𝐸𝑉𝐴𝐶 ‒ 𝐸𝑉= ℎ𝜐 ‒𝑊

width that equals the distance between the second electron (SE) cutoff edge and Fermi 

edge.1,2 Electron affinities (χ) can be further derived by: 

 , where the EC is conduction band minimum and the 𝜒= 𝐸𝑉𝐴𝐶 ‒ 𝐸𝐶= 𝐸𝑉𝐴𝐶 ‒ 𝐸𝑉 ‒ 𝐸𝑔

Eg is band gap of diamond (5.47 eV). The χ O-Dia and χ H-Dia are estimated to be 1.73 eV 

and -0.17 eV, respectively.



Fig. S3 The TRPL spectra of the Si-SCD (a) and SCD samples. The fitting function of 

the bi-exponential decay is . The average 𝑅𝑡= 𝐴1𝑒𝑥𝑝( ‒ 𝑡/𝜏1) + 𝐴2𝑒𝑥𝑝( ‒ 𝑡/𝜏2)

lifetime can be calculated using . The result 𝜏𝑎𝑣𝑒= (𝐴1𝜏12 + 𝐴2𝜏22)/(𝐴1𝜏1 + 𝐴2𝜏2)
show that the τave of the Si-SCD and SCD is 3.80 ns and 4.50 ns, respectively, indicating 

a shorter lifetime of photoinduced carriers in Si doped sample. Hence, the defect density 

in Si-SCD should be higher than the SCD sample, which also act as trapping center and 

lead to a longer response time of photo-electrical signals.



Tab. S1 Power densities of light sources with different wavelengths measured using a 

photometer with a window area of 1 cm2.

Wavelength (nm) 220 254 365 400 450 532 650

Power (mW/cm2) 0.330 0.087 0.134 0.238 0.307 0.250 0.157

Tab. S2 Photocurrents and responsivities of the Si-SCD and the SCD devices under 

illuminations of different wavelengths (15V bias)

Wavelength (nm) 220 254 365 400 450 532 650

IPh (A) 3.58×10-8 2.37×10-10 1.24×10-10 1.84×10-10 7.03×10-11 3.72×10-11 2.68×10-11

Inet (A) 3.58×10-8 2.31×10-10 1.18×10-10 1.84×10-10 6.46×10-11 3.15×10-11 2.11×10-11Si-SCD

R (A/W) 3.62×10-2 8.85×10-4 2.94×10-4 2.57×10-4 7.01×10-5 4.96×10-5 4.47×10-5

IPh (A) 4.63×10-8 2.83×10-12 2.49×10-12 1.86×10-12 1.77×10-12 1.72×10-12 1.74×10-12

Inet (A) 4.63×10-8 0.71×10-12 0.89×10-12 0.24×10-12 0.17×10-12 0.12×10-12 0.14×10-12SCD

R (A/W) 4.68×10-2 2.72×10-6 2.21×10-6 5.97×10-7 1.85×10-7 1.60×10-7 2.97×10-7
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