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Fig. S1. (a) Raman spectrum of graphene on lightly n-doped Si (1-10 Ω
cm). (b) I-V curves of the pure Si and graphene on lightly n-doped Si.

Fig. S2. The transfer curve of CVD graphene device on 300 nm
SiO2/Si substrate. The mobility of graphene is ~4000 cm2/Vs. Vds =
0.01 V. The inset is the optical image of the CVD graphene.

Fig. S3. (a) The output photovoltage VX1 and VX2 as a function of
position. (b) Extension lines of the output photovoltage VX1 and VX2.
According to the diffusion length of carriers in graphene, the
operating area of the device could be more than 30 mm × 30 mm.

Fig. S4. The position sensitive characteristics by using the difference
(VX2-VX1) and the ratio [(VX2-VX1)/(VX1+VX2)].
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Fig. S5. (a) The dark current waveform of the graphene-Si based
PSD, the noise current is ~5 μV. (b) Power dependence of the
resolution of graphene-Si PSD and Si (p-i-n) based PSD.

Fig. S8. (a) Schematic diagram of the PSD based graphene on heavily
n-doped Si substrate. (b, c, d) The output photovoltage VX1 (b),
difference VX2-VX1 (c) and ratio (VX2-VX1)/(VX1+VX2) (d) as a function
of position. The performance, including responsivity and
nonlinearity, is much worse as compared to device on lightly ndoped Si (633 nm, 300 µW).

Fig. S6. The position dependence of the sum of photovoltage VX1+VX2
under different incident light power.
Fig. S9. (a) Schematic diagram of carrier dynamics of graphene-Si
based PSD. (b) Carrier diffusion curve.
For our graphene based passive PSD, photo-generated carriers are
separated by Schottky barrier at graphene-Si interface, and then the
holes can diffuse very long (>30 mm) in graphene, even without bias
voltage. According to carrier diffusion theory, the number of holes
that reach both electrodes depends on the distance ( X ) from the
position of light to both electrodes:
Fig. S7. (a) Schematic diagram of the graphene-Si based PSD with
one electrode (VY1) on lightly n-doped Si substrate. (b) The output
photovoltage of all four electrodes.
To further prove the role of graphene in the PSD, a comparative
experiment was carried out. Three electrodes were placed on
graphene and the other one is on Si. The output signal of each
electrode was recorded in Fig. S7 when light is illuminated on
graphene region. The signals of the three electrodes on graphene are
significant, while that of the electrode on Si is negligible, which fully
support that the carriers diffuse in graphene instead of Si.

n = n0 e− X / l
Where

n0

(S1)

is the total amount of photo-generated holes entering

graphene, l is the carrier diffusion length. The voltage measured on
the electrode is proportional to the number of holes that reach the
electrode. Due to the ultralong carrier diffusion length of graphene,
its diffusion is approximately linear within the length of our
operation (8 mm), and then:
(S2)
V n = n0 e − X / l kX
Where k is a constant value. This approximation is proved to be
reasonable by excellent linearity of position sensitive characteristics
of our PSD. The incident light position can then be obtained:

x

L VX 2 − VX1
2 VX1 + VX 2

(S3)

The long carrier diffusion length of graphene is the intrinsic reason
for position detection of our PSD. This is also the reason why our PSD
is highly sensitive. We can see from diffusion curve that the number
of carriers drops sharply in the early stage of diffusion, which
ensures that the difference of carrier numbers is very large in a short
distance. That is, a small amount of spot movement can cause a large
potential difference.

