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S1. Device fabrication and photocurrent measurement
The sample with the 1L-3L MoS2 junction was produced via mechanical exfoliation of MoS2
layers from the bulk MoS2 (SPI supplies) onto SiO2 (300 nm)/Si substrates. Next, a resist-free
technique with a shadow mask (TEM grids) was utilized to deposit electrical contacts. The advantage
of the resist-free technique is the lack of resist residue on the MoS2 surface resulting from the device
fabrication process. We deposited Au (50 nm) as the electrical contacts using an electron-beam
evaporator at a base pressure of 1.0 × 10−7 Torr. All of our MoS2 junction devices were measured
in a cryostat (Janis Research Company, ST-500) under vacuum condition of 1.0 × 10−6 Torr. We
performed DC electrical measurement using a Keithley 237 sourcemeter and applied the back-gate
voltage using a Keithley 2400 sourcemeter. We employed solid-state CW laser (Nd:YAG, 532 nm) as
the light source in the Raman spectroscopy and photoresponse measurements. The incident light beam
was focused by an objective (100×, NA 0.6) with a spot size of ~ 0.9 μm.

Figure S1 compares the 𝐼𝑆𝐷 − 𝑉𝐺 curves of a 1L-3L MoS2 junction device (sample B of the main
text) under vacuum, N2, and ambient conditions. The MoS2 junction device exhibits typical n-type
semiconducting behavior. The sample exhibits higher mobility under vacuum (0.5 cm2 /Vs) compared
to the mobility under N2 (0.14 cm2 /Vs) and ambient (0.09 cm2 /Vs) conditions. This difference can be
understood because the carrier scattering is higher when additional adsorbents are introduced in the
environment with abundant molecules [1]. The on/off ratio is approximately 104. The threshold for N2
and ambient conditions is higher than that under vacuum, suggesting a p-type doping effect is
introduced during the adsorption [2, 3].

Figure S1. The transfer curves of 1L-3L MoS2 junction device under vacuum, N2, and ambient
conditions.

S2 Identification of the number of MoS2 layers
The layer number of the MoS2 flakes was identified using optical microscopy, Raman
spectroscopy, and atomic force microscopy (AFM) measurements. Figure S2a presents an optical
image of MoS2 flake on 300-nm SiO2/Si substrate involving monolayer and trilayer MoS2 (sample A
of the main text). The Raman spectra (Figure S2b) reveals two characteristic peaks 388.1 (386.6) cm1

1
and 407 (409.1) cm-1 of the monolayer (trilayer) MoS2 flake, which correspond to the 𝐸2𝑔
and 𝐴1𝑔

resonance modes, respectively. The difference between the two peaks can be used to identify the
thickness of the MoS2, particularly for a number of layers less than 3 [4]. For this MoS2 junction
sample, the difference is equal to 18.9 cm-1 for monolayer MoS2 and 22.5 cm-1 for trilayer MoS2, in
agreement with previous reports [4]. We performed AFM measurement in a region denoted by a red
rectangle shown in Figure S2a. The result is presented in Figure S2c, which shows that the step height
of the thinner area of the MoS2 junction was approximately 0.7 nm, which corresponds to one atomic
layer. The step height of the thicker area of the MoS2 junction was approximately 1.9 nm, which
corresponds to trilayer MoS2.

Figure S2. (a) Optical microscope image and (b) Raman spectra and (c) AFM image of 1L-3L MoS2
junction (Sample A).

S3 Estimation of the decay time under different gaseous conditions
We measured the time-resolved photocurrent by using the built-in sweep function of the Keithley
237 sourcemeter with the setting-reading cycle of 18 ms. Figure S3a shows the time-resolved
photocurrent (black squares) at zero bias voltage under ambient, N2, and vacuum condition,
respectively along with the fitting curves (red lines) based on normal exponential decay, 𝐼(𝑡) =
𝐼0 𝑒𝑥𝑝 − (𝑡⁄𝜏). The values of τ under ambient, N2, and vacuum condition were extracted as 61.8 ms,
63.8 ms, and 62.1 ms, respectively. The value of τ is found to be approximately the same under
different environmental conditions. Figure S3b shows time-resolved photocurrent at 𝑉𝑆𝐷 = 5 𝑚𝑉
under ambient, N2 and vacuum conditions along with the fitting curves (green lines) based on stretched
exponential decay, 𝐼(𝑡) = 𝐼0 𝑒𝑥𝑝[−(𝑡⁄𝜏)𝛽 ] . The extracted τ is found to be dependent on the
environment; this result can be attributed to the random localized potential fluctuations in MoS2 [5].

Figure S3. Time-resolved photocurrent measurement at (a) zero bias and (b) 𝑉𝑆𝐷 = 5 𝑚𝑉 under
different gaseous conditions. The red and green curves represent the fitting curves based on normal
exponential decay and stretched exponential decay, respectively.

Table S1. The decay time of the MoS2 junction (sample B) under different gaseous conditions.

S4 Zero-bias time-resolved photoresponse in a uniform MoS2 transistor
The observed zero-bias photocurrent in the MoS2 junction device is due to the band offset
resulting from the different thicknesses of MoS2. To verify this characteristic, we present the zero-bias
photocurrent measurement in a uniform MoS2 device, which shows no photoresponse when
illuminated at zero bias (Figure S4). This lack of photoresponse is in contrast to the observed
photoresponse measured in the MoS2 junction device, as shown in Figures 1c and 2a in the main text.

Figure S4. Time-resolved photoresponse of uniform 1L MoS2 at zero-bias voltage.

S5 Analysis of 𝑽𝑺𝑫 dependence of the photocurrent due to the PV and the PC effect
Figures S5a and S5b show the temporal photoresponse of the 1L-3L MoS2 junction device under
small bias (𝑉𝑆𝐷 = ±2 mV). The direction of the photocurrent with slow response is found to depend
on the direction of the external electric field. In contrast, the direction of the photocurrent with quick
response is observed to retain a specific direction, suggesting that the photocurrent with quick response
is mainly caused by the junction-induced built-in electric field.
To distinguish the photocurrent corresponding to the PV effect versus the PC effect, we define
𝐼𝑆𝐶 and 𝐼𝑃𝐶 as:
𝐼𝑆𝐶 = (𝐼𝑉𝑆𝐷 =𝑥 𝑚𝑉 + 𝐼𝑉𝑆𝐷 =−𝑥 𝑚𝑉 )⁄2 Eqn. S1
𝐼𝑃𝐶 = (|𝐼𝑃𝐶,𝑉𝑆𝐷=𝑥 𝑚𝑉 | + |𝐼𝑃𝐶,𝑉𝑆𝐷=−𝑥 𝑚𝑉 |)⁄2 Eqn. S2
where 𝐼𝑉𝑆𝐷 =𝑥 𝑚𝑉 is the change of photocurrent with quick response at 𝑉𝑆𝐷 = 𝑥 𝑚𝑉 , and
𝐼𝑃𝐶,𝑉𝑆𝐷=𝑥 𝑚𝑉 is the change of photocurrent with slow response at 𝑉𝑆𝐷 = 𝑥 𝑚𝑉. The photocurrent
caused by external bias with quick response is cancelled by summing up the contributions from the
two polarities of the bias voltages. Therefore, 𝐼𝑆𝐶 represents the photocurrent resulting from the builtin electric field. Alternatively, we take the average of the absolute value of the photocurrent with slow
response under the two polarities of bias to represent the photocurrent due to the PC effect.

Figure S5. Time-resolved photocurrent of 1L-3L MoS2 junction under small bias (𝑉𝑆𝐷 = ±2 mV).

S6 STM/STS characterization
In STS measurements, the STM probe tip, vacuum and MoS2 form a metal-insulatorsemiconductor (MIS) tunneling junction. When we apply zero sample bias on the sample so that there
is no tunneling current between tip and MoS2, the Fermi-level of the tip is equal to the Fermi-level of
the MoS2 under thermal equilibrium. Therefore, the zero sample bias can be defined as the Fermi-level
of the sample. In contrast to the zero sample bias condition, when we apply a certain sample bias on
the sample, the tunneling current flows between the probe tip and MoS2. As a result, the onsets in the
normalized 𝑑𝐼/𝑑𝑉 curves indicate the current onsets from the valance band edge (𝐸𝑉 ) and the
conduction band edge (𝐸𝐶 ) in STM measurements.
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