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1. Raman characterizations:
Raman study was carried out for single layer, 4-layers, 7 layers and bulk MoS, crystals using a
Renishaw inVia Raman setup at oxygen environment after exfoliating the flakes from the bulk

single crystal.
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Figure S1: (a) Optical images of MoS, flakes of 1L, 4L, 7L and bulk single crystal exfoliated on to the

Si/Si0, substrate measured at room temperature in oxygen atmosphere. (b) displays the Raman spectrum
for 1L- bulk.

Figure S1(a) shows the exfoliated flakes on 285 nm thick SiO, deposited on Si substrate. Single
1
layer MoS; shows Ezg peaks at 384 cm™! and A1g at 403 cm! and the difference between the peak

1
position is 19 cm™!. The Raman peaks for 4L crystal are at 382.6 cm™! and 406 cm™! for E3g and

Ag modes respectively with the difference between them is 23.4 cm!. Similarly, the bulk MoS,

1
shows the E 2g9 and Alg peaks are at 382.7 cm™!' and 408.4 cm! respectively. All these peak positions

match well with previously reported values [18].

2. Photocurrent comparison between 2- and 4-terminal methods

The photocurrent is calculated by subtracting the dark current (without elimination) from the
current measured through both 2- and 4-terminal methods under white light illumination at given
power by using the relation Iy = fight — Jgark- Figure S2 shows a photocurrent plot of 2- and 4-
terminal measurements using an incident power P, = 2.27 nW, which shows enhancement of the
photocurrent in 4-terminal method. The enhancement is much more pronounced in the ON state

of the transistor, compared to that in its OFF state.
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Figure S2: Comparison of photocurrent of the MoS, phototransistor measured in 2- and 4-terminal
configuration under white light illumination at applied V4, = 0.2 V and power Py, = 2.27 nW.

Table-1: Comparison of phototransport parameters of several reported MoS, phototransistors

Materials Wavelength | R (AW-!) | Bias Optical D*(Jones) PDCR EQE Ref.
(nm) V) Power (%)
MoS2-1L 450 0.0075 7 80 uW - - - 1
MoS, 450-633 0.05-0.12 1 50 mW/cm? 1010-10! - - 2
MoS2-1L 561 880 8 24 pW/cm? - - - 3
MoS, 532 0.57 10 2 x10* W/cm? 1010 10 - 4
MoS,; (Gr 400-600 1 x 10 1 0.1 mW/cm? - - - 5
contact)
MoS, 466 2.48 x 10? 1 6-30 mW/cm? - - - 6
MoS, (73 L) 445 0.0507 10 8 mW 1.55 x10° - - 7
MoS, (APTES 655 56.5 5 5.8 mW/cm? 447 %x10° - - 8
doped)
MoS, (local Vi) 532 342.6 1 2 mW/cm? - - - 9
MoS, 532 59 1.2 1.69 mW/cm? 13.8x10? 10
MoS,/HfO, 635 104 5 3.2 mW/cm? 8x 1013 - - 11
MoS,/Si 808 0.9082 2 1.69 mW/cm? 1.889 x 1013 - - 12
MoS,/Si 808 0.3 0 1 mW/cm? 1x108 - - 13
MoS,/Si 365 7.2-2 2 4 mW/cm? 10° - - 14
MoS,/Gr 635 5x 108 0.1 6.4 fW pm - - - 15
MoS,/Gr 632.8 62 1 0.22 mW/cm? - - - 16
MoS,-HZO 637 96.8 0.5 2.7 nW 4.75x1014 - 1.88x10* 17
MoS, (few 400-900 2T: 0.2 0.02 nW (0.03 | 2T: 2T: 2T: 103, This
layers) 103(400nm), mW/cm?) 7x10'°(400n | 50 (400nm) | 10 Work
5 (900nm) m) 5 (900nm)
4T: 5x10° 4T: 4T; 1069,
104(400nm), (900nm) 90 (400nm) | 10
5 (800nm) 4T: 5 (900nm)
10! (400nm)
5x10°
(900nm)

3. Responsivity vs Optical power: Power Law Fit

Figure S3 (a) and S3 (b) depicts the power law fit

A
RocP opt to the responsivity vs optical power

data described in the Fig. 3 in the main text. From the fitting, we obtained the exponent y = 0.5-

0.6 for both 2- and 4-terminal measurements.
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Figure S3: (a) and (b) Display the responsivity as a function of P, in logarithmic scale extracted from 2-
terminal and 4-terminal measurements, respectively. Blue dots and dark red color are the data for applied
gate voltages V,, = 0V and 10 V respectively. The solid lines are the power law fits to the experimental
data.

4. External Quantum efficiency
The external quantum efficiency (EQE) was extracted using the following relation

EQE = R
=R

Where R is the responsivity, / is plank’s constant, ¢ is the electron charge and A is the wavelength.
Figure S3 (a) and S3 (b) shows the EQE values, measured using 2- and 4-terminal configuration,

as a function of back gate voltage at various incident wavelengths (400 nm to 900 nm).
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Figure S4: External quantum efficiency (EQE) values for the MoS, device presented in the main text
measured using monochromatic light at different wavelengths in two (Figure S3 (a) and four (Figure S3
(b)) -terminal configurations.

The highest EQE value measured using the 2-terminal method was in the order of 10° % when the

applied gate voltage V4, = 10 V and Vg = 0.2 V under the monochromatic light of wavelength A =



400 nm. The maximum EQE value decreases in IR region to 103 % at L =900 nm. When the device
operated in 4-terminal configuration, the EQE value increases to 10° % at A = 400 nm which is an
order of magnitude higher than the values obtained from 2-terminal measurements, due to the

elimination of contact resistance.

Results from MoS, device # 2

5. FET characteristic

We measured the FET characteristic of a second device and the electrical properties /i vs Vs and

145 vs Vi are plotted in the Figure S5 below.
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Figure S5: Display the drain-to-source current as a function of applied source-drain voltage measured using
(a) 2-terminal and (b) 4-terminal configurations. (c) and (d) display the drain-source current as a function
of applied gate voltage at Vy; =20 mV, 47 mV and 73 mV measured using 2- and 4-terminals, respectively.
The red line for V4 = 73 mV is the linear fit to the experimental data used to extract the slope to estimate
the mobility of the device. Inset of figure (c) shows the optical images of the FET device # 2 with channel
length L = 20.3 um, 1 = 6.9 um and width W = 5.4 um. The thickness of the MoS, used here is 15 nm
obtained from the AFM height image.

Figure S5 (a) and S5 (b) display the /4 as a function of Vg measured in 2- and 4-terminals,
respectively. The data shows a linear dependency in agreement with the results obtained for device
#1 presented in the main text. The current measured in 4-terminal method is an order of magnitude
than those obtained using the 2-terminal method. The FET transport properties are depicted in
Figure S4 (c) and S4 (d) where the FET shows OFF in negative gate bias and ON while sweeping
to the positive gate voltage, which indicates this to be a n-type MoS, transistor. The extracted
charge carrier mobility values for 2- and 4-terminal measurements are 5 cm?/Vs and 20 cm?/Vs

respectively.

6. Photoconductivity under white light illumination
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Figure S6: (a) and (b) are drain-to-source current as a function of applied gate voltage for 4-terminal and
2-terminals respectively, under white light illumination at different power.
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Figure S6 shows the current measured from the device as a function of gate voltage while
illuminated by a white light source at the given power as described in the main text. The measured
current increases with increasing optical power. The current measured at P, = 0 nW is called the
dark current (/gari). The photocurrent (/,,) was extracted by subtracting /4. from the /4 value (Z,n
= I4s — l4ark), Which was used to estimate the responsivity of the device discussed in later section.
The photocurrent measured in 4-terminal configuration shows much higher values than those

measured using 2-terminal configurations.

7. Photoresponsivity (R)

We calculated the photoresponsivity using the formula R = I,,/P,,, where P, is the optical power
illuminated on the channel area of the device. The responsivity measured in 4-terminal
configuration shows values an order of magnitude higher than those measured in 2-terminal

configuration, which agrees well with the device # 1 described in the main text.
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Figure S7: (a) and (b) display the responsivity measured in 4-terminal and 2-terminal configurations
respectively as a function of applied gate bias while illuminating with white light with different optical
power. (¢) and (d) shows the logarithmic plot of the responsivity as a function of optical power at fixed gate
voltages 0 V and 10 V for 4-terminal and 2-terminal measurements, respectively.

The responsivity of device #2 as a function of gate voltage measured in 4-terminal shows similar
trend as device #1 described in main text, Fig. 3 (d). The responsivity increases with applied gate
voltage and saturates when the transistor is in the ON state. The responsivity measured in 2-
terminal configuration shows broad peak like feature as measured in device # 1 (main text Fig. 3
(c)). The responsivity values decrease with increasing illuminating optical power, which is

depicted in the Figure S7 (c) and S7 (d).

8. Contact resistance (R.) vs Vy; and P,
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Figure S8: (a) Shows the contact resistance as a function of gate voltage at different applied optical power.
(b) Log-log plot of R, vs V}, at Py, = 3.21 nW and without light illumination. (c) R as a function of P, at
Vg =-10V, 0 V and 10 V. (d) Shows the responsivity measured in 4-terminal method as a function of
contact resistance in log-log plot, which shows the direct relationship between responsivity and contact
resistance at fixed gate voltages. Each line corresponds to a constant V,,, but power varies as indicated
(arrow on V4, = -5 V) for the curve at V},, = -5V.

The contact resistance displayed in Figure S8 (a) shows an exponential decrease of R as a function
of Vye. The change in R, is larger at low gate voltage. Furthermore, R, is greatly influenced by the
intensity of the optical power. At a low gate voltage, (V,; = -10 V or OFF state of the transistor),
less charge carriers accumulated in the channel and when under illumination, many electron-hole
pairs are created by the absorption of photon. This electron-hole pair generation increases as a
function of optical power resulting in a large current being conducted through the channel which
reduces R, significantly. At high enough positive gate voltage (Vg > 5 V) or when the FET was in
its ON state, R, does not vary significantly. When the FET is in its ON state, most of the carriers
accumulate at the interface, thus illuminating the device or varying the optical power does not

change the number of electron-hole pairs created and, thus change in R¢ is minimum.
In order to further understand the influence of the contact resistance in our results, we plotted R,

as a function of V, in power law form R VI_J; at fixed P,y in Figure S8 (b). The data fits well
with a power law form, in which the exponent ¢ varies from 0.11 (for Py, = 3.21 nW) to 0.34 (for
Py = 0nW). We also plotted R, as a function of P, at fixed gate voltage in Figure S8 (c) similar
to the Fig. 4 (b) described in the main text and fitted again with a power law of the form

-v
R POPt. The exponent V varies from 0.06 (at V,; = 10 V) to 0.26 (at V3, = -10 V). These two

power law fits explain how the contact resistance is affected by the gate voltage and illuminated

RxpP_ )

optical power. The photoresponsivity, also power-law dependent with Py, opt at fixed Vi,

-V

R Po_plg and R x POPt at

and already discussed in Figure S6. From these two power law relations

fixed gate voltage, we extracted the direct relation between photoresponsivity (R) and R., which



yields

RxR];=RxR]

: Y
v

¢, where . We have plotted R as a function of R, in logarithmic scale

(Figure S8 (d)) and fitted one of the data sets at Vy, = 0V, which yields 1 = 5.3 This is very close

Y_51

to the calculated value using the relation V . These data show how the contact resistance

influences the photoresponsivity of the photodetectors.
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