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Figure S1. Sheet resistance of CuS electrode with different thickness.



Figure S2. Raman spectrum of CuS film. Cu-S vibration and S-S vibration peaks were found 

at 263 cm
-1

 and 471 cm
-1

, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S3. TEM-EDS a-c) mapping image and d) spectrum of CuS. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S4. X-ray photoelectron spectroscopy characterization of S 2p state of MoS2 and 

MoS2/CuS. 

 

 

 

 

 

 



Figure S5. a) An optical microscope image of MoS2/CuS Hybrid structure. The region 1 is the 

MoS2/CuS overlapped region, while the region 2 and 3 are MoS2 only. b) PL mapping image 

taken from a. 

 

 

 

 

 

 

 

 

 

 



 

Figure S6. BESs of a sulfur adatom placed in different positions (upper) and optimized 

atomic surface structures (lower) on a) MoS2 with two S2 double vacancies, b) MoS2 with 

sulfur single vacancy and adatom. The yellow and green spheres represent sulfur and 

molybdenum atoms, respectively. c) Energy barrier profiles for proposed surface diffusion 

paths (double-headed arrows in a,b and other proposed paths shown in Figure 3) of a sulfur 

adatom. 

 

 



 

Figure S7. Top (upper) and side (lower) views of the optimized atomic structures of the S 

adatom adsorbed on hollow (a), Cu-top (b), and S-top (c) sites of pristine CuS surface. The 

blue, yellow, and green spheres represent sulfur adatom, sulfur atom and copper atom, 

respectively. The binding energy was defined as Ebind = ES-adatom/CuS-Surface − (ES-adatom + ECuS-

Surface), where ES-adatom/CuS-Surface is the total energy of the total system that the S adatom is 

adsorbed on the pristine CuS surface, and ES-adatom and ECuS-Surface are the total energies of the 

isolated S atom and the pristine CuS surface, respectively.



Figure S8. Contact resistance of the as-fabricated and self-healed device. The total two-probe 

resistance of MoS2 channels were measured with varying channel length. The total resistance 

R = 2𝑅𝐶 + 𝑅𝑠ℎ
𝐿

𝑊
, where RC is the contact resistance, Rsh is the channel resistance. The RC 

value was estimated by extrapolating to zero channel length, which was found to be 66.5 

KΩ·μm and 18.8 KΩ·μm for the as-fabricated and self-healed device, respectively. 

 

 

 

 

 

 



Figure S9. a) Sheet resistance of the CuS electrode and b) transfer curve of the MoS2/CuS 

after post annealing temperature of 150 ˚C and 300 ˚C.  



Figure S10. Transfer curve measured for MoS2 transistor with Cu electrode. The device 

shows On/Off ratio of 10
6
 and field effect mobility of 3.7-9 cm

2
V

-1
s

-1
, which are orders of 

magnitude smaller than the values obtained for MoS2/CuS devices. The device shows no 

observable SVSH effect after the mild thermal annealing. 

 

 

 



Figure S11. Statistical chart showing the threshold voltages of MoS2/CuS transistor before 

and after the thermal annealing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





Figure S12. Noise power density of dark current with varying gate voltages. 

 

The detectivity, D*, at 1 Hz bandwidth is defined as 𝐷∗ =  
√𝐴𝐵

𝑁𝐸𝑃
 in unit of jones ( 1 jones = 1 

cmHz
1/2

W
-1

), where A is the device active area and B is the noise bandwidth, and NEP is the 

noise equivalent power (NEP = in/R) assuming that the shot noise, 𝑖𝑛 = (2e𝐼𝑑𝑎𝑟𝑘)
1

2, from the 

dark current is the major contributor to the noise. As shown in Figure 5a, dark current level is 

significantly low (in the range of sub-picoamphere) in the self-healed devices, which merit 

such high value of the maximum detectivity. Such low dark current level leads to 

considerable decrease in the spectral noise density shown in Figure S12. Dark current noise 

in the phototransistors was measured using a Stanford Research SR830 lock-in amplifier as 

measured elsewhere.
[1-3]

 Also, the measurement was carried out in an electrically and 

optically shielded probe station which is placed on a floating table to minimize vibrational 

noise. NEP is then calculated using the noise power density at 1 Hz, and R is calculated from 

Figure 5a. Then, the D* is calculated based on the NEP and the device active area.



Ref Configuration 
Method 

 

Mobility @ 

RT 

(cm
2
V

-1
s

-1
) 

On/Off 

Ratio 

SS 

(mV/dec) 
Notes 

[4]
 Top-gated Exfoliation 217 10

8
 74  

[5]
 Top-gated Exfoliation 320 10

6
   

[6]
 Top-gated Exfoliation 1090 10

8
 178  

[7]
 Top-gated CVD 55 10

7
   

[8]
 Back-gated Exfoliation 70   Graphene contact 

[9]
 Back-gated Exfoliation 10 10

6
   

[10]
 Back-gated Exfoliation 260 10

6
  Metal transfer 

[11]
 Back-gated Exfoliation 167 10

6
  In Contact 

[12]
 Back-gated Exfoliation 50 10

7
 100 Phase engineering 

[13]
 Back-gated CVD 8 10

7
   

[14]
 Back-gated CVD 0.04    

[15]
 Back-gated CVD 5.4 10

5
   

[16]
 Back-gated CVD 24 10

9
   

[17]
 Back-gated CVD 10 10

8
   

[18]
 Back-gated CVD 1.8 10

4
  Inkjet printed contact 

[19]
 

Back-gated 

Top-gated 
CVD 

0.7 

32.3 
10

3
   

This 

Work 
Back-gated CVD 100 10

8
 120 CuS contact 

 

Table S1. Performance comparison of field effect transistors based on monolayered MoS2. 

 

 

 

 

 



Ref Device Configuration Vacancy-Healing Method 
Device Electrical 

Properties 
[20]

 Nature 

Communications, 

2017 

Back-gated 

CVD-MoS2 
poly(4-styrenesulfonate) (PSS) 

Mobility ~ 0.26 cm
2
V

-1
s

-1 

Photoresponsivity ~ 5.12 

A/W 

[21]
 Science, 2015 

Back-gated 

Exfoliated MoS2 

bis(trifluoromethane)sulfonimide 

(TFSI) 
On/Off Ratio ~ 10

5
 

[22]
ACS Nano, 

2015 

Back-gated 

Exfoliated MoS2 
Alkanethiol 

Mobility ~ 0.32~35.37 

cm
2
V

-1
s

-1
 

[23]
Journal of 

Applied Physics, 

2016 

Back-gated 

Exfoliated MoS2 
(NH4)S SS ~ 2.5 V/dec 

[24]
ACS Nano, 

2015 
Back-gated 

Exfoliated MoS2 

mercaptoethylamine (MEA), 

1H,1H,2H,2H-perfluorodecaneth

iol (FDT) 

Δn = 7 x 10
11

 cm
-2

 

This Work 
Back-gated 

CVD-MoS2 
CuS contact 

Mobility ~ 100 cm
2
V

-1
s

-1
 

On/Off Ratio > 10
8 

SS < 120 mV/dec 

Table S2. Performance comparison of transistors based on vacancy-healed 2D MoS2. 

 



 

Table S3. Performance comparison of phototransistors based on 2D MoS2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ref Pristine MoS2-based 

Phototransistors 

Laser 

(nm) 

Photoresponsivity 

(A/W) 

Detectivity 

(Jones) 

Response 

Time 
[25]

 CVD 1L-MoS2 532 2200 - - 
[26]

 CVD 1L-MoS2 450 178 - >30 s 

This Work CVD 1L-MoS2 450 >10
4
 >10

13
 90-160 ms 

[3]
 Exf 1L-MoS2 561 880 - 4-9 s 

[27]
 Exf ML-MoS2 400-700 10

4
 - - 

[28]
 Exf ML-MoS2 630 120 x 10

-3
 <10

11
  

[29]
 Exf ML-MoS2 637 96.8 >10

14
 0.4-200 ms 

[2]
 Exf ML-MoS2 635 10

4
 <10

12
 0.01-10 s 
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