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Figure S1. RHEED patterns of GaTexSe1-x with different Te composition. We can see 

that the diffraction patterns of the pure GaTe or GaSe thin films are streaky, while the 

patterns of alloys become blurry. 
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Figure S2. Energy-dispersive X-ray spectra (EDX) of different Te composition.  
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Figure S3. X-ray diffraction spectra of GaSe/GaTe, GaSe, GaTe and GaTeSe thin 

films. The star”*” marked peak is from mica substrate. 
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Figure S4. Raman spectra of (a) GaTe/GaSe and (b) GaSe/GaTe heterostructures. The 

peaks signed with purple originate from GaTe while the red signed are from GaSe. 

The Raman characteristic peaks consist of peaks from GaTe and GaSe, which are 

totally different from the Raman frequency of the GaTexSe1-x alloys.  
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Figure S5. Ohmic contact between In and GaTe0.64Se0.36. 
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Figure S6. Electrical and optoelectrical measurements of p-n junction 

GaTe0.31Se0.69/Si. (a) I-V characteristics, the inset is the absolute value of current 

under different bias, clearly showing the rectifying ratio of 97. (b) I-V curves under 

different laser incident as a function of bias. The behavior is similar to the 

GaTe0.64Se0.36/Si heterostructure described in the main text. (c) Zero-biased 

photocurrent under circulations of laser on and off, the incident power is 250 μW. The 

photodiode is robust under millions of operation cycles, and the response does not 

show any fading behavior. (d) Time-resolved photoresponse. Photoresponse time is 

defined as the experienced time from the 10 % to 90 % of the maximum photocurrent. 

It is 130 μs and 70 μs for increasing and falling edges, extremely sensitive when 

compared to some other photodiodes.    
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Figure S7. (a) Dark current and (b) I-V curves with different laser power levels for a 

GaTe0.51Se0.49/Si diode under different biased voltage. Figure S7a inset is the absolute 

value of current under different bias with a rectifying ratio of 70.  

 

 

 

 

 



7 
 

-1.0 -0.5 0.0 0.5 1.0

0

20

40

60

80

100

I 
(

A
)

V (V)

-1.0 -0.5 0.0

-40

-20

0

20

I 
(

A
)

V (V)

GaTe
0.80

Se
0.20 Dark    

 1 W   

 3 W   

 5 W   

 10 W 

 30 W

 50 W

 100 W

 200 W

 250 W

-1 0 1

0.1

1

10

100

I 
(

A
)

V (V)

a b

c d

40 50 60 70
0

5

10

15

20

 

 

C
o

u
n

t

Retification ratio 

24 32 40 48
0

2

4

6

8

10

12

14

 

 

C
o

u
n

t

I
ph

 ()

10 20 30 40 50
0

10

20

30

40

50

I p
h
 (



)

Sample NO.10

20

30

40

50

0 10 20 30 40 50 60 70
Rectification ratio

S
m

a
p

le
 N

O
.

 

Figure S8. (a) Dark current and (b) I-V curves with different laser power levels for a 

GaTe0.80Se0.20/Si diode as the function of different biased voltage. Figure c inset is the 

absolute value of current under different biased voltage with a rectifying ratio of 60. 

Distribution of (c) rectifying characteristics and (d) photocurrent under 250 μW 

incident illumination power. The insets are rectification ratio and photocurrent of each 

photodiode, respectively. 

 


