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Figure S1. Schematic illustration of the CVD process to synthesize sulfur-passivation GaSb (S-

GaSb) NWs.  



 4 

 

Figure S2. SEM images of large areas of as-grown S-GaSb NWs. (a) pure GaSb NWs, (b) S-GaSb 

NWs with S 3.3 mass percent in the precursor, (c) S-GaSb NWs with S 6.6 mass percent in the 

precursor. (d-f) EDS images corresponding to SEM images a-c.  
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Figure S3. Corresponding energy of PL spectra peak of pure GaSb NWs, S-GaSb NWs with S 

3.3% and S-GaSb NWs with S 6.6%.  

The PL spectra was measured using an iHR320 infrared spectrometer. The experiment condition 

of vacuum and 77 K low temperature was realized in a cold trap. The excitation light was 800 nm 

(pulse width 20 ps, repetition frequency 80 MHz) generated by a monochromatic laser. The power 

intensity of the excitation light was fixed at 2 mW making sure that the light power intensity on 

each sample was kept a constant value.  
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Figure S4. (a) STEM image of single S-GaSb NW with S 6.6%. Corresponding EDS element 

mapping of (b) S, (c) Ga, and (d) Sb. 



 7 

 

Figure S5. XPS spectra of as-grown S-GaSb NWs. (a) C 1s peaks calibrated as 284.8 eV, (b) S 2s 

peaks. 

 

 

Figure S6. The SEM images of the S-GaSb NWs with S 6.6% (a) before etching, (b) after etching 

40 s with Ar ions. 
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Figure S7. Schematic illustration of the surface structure of (a) GaSb NW, (b) S-GaSb NW. (c) 

STEM image of S-GaSb NWs with S 50%. (d-g) Corresponding EDS element mapping of Ga, Sb, 

S, O.   
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Figure S8. Typical I-V curves of photodetectors based on (a) pure GaSb NW, (b) S-GaSb NW 

with S 3.3%, (c) S-GaSb NW with S 6.6%. (d) The statistical results of Iph/Ioff ratios of 30 NW-

devices of pure GaSb NWs, S-GaSb NWs with S 3.3%, and S-GaSb NWs with S 6.6%, 

respectively. The measurement condition is under the incident 1.55 μm light with 4 mw/mm2 at 1 

V bias. 
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Figure S9 The FET properties of the S-GaSb NW-based device. (a) Schematic illustration of the 

FET structure based on the S-GaSb NW. (b) Transfer characteristic. (c) Output characteristics. (d) 

FET hole mobility. 

The Field-Effect Transistors (FET) properties based on the S-GaSb NW are displayed in Figure 

S9. Figure S9a is the schematic illustration of the back-gate structure of the FET device where the 

monocrystalline (100) Si and the SiO2 (300 nm) dielectric layer are back gate. Figure S9b displays 

the relationship between IDS and IGS versus VGS at a given Vds = 2 V. The value of IDS is 3 orders of 

magnitude higher than that of IGS, certifying perfectly electric transport properties of the as-

fabricated FET device. The typical p-type transfer behavior is observed, where IDS decreases 

obviously with the increasement of VGS, affirming the p-type semiconductor of as-grown S-GaSb 

NWs. In Figure 2e, the device also reveals good output characteristics. The field-effect hole 

mobility μh of the S-GaSb NW-based FET could be acquired by the following equations:1-4  
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where gm is the transconductance defined as (dIDS)/(dVGS)|VDS, Ci is the back gate capacitance, εo is 

the vacuum dielectric constant (εo = 8.85×10-12 F/m), εr is the relative dielectric constant of SiO2 

(εr = 3.9), L is the S-GaSb NW length in the channel (10 μm), h is the thickness of SiO2 dielectric 

layer (300 nm), and r is the radius of the NW (24 nm). The calculated value of μh is demonstrated 

in Figure 2c and the peak value is 48.9 cm2 V-1 s-1.  
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Figure S10 The near-infrared photoresponse performances of the S-GaSb NW-based 

photodetector. (a) Schematic illustration of the photodetector under the illumination of near-

infrared light. (b) Response time of the photodetector for 1.55 μm light and (c) for 1.31 μm light. 

(d) 2D map of the Rλ as a function of bias voltage and 1.55 μm light power intensity. (e) 2D map 

of the Rλ as a function of bias voltage and 1.31 μm light power intensity. (f) The measured INC 

curves of the photodetector and (f) the calculated value of noise equivalent power (NEP) 

corresponding to the value of INC. 
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Figure S11 Polarized photoresponses of the S-GaSb NW-based photodetector. (a) Photograph of 

the device corresponding to the SEM image of Figure 3a. (b) Schematic illustration of the device 

under the illumination of linear polarization light. (c) 3D surface maps of polarized photocurrent 

Ipo (z-axis) versus Vd (x-axis) and polarized angle (y-axis) for incident linear polarization light of 

0.808 μm. (d) Evolution of the Ipo with the polarized angle of 0.808 μm light at 1 V bias. 
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Figure S12 COMSOL simulation of light electric field E inside the S-GaSb NW under 1.55 μm 

linear polarization light. (a) E distribution inside NW under light polarization angle parallel to NW 

long-axis. (b) E distribution inside NW under light with polarized angle perpendicular to NW long-

axis. (c) Calculated average of the E intensity inside the NW under 1.55 μm linear polarization 

light with different direction from -10o to 90o.  

The numerical simulation was performed using a commercial software COMSOL Multiphysics 

5.4. According to the SEM image of the S-GaSb NW in Figure 3a, a cylinder of GaSb NW with 

48 nm diameter, 10 μm length was built in the vacuum as shown in Figure S12a-b. Two problems 

are needed to point out. The first one, compared with the 48 nm diameter of entire NW the 3 nm 

surface S-passivation layer could be ignored. The second one, the polarized properties of the S-

GaSb NW-based photodetector is measured in open atmosphere at room temperature. However, 

due to the dielectric constant of air almost equal to that of vacuum, the model of GaSb NW cylinder 

could be built in the vacuum.5, 6 The linear polarization light of 1.55 μm was employed as external 

exciting source which illuminated the NW from the top. The light power received on the NW 

surface was 10 nW equivalent to 1.33 mW/mm2. In order to simulate the real experiment 

conditions, a bias of 1 V was also added between the NW two side. The background electric field 

was 1 V/m. The distribution of light electric field E inside the NW was calculated under above 

linear polarization 1.55 μm light with various direction angles from -10o to 90o. 
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Figure S13 (a) Photograph of the 5 × 5 pixels flexible polarimetric image sensor based on ordered 

S-GaSb NWs arrays. (b-d) High-magnification photographs corresponding to the pixels in a. (e-f) 

Polarized photoresponse properties of corresponding pixel in b-d.   

Noticeably, the photograph of Figure 5f and Figure S13a was taken from the flexible polarimetric 

image sensor placed on a SiO2 chip, because the PET substrate is transparent and poor-reflectivity. 
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Figure S14 The output 2D images of the polarimetric image sensor corresponding to (a) “E” mask, 

(b) “T” mask and (c) “C” mask. All the polarized signals are normalized by Ipo(θ)/Ipo(90o). 
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Table S1 The summary of the responsivity (Rλ) and the detectivity (D*) of the S-GaSb NW-

based photodetector (Figure 3a) for 1.55 μm incident light. 

Wavelength Bias voltage 

Power intensity 

(mW/mm2) 
Rλ (AW-1) D* (Jones) 

1.55 μm 1 V 

0.25 939.24  1.10 × 1011 

0.5 588.83 6.87 × 1010 

1 414.96 4.84× 1010 

2 247.12 2.88 × 1010 

3 167.81 1.96 × 1010 

4 147.93 1.73 × 1010 

5 135.51 1.58 × 1010 

6 119.87 1.40 × 1010 

 

Table S2 The summary of the responsivity (Rλ) and the detectivity (D*) of the S-GaSb NW-

based photodetector (Figure 3a) for 1.31 μm incident light 

wavelength 
Bias 

voltage 

Power 

intensity 

(mW/mm2) 

Rλ (AW-1) 
 

D* (Jones) 

1.31 μm 1 V 

0.25 1375.98 1.61 × 1011 

0.5 857.41 1.01 × 1011 

1 513.16 6.02 × 1010 

2 303.72 3.56 × 1010 

3 225.37 2.64 × 1010 

4 194.14 2.28 × 1010 

5 165.75 1.94 × 1010 

6 146.48 1.72 × 1010 
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Table S3 The summary of typical researches of the ordered NWs arrays in recent reports. 

Material Assembled structure Application Reference 

Ag NWs Ordered NWs arrays Transparent conductive electrodes [7] 

P(SP-alt-C10) Nanofiber Composites Strain sensors [8] 

CsPbBr3 NWs Ordered arrays Polarized photoluminescence [9] 

Si NWs Ordered arrays MOSFET devices [10] 

GaSb NWs Ordered arrays Photodetectors [11] 

CNTs Ordered arrays Logic circuits [12] 

GaSb NWs Ordered arrays 
Near-infrared polarimetric image 

sensors 
This work 
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Table S4 The dichroic ratio comparison between single S-GaSb NW, ordered S-GaSb NWs 

arrays polarization photodetectors in this work and other 1D or quasi-1D polarization 

photodetectors in previous reports. 

Material Structure 
Origin of 

polarization 

Response 

wavelength 

(nm) 

Dichroic 

ratio 
Reference 

KNb3O8 Nanobelt 

Low-symmetry 

crystal structure 

254 1.62 [13] 

SbI3 Nanowire 450 1.16 [14] 

ZrS3 Nanoribbon 450 2.55 [15] 

SnIISnIVS3 Quasi-nanowire 532 1.3 [16] 

Sb2Se3 Nanowire 532 1.63 [17] 

Nb1−xTixS3 Nanowire 633 1.75 [18] 

Sb2S3 Nanowire 808 1.84 [19] 

S-GaSb 

Nanowire Anisotropic 1D 

geometry 

structure 

1550 2.65 

This work 
Ordered 

nanowire arrays 
1550 2.04 
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