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1. Full Area Coverage Monolayer WSe2 on c-cut Sapphire (Product code: MLWSe2FullSapp) 
This product contains full area coverage WSe2 monolayers on c-cut sapphire substrates. Sample 

size measures 1cm in size and the entire sample surface contains monolayer thick WSe2 sheet. 

Synthesized full area coverage monolayer WSe2 is highly luminescent and Raman spectroscopy 

studies also confirm the monolayer thickness (please see the technical specifications). Our R&D 

staff can also transfer these sheets onto almost any substrates of your choice (see section 14) 

Sample size 1cm x 1cm square shaped 

Substrate type (0001) c-cut sapphire 

Coverage Full coverage monolayer 

Electrical properties 1.62 eV Direct Bandgap Semiconductor 

Crystal structure Hexagonal Phase 

Unit cell parameters a = b = 0.327 nm, c = 1.295 nm, α = β = 90°, γ = 120° 

Production method Low pressure Chemical Vapor Deposition (LPCVD) 

Characterization methods Raman, photoluminescence, TEM, EDS 

Specifications. 

 Identification. Full coverage 100% monolayer WSe2 uniformly covered across c-cut 

sapphire 

 Physical dimensions. one centimeter in size. Larger sizes up to 2-inch wafer-scale 

available upon requests. 

 Smoothness. Atomically smooth surface with roughness < 0.15 nm. 

 Uniformity. Highly uniform surface morphology. WSe2 monolayers uniformly cover across 

the sample. 

 Purity. 99.9995% purity as determined by nano-SIMS measurements 

 Reliability. Repeatable Raman and photoluminescence response 

 Crystallinity. High crystalline quality, Raman response, and photoluminescence emission 

comparable to single crystalline monolayer flakes. 

 Substrate. c-cut Sapphire but our research and development team can transfer WSe2 

monolayers onto variety of substrates including PET, quartz, and SiO2/Si without 

significant compromisation of material quality. 

 Support. 2Dsemiconductors USA is an American owned, regulated, and operated 

company. Our customers are well-protected by international as well as strict American 

customer laws and regulations. We give full technical support and guarantee your 

satisfaction with our well-established customer  

 Defect profile. WSe2 monolayers do not contain intentional dopants or defects. However, 

our technical staff can produce defected WSe2 using -bombardment technique. 
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Supporting datasets [Full area coverage monolayer WSe2 on c-cut Sapphire (Product code: MLWSe2FullSapp)] 

 

Transmission electron images (TEM) acquired from CVD grown full area coverage WSe2 monolayers on 

c-cut sapphire confirming highly crystalline nature of monolayers 

 

Room temperature photoluminescence spectroscopy (PL) and Raman spectroscopy (Raman) 

measurements performed on CVD grown full area coverage monolayer WSe2 on c-cut sapphire. Raman 

spectroscopy measurement confirm monolayer nature of the CVD grown samples and PL spectrum 

display sharp and bright PL peak located at 1.67 eV in agreement with the literature. 
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2. Monolayer WSe2 Triangles on c-cut Sapphire (Product code: MLWSe2TriSapp) 
Description. Isolated monolayer thickness WSe2 are grown onto c-cut (0001) sapphire 

substrates.  This particular product contains monolayer thickness WSe2 triangular flakes randomly 

distributed across sapphire substrate. While some regions reach continuity with coalesced WSe2 

triangles, this sample contains well-separated triangles for advanced spectroscopy, microscopy, 

and electronic measurements. Synthesized monolayer WSe2 triangles are highly luminescent and 

Raman spectroscopy studies also confirm the monolayer thickness. Our R&D staff can also 

transfer these sheets onto almost any substrates of your choice (see section 14) 

  

Sample size 1cm x 1cm square shaped 

Substrate type (0001) c-cut sapphire 

Coverage Isolated and partially merged monolayer triangles 

Electrical properties 1.62 eV Direct Bandgap Semiconductor 

Crystal structure Hexagonal Phase 

Unit cell parameters a = b = 0.327 nm, c = 1.295 nm, α = β = 90°, γ = 120° 

Production method Low pressure Chemical Vapor Deposition (LPCVD) 

Characterization methods Raman, photoluminescence, TEM, EDS 
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Specifications. 

 Identification. Well-separated WSe2 domains across c-cut sapphire 

 Physical dimensions. one centimeter in size. Larger sizes up to 2-inch wafer-scale 

available upon requests. 

 Smoothness. Atomically smooth surface with roughness < 0.22 nm. 

 Uniformity. Highly uniform surface morphology 

 Purity. 99.9995% purity as determined by nano-SIMS measurements 

 Reliability. Repeatable Raman and photoluminescence response 

 Crystallinity. High crystalline quality, Raman response, and photoluminescence emission 

comparable to single crystalline monolayer flakes. 

 Substrate. c-cut Sapphire but our research and development team can transfer WSe2 

triangles onto variety of substrates including PET, quartz, and SiO2/Si without significant 

compromising of material quality. 

 Support. 2Dsemiconductors USA is an American owned, regulated, and operated 

company. Our customers are well-protected by international as well as strict American 

customer laws and regulations. We give full technical support and guarantee your 

satisfaction with our well-established customer  

 Defect profile. WSe2 monolayer triangles do not contain intentional dopants or defects. 

However, our technical staff can produce defected WSe2 using -bombardment 

technique. 

 

Supporting datasets [for 100% Full area coverage on SiO2/Si (Product code: MLWSe2TriSapp)] 

 

Transmission electron images (TEM) acquired from CVD grown WSe2 (triangular) monolayers on 

sapphire confirming highly crystalline nature of monolayers 
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Room temperature photoluminescence spectroscopy (PL) and Raman spectroscopy (Raman) 

measurements performed on CVD grown WSe2 triangle monolayers on c-cut sapphire. Raman 

spectroscopy measurement confirm monolayer nature of the CVD grown samples and PL spectrum display 

sharp and bright PL peak located at 1.62 eV in agreement with the literature. 
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3. Full Area Coverage Monolayer WS2 on c-cut Sapphire (Product code: MLWS2FullSapp) 
This product contains full area coverage WS2 monolayers on c-cut sapphire substrates. Sample 

size measures 1cm in size and the entire sample surface contains monolayer thick WS2 sheet. 

Synthesized full area coverage monolayer WS2 is highly luminescent and Raman spectroscopy 

studies also confirm the monolayer thickness. Our R&D staff can also transfer these sheets onto 

almost any substrates of your choice (see section 14) 

Sample Properties.  

Sample size 1cm x 1cm square shaped 

Substrate type (0001) c-cut sapphire 

Coverage Full coverage monolayer 

Electrical properties 2.0 eV Direct Bandgap Semiconductor 

Crystal structure Hexagonal Phase 

Unit cell parameters a = b = 0.312 nm, c = 1.230 nm, α = β = 90, γ = 120° 

Production method Low pressure Chemical Vapor Deposition (LPCVD) 

Characterization methods Raman, photoluminescence, TEM, EDS 

 

Specifications 

 Identification. Full coverage 100% monolayer WS2 uniformly covered across c-cut 

sapphire 

 Physical dimensions. one centimeter in size. Larger sizes up to 2-inch wafer-scale 

available upon requests. 

 Smoothness. Atomically smooth surface with roughness < 0.2 nm. 

 Uniformity. Highly uniform surface morphology. WS2 monolayers uniformly cover across 

the sample. 

 Purity. 99.9995% purity as determined by nano-SIMS measurements 

 Reliability. Repeatable Raman and photoluminescence response 

 Crystallinity. High crystalline quality, Raman response, and photoluminescence emission 

comparable to single crystalline monolayer flakes. 

 Substrate. c-cut Sapphire but our research and development team can transfer WS2 

monolayers onto variety of substrates including PET, quartz, and SiO2/Si without 

significant compromisation of material quality. 

 Support. 2Dsemiconductors USA is an American owned, regulated, and operated 

company. Our customers are well-protected by international as well as strict American 
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customer laws and regulations. We give full technical support and guarantee your 

satisfaction with our well-established customer  

 Defect profile. WS2 monolayers do not contain intentional dopants or defects. However, 

our technical staff can produce defected WS2 using -bombardment technique. 

 

Supporting datasets [for 100% Full area WS2 coverage on c-cut Sapphire (Product code: MLWS2FullSapp)] 

 

Transmission electron images (TEM) acquired from CVD grown full area coverage WS2 monolayers on c-

cut sapphire confirming highly crystalline nature of monolayers 

 

Energy dispersive X-ray spectroscopy (EDX) characterization on CVD grown full area coverage 

monolayer WS2 on c-cut sapphire confirming W:S 1:2 ratios 
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Room temperature photoluminescence spectroscopy (PL) and Raman spectroscopy (Raman) 

measurements performed on CVD grown full area coverage WS2 monolayers on c-cut sapphire. Raman 

spectroscopy measurement confirm monolayer nature of the CVD grown samples and PL spectrum 

display sharp and bright PL peak located at 2.00 eV in agreement with the literature.  
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4. Monolayer WS2 Triangles on c-cut Sapphire (Product code: MLWS2TriSapp) 
Isolated monolayer thickness WS2 are grown onto c-cut (0001) sapphire substrates.  This 

particular product contains monolayer thickness WS2 triangular flakes randomly distributed across 

sapphire substrate. While some regions reach continuity with coalesced WS2 triangles, this 

sample contains well-separated triangles for advanced spectroscopy, microscopy, and electronic 

measurements. Synthesized monolayer WS2 triangles are highly luminescent and Raman 

spectroscopy studies also confirm the monolayer thickness. Our R&D staff can also transfer these 

sheets onto almost any substrates of your choice (see section 14) 

 

Sample Properties.  

Sample size 1cm x 1cm square shaped 

Substrate type (0001) c-cut sapphire 

Coverage Isolated and partially merged monolayer triangles 

Electrical properties 2.0 eV Direct Bandgap Semiconductor 

Crystal structure Hexagonal Phase 

Unit cell parameters a = b = 0.312 nm, c = 1.230 nm, α = β = 90, γ = 120° 

Production method Low pressure Chemical Vapor Deposition (LPCVD) 

Characterization methods Raman, photoluminescence, TEM, EDS 
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Specifications 

 Identification. Well-separated WS2 domains across c-cut sapphire 

 Physical dimensions. one centimeter in size. Larger sizes up to 2-inch wafer-scale 

available upon requests. 

 Smoothness. Atomically smooth surface with roughness < 0.2 nm. 

 Uniformity. Highly uniform surface morphology. WS2 triangles are scattered across 

sample 

 Purity. 99.9995% purity as determined by nano-SIMS measurements 

 Reliability. Repeatable Raman and photoluminescence response 

 Crystallinity. High crystalline quality, Raman response, and photoluminescence emission 

comparable to single crystalline monolayer flakes. 

 Substrate. c-cut Sapphire but our research and development team can transfer WS2 

triangles onto variety of substrates including PET, quartz, and SiO2/Si without significant 

compromising of material quality. 

 Support. 2Dsemiconductors USA is an American owned, regulated, and operated 

company. Our customers are well-protected by international as well as strict American 

customer laws and regulations. We give full technical support and guarantee your 

satisfaction with our well-established customer  

 Defect profile. WS2 monolayer triangles do not contain intentional dopants or defects. 

However, our technical staff can produce defected WS2 using -bombardment technique. 

 

Supporting datasets [for 100% Full area coverage on SiO2/Si (Product code: MLWS2TriSapp)] 

 

 

Transmission electron images (TEM) acquired from CVD grown WS2 (triangular) monolayers on c-cut 

sapphire confirming highly crystalline nature of monolayers 
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Energy dispersive X-ray spectroscopy (EDX) characterization on CVD grown full area coverage WS2 on 

sapphire confirming W:S 1:2 ratios 

 

Room temperature photoluminescence spectroscopy (PL) and Raman spectroscopy (Raman) 

measurements performed on CVD grown WS2 triangle monolayers on c-cut sapphire. Raman spectroscopy 

measurement confirm monolayer nature of the CVD grown samples and PL spectrum display sharp and 

bright PL peak located at 2.00 eV in agreement with the literature. 
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5. Full Area Coverage Monolayer MoS2 on c-cut Sapphire (Product code: MLMoS2FullSapp) 
This product contains full area coverage MoS2 monolayers on c-cut sapphire substrates. Sample 

size measures 1cm in size and the entire sample surface contains monolayer thick MoS2 sheet. 

Synthesized full area coverage monolayer MoS2 is highly luminescent and Raman spectroscopy 

studies also confirm the monolayer thickness. Our R&D staff can also transfer these sheets onto 

almost any substrates of your choice (see section 14) 

Sample size 1cm x 1cm square shaped 

Substrate type (0001) c-cut sapphire 

Coverage Full Coverage Monolayer 

Electrical properties 1.85 eV Direct Bandgap Semiconductor 

Crystal structure Hexagonal Phase 

Unit cell parameters a = b = 0.313 nm, c = 1.230 nm, α = β = 90°, γ = 120° 

Production method Atmospheric Pressure Chemical Vapor Deposition (APCVD) 

Characterization methods Raman, photoluminescence, TEM, EDS 

 

Specifications 

 Identification. Full coverage 100% monolayer MoS2 uniformly covered across c-cut 

sapphire 

 Physical dimensions. one centimeter in size. Larger sizes up to 2-inch wafer-scale 

available upon requests. 

 Smoothness. Atomically smooth surface with roughness < 0.15 nm. 

 Uniformity. Highly uniform surface morphology. MoS2 monolayers uniformly cover across 

the sample. 

 Purity. 99.9995% purity as determined by nano-SIMS measurements 

 Reliability. Repeatable Raman and photoluminescence response 

 Crystallinity. High crystalline quality, Raman response, and photoluminescence emission 

comparable to single crystalline monolayer flakes. 

 Substrate. c-cut Sapphire but our research and development team can transfer MoS2 

monolayers onto variety of substrates including PET, quartz, and SiO2/Si without 

significant compromisation of material quality. 

 Support. 2Dsemiconductors USA is an American owned, regulated, and operated 

company. Our customers are well-protected by international as well as strict American 

customer laws and regulations. We give full technical support and guarantee your 

satisfaction with our well-established customer  
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 Defect profile. MoS2 monolayers do not contain intentional dopants or defects. However, 

our technical staff can produce defected MoS2 using -bombardment technique. 

Supporting datasets [for 100% Full area coverage on c-cut Sapphire (Product code: MLMoS2FullSapp)] 

 

Transmission electron images (TEM) acquired from CVD grown full area coverage MoS2 monolayers on 

c-cut sapphire confirming highly crystalline nature of monolayers 

 

Energy dispersive X-ray spectroscopy (EDX) characterization on CVD grown full area coverage 

monolayer MoS2 on c-cut sapphire confirming Mo:S 1:2 ratios 

 

Room temperature photoluminescence spectroscopy (PL) and Raman spectroscopy (Raman) 

measurements performed on CVD grown full area coverage MoS2 monolayers on c-cut sapphire. Raman 

spectroscopy measurement confirm monolayer nature of the CVD grown samples and PL spectrum 

display sharp and bright PL peak located at 1.85 eV in agreement with the literature.  
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6. Full Area Coverage Monolayer MoS2 on SiO2/Si (Product code: MLMoS2FullSiO2Si) 
This product contains full area coverage MoS2 monolayers on SiO2/Si substrates. Sample size 

measures 1cm in size and the entire sample surface contains monolayer thick MoS2 sheet. 

Synthesized full area coverage monolayer MoS2 is highly luminescent and Raman spectroscopy 

studies also confirm the monolayer thickness. In comparison to full area coverage MoS2 on 

sapphire, full area coverage MoS2 on SiO2/Si display higher PL intensity. Our R&D staff can also 

transfer these sheets onto almost any substrates of your choice (see section 14) 

Sample size 1cm x 1cm square shaped 

Substrate type Thermal oxide (SiO2/Si) substrates 

Coverage Full Coverage Monolayer 

Electrical properties 1.85 eV Direct Bandgap Semiconductor 

Crystal structure Hexagonal Phase 

Unit cell parameters a = b = 0.313 nm, c = 1.230 nm, α = β = 90°, γ = 120° 

Production method Atmospheric Pressure Chemical Vapor Deposition (APCVD) 

Characterization methods Raman, photoluminescence, TEM, EDS 

 

Specifications 

 Identification. Full coverage 100% monolayer MoS2 uniformly covered across SiO2/Si 

substrates 

 Physical dimensions. one centimeter in size. Larger sizes up to 2-inch wafer-scale 

available upon requests. 

 Smoothness. Atomically smooth surface with roughness < 0.2 nm. 

 Uniformity. Highly uniform surface morphology. MoS2 monolayers uniformly cover across 

the SiO2/Si substrates. 

 Purity. 99.9995% purity as determined by nano-SIMS measurements 

 Reliability. Repeatable Raman and photoluminescence response 

 Crystallinity. High crystalline quality, Raman response, and photoluminescence emission 

comparable to single crystalline monolayer flakes. 

 Substrate. SiO2/Si substrates. But our research and development team can transfer MoS2 

monolayers onto variety of substrates including PET and quartz without significant 

compromisation of material quality. 

 Support. 2Dsemiconductors USA is an American owned, regulated, and operated 

company. We give full technical support and guarantee your satisfaction with our well-

established customer  
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 Defect profile. MoS2 monolayers do not contain intentional dopants or defects. However, 

our technical staff can produce defected MoS2 using -bombardment technique. 

Supporting datasets [for 100% Full area coverage on SiO2/Si (Product code: MLMoS2FullSiO2Si)] 

 

Transmission electron images (TEM) acquired from CVD grown full area coverage MoS2 monolayers on 

SiO2/Si confirming highly crystalline nature of monolayers 

 

Energy dispersive X-ray spectroscopy (EDX) characterization on CVD grown full area coverage MoS2 on 

SiO2/Si confirming Mo:S 1:2 ratios 

 

Room temperature photoluminescence spectroscopy (PL) and Raman spectroscopy (Raman) 

measurements performed on CVD grown full area coverage MoS2 monolayers on SiO2/Si. Raman 

spectroscopy measurement confirm monolayer nature of the CVD grown samples and PL spectrum display 

sharp and bright PL peak located at 1.85 eV in agreement with the literature. 
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7. Monolayer MoS2 Triangles on c-cut Sapphire (Product code: MLMoS2TriSapp) 
Isolated monolayer thickness MoS2 are grown onto c-cut (0001) sapphire substrates.  This 

particular product contains monolayer thickness MoS2 triangular flakes randomly distributed 

across sapphire substrate. While some regions reach continuity with coalesced MoS2 triangles, 

this sample contains well-separated triangles for advanced spectroscopy, microscopy, and 

electronic measurements. Synthesized monolayer MoS2 triangles are highly luminescent and 

Raman spectroscopy studies also confirm the monolayer thickness. Our R&D staff can also 

transfer these sheets onto almost any substrates of your choice (see section 14) 

 

Sample size 1cm x 1cm square shaped 

Substrate type (0001) c-cut sapphire 

Coverage Isolated and Partially Merged Monolayer Triangles 

Electrical properties 1.85 eV Direct Bandgap Semiconductor 

Crystal structure Hexagonal Phase 

Unit cell parameters a = b = 0.313 nm, c = 1.230 nm, α = β = 90°, γ = 120° 

Production method Atmospheric Pressure Chemical Vapor Deposition (APCVD) 

Characterization methods Raman, photoluminescence, TEM, EDS 

 

Specifications 

 Identification. Well-separated MoS2 domains across c-cut sapphire 

 Physical dimensions. one centimeter in size. Larger sizes up to 2-inch wafer-scale 

available upon requests. 
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 Smoothness. Atomically smooth surface with roughness < 0.15 nm. 

 Uniformity. Highly uniform surface morphology. MoS2 triangles are scattered across 

sample 

 Purity. 99.9995% purity as determined by nano-SIMS measurements 

 Reliability. Repeatable Raman and photoluminescence response 

 Crystallinity. High crystalline quality, Raman response, and photoluminescence emission 

comparable to single crystalline monolayer flakes. 

 Substrate. c-cut Sapphire but our research and development team can transfer MoS2 

triangles onto variety of substrates including PET, quartz, and SiO2/Si without significant 

compromising of material quality. 

 Support. 2Dsemiconductors USA is an American owned, regulated, and operated 

company. Our customers are well-protected by international as well as strict American 

customer laws and regulations. We give full technical support and guarantee your 

satisfaction with our well-established customer  

 Defect profile. MoS2 monolayer triangles do not contain intentional dopants or defects. 

However, our technical staff can produce defected MoS2 using -bombardment technique. 

Supporting datasets [for Monolayer MoS2 Triangles on c-cut Sapphire (Product code: MLMoS2TriSapp)] 

 

Transmission electron images (TEM) acquired from CVD grown MoS2 isolated triangles on c-cut sapphire 

confirming highly crystalline nature of monolayers 

 

Energy dispersive X-ray spectroscopy (EDX) characterization on CVD grown MoS2 isolated triangles on 

c-cut sapphire confirming Mo:S 1:2 ratios 
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Room temperature photoluminescence spectroscopy (PL) and Raman spectroscopy (Raman) 

measurements performed on CVD grown MoS2 isolated triangles on c-cut sapphire. Raman spectroscopy 

measurement confirm monolayer nature of the CVD grown samples and PL spectrum display sharp and 

bright PL peak located at 1.85 eV in agreement with the literature.  
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8. Monolayer MoS2 Triangles on SiO2/Si substrates (Product code: MLMoS2TriSiO2/Si) 
Isolated monolayer thickness MoS2 are grown onto SiO2/Si substrates.  This particular product 

contains monolayer thickness MoS2 triangular flakes randomly distributed across SiO2/Si 

substrate. While some regions reach continuity with coalesced MoS2 triangles, this sample 

contains well-separated triangles for advanced spectroscopy, microscopy, and electronic 

measurements. Synthesized monolayer MoS2 triangles are highly luminescent and Raman 

spectroscopy studies also confirm the monolayer thickness. Overall, MoS2 monolayer thickness 

triangles are more luminescent compared to MoS2 triangles grown onto sapphire substrates. Our 

R&D staff can also transfer these sheets onto almost any substrates of your choice (see section 

14) 

 

Sample size 1cm x 1cm square shaped 

Substrate type Thermal oxide (SiO2/Si) substrates 

Coverage Isolated and Partially Merged Monolayer Triangles 

Electrical properties 1.85 eV Direct Bandgap Semiconductor 

Crystal structure Hexagonal Phase 

Unit cell parameters a = b = 0.313 nm, c = 1.230 nm, α = β = 90°, γ = 120° 

Production method Atmospheric Pressure Chemical Vapor Deposition (APCVD) 

Characterization methods Raman, photoluminescence, TEM, EDS 

 

Specifications 

 Identification. Well-separated MoS2 domains across SiO2/Si chip. 

 Physical dimensions. one centimeter in size. Larger sizes up to 2-inch wafer-scale 

available upon requests. 

 Smoothness. Atomically smooth surface with roughness < 0.1-0.2 nm. 
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 Uniformity. Highly uniform surface morphology. MoS2 triangles are scattered across 

sample 

 Purity. 99.9995% purity as determined by nano-SIMS measurements 

 Reliability. Repeatable Raman and photoluminescence response 

 Crystallinity. High crystalline quality, Raman response, and photoluminescence emission 

comparable to single crystalline monolayer flakes. 

 Substrate. SiO2/Si chips but our research and development team can transfer MoS2 

triangles onto variety of substrates including PET and quartz without significant 

compromising of material quality. 

 Support. 2Dsemiconductors USA is an American owned, regulated, and operated 

company. Our customers are well-protected by international as well as strict American 

customer laws and regulations. We give full technical support and guarantee your 

satisfaction with our well-established customer  

 Defect profile. MoS2 monolayer triangles do not contain intentional dopants or defects. 

However, our technical staff can produce defected MoS2 using -bombardment technique. 

Supporting datasets [for Monolayer MoS2 Triangles on SiO2/Si (Product code: MLMoS2SiO2Si)] 

 

Transmission electron images (TEM) acquired from CVD grown MoS2 isolated triangles on SiO2/Si 

confirming highly crystalline nature of monolayers 

 

Energy dispersive X-ray spectroscopy (EDX) characterization on CVD grown MoS2 isolated triangles on 

SiO2/Si confirming Mo:S 1:2 ratios 
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Room temperature photoluminescence spectroscopy (PL) and Raman spectroscopy (Raman) 

measurements performed on CVD grown MoS2 isolated triangles on SiO2/Si Raman spectroscopy 

measurement confirm monolayer nature of the CVD grown samples and PL spectrum display sharp and 

bright PL peak located at 1.85 eV in agreement with the literature.  
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9. Full Area Coverage Monolayer ReS2 on c-cut Sapphire (Product code: MLReS2FullSapp) 
This product contains full area coverage ReS2 monolayers on c-cut sapphire substrates. Sample 

size measures 1cm in size and the entire sample surface contains monolayer thick ReS2 sheet. 

Synthesized full area coverage monolayer ReS2 is highly crystalline, some regions also display 

significant crystalline anisotropy. Our R&D staff can also transfer these sheets onto almost any 

substrates of your choice (see section 14) 

Sample size 1cm x 1cm square shaped 

Substrate type Sapphire c-cut (0001) 

Coverage Full monolayer coverage 

Electrical properties 1.6 eV Anisotropic Semiconductor (Indirect Bandgap) 

Crystal structure Distorted Tetragonal Phase (1T’) 

Unit cell parameters 
a = 0.630, b = 0.638 nm, c = 0.643 nm  
α = 106.74°, β = 119.03°, γ = 89.97° 

Production method Atmospheric Pressure Chemical Vapor Deposition (APCVD) 

Characterization methods 
Raman, angle resolved Raman spectroscopy, 
photoluminescence, absorption spectroscopy TEM, EDS 

 

Specifications 

 Identification. Full coverage 100% monolayer ReS2 uniformly covered across c-cut 

sapphire 

 Physical dimensions. one centimeter in size. Larger sizes up to 2-inch wafer-scale 

available upon requests. 

 Smoothness. Atomically smooth surface with roughness < 0.2 nm. 

 Uniformity. Highly uniform surface morphology. ReS2 monolayers uniformly cover across 

the sample. 

 Purity. 99.9995% purity as determined by nano-SIMS measurements 

 Reliability. Repeatable Raman and photoluminescence response 

 Crystallinity. High crystalline quality, Raman response, and photoluminescence emission 

comparable to single crystalline monolayer flakes. 

 Substrate. c-cut Sapphire but our research and development team can transfer ReS2 

monolayers onto variety of substrates including PET, quartz, and SiO2/Si without 

significant compromisation of material quality. 

 Support. 2Dsemiconductors USA is an American owned, regulated, and operated 

company. Our customers are well-protected by international as well as strict American 
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customer laws and regulations. We give full technical support and guarantee your 

satisfaction with our well-established customer  

 Defect profile. ReS2 monolayers do not contain intentional dopants or defects. However, 

our technical staff can produce defected ReS2 using -bombardment technique. 

 

Supporting datasets [for 100% Full area ReS2 monolayers on c-cut Sapphire (Product code: MLReS2FullSapp)] 

 

Transmission electron images (TEM) and angle resolved Raman spectroscopy measurements acquired 

from CVD grown full area coverage ReS2 monolayers on c-cut sapphire confirming crystalline anisotropy 

 

Energy dispersive X-ray spectroscopy (EDX) characterization on CVD grown full area coverage 

monolayer ReS2 on c-cut sapphire  
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Raman spectroscopy measurement confirm monolayer nature of the CVD grown samples. Differential 

reflectance measurements clearly show band gap at 1.6 eV for ReS2 consistent with the existing literature 

values. PL spectrum only display weak emission at 1.6 eV but significantly stronger at lower 

temperatures.  
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10. Full Area Coverage Monolayer ReSe2 on c-cut Sapphire (Product code: 

MLReSe2FullSapp) 
This product contains full area coverage ReSe2 monolayers on c-cut sapphire substrates. Sample 

size measures 1cm in size and the entire sample surface contains monolayer thick ReSe2 sheet. 

Synthesized full area coverage monolayer ReSe2 is highly crystalline, some regions also display 

significant crystalline anisotropy. Our R&D staff can also transfer these sheets onto almost any 

substrates of your choice (see section 14) 

Sample size 1cm x 1cm square shaped 

Substrate type Sapphire c-cut (0001) 

Coverage Full monolayer coverage 

Electrical properties 1.45 eV Anisotropic Semiconductor (Indirect Bandgap) 

Crystal structure Distorted Tetragonal Phase (1T’) 

Unit cell parameters 
a = 0.656 nm, b = 0.672 nm, c = 0.674 nm,  
α = 91.74°, β = 105°, γ = 119° 

Production method Atmospheric Pressure Chemical Vapor Deposition (APCVD) 

Characterization methods 
Raman, angle resolved Raman spectroscopy, 
photoluminescence, absorption spectroscopy TEM, EDS 

 

Specifications 

 Identification. Full coverage 100% monolayer ReSe2 uniformly covered across c-cut 

sapphire 

 Physical dimensions. one centimeter in size. Larger sizes up to 2-inch wafer-scale 

available upon requests. 

 Smoothness. Atomically smooth surface with roughness < 0.15 nm. 

 Uniformity. Highly uniform surface morphology. ReSe2 monolayers uniformly cover 

across the sample. 

 Purity. 99.9995% purity as determined by nano-SIMS measurements 

 Reliability. Repeatable Raman and photoluminescence response 

 Crystallinity. High crystalline quality, Raman response, and photoluminescence emission 

comparable to single crystalline monolayer flakes. 

 Substrate. c-cut Sapphire but our research and development team can transfer ReSe2 

monolayers onto variety of substrates including PET, quartz, and SiO2/Si without 

significant compromisation of material quality. 

 Support. 2Dsemiconductors USA is an American owned, regulated, and operated 

company. Our customers are well-protected by international as well as strict American 
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customer laws and regulations. We give full technical support and guarantee your 

satisfaction with our well-established customer  

 Defect profile. ReSe2 monolayers do not contain intentional dopants or defects. However, 

our technical staff can produce defected ReSe2 using -bombardment technique. 

 

Supporting datasets [for 100% Full area ReSe2 monolayers on c-cut Sapphire (Product code: MLReSe2FullSapp)] 

 

Transmission electron images (TEM) and angle resolved Raman spectroscopy measurements acquired 

from CVD grown full area coverage ReSe2 monolayers on c-cut sapphire confirming crystalline anisotropy 

 

Energy dispersive X-ray spectroscopy (EDX) characterization on CVD grown full area coverage 

monolayer ReSe2 on c-cut sapphire  
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Raman spectroscopy measurement confirm monolayer nature of the CVD grown samples. Differential 

reflectance measurements clearly show band gap at 1.45 eV for monolayer ReS2 consistent with the 

existing literature values. PL spectrum does not show any PL signal due to indirect band nature. 
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11. Full Area Coverage Monolayer SnS2 on c-cut Sapphire (Product code: 

MLSnS2FullSapp) 
This product contains full area coverage SnS2 monolayers on c-cut sapphire substrates. Sample 

size measures 1cm in size and the entire sample surface contains monolayer thick SnS2 sheet. 

Synthesized full area coverage monolayer SnS2 is highly crystalline, some regions also display 

significant crystalline anisotropy. Our R&D staff can also transfer these sheets onto almost any 

substrates of your choice (see section 14) 

Sample size 1cm x 1cm square shaped 

Substrate type Sapphire c-cut (0001) 

Coverage Full monolayer coverage 

Electrical properties 2.2 eV Indirect Gap Semiconductor 

Crystal structure Hexagonal Phase 

Unit cell parameters 
a = b = 0.362, c = 0.590 nm,  
α = β = 90°, γ = 120° 

Production method Low Pressure Chemical Vapor Deposition (LPCVD) 

Characterization methods 
Raman, angle resolved Raman spectroscopy, 
photoluminescence, absorption spectroscopy TEM, EDS 

 

Specifications 

 Identification. Full coverage 100% monolayer SnS2 uniformly covered across c-cut 

sapphire 

 Physical dimensions. one centimeter in size. Larger sizes up to 2-inch wafer-scale 

available upon requests. 

 Smoothness. Atomically smooth surface with roughness < 0.15 nm. 

 Uniformity. Highly uniform surface morphology. SnS2 monolayers uniformly cover across 

the sample. 

 Purity. 99.9995% purity as determined by nano-SIMS measurements 

 Reliability. Repeatable Raman and photoluminescence response 

 Crystallinity. High crystalline quality, Raman response, and photoluminescence emission 

comparable to single crystalline monolayer flakes. 

 Substrate. c-cut Sapphire but our research and development team can transfer SnS2 

monolayers onto variety of substrates including PET, quartz, and SiO2/Si without 

significant compromisation of material quality. 

 Support. 2Dsemiconductors USA is an American owned, regulated, and operated 

company. Our customers are well-protected by international as well as strict American 
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customer laws and regulations. We give full technical support and guarantee your 

satisfaction with our well-established customer  

 Defect profile. SnS2 monolayers do not contain intentional dopants or defects. However, 

our technical staff can produce defected SnS2 using -bombardment technique. 

 

Supporting datasets [for 100% Full area SnS2 monolayers on c-cut Sapphire (Product code: MLSnS2FullSapp)] 

 

Transmission electron images (TEM) acquired from CVD grown full area coverage SnS2 monolayers on 

c-cut sapphire confirming high crystallinity  

 

Energy dispersive X-ray spectroscopy (EDX) characterization on CVD grown full area coverage 

monolayer SnS2 on c-cut sapphire  
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Raman spectroscopy measurement confirm monolayer nature of the CVD grown samples and shows the 

high crystallinity of the CVD samples. PL spectrum does not show any PL signal due to indirect band nature. 
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12. Full Area Coverage Monolayer SnSe2 on c-cut Sapphire (Product code: 

MLSnSe2FullSapp) 
This product contains full area coverage SnSe2 monolayers on c-cut sapphire substrates. Sample 

size measures 1cm in size and the entire sample surface contains monolayer thick SnSe2 sheet. 

Synthesized full area coverage monolayer SnSe2 is highly crystalline, some regions also display 

significant crystalline anisotropy. Our R&D staff can also transfer these sheets onto almost any 

substrates of your choice (see section 14) 

Sample size 1cm x 1cm square shaped 

Substrate type Sapphire c-cut (0001) 

Coverage Full monolayer coverage 

Electrical properties 1.5 eV Indirect Gap Semiconductor 

Crystal structure Hexagonal Phase  

Unit cell parameters a = b = 0.380, c = 0.612 nm,  α = β = 90°, γ = 120° 

Production method Low Pressure Chemical Vapor Deposition (LPCVD) 

Characterization methods 
Raman, angle resolved Raman spectroscopy, 
photoluminescence, absorption spectroscopy TEM, EDS 

 

Specifications 

 Identification. Full coverage 100% monolayer SnSe2 uniformly covered across c-cut 

sapphire 

 Physical dimensions. one centimeter in size. Larger sizes up to 2-inch wafer-scale 

available upon requests. 

 Smoothness. Atomically smooth surface with roughness < 0.15 nm. 

 Uniformity. Highly uniform surface morphology. SnSe2 monolayers uniformly cover 

across the sample. 

 Purity. 99.9995% purity as determined by nano-SIMS measurements 

 Reliability. Repeatable Raman and photoluminescence response 

 Crystallinity. High crystalline quality, Raman response, and photoluminescence emission 

comparable to single crystalline monolayer flakes. 

 Substrate. c-cut Sapphire but our research and development team can transfer SnSe2 

monolayers onto variety of substrates including PET, quartz, and SiO2/Si without 

significant compromisation of material quality. 

 Support. 2Dsemiconductors USA is an American owned, regulated, and operated 

company. Our customers are well-protected by international as well as strict American 
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customer laws and regulations. We give full technical support and guarantee your 

satisfaction with our well-established customer  

 Defect profile. SnSe2 monolayers do not contain intentional dopants or defects. However, 

our technical staff can produce defected SnSe2 using -bombardment technique. 

 

Supporting datasets [for 100% Full area SnSe2 monolayers on c-cut Sapphire (Product code: MLSnSe2FullSapp)] 

 

Transmission electron images (TEM) acquired from CVD grown full area coverage SnSe2 monolayers on 

c-cut sapphire confirming high crystallinity  
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Energy dispersive X-ray spectroscopy (EDX) characterization on CVD grown full area coverage 

monolayer SnSe2 on c-cut sapphire  

 

Raman spectroscopy measurement confirm monolayer nature of the CVD grown samples and shows the 

high crystallinity of the CVD samples. PL spectrum does not show any PL signal due to indirect band nature. 
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13. Full Area Coverage PtSe2 layers on c-cut Sapphire (Product code: MLPtSe2FullSapp) 
This product contains full area coverage PtSe2 layers (single/multi) on c-cut sapphire substrates. 

Sample size measures 1cm in size and the entire sample surface contains PtSe2 sheets. 

Synthesized full area coverage PtSe2 is highly crystalline, some regions also display significant 

crystalline anisotropy. Our R&D staff can also transfer these sheets onto almost any substrates 

of your choice (see section 14) 

Sample size 1cm x 1cm square shaped 

Substrate type Sapphire c-cut (0001) 

Coverage Full coverage (mostly few-layers) 

Electrical properties Semi-metal 

Crystal structure Hexagonal Phase  

Unit cell parameters a = b = 0.372 nm, c = 0.508 nm, α = β = 90°, γ = 120° 

Production method Low Pressure Chemical Vapor Deposition (LPCVD) 

Characterization methods 
Raman, angle resolved Raman spectroscopy, 
photoluminescence, absorption spectroscopy TEM, EDS 

 

Specifications 

 Identification. Full coverage 100% monolayer PtSe2 uniformly covered across c-cut 

sapphire 

 Physical dimensions. one centimeter in size. Larger sizes up to 2-inch wafer-scale 

available upon requests. 

 Smoothness. Atomically smooth surface with roughness < 0.15 nm. 

 Uniformity. Highly uniform surface morphology. PtSe2 monolayers uniformly cover across 

the sample. 

 Purity. 99.9995% purity as determined by nano-SIMS measurements 

 Reliability. Repeatable Raman and photoluminescence response 

 Crystallinity. High crystalline quality, Raman response, and photoluminescence emission 

comparable to single crystalline monolayer flakes. 

 Substrate. c-cut Sapphire but our research and development team can transfer PtSe2 

monolayers onto variety of substrates including PET, quartz, and SiO2/Si without 

significant compromisation of material quality. 

 Support. 2Dsemiconductors USA is an American owned, regulated, and operated 

company. Our customers are well-protected by international as well as strict American 
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customer laws and regulations. We give full technical support and guarantee your 

satisfaction with our well-established customer  

 Defect profile. PtSe2 monolayers do not contain intentional dopants or defects. However, 

our technical staff can produce defected PtSe2 using -bombardment technique. 

Supporting datasets [for 100% Full area PtSe2 monolayers on c-cut Sapphire (Product code: MLPtSe2FullSapp)] 

 

Transmission electron images (TEM) acquired from CVD grown full area coverage PtSe2 monolayers on 

c-cut sapphire confirming high crystallinity  

 

Raman spectroscopy measurement confirm monolayer nature of the CVD grown samples and shows the 

high crystallinity of the CVD samples. PL spectrum does not show any PL signal due to indirect band nature. 
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14. Transferred CVD Grown MX2 monolayers  
Our R&D has developed scalable methods to transfer large area MoS2, WS2, WSe2, ReS2, ReSe2, 

and PtSe2 sheets onto the following substrates. While Raman vibration and structural properties 

of 2D layers remain largely unchanged after transfer process, their optical and electronic 

properties may deviate from freshly grown CVD samples due to transfer process. Even though 

2D semiconductors R&D team uses chemical free transfer process, it is anticipated to observe 

transfer (strain, substrate, and defect) related changes in the physical properties of 2D layers. 

Because of the custom nature of the production process, all transferred CVD sales are final and 

non-refundable. 

List of example substrates for transfer 

• Highly doped Si/SiO2 

• TEM grids  

• Bare silicon substrates 

• Bragg reflectors 

• Meta-cavities 

• Metallic substrates 

• Quartz 

• Amorphous substrates 

• PET / Polymeric substrates / PMMA 

• TOPAS 

• Nanostructured surfaces 

• Ferromagnetic surfaces 

• ITO / FTO 

• Copper foils 

• Perovskites 

•  STM / SEM holders 

 

 

 

 

 

15. Defects Engineered CVD Grown 2D layers 
Newly acquired ion implantation accelerator unit allows 2Dsemiconductors USA to create desired 

amounts of defects by alpha particle irradiation process at select amount of doses. Please contact 

to us at support@2Dsemiconductors.com for details and pricing.  
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16. 2x2 inches size monolayer h-BN on copper foils 
This product contains full area coverage monolayer h-BN layers on copper foils. Sample size 

measures 2x2 inches in size and the entire sample surface contains h-BN monolayer sheets. 

Synthesized full area coverage h-BN is highly crystalline though some regions may also contain 

some defects. Our R&D staff can also transfer these sheets onto almost any substrates of your 

choice (see section 14) 

Properties of h-BN 

 

Raman spectra and TEM images from h-BN monolayer thick films 
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17. 2x2 inches size multilayer h-BN on copper foils 
This product contains full area coverage multilayer h-BN layers on copper foils. Sample size 

measures 2x2 inches in size and the entire sample surface contains h-BN multilayer 9~4-7 ML 

thick) sheets. Synthesized full area coverage h-BN is highly crystalline though some regions may 

also contain some defects. Our R&D staff can also transfer these sheets onto almost any 

substrates of your choice (see section 14) 

Properties of h-BN 

 

 

Raman spectra and TEM images from h-BN multilayer thick films 
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18. 2x2 inches size monolayer graphene on copper foils 
CVD Graphene sheets have been deposited onto 50 micron thick Cu foils using modified chemical 

vapor technique. In our method, we have paid close attention to engineering defect density and single 

domain sizes. Most CVD graphene chambers produce small (100nm - 1um) graphene sheets. Our 

process parameters have been optimized to reduce the point defect (vacancy) concentration, improve 

crystallinity, increase single domain size, and reduce 1D grain boundary defect density. Our CVD 

graphene products undergo weekly routine quality control tests to ensure the growth system is 

accurate and parameters are up to date. Our CVD graphene on copper foils measure 2 inches x 2 

inches (~5 x5 cm in size). Our R&D staff can also transfer these sheets onto almost any substrates 

of your choice (see section 14) 

Advantages of CVD graphene on copper foils from 2Dsemiconductors USA 
• Designed, synthesized, and manufactured in USA. All the constituent precursors are all made in 

U.S.A and produced at our facilities.  
• CVD graphene products undergo weekly route characterization tests to ensure parameters are 

up to date and optimized. 
• Defect density has been confirmed at 1E8 - 1E9 cm-2 density 
• Large single domain sizes 
• Less 1D grain boundary defect density 
• 100% compliance with USA customer protection act 

 

Properties of graphene on copper 

 

Raman spectrum on CVD graphene on copper (2x2 inches) 
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TEM images collected from CVD graphene transferred onto TEM grids 

 

SEM image collected from graphene/copper surfaces 

 

 


