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CLAIMS 

1.  A waveguide, comprising: 

a waveguide substrate; 

a slab waveguide layer disposed over the waveguide substrate;  

a grating material disposed on the slab waveguide layer, wherein a material of 

the slab waveguide layer and the grating material are different; 

an incoupler grating defined by a first portion of a plurality of grating structures, 

the grating structures of the incoupler grating are disposed in the grating material and 

the slab waveguide layer such that the grating structures of the incoupler grating are at 

least disposed in a layer of the grating material; and 

 an outcoupler grating defined by a second portion of the plurality of grating 

structures, the grating structures of the outcoupler grating are at least disposed in the 

grating material on the slab waveguide layer, wherein: 

the grating structures of the incoupler grating are blazed grating 

structures and the grating structures of the outcoupler grating have sidewalls 

parallel to each other. 

2. The waveguide of claim 1, wherein a superstrate is over at least a portion of the 

grating structures. 

3. The waveguide of claim 2, wherein: 

the superstrate has a superstrate RI nsuperstrate, wherein a slab RI nswg of the slab 

waveguide layer is greater than a substrate RI nsub of the waveguide substrate and the 

slab RI nswg is greater than the superstrate RI nsuperstrate. 

4. The waveguide of claim 1, wherein the incoupler grating has a depth from a 

lower surface to an upper surface of the slab waveguide layer between the grating 

structures of the incoupler grating, and the slab waveguide layer has a slab depth dswg

from the lower surface to the upper surface of the slab waveguide layer between the 
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grating structures of the outcoupler grating, the slab depth dswg is greater than the 

depth of the incoupler grating. 

5. The waveguide of claim 1, wherein the grating structures of the incoupler grating 

are disposed in the layer of the grating material and a layer of the slab waveguide 

layer. 

6. The waveguide of claim 1, wherein a coating is disposed between and on the 

grating structures of the incoupler grating. 

7. The waveguide of claim 1, wherein the waveguide substrate comprises glass, 

silicon (Si), silicon dioxide (SiO2), germanium (Ge), silicon germanium (SiGe), indium 

phosphide (InP), gallium arsenide (GaAs), gallium nitride (GaN), fused silica, quartz, 

sapphire (Al2O3), silicon carbide (SiC), lithium niobate (LiNbO3), indium tin oxide (ITO), 

or combinations thereof; or 

the waveguide substrate has greater than  2 percent by weight of lanthanide 

(Ln), titanium (Ti), tantalum (Ta), or a combination thereof. 

8. The waveguide of claim 1, wherein: the slab waveguide layer comprises one or 

more of silicon oxycarbide (SiOC), titanium dioxide (TiO2), silicon dioxide (SiO2), 

vanadium (IV) oxide (VOx), aluminum oxide (Al2O3), aluminum-doped zinc oxide 

(AZO), indium tin oxide (ITO), tin dioxide (SnO2), zinc oxide (ZnO), tantalum pentoxide 

(Ta2O5), silicon nitride (Si3N4), zirconium dioxide (ZrO2), niobium oxide (Nb2O5), 

cadmium stannate (Cd2SnO4), titanium silicon oxide (TiSiOx), or silicon carbon-nitride 

(SiCN) containing materials. 

9. The waveguide of claim 1, wherein the grating material comprises one or more 

of silicon oxycarbide (SiOC), titanium dioxide (TiO2), silicon dioxide (SiO2), vanadium 

(IV) oxide (VOx), aluminum oxide (Al2O3), aluminum-doped zinc oxide (AZO), indium 

tin oxide (ITO), tin dioxide (SnO2), zinc oxide (ZnO), tantalum pentoxide (Ta2O5), silicon 

nitride (Si3N4), zirconium dioxide (ZrO2), niobium oxide (Nb2O5), cadmium stannate 
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(Cd2SnO4), titanium silicon oxide (TiSiOx), or silicon carbon-nitride (SiCN) containing 

materials. 

10. The waveguide of claim 1, wherein the slab waveguide layer is disposed on the 

waveguide substrate. 

11. The waveguide of claim 1, wherein the grating material comprises TiO2 and the 

slab waveguide layer comprises Nb2O5. 

12. The waveguide of claim 1, wherein a height of the grating structures of the 

outcoupler grating increases across the outcoupler grating.  

13. A waveguide, comprising: 

a waveguide substrate; 

a slab waveguide layer disposed over the waveguide substrate, the slab 

waveguide layer;  

a grating material disposed on the slab waveguide layer, wherein the grating 

material; 

an incoupler grating defined by a first portion of a plurality of grating structures, 

the grating structures of the incoupler grating are disposed in the grating material and 

the slab waveguide layer such that the grating structures of the incoupler grating 

include a layer of the grating material and a layer of the slab waveguide layer; and 

 an outcoupler grating defined by a second portion of the plurality of grating 

structures, the grating structures of the outcoupler grating are at least disposed in the 

grating material. 

14. The waveguide of claim 13, wherein a coating is disposed between and on the 

grating structures of the incoupler grating. 

15. The waveguide of claim 13, wherein: 
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the grating structures of the incoupler grating are blazed grating 

structures and the grating structures of the outcoupler grating have sidewalls 

parallel to each other or have sidewalls parallel to each other and angled 

relative to a surface of the waveguide substrate. 

16. The waveguide of claim 13, wherein the incoupler grating has a depth from a 

lower surface to an upper surface of the slab waveguide layer between the grating 

structures of the incoupler grating, and the slab waveguide layer has a slab depth dswg

from the lower surface to the upper surface of the slab waveguide layer between the 

grating structures of the outcoupler grating, the slab depth dswg is greater than the 

depth of the incoupler grating. 

17. The waveguide of claim 13, wherein the waveguide substrate comprises glass, 

silicon (Si), silicon dioxide (SiO2), germanium (Ge), silicon germanium (SiGe), indium 

phosphide (InP), gallium arsenide (GaAs), gallium nitride (GaN), fused silica, quartz, 

sapphire (Al2O3), silicon carbide (SiC), lithium niobate (LiNbO3), indium tin oxide (ITO), 

or combinations thereof; or 

the waveguide substrate has greater than 2 percent by weight of lanthanide 

(Ln), titanium (Ti), tantalum (Ta), or a combination thereof. 

18.  A waveguide, comprising: 

a waveguide substrate; 

a slab waveguide layer disposed over the waveguide substrate, the slab 

waveguide layer comprises niobium oxide (Nb2O5);  

a grating material disposed on the slab waveguide layer, wherein the grating 

material comprises titanium dioxide (TiO2); 

an incoupler grating defined by a first portion of a plurality of grating structures, 

the grating structures of the incoupler grating are disposed in the grating material and 

the slab waveguide layer such that the grating structures of the incoupler grating are at 

least disposed in a layer of the grating material; and 
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 an outcoupler grating defined by a second portion of the plurality of grating 

structures, the grating structures of the outcoupler grating are at least disposed in the 

grating material on the slab waveguide layer, wherein: 

the grating structures of the incoupler grating are blazed grating 

structures and the grating structures of the outcoupler grating have sidewalls 

parallel to each other. 

19. The waveguide of claim 20, wherein the grating structures of the incoupler 

grating are disposed in the layer of the grating material of the grating material and a 

layer of the slab waveguide layer. 

20. The waveguide of claim 20, wherein a coating is disposed between and on the 

grating structures of the incoupler grating. 


