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CLAIMS 

 

1. An apparatus for processing a substrate, comprising: 

a process chamber having a temperature-controlled reaction volume including 

interior surfaces comprising quartz and having a substrate support disposed within the 

temperature-controlled reaction volume to support a processing surface of a substrate; 

a heating system disposed below the substrate support to provide heat energy to 

the substrate support; 

an injector disposed to a first side of the substrate support and having a first flow 

path to provide a first process gas and a second flow path to provide a second process 

gas independent of the first process gas, wherein the injector is positioned to provide 

the first and second process gases across the processing surface of the substrate;  

a heated exhaust manifold disposed to a second side of the substrate support, 

opposite the injector, to exhaust the first and second process gases from the process 

chamber. 

 

2. The apparatus of claim 1, wherein the substrate support further comprises: 

a rotation mechanism to rotate the substrate support; and 

a lift mechanism to position the substrate support within the temperature-

controlled reaction volume and relative to the injector.   

 

3. The apparatus of claim 1, wherein the heating system further comprises: 

a plurality of heating zones, wherein each one of the plurality of heating zones 

includes a plurality of lamps. 

 

4. The apparatus of any of claims 1 to 3, wherein the temperature-controlled 

reaction volume is at least partially formed by a plurality of chamber components 

including: 

a chamber lid disposed above the substrate support; 

an upper chamber liner disposed adjacent to the substrate support and above 

the injector and the exhaust manifold and below the chamber lid; and 
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a lower chamber liner disposed adjacent to the substrate support and below the 

injector and the exhaust manifold 

 

5. The apparatus of claim 4, further comprising a showerhead disposed above the 

substrate support to provide the first process gas to the processing surface of the 

substrate, wherein the showerhead is either disposed in the chamber lid or disposed 

below the chamber lid. 

 

6. The apparatus of claim 5, wherein the showerhead, the upper chamber liner, the 

lower chamber liner, the chamber lid, and the injector comprise quartz. 

 

7. The apparatus of any of claims 1 to 3, wherein the injector further comprises: 

a plurality of first injector ports to inject the first process gas; and 

a plurality of second injector ports to inject the second process gas. 

 

8. The apparatus of claim 7, wherein each of the plurality of second injector ports 

has a larger diameter than each of the plurality of first injector ports.   

 

9. The apparatus of claim 7, wherein the pluralities of first and second injector ports 

are disposed in separate planes, wherein each plane is parallel to the processing 

surface of the substrate. 

 

10. The apparatus of claim 7, wherein the plurality of first injector ports are disposed 

at a first distance from an edge of a substrate when positioned on the substrate support 

and the plurality of second injector ports are disposed at a second distance from the 

edge of the substrate when positioned on the substrate support, where the first distance 

is different from the second distance.  

 

11. The apparatus of claim 7, wherein one of the plurality of first injector ports has a 

different diameter than another of the plurality of first injector ports and wherein one of 
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the plurality of second injector ports has a different diameter than another of the plurality 

of second injector ports.   

 

12. The apparatus of any of claims 1 to 3, further comprising a showerhead disposed 

above the substrate support to provide the first process gas to the processing surface of 

the substrate, and wherein the showerhead further comprises either: 

a single outlet, wherein the single outlet is disposed in a position that is aligned 

with a center of the processing surface; or 

a plurality of outlets, wherein the plurality of outlets are disposed in a position that 

is aligned with a desired area of the processing surface.  

 

13. The apparatus of claim 1, further comprising a showerhead disposed above the 

substrate support to provide the first process gas to the processing surface of the 

substrate 

 

14. A method of depositing a layer on a substrate in a processing volume, 

comprising: 

cleaning surfaces in the processing volume; 

establishing a temperature within the processing volume prior to introducing a 

substrate into the processing volume;   

flowing a first process gas into the processing volume and across a processing 

surface of the substrate; 

separately flowing the first process gas into the processing volume and towards 

the processing surface from above the processing surface; 

flowing a second process gas into the processing volume and across the 

processing surface; and 

modulating the temperature of the processing surface of the substrate during 

formation of one or more layers on the processing surface from the first and second 

process gases. 
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15. The method of claim 14, wherein the first process gas comprises one or more 

Group III elements along with dopants and hydrogen chloride (HCl) in a first carrier gas, 

and wherein the second process gas comprises one or more Group V elements along 

with dopants and hydrogen chloride (HCl) in a second carrier gas.   

 

16.  The method of any of claims 14 to 15, wherein the first process gas is flowed at a 

different velocity than the second process gas.   
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