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Claims  
 
 
1. A method of etching a III-V material on a substrate, comprising: 
  

a) exposing the III-V material to a chlorine-containing plasma without biasing the 

substrate to form a modified III-V surface layer, wherein the chlorine-containing plasma includes 

essentially no ionic species; and  

 b) applying a bias voltage to the substrate while exposing the modified III-V surface layer 

to an inert plasma to thereby remove the modified III-V surface layer. 

 

2. The method of claim 1, further comprising repeating (a) and (b) one or more times. 

 

3. The method of claim 1, wherein the bias voltage is at a level such that the removal is in a 

self-limiting regime. 

 

4. The method of claim 1, wherein the chlorine-containing plasma is generated from a 

process gas including a boron-containing compound, wherein about 0.5% to 10% (volumetric) of 

the process gas is the boron-containing compound. 

 

5. The method of claim 1, further comprising performing one or more additional cycles of 

(a) and (b), wherein the bias voltage is lowered during the one or more additional cycles. 

 

6. The method of claim 1, wherein the III-V material is GaN. 

 

7. The method of claim 6, wherein GaN is removed without removing an underlayer. 

 

8. The method of claim 7, wherein the underlayer is AlGaN. 

 

9. The method of claim 1, wherein the bias voltage is between about 20 V and 120 V. 

 

10. The method of claim 1, wherein the bias voltage is between about 50 V and 120 V. 
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11. The method of claim 1, wherein the bias voltage is between about 50 V and 100 V. 

 

12. The method of claim 1, wherein the chlorine-containing plasma is generated from a 

mixture of a chlorine-containing gas and a boron-containing gas. 

 

13. The method of claim 1, wherein the chlorine-containing plasma is generated from a 

mixture of a Cl2 and BCl3. 

 

14. The method of claim 1, wherein the inert plasma in (b) is an argon-containing plasma. 

 

15. The method of claim 1, wherein the bias voltage is at level such that the etch is selective 

to an underlying material. 

 

16. A method of etching a III-V material on a substrate, comprising: 

 a) exposing the III-V material to a chlorine-containing plasma without biasing the 

substrate to form a modified III-V surface layer, wherein the chlorine-containing plasma is 

generated from a mixture of Cl2 and BCl3, wherein about 0.5% to 10% (volumetric) of the 

mixture is BCl3 and the remainder is Cl2; and  

 b) applying a bias voltage to the substrate while exposing the modified III-V surface layer 

to an inert plasma to thereby remove the modified III-V surface layer. 

 

17. The method of claim 16, wherein about 5% of the mixture is BCl3. 

 

18. A method of selectively etching a first III-V material relative to a second III-V material 

that underlies the first III-V on a substrate, comprising: 

  (a) exposing the first III-V material to a chlorine-containing plasma without biasing the 

substrate to form a first modified III-V surface layer,  

  (b) applying a first bias voltage to the substrate while exposing the first modified III-V 

surface layer to an inert plasma to thereby remove the first modified III-V surface layer,  

  (c) after (b), exposing the first III-V material to a chlorine-containing plasma without 

biasing the substrate to form a second modified III-V surface layer, 
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  (d) applying a second bias voltage to the substrate while exposing the second modified 

III-V surface layer to an inert plasma to thereby remove the second modified III-V surface layer, 

wherein the second bias voltage is lower than the first bias voltage. 

 

19. The method of claim 18, wherein at the first bias voltage, the etch selectivity of the first 

III-V material relative to the second III-V material is less than infinity. 

 

20. The method of claim 19, wherein at the second bias voltage, the etch selectivity of the 

first III-V material relative to the second III-V material is infinity. 
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