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[54] METHODS AND APPARATUS FOR Assistant Examiner—Joni Y. Chang 
GENERATING PLASMA Attorney, Agent, or F irm—Hickman Beyer & Weaver 

[75] Inventor: Robert D. Dible, Fremont, Calif. [57] ABSTRACT 
A device for generating plasma for use in semiconductor 

I73] Assigneei Lam Research Corporation’ Fremont’ fabrication, which includes a ?rst radio frequency excitation 
Callf' source for outputting a ?rst excitation current having a ?rst 

phase and a ?rst amplitude. The device further includes a 
[21] Apple NO-I 536,574 second radio frequency excitation source for outputting a 
[22] Film} Sep 29 1995 second excitation current having a second phase and a 

' ' ’ second amplitude and a plasma generating element having a 

[51] Int. Cl.6 ................................................... .. C23C 16/00 ?rst end and a second end for receiving respectively the ?rst 
[52] US. Cl. ............................. .. 118/723 MP; 118/723 E; excitation current and II"? Second eXCitatiQn currem- More 

118/723 1; 156/6431; 427/569 over, the inventive device includes a control circuit having 
[58] Field of Search ....................... .. 118/723 E, 723 ER, a Control input forreceiving a usewariable Signal indicative 

118/723 NIP7 723 I7 723 IR; 156/6431’ Of a desired ph?SC difference bCIlWC?I‘l [I16 ?I'SI phase and the 
345, 6271; 216/68’ 71; 20409834, 29808, 56001111 phase. The CODU'OI circuit, responsive t0 the COIIU'OI 

29806’ 29812; 427/569 input, outputs a control signal to one of the ?rst radio 
frequency excitation source and the second radio frequency 

[56] References Cited excitation source for controlling respectively one of the ?rst 
phase and the second phase, thereby causing an actual phase 

U-S- PATENT DOCUMENTS diiference between the ?rst phase and the second phase to 

4,539,068 9/1985 Takagi et a1. ......................... .. 156/614 Substantially approximate the desired Phase difference- In so 
_ 20499808 doing, the device becomes essentially an inductive coupling 

5,147,493 9/1992 Nishimura e131, ____ __ 155/345 device when the ?rst phase and the second phase are 
5,228,939 7/1993 Chu ................. .. 156/345 opposite in phase. When the ?rst phase and the second phase 
5,273,610 12/1993 . - ---- -- 156/345 are in phase, the device becomes essentially a capacitive 

5,316,645 5/ 1994 204/298“ coupling device. Finally, when the ?rst phase and the second 
55321880 7/1994 219/12152 phase diifers by an angle that is between in phase and 
5’414’324 5/1994 ' 315/11121 opposite in phase, the device becomes a combination induc— 

5,116,482 5/1992 Setoyama et a1. . 

AMPLIFIER 

CONTROL INPUT 

5,433,813 7/1995 .. .... .. 156/345 . .. . . 

5 436 424 7/1995 219/121 43 t1ve and capacitive coupling device. 
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