






























CLAUSES 

1 A method fbr a en·I!",I .. ,>!·" in a plasm.a rm)Ce'SSlltlg chamber a plasma 

chm.nber at one plasma generating 

source and at least a 

plasma processing 

source fr')f providing a process 

comprising: 

into an inter.ior region 

exciting said plasrml generating sonrce with an RF having an RF frequency 

a.ne! 

pUlsing said gas source, using at least a 

tlrsl process is .fkrwed said plasma 

said first. pulsing period 

gas is flo\~·ed 

pulsing pedod 

plasma processing ",,",,,,,;.v,; 

of said 

ponion 

coupled plasma nnv·"":"'no dmrnber 

at one 

:3 111d.hod 

coupled plusrna 

source represents an electrode. 

The method 

tlo\ving H 

, ~mch that a 

chamber a Brst portion of a 

and a second 

during a se(;0!1,(1 

IS bv at 

(;hambt:r an 

one plasma 

one 

source further 

of gas 

period said 

period to at partially a Fressure caused said at 

11 portion said reactant gas flow. 
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method of claim I \"herein 

<n'tH"'" a higher tlmv Ofell1 

period relative to a tlow 

period to fblly ccnnpensate 

portion of said rNictant flov\,. 

gas source further cOHlprising 

said 

dpop caused at 

6 The Iltethod of clHiln 1 wherein said pulsing said gas sonrce further comprising 

i1ow'ing a How of an inert gas during said second portion of said gas pulsing 

to a flow of sai.d inert during fh.11d seccmd of said pulsing 

period to mort~ tha.n fully compensaw 

a portion of said reactant gas 11mv 

method claim 1 

flowing H third pmces$ 

pulsing period <"'h~'\1~ '.<H.\,;L< 

gas has a n''''''l"'':~'t-w:al,;''nJ-l:nell:-W: 

ratio 

"7 

ratio 

with said 

removm.g 

source 

\-vith 

source 

fourth 

has sailJ 

reactant-

said 

at 



The method claim 7 wherein said SOllrce further includes 

pulsing wid second , 'wherein pulsing 

11 pulsing period 

pulsing period 

The method of 

pulsing is different 

gas pulsing frequency_ 

1 \{vherein said gas pulsing period associated \vjth said first 

gas pulsing is bet,veen about 10 mHiisecouds and about 50 seconds, 

.1 L of dairn 1 wherein gas 

50 about 

12, The method of said pulsing period associated \vilh first 

gas frequency is 500 nUllUSeCf)J1a and 5 seconds, 

13, lnethod daln'! 1 a petcentage of inert gas in said f1rs! nr,"n~~'" 

is ahout' 1 to 100%;, wherein X represents a percentage In 

second process gas, 

gas in process gas 

X rel)reSeJ:us a 

gas sonrce 

said gas S(lUTCe a constant 

source a 
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18 I1H!thod claim 1 >;vherein said pulsing said gas source employs fh;quenc)' 

chirping. 

19, Illcmethod of claim 1 pulsing an signal that is provided to 

signal is an RF source of said plasma !)n"CE~ssllng charnbeT, said p ... "~" .• ",, 

perfonned during said source, said pulsing RF uses an RF 

~ignal pulsing is different H"om said fir);t gas pulsing frequency_ 

19 further comprising pulsing another pammetet other than 

said RF signal said source, another pulsing frt~quency that is diHerem from 

said pulsing frequency and said first pulsi.ng frequency, during said pulsing 

RJ' and said pulsing said 

21. A method t;)r "",-"'",,,,', 

source 

plasma 

a) 

The 

Sy-stelll, 

at least a gas source 

inert gas flow to 

a process gas 

source with an RF an RF 

and 

<1 second 

SIX;{.ln;{1 reactant-gas-to-illen-gas ratio, wherein said 

addil1g reaCLant to - first 

ratio is 

ratio is 
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CLAIMS 

1. A method for etching using atomic layer etching in a plasma processing chamber of 

a plasma processing system, said plasma processing chamber having at least one plasma 

generating source and at least a gas source for providing a process gas into an interior 

region of said plasma processing chamber, comprising providing a plurality of cycles, 

wherein each cycle comprises: 

flowing a first gas comprising a reactant gas and an inert gas into said processing 

chamber; 

providing a first RF signal to form the first gas into a first plasma; 

stopping the flow of the first gas into the processing chamber; 

flowing a second gas into the processing chamber, wherein the second gas consists 

essentially of the inert gas; 

providing a second RF signal different from the first RF signal to form the second 

gas into a second plasma; and 

stopping the flow of the second gas into said processing chamber. 

2. The method, as recited in claim 1, further comprising stabilizing the first plasma 

formed from the first gas. 

3. The method, as recited in claim 2, wherein each cycle further comprises flowing a 

third gas into said processing chamber and stopping the flow of the third gas into said 

processing chamber. 

4. The method, as recited in claim 3, wherein the third gas has a reactant gas to inert 

gas ratio that is different from the ratio of reactant gas to inert gas for the first gas and the 

second gas. 

5. The method, as recited in claim 4, wherein the flowing the second gas is provided 

after the stopping the flow of the first gas. 
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6. The method, as recited in claim 5, wherein the second RF signal has an RF signal 

of a different frequency than the first RF signal, and wherein the frequency of the first RF 

signal and the frequency of the second RF signal are predetermined. 

7. The method, as recited in claim 5, wherein the first gas has a different pressure than 

the second gas. 

8. The method, as recited in claim 7, wherein the steps of stopping the flow of the 

first gas and the flowing of the second gas, comprise stopping the flow of the reactant gas 

while maintaining the flow of the inert gas. 

9. The method, as recited in claim 1, wherein each cycle further comprises flowing a 

third gas into said processing chamber and stopping the flow of the third gas into said 

processing chamber. 

10. The method, as recited in claim 9, wherein the third gas has a reactant gas to inert 

gas ratio that is different from the ratio of reactant gas to inert gas for the first gas and the 

second gas. 

11. The method, as recited in claim 1, wherein the flowing the second gas is provided 

after the stopping the flow of the first gas. 

12. The method, as recited in claim 1, wherein the second RF signal has an RF signal 

of a different frequency than the first RF signal, and wherein the frequency of the first RF 

signal and the frequency of the second RF signal are predetermined. 

13. The method, as recited in claim 1, wherein the first gas has a different pressure than 

the second gas. 

14. The method, as recited in claim 1, wherein the steps of stopping the flow of the 

first gas and the flowing of the second gas, comprise stopping the flow of the reactant gas 

while maintaining the flow of the inert gas. 

21 



15. The method, as recited in claim I, wherein the first gas is formed by mixing a flow 

of the reactant gas with a flow of the inert gas. 

16. The method, as recited in claim 15, wherein the flow of the reactant gas and the 

flow of the inert gas are mixed prior to flowing into the gas chamber, such that the 

resulting mixture is flowed into the gas chamber. 

17. The method as recited in claim 15, wherein the second gas is formed by stopping 

the flow of the reactant gas without stopping the flow of the inert gas. 

18. The method, as recited in claim 17, further comprising the step of increasing the 

flow of the inert gas to compensate at least partially for the pressure stop caused by 

stopping the flow of the reactant gas. 

19. The method, as recited in claim 1, wherein a ratio of the amount of inert gas to 

reactant gas in the first gas is at least 1:9. 

20. The method, as recited in claim 1, wherein the ratio of the amount of inert gas to 

reactant gas in the first gas is at least 3:7. 
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