
llllllllllllllllllllll||||||||||lllll||||lIllllllllllllllllllllllllllllllll

 

 
 

 

 

USU06805779B2
O

(12) United States Patent (:10) Patent No.: US 6,805,779 B2
Chistyakov (45) Date of Patent: Oct. 19, 2004

(54) PLASMA GENERATION USING MULTI-STEP 5,382,457 A I/1095 Coombe ................... .. 427/596
IONIZATION 5,506,405 A 4/"1996 Yoshida ei ai. ........... .. 250,/251

5,733,418 A 3/1998 Hershcovitcli et al. . 204/192.11

(75) Inventor: Roman Chistyakov, Andover, MA 5,821,548 A IQ/1998 Hinchliffe ............ .. 250/492.21,
(US) 6,057,244 A 5/2000 Hausrnann et al. 438,706

1 . 1 (List continued on next page.)
(73) Assignee: Zond, Inc., Mansheld, MA (US) FOREIGN PATENT DOCUMENTS

(3 ) Notice: Sulbjetct. to any dlisglaimei, [hp tlermsf W0 W0 98/40532 9/1998pa CD IS CK en (‘.5 01‘ El JUSC UH CY . . . V, .- 1
Upspc. 154(b) by 0 days. W0 W0 0198533 A1 12/2001OTHER PUBLICATIONS

(21) App1' NO‘: 10’/249302 Booth et al The Transition From Symmetric To

(32) Fflad; Man 21, 2003 Asymemtric Discharges In Pulsed 13.56 MHZ Capacitively
_ ) _ , Coupled P1asinas,J.Appl.Pl1ys.,Jul.15, 1997, pp.552-560,

(65) Pm“ I "himatlon Data vol. 82, No. 2, American Institute of Physics.

Us 2904/mggmg A1 gen 23; 2004 Buiishali, et al., Deposition Technologies For Films And
Coatings, pp. 178-183, Noyes Publications, Park Ridge,

(51) Int. CL7 ....................... .. C23C 14/00; C23C 16/00; New jersey.
H011 7/34 Daugherty, et 211., Attachment~Dominated Electron—Bea-

(52) U-S- CL -------------------------- -- 204/293-36; 304/29837; m—Ionized Discharges, Applied Physics Letters, May 15,
204/298.38; 118/723 VE; 118./723 R; 315/111.81; 1976, pp. 581~583, vol. 28, No. 10, American lnstitue of

315/111.91 Physics.

(58) Field of Search ...................... . 315,/111.81, 111.91, . .
315/111.71, 111.41, 111.21; 2U4_/298.37, 95‘ ""““““‘°"‘ 0“ M‘ 93$“)

298.38, 298.36; 1.18/723 VE, 723 R, 723 EB, Pri,rmzry Exam[ner———Tuyet T_ V0

723 E; 250/28, 383, 377, 433; 435, 439 (74) A-ttorrzey, Agent, or Firm—Kurt Rauschenbach;
_ _ _ Raiisclienbacli Patent Law Group, LLC

(56) Reiererices Cited "7 ABSTRACT
us. PATENT DOCUMENTS (3 )

3,619,605 A 11/1971 Cook et al. .............. .. 250/41.9 Hf‘: I-”e5"“‘1"’."‘3““‘f’_“ ’F1“°15.1° a .P1“:‘“‘‘? genera” ,‘1."”
49605708 A up/L977 Walters 219/121 generates a p asrna ysith a mu ti-step ionization process. lhe
4:148:61; A 4/1979 Taylor 6, a1_ _ 23/232 plasma generator includes an excited atom source that
45545353 A 13/1935 ‘rsuchiya ct at, N 25();2g3 generates excited atoms from ground state atoms supplied
4,703,222 A in/1987 Yosliikawa et al. 313/362.1 by a. feed gas source. A plasma chamber confines a volume
4,792,725 A 12/1988 Levy et al. ................. .. 315/39 of excited atoms generated by the excited atom source. Ari
4,302,183 A 1/1989 Harris et al. 372,57 energy source is coupled to the volume of excited atoms

3/ h’(;"3.1j°°k confined by the plasma chamber. The energy source raises an,-3,7 1 .-Trivceta. .. / V - .- - 1, ~ ,.- .
5,()l5.493 A 5/1991 Grueno ............ .. 427/'38 elflletrérzgl [Gt ixcnecjfatomg 11? mg fclslme 0‘: 6-“allied aimnsj 5:-
5,0s3,nm A 1/1992 Koshiishietal. 315/'ll1.81 ‘_ ‘‘_‘‘_p 6”‘ a_1’.‘’.‘°‘.’,‘’\ ‘ “f‘X“““ f''f’m5 1”‘ """’“m°.°
5§24.7:531 A 9/.1993 Munepflorsche ......... N 37238 excited atoms is ionized, thereby generating a plasma with
5,247,535 A 9/1993 Mul]ei’—Hoiscl1e er al. 372/86 3 m“1U‘S‘°P 10n1Z‘<“10Y1 PFOCBSS
5,286,360 A 2./1994 Szczyibowski

at al. ................... .. 204/293.08 46 Claims, 13 Drawing Sheets-

,17/})§/)/1//// ./'////n///i///
.._......______——

 
 

INTEL 1301

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


US 6,805,779 B2
Page 2

US. PATENT DOCUMENTS

6,124,675 A 9/2000 Bertrand ct al. ...... .. 315/111.91

 
 

6,207,951 B1 3/2001 Yanlauchi et al. . .... .. 250/251
6,296,742 B1 10/2001 Kouznetsov 204/192.12
6,311,638 B1 * 11/2001 Ishii eta]. .. . 118/723 MW
6,395,641 132 5,./2002 Savas ....... .. 438/714
6,413,382 B1 7/2002 Wang et al. . 204/192.12
6,413,383 B1 7/2002 Chiang et al. 204/192.13
6,661,178 B1 * 12/2003 Bertrand et al. 315/111.91

2002,/0153103 Al

OTHER PUBLICATIONS

10/2002 Madocks ............. .. 156/345.46

Goto, ct al., Dual Excitation Reactive Ion Etcher For Low

Energy Plasma Processing, J. Vac. Sci. Techno]. A., Sep/Oct
1992, pp. 3048-3054, vol. 10, No. 5, American Vacuum
Society.
Kouznetsov, et al., A Novel Pulsed Magnetron Sputter
Technique Utilizing Very High Target Power Densities,
Surface and Coatings Technology, 1999, pp. 290-293, vol.
122, Elsevier Science SA.

Lindquist, et al., High Selectivity Plasma Etching Of Sili-
cone Dioxide With A Dual Frequency 27/2 MHz Capacitive
RF Discharge.
Macak, Reactive Sputter Deposition Process Of A1203 And
Characterization Of A Novel High Plasma Density Pulsed
Magnetron Discharge, Linkoping Studies In Science And
Technology, pp. 1-2.
lviacak, et al., Ionized Sputter Deposition Using An
Extremely High Plasma Density Pulsed Magnetron Dis-
charge, J. Vac. Sci. Technol. A., Jul/Aug 2000, pp.
1533-1537, vol. 18, No. 4., American Vacuum Society.
Mozgrin, et al., High-Current Low-Pressure Quasi-Statiom
ary Discharge In A Magnetic Field: Experimental Research,
Plasma Physics Reports, 1995, pp. 400-409, vol. 21, No. 5.
Rossnagel, et al., Induced Drift Currents In Circular Planar
Magnetrons, J. Vac. Sci. Technol. A., Jan/Feb 1987, pp.
88-91, vol. 5, No. 1, American Vacuum Society.
Sheridan, et al., Electron Velocity Distribution Functions In
ASputtering Magnetron Discharge For The E x B Direction,
J. Vac. Sci. Technol. A., Jul/Aug 1998, pp. 2173-2176, vol.
16, No. 4, American Vacuum Society.

Steinbruchel, A Simple Formula For Low-Energy Sputter-
ing Yields, Appl. Phys. A., 1985, pp. 37-42, vol. 36,
Sprigner Verlag.

Encyclopedia Of Low Temperature Plasma, p. 119, Vol. 3.

Encyclopedia Of Low Temperature Plasma, p. 123, vol. 3.

Lymberopoulos, et 31., Fluid Simulations Ol' Glow Dis-
charges: Etfect Of Metastable Atoms In Argon, J. Appl.
Phys, Apr. 1993, pp. 3668-3679, vol. 73, No. 8, American.
Institute of Physics.

Burnham, ct al., Eflicient Electric Discharge Lasers In Xeli’
and KrF, Applied Physics Letters, Jul. 1976, pp. 30-32, vol.
29, No. 1, American Institute of Physics.

Fabrikant, et al., Electron Impact Formation Of Metastable
Atoms, pp. 3, 31, 34-37, Amsterdam.

Fahey, et 211., High Flux Beam Source Of Thermal Rare-Gas
Metastable Atoms, 1980, J. Phys. E. Sci. Instrum., vol. 13,
The Institute of Physics.

Verheijen, et al., A Discharge Excited Supersonic Source Of
Metastable Rare Gas Atoms, JPhys. E. Sci. Instrum, 1984,
vol. 17.

Eletskii, Excimer Lasers, Sov. Phys. Usp., Jun. 1978, ‘pp.
502-521, vol. 21, N0. 6.

Chistyaltov, High Power Pulsed Magnetron Sputtering,
Application No.: 10/065, 277, Filed: Sep. 30, 2002.

Chistyakov, High—Power Pulsed Magnetically Enhanced
Plasma Processing, Application No.2 10/065, 55], Filed:
Oct. 29, 2002.

(Ihistyakov, Method and Apparatus For Generating High-
Density Plasma, Application No.: 10/065, 629, Filed: Nov.
4, 2002.

Chistyakov, High Deposition Rate Sputtering, Application
No.2 10/065, 739, Filed: Nov. 14, 2002.

* cited by examiner

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


U.S. Patent Oct. 19, 2004 Sheet 1 of 13 US 6,805,779 B2

 
 

 

  
 
 

100

102

127\ 126 POWER
SUPPLY

118

7/ 123 ,/%1"1’32 104
124 124

fimuwmwwmwmmmwmws Ammwmmmmmwwr\€@’//AZ’
‘\ »‘§;4\ .\\.:_vlaII.\x'.{IrI1'1'lgi§\T__

\.~~‘-r/ §-*-:/ ‘
1501132 134 “5 '-" 134 150

/
——..-___._..——_—_—-—«-_......-——.__—.I

I

1 II/IIIIIIIIIII//IIIIII/Ill/II/I///III/IIIII:
I

 W
\

136 § %
no

112

108 146 —._— V

V “” ’*‘
L 140 1“ E

142 148 ‘

106

F|G.1

PRIOR ART

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


US. Patent 0ct,19,20fl4 Sheet 2 of 13 US 6,805,779 B2

Ir momaom11wow965&8 2;8~\..+.--,NNW,_2:$39.HIvisa"oi. .H<35&3‘_m_m/%._ me.EgonK-.9:7SN/onSNvwm

ea

.4m.6§..._m.8SNTwrmmaowmzmp\n__2m»/343...205_.\\\\\\\\\\\A\\\\\&\\\\§3.SmBmfimfimz
mm?IIfllflfll///I/If/II//II/I///kt///II///7///4I'.'''.I'I'''.II.-'

uaa..,1.¢8.o2.§Rm
  

.VT

m/ /7
4

\\\\\\\h§\\‘\u_\ ,//5amu3.g %8.,..N2%_..II.lmm.¢///..5&:m
mmsom1/Smomm.=Emm.5

~..f\.V

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


I.0,GE

momzom

>4a¢:m

mi.mmzomLuv av.me.aunnmww

US 6,805,779 B2

momsom_20k<m:m<._.m<E.2

s\

can.msm:.\...._2.u¢SN_IllanEEOMasaseaSn9.»3»“mm”ca.27..--
asmenasEA¢ %\,? »wHNVmum,6 5&8m

 

Sheet 3 of 13

   

1/mac;0%/
finEm

U.S. Patent

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Real-Time Litigation Alerts
	� Keep your litigation team up-to-date with real-time  

alerts and advanced team management tools built for  
the enterprise, all while greatly reducing PACER spend.

	� Our comprehensive service means we can handle Federal, 
State, and Administrative courts across the country.

Advanced Docket Research
	� With over 230 million records, Docket Alarm’s cloud-native 

docket research platform finds what other services can’t. 
Coverage includes Federal, State, plus PTAB, TTAB, ITC  
and NLRB decisions, all in one place.

	� Identify arguments that have been successful in the past 
with full text, pinpoint searching. Link to case law cited  
within any court document via Fastcase.

Analytics At Your Fingertips
	� Learn what happened the last time a particular judge,  

opposing counsel or company faced cases similar to yours.

	� Advanced out-of-the-box PTAB and TTAB analytics are  
always at your fingertips.

Docket Alarm provides insights to develop a more  

informed litigation strategy and the peace of mind of 

knowing you’re on top of things.

Explore Litigation 
Insights

®

WHAT WILL YOU BUILD?  |  sales@docketalarm.com  |  1-866-77-FASTCASE

API
Docket Alarm offers a powerful API 
(application programming inter-
face) to developers that want to 
integrate case filings into their apps.

LAW FIRMS
Build custom dashboards for your 
attorneys and clients with live data 
direct from the court.

Automate many repetitive legal  
tasks like conflict checks, document 
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks 
for companies and debtors.

E-DISCOVERY AND  
LEGAL VENDORS
Sync your system to PACER to  
automate legal marketing.


