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United States Patent (9 (1] Patent Number: 5,573,595
Dible 451 Date of Patent: Nov. 12, 1996
[54] METHODS AND APPARATUS FOR Assistant Examiner—Joni Y. Chang
GENERATING PLASMA Attorney, Agent, or Firm—Hickman Beyer & Weaver
[75] Inventor: Robert D. Dible, Fremont, Calif. (571 ABSTRACT
. ] A device for generating plasma for use in semiconductor
[73] Assignee: Lax}a Research Corporation, Fremont, fabrication, which includes a first radio frequency excitation
Calif. source for outputting a first excitation current having a first
phase and a first amplitude. The device further includes a
[21] Appl. No.: 536,574 second radio frequency excitation source for outputting a
[22] Filed: Sep. 29, 1995 second excitation current having a second phase and a
) ’ second amplitude and a plasma generating element having a
[51] Int. CL® . C23C 16/00 first end and a second end for receiving respectively the first
[52] US. Cl s 118/723 MP; 118/723 E; excitation current and the second excitation current. More-
118/723 I; 156/643.1; 427/569 over, the inventive device includes a control circuit having
[58] Field of Search ............. 118/723 E, 723 ER, & control input for receiving a user-variable signal indicative
118/723 MP, 723 1, 723 IR; 156/643.1, of a desired phase difference between the first phase and the
345, 627.1; 216/68, 71; 204/298.34, 298.08, second phase. The control circuit, responsive to the control
298.06, 298.12; 427/569 input, outputs a control signal to one of the first radio
frequency excitation source and the second radio frequency
[56] References Cited excitation source for controlling respectively one of the first
phase and the second phase, thereby causing an actual phase
U.S. PATENT DOCUMENTS difference between the first phase and the second phase to
4,539,068  9/1985 Takagi et al. wooreverererercn 156/614 ~ Substantially approximale the desired phase difference. In so
5,116,482 5/1992 Setoyama et al. ... 204/298.08 doing, the device becomes essentially an inductive coupling
5,147,493  9/1992 Nishimura et al. .....oooeeeereereene 156/345 ~ device when the first phase and the second phase are
5,228,839 7/1993 Chu 156/345 opposite in phase. When the first phase and the second phase
5,273,610 12/1993 Thomas, Il et al. .....cuveeveeneee 156/345 are in phase, the device becomes essentially. a capacitive
5,316,645 5/1994 Yamagami et al. . - 20429806  coupling device. Finally, when the first phase and the second
5,332,880 7/1994 Kubota et al. ...... ... 219/121.52 phase differs by an angle that is between in phase and
gjégg?g gﬁgg;" i?xt\}vla%ai. """ -3 151/ ;é /135; opposite in phase, the device becomes a combination induc-
5436424  7/1995 Nakayama ct al. ... 219/121.43 Ve and capacitive coupling device.
Primary Examiner—R. Bruce Breneman 23 Claims, 7 Drawing Sheets
FIXED VARIABLE
RF 226 206 202 2° rad RF
GENERATOR S S GENERATOR
wate | e R e R
CIRCUTT DEVICE DEVICE CIRCUT
602 CONTROL CIRCUIT 604
|
PHASE COMPARISION CIRCUIT |
r——-=- == = h~G12
6201 !
M 606

-
i
I
I
: 1
MIXER
i
: loutpuT MIXER Mg | o 1
l ISIGNAL ' N G
l I Low pass [1622 ! I
: I FILTER 1 ! R A
j e | i
PHASE ‘ )
I DIFFERENTIAL /610 !
i SIGNAL I"plASE ERROR !
1 AMPLIFIER !
1
I

CONTROL INPUT

r4 A

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

U.S. Patent Nov. 12, 1996 Sheet 1 of 7 5,573,595

|
| 110 108 l
| 130 I
| S S 106 I
| e ) [~
| GENERATOR MATCH @ :
| ' —N |
I 132 I
b o L ____ l
26
T
120 122
RF
GENERATOR MATCH V7777773134
128
2

Fic. 1

DOC KET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

¢ Y4

"Wod"Wie|el}a)d0p je syJewldalem JNoYliMm sjuswndop 14Nn0d pajedijuayine puly z m <

13 UOn_

(TavidvA ISVHJ)
104 LNOD HEIMOd

VHINIO
H

NOHIO _

o |
-

caG

301A3d
1NN

SHNS VAN

2ee
(IJBYHd IONIH-HY)
1INo4I0 TOHLNOO EEMO
0zz ~] TOHINCO
q ﬁ — llllll ) i —
| | |  HOLVHINIO _
| H |
I zze _
I I
_ I
30iA3al | _
P - | Linowio I
llao ddglln 1NN HOLVW
FdNSvan| 922 _
i |
L

Ole

¢0¢

90¢

Page 3 of 15


https://www.docketalarm.com/

U.S. Patent Nov. 12, 1996 Sheet 3 of 7 5,573,595

304
302
TO ' If | II TO PLASMA
GENERATING
GENERATOR I I — l I ELEMENT
. 306
300
FiG.3
I
A
M
P
L RF1 RF2
I |
T
Y I
D
E
I
|
|
aliing.
-
TIME
FiG.4

DOC KET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

U.S. Patent Nov. 12, 1996 Sheet 4 of 7 5,573,595

’T/

H

FIG. 5(a) INDUCTIVE

"Pf

| ]
( : ) —> 4+ -
1

o ]

INDUCTIVE/ CAPACITIVE
Fic 5(b)

i o N

l
¢ : a —

|

~ |

CAPACQTIVE

Fic. 5(c)

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g 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
O 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,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

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

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

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.

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




