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Capacively Couple RF Plasma Source Power Through an
Electrode\(Ceiling or Wafer) at Two Different VHF Frequencies
fl and f& Simultaneously, Where fl is in the Higher Range
of the YHF Band (e.g., 162MHz) and f2 is in the Lower
Region of the VHF Band (e.g., 50—-60MHz)

J4—300

\ ‘

Provide an Individual Center Return Path Through a Counter
Electrode (Wafer pr Ceiling) for Each of the Frequencies fl1 or {2

J—302

\

Provide an Edge Return Path Through the Side Wall for
Each\of the Frequencies fl and {2

L — 304

\ \

Adjust the Impedance\of the fl Center Return Path Relative to
the Impedance of khe fl Edge Return Path to Promote
Current Flow at the f1\Frequency to the Center Return Path

3—306

N

Adjust the Impedance of the f2 Edge Return Path Relative to
the Impedance of the fd Center Return Path to Promote
Current Flow at the Frequency to the Side Wall

J—308

\

Improve the Uniformity of the Radial Plasma lon Density
Distribution by Selecting a Ratio of VHF Power at the fl
Frequency to VHF Powdr at the {2 Frequency

Reduce Center—-High Plasma [pn Density Distribution by
Decreasing the Ratio of VHF Ppwer at the fl Frequency
Relative to the VHF Power \at the f2 Frequency

v\

Reduce Edge—High Plasma lon \Density Distribution
Nonuniformity by Decreasing the Ratio of VHF Power at
the f2 Frequency Relative to VHF Rower at the fl1 Freq

\

4—310

312

. _-314

\

Improve Uniformity by Adjusting the Imp&dances of the Center
and Edge Return Paths of Either or Both\fl and f2 to Either:
(a) Channel More Current Toward the Edge \n Order to Suppress
a Center—High Non-Uniformity or (b) Chaknel More Current
Toward the Center to Suppress an Edge—High Non-Uniformity

L — 316

FIG. 7\
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Capycitively Couple RF Plasma Source Power Through One
(Ceiling or Wafer) at an Upper VHF Frequency fl While
Capaci\ively Coupling RF Plasma Source Power Through the
Countereldctrode (Wafer or Ceiling) at a Lower VHF Frequncy {2

L— 318

\ Y

Provide a Center Return Path Through the Counterelectrode
for the Frequency fl

L — 320

\ Y

Provide a (enter Return Path Through the Electrode
for the Frequency {2

| — 3522

\ Y

Provide an Edge\Return Path Through the Side Wall for
Each the Frequencies fl and f2

J—324

A\ Y

Adjust the Impedance of the fl Center Return Path Relative to
the Impedance of the fl Edge Return Path to Promote
Current Flow at the fl Rrequency to the Center Return Path

\__v

Adjust the Impedance of thg f2 Edge Return Path Relative to
the Impedance of the f2 Genter Return Path to Promote
Current Flow at the f2 Krequency to the Side Wall

J—328

)

Improve the Uniformity of thé, Radial Plasma lon Density
Distribution by Selecting a Ratfo of VHF Power at the fl
Frequency to VHF Power at the f2 Frequency

Reduce Center-High Plasma lon Vensity Distribution by
Decreasing the Ratio of VHF Powex at the fl Frequency
Relative to the VHF Power at the f2 Frequency

y \

Reduce Edge-High Plasma lon Density Distribution
Nonuniformity by Decreasing the Ratio\of VHF Power at
the f2 Frequency Relative to VHF PoweX at the fl Freq

L — 330

— 332

— 334

\
Y \

Improve Uniformity by Adjusting the Impedances of the Center
and Edge Return Paths of Either or Both fl and f2 to Either:
(a) Channel More Current Toward the Edge in Orjer to Suppress
a Center—High Non-Uniformity or (b) Channel More Current
Toward the Center to Suppress an Edge-High Non-Uniformity

\

L — 3356

FIG. 8 \
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Capagitively Couple RF Plasma Source Power Through an Inner
Ceiling \Electrode at an Upper VHF Frequency fl While Capacitively
Coupling RF Plasma Source Power Through an Outer Ceiling
Electrdde at a Lower VHF Frequency f2, Where the Inner and

Outer Ceiling Electrodes are Concentric

\

L — 338

\ Y

Proyide a Center Return Path Through the Wafer
for the Frequency fl1

\/—340

A\ Y

Provid4 a Center Return Path Through the Wafer
for the Frequency f2

L— 342

\ Y

Provide an Edge Return Path Through the Side Wall for
Eack of the Frequencies fl and {2

1344

\ Y

Adjust the Impedancg of the fl Center Return Path Relative to
the Impedance ol the fl Edge Return Path to Promote
Current Flow at the X1 Frequency to the Center Return Path

4—346

\ Y

Adjust the Impedance of the {2 Edge Return Path Relative to
the Impedance of the {2 Center Return Path to Promote
Current Flow at the\f2 Frequency to the Side Wall

J—348

\_¥

Improve the Uniformity o} the Radial Plasma lon Density
Distribution by Selecting a\Ratio of VHF Power at the fl
Frequency to VHF Power at the f2 Frequency

Reduce Center-High Plasma \on Density Distribution by
Decreasing the Ratio of VHF Rower at the fl Frequency
Relative to the VHF Power\at the f2 Frequency

Yy \

Reduce Edge-High Plasma lon\Density Distribution
Nonuniformity by Decreasing the Ratio of VHF Power at
the {2 Frequency Relative to VHF Rower at the fl Freq

4—350

— 352

— 354

\
Y \

Improve Uniformity by Adjusting the Impédances of the Center
and Edge Return Paths of Either or Both\fl and f2 to Either:
(a) Channel More Current Toward the Edge Order to Suppress
a Center—High Non-Uniformity or (b) Chanypel More Current
Toward the Center to Suppress an Edge—High Non-Uniformity

\

L — 356

FIG. 9 \



12/14
X /

4

Capacitively Couple RF Plasma Source Power at Two Similar VHF
Frequencies fl and f2, Both in the Lower Region of the VHF Band,
to an Electrode and to a Counterelectrode, Respectively

L — 370

\ y

Couple the Electrode to a Resonator Having a Resonant Frequency
Which is 0dd (e.g., Third) Harmonic of f1 Lying in the Higher
Region ol the VHF Band, so as to Produce VHF Power at the Odd
(e.g., Third ) Harmonic

| — 372

AW y

Providk an Individual Center Return Path Through the
Counterelectrode for the Third Harmonic of f1

374

\ Y

,

Provide aN Individual Center Return Path Through the
ectrode for the VHF Frequency {2

L —376

\ Y

Provide an Eadge Return Path Through the Side Wall for
f2 ayd for the Odd Harmonic of fl1

L — 378

\ y

\]

Adjust the Impedance of the fl Harmonic Center Return Path
Relative to the Impedange of the fl Harmonic Edge Return Path to
Promote Current Flow at the fl Harmonic to the Center Return Path

L — 380

A ]

Adjust the Impedance of the f2 Edge Return Path Relative to the )
Impedance of the f2 Center\ Return Path to Promote Current Flow
at the f2 Frejuency to the Side Wall

L — 382

Y

Improve the Uniformity of the Radial Plasma Ion Density Distribution ]

by Selecting a Ratio of VHF Powkr Between the f1 and f2 Generators

to Control the Ratio Between th4 fl Harmonic Power and f2 Power
Coupled to \the Plasma

Reduce Center—High Plasma lon Density Distribution by
Decreasing the Ratio of VHF Power Generated at the fl
Frequency Relative to VHF Power at the f2 Frequency

Yy \

Reduce Edge—High Plasma Ion Density\Distribution Nonuniformity T~
by Dereasing the Ratio of VHF Powedr at the f2 Frequency
Relative to VHF Power Generated at the fl1 Frequency

-

Y A

L — 384

— 386

— 388

Improve Uniformity by Adjusting the Impeddnce of the Center and )
Edge Return Paths of Either or Both f2 and\the Harmonic of fl to
Either: (a) Channel More Current Toward the Edge in Order to
Suppress a Center—High Non-Uniformity or (b) \Channel More Current

L — 390

Toward the Center to Suppress an Edge-High Non-Uniformity

FIG. 11 \
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\

g

Capaci\ively Couple RF Plasma Source Power at Two Similar Lower
VHR Frequencies fl and f2 Simultaneously to an Electrode

| — 392

\ ]

Couple the\ Electrode to a Resonator Having a Resonant Frequency
Which is Yn Odd Harmonic of fl, so as to Promote VHF Power
at the 0dd Harmonic

394

\ L]

Provide Yan Individual Center Return Path Through a
Counterelectrode for the Harmonic of fl

L — 396

\ Y

L

Provide an Individual Center Return Path Through the
Counterklectrode for the VHF Frequency {2

L — 398

\ y

Provide Edge Return Paths Through the Side Wall for
f2 apd the Harmonic of f1

L— 400

\ y

Adjust the Impedance of\the fl Harmonic Center Return Path )

Relative to the Impedance of the fl Harmonic Edge Return Path to
Promote Current Flow at the ¥l Harmonic to the Center Return Path

L — 402

\_Y

Adjust the Impedance of the {d Edge Return Path Relative to the
Impedance of the f2 Center Retiyn Path to Promote Current Flow
at the f2 Frequency to the Side Wall

404

LA

Improve the Uniformity of the Radial\Plasma Ilon Density Distribution |

by Selecting a Ratio of VHF Power Between the fl and f2 Generators

to Control the Ratio Between the f! Harmonic Power and {2 Power
Coupled to the Pasma

Reduce Center—High Plasma lon Density\Distribution by Dereasing\
the Ration of VHF Power at the fl Narmonic Relative to
VHF Power at the f2 Frejuency

Y \

Reduce Edge-High Plasma Ion Density Distrifution Nonuniformity
by Dereasing the Ratio of VHF Power at the f2 Frequency
Relative to VHF Power Generated at the {1 Frequency

\

Y \

Improve Uniformity by Adjusting the Impedance o\ the Center and
Edge Return Paths of Either or Both f2 and the Harmonic of f1 to
Either: (a) Channel More Current Toward the Edge\in Order to
Suppress a Center—High Non-Uniformity or (b) Channeé{ More Current
Toward the Center to Suppress an Edge—High Non-Yniformity

FIG. 12 A

L — 406

408

— 410

| —412
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Capayitively Couple RF Plasma Source Power to an Electrode from
a Variyble Frequency VHF Generator Having a Frequency Range that
Includes a Fundamental Lower VHF Frequency f

1414

A\ y

Vs

Couple the Electrode to a Resonator Having a Resonant Frequency
F Which i} an Odd Harmonic of the Fundamental Frequency f, so
a3\ to Produce VHF Power at the Odd Harmonic

L — 416

\ Y

Provide\ an Individual Center Return Path Through a
Countkrelectrode for the Harmonic Frequency F

31 —418

A\ ]

Provide an Yndividual Center Return Path Through the
Counterelectryde for the Fundamental VHF Frequency f

~

L —420

y

\
Provide Edge Retur\q\ Paths Through the Side Wall for f and F

L

| — 422

\ Y

ra

Adjust the Impedance of\the F Center Return Path Relative to the
Impedance of the F Edgg Return Path to Promote Current Flow
at F to the Center Return Path

| —424

\ y

Adjust the Impedance of the\f Edge Return Path Relative to the
Impedance of the f Center Re{urn Path to Promote Current Flow
at f Frequency to the Side Wall

Ve

| —426

Improve Uniformity: Control the, Ratio of VHF Power Near the
Fundamental f to VHF Power at Narmoni F, Through Control of
the Proportion of Power Up-Converted from f to F, by Controlling
the Difference Between the Variable \Qutput Frequency of the VHF
Generator and the Fundamental Frequency f

Reduce Center—High Plasma lon Density\ Distribution by Decreasing|
the Ratio of VHF Power at F Relatikxe to VHF Power at f

Y \

Reduce Edge-High Plasma lon Density Distxibution Nonuniformity )
by Decreasing the Ratio of VHF Power &\ the f Frequency
Relative to VHF Power at

A

[

| — 428

— 450

-— 432

y A\

Improve Uniformity by Adjusting the Impedances\of the Center and ]
Edge Return Paths of Either or Both F and f to Kither: (a) Channel
More Current Toward the Edge in Order to Suppre§s a Center—High
Non-Uniformity or (b) Channel More Current Toward the Center to
Suppress an Edge-High Non-Uniformit

434

FIG. 13 \
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8 /14

Capacitively Couple RF Plasma Source Power Through an
Electrode (Ceiling or Wafer) at Two Different VHF Frequencies
fl and f2 Simultaneously, Where fl is in the Higher Range
of the VHF Band (e.g., 162MHz) and {2 is in the Lower
Region of the VHF Band (e.g., 50—60MHz)

L — 300

!

Provide an Individual Center Return Path Through a Counter
Electrode (Wafer or Ceiling) for Fach of the Frequencies fl or {2

\]

L — 302

!

Provide an Edge Return Path Through the Side Wall for
Each of the Frequencies f1 and {2

L — 304

!

Adjust the Impedance of the fl Center Return Path Relative to
the Impedance of the f1 Edge Return Path to Promote
Current Flow at the fl Frequency to the Center Return Path

L — 306

v

Adjust the Impedance of the f2 Edge Return Path Relative to
the Impedance of the f2 Center Return Path to Promote
Current Flow at the {2 Frequency to the Side Wall

L — 308

!

Improve the Uniformity of the Radial Plasma lon Density
Distribution by Selecting a Ratio of VHF Power at the fl
Frequency to VHF Power at the f2 Frequency

Reduce Center-High Plasma lon Density Distribution by
Decreasing the Ratio of VHF Power at the fl1 Frequency
Relative to the VHF Power at the f2 Frequency

Y

Reduce Edge—-High Plasma Ion Density Distribution
Nonuniformity by Decreasing the Ratio of VHF Power at
the f2 Frequency Relative to VHF Power at the fl Freq

L —310

—312

—314

!

Improve Uniformity by Adjusting the Impedances of the Center
and Edge Return Paths of Either or Both fl and f2 to Either:
(a) Channel More Current Toward the Edge in Order to Suppress
a Center-High Non-Uniformity or (b) Channel More Current
Toward the Center to Suppress an Edge-High Non-Uniformity

\

L — 316

FIG. 7
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Capacitively Couple RF Plasma Source Power Through One
Electrode (Ceiling or Wafer) at an Upper VHF Frequency fl While
Capacitively Coupling RF Plasma Source Power Through the
Counterelectrode (Wafer or Ceiling) at a Lower VHF Frequncy {2

318

¥

Provide a Center Return Path Through the Counterelectrode
for the Frequency {1

L

L— 320

Y

Provide a Center Return Path Through the Electrode
for the Frequency {2

L — 322

Yy

Provide an Edge Return Path Through the Side Wall for
Each of the Frequencies fl and {2

L — 324

Y

Adjust the Impedance of the fl Center Return Path Relative to
the Impedance of the fl Edge Return Path to Promote
Current Flow at the fl Frequency to the Center Return Path

L

L — 3526

Y

Adjust the Impedance of the f2 Edge Return Path Relative to
the Impedance of the f2 Center Return Path to Promote
Current Flow at the {2 Frequency to the Side Wall

L

Y

Improve the Uniformity of the Radial Plasma lon Density
Distribution by Selecting a Ratio of VHF Power at the f1
Frequency to VHF Power at the f2 Frequency

Reduce Center—High Plasma lon Density Distribution by
Decreasing the Ratio of VHF Power at the fl Frequency
Relative to the VHF Power at the f2 Frequency

Y

Nonuniformity by Decreasing the Ratio of VHF Power at
the f2 Frequency Relative to VHF Power at the fl Freq

Reduce Edge-High Plasma Ilon Density Distribution -

L — 330

— 332

— 334

Y

Improve Uniformity by Adjusting the Impedances of the Center
and Edge Return Paths of Either or Both fl and f2 to Either:
(a) Channel More Current Toward the Edge in Order to Suppress
a Center—-High Non-Uniformity or (b) Channel More Current
Toward the Center to Suppress an Edge-High Non-Uniformity

\

L — 356

FIG. 8
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Capacitively Couple RF Plasma Source Power Through an Inner
Ceiling Electrode at an Upper VHF Frequency f1 While Capacitively
Coupling RF Plasma Source Power Through an Outer Ceiling
Electrode at a Lower VHF Frequency {2, Where the Inner and
Outer Ceiling Electrodes are Concentric

$—338

Y

Provide a Center Return Path Through the Wafer
for the Frequency fl

$+—340

Y

Provide a Center Return Path Through the Wafer
for the Frequency {2

\—342

Y

Provide an Edge Return Path Through the Side Wall for
Each of the Frequencies fl and {2

1344

Y

Adjust the Impedance of the fl Center Return Path Relative to
the Impedance of the {1l Edge Return Path to Promote
Current Flow at the fl Frequency to the Center Return Path

J—346

Y

Adjust the Impedance of the f2 Edge Return Path Relative to
the Impedance of the {2 Center Return Path to Promote
Current Flow at the {2 Frequency to the Side Wall

4—348

Y

Improve the Uniformity of the Radial Plasma lon Density
Distribution by Selecting a Ratio of VHF Power at the fl
Frequency to VHF Power at the f2 Frequency

Reduce Center—High Plasma lon Density Distribution by
Decreasing the Ratio of VHF Power at the fl Frequency
Relative to the VHF Power at the f2 Frequency

Y

Reduce Edge-High Plasma lon Density Distribution
Nonuniformity by Decreasing the Ratio of VHF Power at
the f2 Frequency Relative to VHF Power at the fl Freq

L— 350

1352

— 354

Y

Improve Uniformity by Adjusting the Impedances of the Center
and Edge Return Paths of Either or Both fl and f2 to Either:
(a) Channel More Current Toward the Edge in Order to Suppress
a Center—High Non-Uniformity or (b) Channel More Current
Toward the Center to Suppress an Edge-High Non-Uniformity

4—356

FlG. 9
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Capacitively Couple RF Plasma Source Power at Two Similar VHF
Frequencies fl and f2, Both in the Lower Region of the VHF Band,
to an Electrode and to a Counterelectrode, Respectively

L — 370

y

Couple the Electrode to a Resonator Having a Resonant Frequency )
Which is an 0dd (e.g., Third) Harmonic of fi Lying in the Higher
Region of the VHF Band, so as to Produce VHF Power at the 0dd
(e.g., Third ) Harmonic

372

Y

Provide an Individual Center Return Path Through the
Counterelectrode for the Third Harmonic of fl

374

Y

Provide an Individual Center Return Path Through the
Electrode for the VHF Frequency {2

| — 376

]

Provide an Edge Return Path Through the Side Wall for
f2 and for the O0dd Harmonic of f1

L — 378

y

\

Adjust the Impedance of the fl Harmonic Center Return Path
Relative to the Impedance of the fI Harmonic Edge Return Path to
Promote Current Flow at the fl Harmonic to the Center Return Path

L — 380

Y

Adjust the Impedance of the f2 Edge Return Path Relative to the 3
Impedance of the f2 Center Return Path to Promote Current Flow
at the f2 Frequency to the Side Wall

382

y

Improve the Uniformity of the Radial Plasma lon Density Distribution ]

by Selecting a Ratio of VHF Power Between the fl and f2 Generators

to Control the Ratio Between the fl Harmonic Power and f2 Power
Coupled to the Plasma

Reduce Center—High Plasma Ion Density Distribution by
Decreasing the Ratio of VHF Power Generated at the fl
Frequency Relative to VHF Power at the f2 Frequency

Y

Reduce Edge-High Plasma lon Density Distribution Nonuniformity )
by Dereasing the Ratio of VHF Power at the f2 Frequency
Relative to VHF Power Generated at the fl Frequency

1

L — 384

— 386

— 388

Y

Improve Uniformity by Adjusting the Impedance of the Center and )
Edge Return Paths of Either or Both {2 and the Harmonic of 1 to
Either: (a) Channel More Current Toward the Edge in Order to
Suppress a Center—High Non-Uniformity or (b) Channel More Current
Toward the Center to Suppress an Edge-High Non-Uniformity

L — 390

FIG. 11
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Capacitively Couple RF Plasma Source Power at Two Similar Lower
VHF Frequencies fl and f2 Simultaneously to an Electrode

| — 392

Y

Couple the Electrode to a Resonator Having a Resonant Frequency )
Which is an 0dd Harmonic of f1, so as to Promote VHF Power
at the 0dd Harmonic

394

Y

Provide an Individual Center Return Path Through a
Counterelectrode for the Harmonic of fl1

L — 396

]

L

Provide an Individual Center Return Path Through the
Counterelectrode for the VHF Frequency {2

L — 398

Y

L

Provide Edge Return Paths Through the Side Wall for
f2 and the Harmonic of f1

L — 400

y

\]

Adjust the Impedance of the fl Harmonic Center Return Path
Relative to the Impedance of the fl Harmonic Edge Return Path to
Promote Current Flow at the fl Harmonic to the Center Return Path

L —402

L]

Adjust the Impedance of the f2 Edge Return Path Relative to the )
Impedance of the f2 Center Return Path to Promote Current Flow
at the f2 Frequency to the Side Wall

404

Y

Improve the Uniformity of the Radial Plasma lon Density Distribution

by Selecting a Ratio of VHF Power Between the fl and f2 Generators

to Control the Ratio Between the fl Harmonic Power and {2 Power
Coupled to the Plasma

Reduce Center-High Plasma lon Density Distribution by Dereasing\
the Ration of VHF Power at the fl Harmonic Relative to
VHF Power at the f2 Freauency

Y

Reduce Edge-High Plasma Ion Density Distribution Nonuniformity
by Dereasing the Ratio of VHF Power at the f2 Frequency
Relative to VHF Power Generated at the f1 Frequency

L — 406

—410

y

Improve Uniformity by Adjusting the Impedance of the Center and )
Edge Return Paths of Either or Both f2 and the Harmonic of f1 to
Either: (a) Channel More Current Toward the Edge in Order to
Suppress a Center—High Non-Uniformity or (b) Channel More Current
Toward the Center to Suppress an Edge—High Non-Uniformity

| —412

FIG. 12
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Capacitively Couple RF Plasma Source Power to an Electrode from
a Variable Frequency VHF Generator Having a Frequency Range that
Includes a Fundamental Lower VHF Frequency f

L —414

Y

Couple the Electrode to a Resonator Having a Resonant Frequency )
F Which is an Odd Harmonic of the Fundamental Frequency f{, so
as to Produce VHF Power at the Odd Harmonic

416

[]

Provide an Individual Center Return Path Through a
Counterelectrode for the Harmonic Frequency F

L — 418

y

£

Provide an Individual Center Return Path Through the
Counterelectrode for the Fundamental VHF Frequency f

L — 420

y

ya

Provide Edge Return Paths Through the Side Wall for f and F

| —422

]

e

Adjust the Impedance of the F Center Return Path Relative to the
Impedance of the F Edge Return Path to Promote Current Flow
at F to the Center Return Path

424

'E

-

Adjust the Impedance of the f Edge Return Path Relative to the
Impedance of the f Center Return Path to Promote Current Flow
at f Frequency to the Side Wall

L — 426

Y

Improve Uniformity: Control the Ratio of VHF Power Near the
Fundamental f to VHF Power at Harmoni F, Through Control of
the Proportion of Power Up-Converted from f to F, by Controlling
the Difference Between the Variable Output Frequency of the VHF
Generator and the Fundamental Frequency f

Reduce Center—High Plasma Ion Density Distribution by Decreasing\
the Ratio of VHF Power at F Relative to VHF Power at f

Y

Reduce Edge-High Plasma lon Density Distribution Nonuniformity d
by Decreasing the Ratio of VHF Power at the f Frequency
Relative to VHF Power at F

| — 428

— 430

— 432

Y

Improve Uniformity by Adjusting the Impedances of the Center and ]
Edge Return Paths of Either or Both F and f to Either: (a) Channel
More Current Toward the Edge in Order to Suppress a Center—High
Non-Uniformity or (b) Channel More Current Toward the Center to

434

Suppress an Edge-High Non-Uniformity

FIG. 13




