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SEASONING OF PLASMA REACTORS

e Deposition on reactor walls during

L] ¥ T T 4
a process changes surface S cleaniug stepr——
. a . -~ 5000
-\ |

reactivity (e.g., seasoning). E .t 21
. . ot =
e Seasoning changes reactive fluxes 3 ], &
= — 8
to substrate. To control wafer-to- = 4s00f /./__.. g
wafer variability: 2 ||/ \ | =

e Clean the seasoned chamber B P O A

following each wafer. 1z 3 4 5 6 7
Wafer number
e Season the chamber prior to Ref: E.S. Aydil et al., JES 150, G418 (2003)

process.
e Seasoning of reactor has been computationally investigated:
o Accounted for variation of IEDs and reactivity on all surfaces

o Feedback control implemented to mitigate process drifts.
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HYBRID PLASMA EQUIPMENT MODEL (HPEM)

o Electromagnetics Module: Antenna generated electric and
magnetic fields

o Electron Energy Transport Module: Beam and bulk generated
sources and transport coefficients.

e Fluid Kinetics Module: Electron and Heavy Particle Transport,
Poisson’s equation

e Plasma Chemistry MC
Module: IEADs to
surfaces

Solve for
Boltzmann & Electron
Energy Equations or

Surface Coverages/
Species

Solve for
Maxwell Equations B

Electron MCS

o Surface Chemistry
Module: Surface
coverage and reactive
sticking coefficients.

Energy Distributions
and
Fluxes

Fluid Equations

Poisson’s Equation ES
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VIRTUAL PLASMA EQUIPMENT MODEL (VPEM)

o VPEM—A platform to investigate real-time-control strategies.
e Sensor Module: Simulated sensors embedded in HPEM
e Control Module: Implements programmable control scheme

o Actuator Module: Based on set-point sensor reading,
actuator is reset.

Actuator Module Sensor Module

Control Module

P-PI-PID
Control Schemes
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Si ETCHING IN Ar/Cl,: WAFER SURFACE MECHANISM

o Cl adsorbs on forming SiCl, passivation layer.

Cl(g) + Si(s) - SiCl(s), p=0.99
Cl(g) + SiCl_(s) - SiCl_,,(s) p=0.2 Reactor
n —> n+ =V. e
1 Sticking SiICIIZ\/\,\>SiICI &

» lons etch passivation (for200ev). . = 4 AW
~12, 512 o

CI*(g) + SiCl(s) - SiCl,(g), p=0.3 Ree }C'*
] ] SiClo_4 Ar*, SiClp*
CI*(g) + SiCl,(s) — SiCl,(g), p=0.6 v\/c.2+, .
ixCly
M*(g) + SICl (s) — SiCl (g) p=0.6 Silicon Wafer

e Etch products further passivates, creating etch
blocks.

SiCl,(g) + Si(s) - Si,Cl,(s)  p=0.3
SiCl,(g) + SiCl. (s) - Si,Cl_,, p=0.1-0.2
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Si ETCHING IN Ar/Cl,: WALL SURFACE MECHANISM

e On chamber walls

SiCl,(g) + W(s) — SiCl,(s) p=0.2
SiCl,(g) + SiCl,(s) —» (no reaction)

Reactor Walls

Sticking S|CI2 sicl Cl
M*(g) + SiCl,(s) — SiCl(s) + Cl(g) /
p=0.1  SiClp Sici*
- - \e Ions cl, cl*
M*(g) + SiCl,(s) — SiCl,(g) + W(s) Sichye A SiCI* /

!)=-0.8 v\/mz*, cr* SiCl,

o Passivated walls effect reactivity

of Cl. Silicon Wafer
Cl(g) + W(s) — CI(s) p=0.1
Cl(g) + Cl(a) —> Cl,(g) + W(s) p=0.1

Cl(g) + SiCl,(s) — (no reaction)
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Si ETCHING IN Ar/Cl,

e Seasoning investigated for
Si etch products in Ar/Cl,,.

Total lon Density SiCl, Density
15T max =2.8x 10" cm™]| [max =9.0 x 10" cm[]

e Base case: 0 0 0

e Ar/Cl,=90/10, 100 sccm
e 15 mTorr, 300 W
e 75V bias at 5 MHz

RN
o

Height (cm)

e Silicon etching by chlorine
is the source SiCl,.

Substrate

e Transport of SiCl, results in  © '

10 5 0 5 10
deposition (and further Radius (cm)
sputter/etch) on other 0.01 I N 1.0

surfaces.
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lon Flux (cm?s™)

Neutral Flux (cm™s™)
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Si ETCHING IN Ar/Cl,:
REACTANT FLUXES

¢ Dominant ions are Ar* and CI*
due to dissociation of CI..

e Dominant neutrals are Cl, SiCl,
and SiCl,.

e SiCl, is potentially reactive with
surfaces; SiCl, is not.

e Ar/Cl,=90/10, 100 sccm, 15
mTorr, 300 W, 75V at 5 MHz.
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Si ETCH: ION ENERGY ANGULAR DISTRIBUTIONS

180

| |
e lon energies on wafer are bimodal, Wall | Quartz

typical of rf sinusoidal biases.

e lon energies on other surfaces peak

at time averaged @y, (38 V). ;120
)

e Quartz nearly always at @y ,¢nq- >
IEADs extend to higher energy on E::
grounded walls (oscillation in 60
(Dplasma )

e Reactivity of wafer and walls differ

due to differences in threshold R

energies and IEDs. Angle (degrees)
e Ar/Cl, =90/10, 100 sccm, 15 mTorr, 300 0011 VNN i i 1.0

W, 75V at 5 MHz lowa State University
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SEASONING EFFECT: ETCH RATE

e Si etch for 3 min for each wafer.

e Etch rate in seasoned chamber

decreases.

e Passivation of walls by SiCl,
decreases further reactivity of SiCl,
increasing density in plasma.

e SiCl, passivates wafer SiCl, sites
forming Si,Cl, etch blocks.

SiCl,(g) + SiCl (s) — Si,Cl_,.(s)
e lons removes Si,Cl, with no net

contribution to etch rate.

e Rate of change of etch rate
decreases with number of wafers;
chamber wall conditions stabilize.

ANKUR_AVS07_09

Etch Rate (A.min™)
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Ar/C1,=90/10, 100 sccm, 10
mTorr, 300 W, 75V at 5 MHz
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SEASONED CHAMBER ETCH RATE: VOLTAGE

o Si etch rates decrease with seasoning.

e With additional wafers etch rates 800F

stabilize as chamber seasons.

e Etch rate stabilizes sooner at higher s00F

voltages.

e Higher etch rates and more etch
products season chamber faster. 25V

e Larger ion energies remove 200 -
overlying Si,Cl, more rapidly.

50V

Etch Rate (A.min™)
H
o
o
|

In spite of lower reactivity of Cl on walls 09— 2 3 1 s

(and larger CIl in plasma), etch rates Wafers Processed
decrease due to site blockage. e Ar/C1,=90/10, 100 sccm, 10
mTorr, 300 W
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Wafers Processed

SURFACE COVERAGES:
WAFER

e As additional wafers are etched:

e Flux of etch products to wafer
Increases.

e Coverage of etch block, Si,Cl,
Increases.

e lons remove etch block,
exposing native Si.

e Chlorination of native Si
results In increasing coverage
of Si.

e Ar/Cl1,=90/10, 100 sccm, 15 mTorr, 300 W.
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REMEDY TO SEASONING:
REAL-TIME CONTROL

o Etch rate was controlled using a
feedback control loop as the chamber
seasons.

e Sensor: Etch rate monitor
Actuator: Voltage

e Without control:

e Re-deposition of etch product
blocks sites...reduces etch rate.

e With proportional controller:

e Voltage is generally increased to
sputter re-deposition products.

e Set-point etch rate is restored.
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RUN-TO-RUN CONTROL: ACTUATOR BIAS NOT RESET

1 I +H

= - /Wi h Control 1
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e Ar/C1,=90/10, 100 sccm, 10

mTorr, 300 W, 100 V at 5 MHz.
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e Run-to-run control was achieved

using a proportional controller

o After each run, a new wafer is
used, i.e. coverage of Si is 1.

_: e Bias voltage is not reset to actuator

setting from previous run(s).

e Chamber wall conditions lower
initial etch rate.

¢ Initially, aggressive voltage change
Is required to restore set point etch
rate.

o Ultimately, voltage is lowered as
high etch rates are enabled by high
bias voltage.
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Cl Flux Fraction
o
o0
o

-TO-RUN CONTROL: ACTUATOR BIAS NOT RESET

T~
I100 V?

1 2 3 4 5
Wafer Number

Ar/C1,=90/10, 100 sccm, 10
mTorr, 300 W.
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e B is the normalized rate of change of
voltage during each control case.

o At high biases:

o Aggressive voltage changes
makes it difficult to achieve
control.

e High ion flux and low passivating
radical flux.

e Chemical etch transitions to
physical etch.

e Lower 3 maintains CI radical flux
to a significant fraction of total
radical flux.
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RUN-TO-RUN CONTROL: ACTUATOR BIAS RESET

_900F " 11111 e Etch rate stability was achieved
= \ With Contr},, ] using run-to-run control as the
E 700 — - \{ l — chamber seasons.
5500 s T _Without Control _ e With proportional controller:
[ D N . ; o Bias voltage is reset to actuator
" ook setting from previous run.
- | N | |
il : e Enables initial high etch rates —
S | bias voltage is lowered
§ 5 e As chamber seasons, voltage
I increases to maintain set point
[ o S I B B etch rate.
Wafer 1 2 3 4 5
0 25 50 75 100 125
Time (controller time steps) e Ar/Cl,=90/10, 100 sccm, 10 mTorr, 300 W,
75V at 5 MHz.
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CONCLUDING REMARKS

e Chamber seasoning was investigated in Si etch using Ar/Cl,
plasmas.

e Etch rates decreased in a seasoned chamber.

o Seasoned reactor increases SiCl, flux back to wafer.

o Feedback of etch products (SiCl,) from the plasma form
Si,Cl, etch blocks.

e Removal of Si,Cl, does not contribute to etch rate.

e Sensors and real-time control will be required to mitigate
effects of seasoning.

e Proportional controller algorithm was used to maintain a
constant etch rate in both real-time and run-to-run.

e Sensor: Etch rate monitor

e Actuator: Bias Voltage

lowa State University
ANKUR_AVS07_16 Optical and Discharge Physics




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


