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Origin of Productivity Losses in Etch Process
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Killer defect from Aluminum Etch Process?

1) A"A systematic Study and characterization of adva
Applications for Plasma Etching Processes in Sem
Products Group, Lam Research Corporation, Fremont, CA www.intechopen.com/download/pdf/34479

Courtesy Dr. Hong Shih
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Basic equipment consists of 2 electrodes (1 and 4) that create an
electric field (3) that accelerates ions (2) towards substrates (5).
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Etch Chemistries of Different Etch Processes

Material Being Etched Etching Chemistry
Deep Si trench HBr/NF3/O,/SFs
Shallow Si trench HBr/Cl,/O,
Poly Si HBr/Cl,/O, HBr/O,, BCly/Cl,, Sk
Al BClI3/Cl,, SiCly/Cl,, HBI/CI,
AISiCu BCI3/Cl,/N,
W SK; only, NR/Cl»
TiW SF6 only
WSiy, TiSi;, CoSp CClLF,/NF3, CRJ/Cl,, ClL/N2/CaFg
Si0; CF4/O,, CR/CHF5/Ar, CoFg, C3Fg,C4Fg/CO, GFs,
CHF;
SisNg4 CF4/O,, CHR;/0,, CHF,, CH,CHF,

Table taken from Semiconductor Devices - Physics and Technology by S.M. Sze. (pg. 440)
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Yttria; Yttrium Oxide, YO,

: Widely used as thermal sprayed and PVD applied films for pla:
erosion resistance

Thermal spray Yttria usually applied on anodized or bare
aluminum alloys

|

PVD Yttria usually applied on quartz and ceramic components
where there is a need for transparency

|

V)
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SMS L D22 x200 500 um S§3400 15.0kV 10.0mm x2.00k BSE3D 30Pa 8/18/2010 15:19 20.0um

Plasma Sprayed Yttria on Aluminum E Beam Yitria on Quartz

Note scale difference, PS yttria approx. 300 microns, PVD yttria 4 microns
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An issue with PVD coatings is achieving crack free coatings on large
parts. Typically in E beam processing the part temperature has to be
elevated and the part subject to RF ion cleaning prior to deposition. The
temperature uniformity and efficiency of cleaning determine the cracking
tendency and adhesion of the coating. Smaller parts with simple
geometries as better suited to PVD applications.

PVD coating peeling in
etch operation, window
di ameter 180
1.50
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Therefore, there exists a need for development of alternate means for
depositing Yttria on quartz and other ceramics including Si, amenable to
complex geometries with the possibility to coat tube/hole interiors as
encountered in quartz shower heads and gas transfer pipes.

Key Design Requirements

1) Vapor or vapor like precursors

2) High Deposition rate

3) Economical

4) High density

5) Very good adherence

6) Low particulate generation

7) Transparency

8) Good erosion resistance in plasma etch environments
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This sounds like CVD attributes!!!

Yes, but CVD of Yttria is usually conducted using Yttrium TMHD
(Tris(2,2,6,6 tetramethyl-3-5-heptanedionate)Yttrium. This has low
evaporation rates at atmospheric pressure and requires reactive oxygen to
form yttria. Generally, means a chamber application. This leads to size
limitations and good chamber design to optimize precursor gas flow in
chamber for coverage. Too much work and the precursor is expensive.

Our approach involves application at atmospheric pressure using simple
liquid precursors blending the science of thermal spray (splat theory) with
CVD principles. This process leads to transparent yttria coatings fulfilling
the requirements listed previously. The process can be conducted in a
glove box to achieve semiconductor level cleanliness. This is a patent
pending process.




The process equipment consists of a precision liquid delivery system, a
atomizing apparatus (Ultrasonic nozzles with a supersonic accelerating head
for particle impingement deposition or a nebulizer for slow vapor delivery into
holes etc.) A heated platen for substrate, we can also use heat lamps. A
furnace for improving the coating microstructure.

Various Yttrium containing compounds can be used, each has certain
advantages and disadvantages. These range from propoxides, nitrates,
citrates, Y(tmhd)3 and Yttrium butoxide.
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In our approach, small particles are formed from 2 to 10 microns. Upon impact
these behave very much as thermal sprayed splats. Controlling the splat
spreading is dependent on the following;

Solution concentration and chemistry
Standoff distance (for impact mode)
Substrate temperature

Flow rate

SMS L D20 x180 500 um

SMS L D21 x180 500 um

SMS L D20 x180 500 um

Increased flow rate of solution >
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In our approach, small particles are formed from 2 to 10 microns. Upon impact
these behave very much as thermal sprayed splats. Controlling the splat
spreading is dependent on the following;

Solution concentration and chemistry
Standoff distance (for impact mode)
Substrate temperature

Flow rate

SMS L D23 x300 300 um

L D23 x300 300 um

Increased concentration of solution >
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In our approach, small particles are formed from 2 to 10 microns. Upon impact
these behave very much as thermal sprayed splats. Controlling the splat
spreading is dependent on the following;

Solution concentration and chemistry
Standoff distance (for impact mode)
Substrate temperature

Flow rate

L D21 x180 500 um L D20 x180 500 um L D20 x180 500 um

Increased thickness >
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Once variables are optimized for any particular solution chemistry, process
control is straightforward and very repeatable. We have found to maintain
transparency coatings of 2-5microns are optimal. The coating forms chemical
bonds with quartz and other ceramics so is very adherent in fact in plasma
etch trial thin coatings do not peel off so particulate control is very good.

By

SMS L D19 x1.0k 100um

SMS L D23 x10k 10um

Top view Cross-section
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3 microns yttria deposited onto
monitor window

m Surface Modification Systems Inc. ITSC Houston 2012



Plasma etch tests were conducted in CF,/O, environments. It was apparent that
the bare quartz was substantially etched while there was no loss of
transparency for the coated quartz

TRANSPARANT YTTRIA ON QUARTZ

UNCOATED COATED

Plasma Etch test conditions

Tool CF Flowrate OxygenFlowrate | Power (watts)
cc/min cc/min

BT1 (Plasma Etch 25
Inc.)
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Etched surfaces were examined under SEM. Heavy damage was sustained by
the bare quartz while the yttria remained pristine. This is surprising since similar
test conditions on polished plasma sprayed yttria and bulk? show the onset of
dimpling in 1hr versus the 3 hrs. studied here.

. B o et ¥ 4

sws 024 60y  19um sMs L D24 x6.0k  10um

Bare Quartz after erosion Yttria coated quartz after erosion
2; Kitamura J. etal, AStructural, mechanical and
coatings by axi al i njection of fine powder slurr

ITSC 2009.
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Plasma etch attacks high energy boundaries such as splat interfaces, grain
boundaries, areas of compositional variations, defects etc. In our approach the
precursor is liquid, yttrium oxide forms from condensation reactions upon
evaporation of the solvent. Further exposure to moderate heating consolidates
Y-O bonds between adjacent yttrium compound molecules. These temperatures
are too low to cause any substantial grain growth so one would expect very fine
grains or near amorphicity. This may aid in plasma resistance since we have a
resistant material with no grain boundaries or gross defects for the plasma to
attack. X-ray diffraction studies are being conducted to confirm these
assumptions. The low erosion rate of this coating should aid in lowering
particulate as well as protecting the components.




Other related work being conducted at SMS

1) Cleaning of coated quartz parts, parts cleaned in wet chemicals have shown
no degradation of the coating, this indicates all condensation reactions have
been completed and the coating is sound.

2) Actual hardware, windows, gas distribution heads and focus rings are being
coated for testing.

3) Alumina and silicon components coatings are to be optimized.

4) A modified application is being developed for Yttria plasma spray sealing.
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Assortment of quartz parts; Focus rings and windows for
Yttria process
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