PROCESS FOR PRODUCI NG SEM - CONDUCTOR COATED SUBSTRATE
Field O The Invention The present invention is
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for use in sem -conductor processing in which the
surface of the - substrate is first roughened to
pronote adhesion of a coating material. The surface is
then treated to reno inlng part| on the
substrate and therea Méggé e@%@ﬁ)ﬂihﬁi | _oxi de
conposi tion. BagkMENDYCTER ) SYBHHRATE e
materials such as quartz are used for a variety of

purposes in the seni-co 8t T'n lgllt{’i (e.g. a
dielectric barrier in eM—%ﬁ—éﬁan‘oers). The
surface of the substrate often nust be nechanically
enhanced_to increase the surface area. Mechani cal

enhancenkift PEgserddnyentinmis grearally direcied g preducing a substrate
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Coq@ér'é%ftgpcbét%d%}dmhfrﬁéﬁl SXib AP UitidH. Lo prepare the
surface by I ncreasing the surface area to pronote
adhesi on of a new | ayer of coating material. However,
bead bl asting can create a su % Hhat cont ai ns smal
particles which can n ating
applied to the surface. Sone success has been obtai ned
by subsequently treating the bead bl asted substrate

sur f ace Suhstrate naatgrialsi siichnas guadarardiusieddige awhrdefyeaf purposes
- in the semi-conductor industry (e.g. a dielectric barrier in etch processing
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chambers). The surface of the substrate often must be mechanically
enhanced to increase the surface area.

Mechanical enhancement can be accomplished by treating the surface
with an abrasive material under pressure, known generally as bead blasting
such as disclosed in U.S. Patent Nos. 5,202,008; 5,391,275 and 6,565,667,
each of which is incorporated herein by reference.

Bead blasting is often used to remove an existing coating on the
substrate surface and/or to prepare the surface by increasing the surface area
to promote adhesion of a new layer of coating material. However, bead
blasting can create a surface that contains small particles which can
adversely affect the coating applied to the surface.

Some success has been obtained by subsequently treating the bead
blasted substrate surface with strong acids which can dislodge embedded
particles and loose fragments and therefore provide a cleaner surface than
can be obtained by bead blasting alone. However, the combination of bead



particles and | oose fragnents and therefore provide a

cl eaner surface than can be obtained by bead bl asting
w@bk@smosobowever, the conbi nati on of beadbl ast i PgI/ESTH05/009108

acid treatnment does not consistently renove all

particles fromthe treated substrate surface. In

addition, the remaining surface can contain jagged

portions which when the substrate is further process
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5rad| of requency excites argon atons, driving themto
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surf ac sem -conductor materials such as mark
- by prmomjbeEaIdMSi@n of thes material(e) retclEatfranotie, waf&r as weII as seal
in the particles caused by the bead blasting process. The application of the
coating is due to a formation of the plasma inside the application gun and is
20 typically applied and created through gases such as hydrogen, nitrogen,
argon, helium and mixtures thereof. Previous methods to achieve particle
free bead blasted quartz surfaces were performed via chemically etching the
surface of semi-conductor materials such as marketed by the BOC Edwards

Division of the BOC Group, Inc.

25
This type of process is an application where a post bead blasted metal
or insulator material is chemically etched to remove both embedded impurities
and to remove loose fragments of the substrate caused by the mechanical
modification of the surface.
30

In some plasma etch systems, loosely held particles of the substrate
material remain and can adversely affect the integrity of the substrate and the
semi-conductor assembly in which it is incorporated. The system of



This type of process is an application where a post
bead bl asted netal or insulator material is chemcally
wermbeoss® renove both enbedded inpurities andpeDUS2005/009108

renmove | oose fragnments of the substrate caused by the

mechani cal nodification of the surface. In sone plasma

etch systens, |oosely held particles of the substrate
material remain and can adversely affect the integrity
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sem - conductor processing in which the surface

Summary Of The Invention

20 The present invention is generally directed to a process for producing a
substrate suitable for use in semi-conductor processing in which the surface
of the substrate material is treated with an initial surface roughening operation
and further treated to remove loose particles formed during the surface
roughening operation. The roughened surface is eventually coated with a

25 coating composition containing at least one metal oxide. Such metal oxides
include aluminum oxide, zirconium oxide, yttrium oxide, silicon dioxide,
combinations thereof and the like in order to provide a thin layer coating.

In a particular aspect of the present invention, there is provided a
30 process for producing a substrate suitable for use in semi-conductor
processing, said process comprising:
a) roughening the surface of the substrate material to produce
microfissures therein;



of the substrate material is treated with an initial
surface rougheni ng operation and further treated to

WO eovewesIBoose particles formed during the surfBCEUS2005/009108

rougheni ng operation. The roughened surface is

eventually coated with a coating conposition

containing at |east one netal oxide. Such netal oxides

i ncl ude al um num oxi de, zirconium oxide, yttrium

oxi de, @)l coneaﬂmgxthderougbeibémsurfaoe to hemwé atnikashsubstantially
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the roughened surface to renove at |east substantially
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one nmetal oxide. In a preferred enbodi nent of the

present invention, the coating conposition contains
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applicatio rgure”is a grap ration o

t handderténteaded talimitaneinvemtion sasermcdryadsed Bthe/clagms of the
a coating conposition to a roughened substrate surface '

i n apPlieakRhce with the present invention. Detail ed
Description O The Invention

The Figure is a graphic illustration of the components of a plasma
spray assembly for applying a coating composition to a roughened substrate
surface in accordance with the present invention.

Detailed Description Of The Invention

The present invention is generally directed to a process of producing a
substrate to make it suitable for use in semi-conductor processing in which
the surface of the substrate is first roughened and then eventually coated with
a thin layer of a coating composition which is desirably dielectric to provide a
non-conductive surface of substrate material suitable for further processing
into semi-conductor assemblies.

The surface of the semi-conductor material must first be roughened to
remove surface materials therefrom which can adversely affect the properties

30 of the substrate material and which improves the adhesive capability of the

surface to make it suitable for the formation of semi-conductor assemblies
such as wafers and the like. The substrate material can be any material
suitable for use in the semi-conductor industry such as quartz, ceramic, metal



The present invention is generally directed to a
process of producing a substrate to nake it suitable
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surface of the substrate is first roughened and then
eventually coated with a thin [ayer of a coating
conposition which is desirably dielectric to provide a
non- conducti ve surface of substrate material suitable
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treating the roughened substrate material with an immersion bath typically

containing relatively high concentrations of strong acids such as nitric acid

20 and/or hydrofluoric acid. Typical concentrations of the strong acids are from

15 to 50 volume percent, preferably from 25 to 35 volume percent. The acid

immersion bath contains strong acids at sufficiently high concentrations so

that it is capable of facilitating the removal of at least some of the particles of

substrate material remaining on the substrate surface. In a preferred process,

25 the roughened surface is chemically etched to remove both embedded

impurities and to remove loose fragmenté of the substrate material caused by

the mechanical modification of the surface.

While the acid etch treatment system described above works

30 effectively to remove loosely held particles, it has been observed that the
microfissures of the roughened surface can still form additional particles
during further processing to produce semi-conductor assemblies. Jagged
edge pieces of the microfissures can be dislodged or broken off from the



the surface including particles | odged within the
m cr of i Ssures, These | odged particles can be renoved

substrate material with an imersion bath typically

contai ning relatively high concentrations of strong

acids such as nitric acid and/or hydrofluoric acid.
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sur face.
include zirconium oxide, yttrium oxide and/or aluminum oxide. The presence

of zirconium oxide and particularly as a major component of the coating
20 composition is preferred. In a preferred form of the invention, the coating

composition will contain at least 92% zirconium oxide. Zirconium oxide is a

preferred component of the coating composition because it has shown to be

more chemically pure than other metal oxides such as aluminum oxide.

Aluminum oxide often contains small amounts of sodium oxide. During the
25 plasma process, the sodium is transferred to the substrate material.

The coating composition is desirably applied as a plasma, the
formation of which is schematically shown in the Figure. Referring to the
Figure, a plasma spray assembly 2 for producing a plasma spray 4 of the

30 coating composition can be created by providing a suitable gas from a source
6 for developing a plasma, typically from hydrogen, nitrogen, argon, helium
and mixtures thereof. The plasma gas is combined with the coating
composition materials 8 (e.g. zirconium oxide) which is supplied to a plasma



The coating conposition used to formthe thin coating
may be any coating conposition which forns an
webdosovsose, preferably dielectric coating and wem/vk2005/009108
prevents di sl odgenent of particles of the substrate
surface during further processing of the substrate
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Figure, a plasma spray assenbly 2 tor producing a
pl asma spray 4 of the coating conposition can be

creat ed tovi ding.a suitable gas..fro SO e 6 .. .
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addition to preventing the formation of undesirable particles from the jagged

20 portions of the microfissures, also provides a smooth substrate surface which
provides better adhesion properties for continued development of semi-
‘conductor assemblies and significantly reduces the presence.of undesirable

gas on the surface (i.e. reduces outgassing).

25 In a further and preferred embodiment of the present invention, after
substantially all of the loose particles of the substrate material have been
removed from the roughened substrate surface, the roughened substrate may
then be ultrasonically cleaned, typically in deionized water preferably while
immersed in an ultrasonic cleaning tank of the type described in U.S. Patent

30 No. 5,651,797, incorporated herein by reference.



can be applied as a thin | ayer on a previously

roughened substrate such as a substrate roughened by
whemd/oiHoast i ng. Conpressed air or other suitabb@r/us2005/009108

conpressed gas is provided froma source 10 to the

plasma gun 9 to propel the nelted materials in the

pl asma gun to the surface of the substrate. In

addition, frozen water in the formof ice crystals

froman icer 12 is provi dedEXAMBIE gl asma gun to
control the tenperature of the plasma spray which is

provided fromthe plasma gun. The thickness of the
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e oo A ARTRRof B s ik BB composion
herwntalbing gbetaﬂhan B88d/Blumihum oxide to form a coatlng on the surface
of the wafer having a thickness of 0.002 inch to produce a coating layer which
possessed sufficient adhesion to at least substantially prevent particle
20 dislodgement during subsequent processing for the formation of semi-
conductor assemblies.

EXAMPLE 2

25
Samples 2-18 were prepared in the same manner as Sample 1 except
the coating material, the coating thickness and surface roughness of the wafer
were modified as shown in Table 1.



A thin wafer substrate nmade of quartz having a | ayer

of silicon dioxide (Sanple 1) was bead bl asted with
whemd/ogf3ci | i con carbide to create a surface reamis®es009108

in the range of 180 to 220 micro inch Ra using a 0.03

inch cut |ength. The bead bl asted wafer was then

treated with an acid bath containing 33% v/v of 70%

strength nitric acid, 33%v/v of 69% strength

hydrof l uoric acid and 34% of dei oni zed water for

bet ween one to two m nutes. %L%Tus treated wafer was

rinsed in deionized water an asoni cal Iy cl eaned

in deionized water at >5.0, M at a tenperature

of 75 - 900F for two ni nng%'%e?q?lnoggsHR%rasoni c cl eani ng
Stank described in U S Patent 5,651 ,797. The
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13 Zirconium Oxide 0.006 B
14 Zirconium Oxide 0.006 B
15 Zirconium Oxide 0.006 B
16 Zirconium Oxide 0.010 C
17 Zirconium Oxide 0.010 C
18 Zirconium Oxide 0.010 C

*-A=180-220 1 in Ra
B =230-270 yin Ra
C =280-320pin Ra

10  **- All Zirconium Oxide samples contained 92% zirconium oxide and 8% yttrium oxide

Each of Samples 2-18 exhibited a coating layer which possessed
sufficient adhesion to at least substantially prevent particle dislodgement
during subsequent processing for the formation of semi-conductor

15 assemblies. Zirconium oxide coatings are preferred over aluminum oxide
coatings because they exhibited less outgassing, less water vapor retention
and less retained anion and cation species on the surface of the substrate
material.



sufficient adhesion to at |east substantially prevent
particle dislodgenent during subsequent processing for

w0 besoesosmt i on of sem - conductor assenblies. ZP@TUSI005009108
oxi de coatings are preferred over alum num oxide
coati ngs because they exhibited | ess outgassing, |ess
wat er vapor retention and | ess retai ned ani on and
cation species on the surface of the substrate
maMV¥hatds AR 18's Claim s : 1. A process for producing
a substrate suitable for use in sem conductor
processing, said process conprising: a) roughening the
sur f ace 1of tfﬁepmttéﬁsrﬁirqarﬁdnah'gada dubspatelsaitable for use in semi-
m crofissures therein; treatlnﬁﬁihe roughened

sufpaddctop prmwgaﬁaqdéagpeg%ﬁgm NgF1y all particles
of the g bs”é‘?&n&ﬂﬁ Irt'h@I %%eOQUBQF%EOH@?§Pth0 produce

sur face; ’and coat ngt e roughened surface w
coaticrufissorgsothieteinn cont ai n| ng at | east one netal

oxi de. 2. The process of 1 wherein the su t at .
% B soq litiac s doahosed SErans o gAMate af st Substantially
co

o S2ticles G i Ribtrats MAGhATonRA DINE, BEbAGned surface; and
conposi )on |cx>aheg etheedotighenad | swiacediwith de, ceating mmmposﬁlon

oxi de, .zi rc OXI de tI ri um oxi de and conbi nati ons
thé’PEtﬁ' mga qqgep 6'P tlaim3 wherein the

coating conposition conprl ses zirconi um oxi de and
yttriumoxide. 5. The process of claim1 wherein the
step of Zoat ilhg presesafeleiiad wherei thecsihstrale ds comprised of a

9ensiBHL SIBcRUFIR 158 GRS ESHLidtinY Gdfartz, ceramics, metals and

metal oxides.

3. The process of claim 1 wherein the coating composition is
selected from silicon dioxide, aluminum oxide, zirconium oxide, yttrium oxide
and combinations thereof.

4, The process of claim 3 wherein the coating composition
comprises zirconium oxide and yttrium oxide.

5. The process of claim 1 wherein the step of coating the
roughened surface comprises generating a plasma comprising a plasma
generating gas and the coating composition and directing the plasma toward
said roughened surface in a manner sufficient to apply the coating
composition to the roughened surface.

6. The process of claim 5 further comprising generating the plasma
in the presence of compressed air.

7. The process of claim 5 comprising generating the plasma at a
temperature of from about 10,000 to 30,000°F.

10



generating gas and the coating conposition and
directing the plasma toward sai d roughened surface in

w@ 2008098980 suf fi cient to apply the coating conppSI/USDNS/009108
to the roughened surface. 6. The process of claim5b
further conprising generating the plasma in the
presence of conpressed air. 7. The process of claim5b
conprising generating the plasma at a tenperature of
from about 10,000 to 30,000 OF.8. The process of claim

5 wherein th | asma generat | as 1s,.selected from,. .
the grofp corldiesPIassrOhgaIBgBTatpl, tEeREsa, gensrating gas is
helsplaidad frof el igesup kensiafing 9f harod¥Gae8geh, &lgdhMhélium and
wherein the step of roughening the surface of the
subdxtusesthaieet.i al conprises: a) contacting the

substrate material with solid particles of a
rougheni ng material to produce a surface roughness in

the range of THeoHredsyst of haitrp 13 Athdieitr thd tép RS- robighening the
The process of claim9 wherein the surface roughness
i s spdace shthersubsiratadnatesial aampses:pr ocess of claim 1

wher ei n jhe %to?i?aé?%\g: ﬁ@é‘gﬁ%ﬁéﬁewgnﬁr‘%ﬁUéélﬂlceparticles of a

conpri s€s i nersin _ rate in a hig

conowghierihg anatesial 4o gpradude cosusfase W@ughmessiinrtheatamge of from
12. The process of claim 11 wherein the concentration

of abput 5596?1329@'&“? E‘Ch;%?ﬂ 15 to 50 vol une percent.

13. The process of claim 11l wherein the concentration

of the strong acid is from25 to 35 vol une percent.

14. The 10 ocddwe pfocelssi of daimiSewbiereintbeisurtacei rmugbaess is 200-

0480’ icFo inch Ra.
11. The process of claim 1 wherein the step of treating the
roughened surface comprises immersing the substrate in a high

concentration, strong acid containing immersion bath.

12. The process of claim 11 wherein the concentration of the strong
acid is from 15 to 50 volume percent.

13.  The process of claim 11 wherein the concentration of the strong
acid is from 25 to 35 volume percent.

14.  The process of claim 11 wherein the immersion bath comprises
nitric acid and hydrofluoric acid.

156. The process of claim 11 further comprising removing the
substrate from the immersion bath and cleaning the substrate.

16.  The process of claim 1 wherein the depth of the microfissures is
up to about 0.005 inch.

11



nitric acid and hydrofluoric acid. 15. The process of
claim 1l further conprising renoving the substrate

w0 eastdeso0 | mrer si on bath and cl eani ng t he subseCEUS2005/009108

16. The process of claim1l wherein the depth of the

m crofissures is up to about 0.005 inch.17. The

process of claim1 wherein the depth of the

rricrofissures is up to about 0.006 inch. 18. The _
process 18f ciThAemrecesepkriaing Hevberelk iesdepth efitbe microfissures is

Cpabiﬁ?%boﬁtélbfofd@bﬁm to fill and cover the
m ¢

I'Ssur es The process of claim18 wherein the
t hi ckness of the coating is up to about 0.010 inch.
20. Theagrocess of claiml wherein the step of coat

the roudRenedNEURTOGERS O FRIMs EWVhRIBIN, ey thittness2f W@ coatlng is
Cogﬂfﬁﬁietn‘t %‘fil‘&ﬁff&@\ﬁéﬂh@lﬂﬂ@fﬂﬁé{g containing a

pl asnma process o i m20 conprising
appl yi ng the coating conposition in the formof a

| t f fram 10, Q0QOF to 30, 00
52" The 181 oc 408 BPOEFLAH PRI WPRFaR dhe ShiEkngs aF fe coating i
di §h 46 bbbt 6930 iRéh.

20. The process of claim 1 wherein the step of coating the
roughened surface comprises applying the coating composition in the form of
a plasma containing a plasma gas.

'21. The process of claim 20 comprising applying the coating
composition in the form of a plasma at a temperature of from 10,000°F to

30,000°F.

22. The process of claim 1 wherein the coating is a dielectric

coating.

12



