METHOD FOR PRODUCI NG THI CK CRACK- FREE COATI NGS FROM HYDROGEN QQD“S-‘S ‘)

SI LSESQUI OXANE RESI N This invention pertains to a methpgdSfor
‘producing crack-free coatings froma hydrogen sil sesqui oxane resin (H
resin) on a substrate, preferably a sem conductor. substrate. The coatings
have a thickness of greater than 1.25 pmand are useful as interlevel

dielectrics in the nmanufacture of Ssem nduct or devi ces. The
use of H- resiEISIODN FORS PRODURITING THICH B SIRER CO2EENGS SFROM REBROYAKI ON
coatings in the manufacture of <584 d8Md/{es i s known in the art.

Under the current application nethod, the Hresin is spun onto the

sem conduct or device and any solvent is renoved to produce a Hresin film
on the device. This filmis then heated by placing the sem conductor . .
devi ce on hot plates %}SO[err]C to 350[err]C) to soften and flow the

Hresin and finally tA&ishjavepsiosn IP&#‘@AI@(M g inetthed cipr dbydueingng
for..1 hour. Howeve
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produced. Tgegén)hon hagebstiatedt preferably a semiconductor substrate. -
The coatings have a thickness of greater than 1.25 pm and
are useful as interlevel dielectrics in the manufacture of
semic;nductor devices. _
"7 The use of H-resins in the formation of interlevel
dielectrics and passivation coatings in the manufacture of
~semiconductor devices is known in the art. Under the
current application method, the H-resin is spun onto the
semiconductor device and any solvent is removed to produce a
H-resin film on the device. This film is thgn heated by
placing the semiconductor deVi%é on hot plates {(150°cC. to
350°C.) to soften and flow the H-resin and finally the
hydrogen silsesquioxane film is cured by heating in an oven
at about 400°C. to 450°C. for 1 hour. Howéver, under
current application methods, a thin 1aye; (<1.2 pm) of H-
resin ceramic is produced. These thfg layers do not

adequately cover the metalllayer and therefore it is
required to apply over the H-resin ceramic a thick CVD Si0p
layer to produce an interlevel dielectric.

U.S. Patent No. 4,756,977 discloses the use of H-
resin in the production of mono- or mﬁlti—layer coatings on

integrated circuits. According to ‘977, a solvent solution



adéquately cover the metal layer and therefore it is required to apply
over the Hresin ceranic a thick CV/D Si2 |ayer to produce an interlevel
"dielectric. U S. Patent No. 4,756,977 discloses the use of H
resin in the production of nono- or nulti-layer coatings on integrated
circuits. According to 977, a solvent solstion

2 of Hresin is applied to-the device, the solvent is renoved and the
coating is ceramified by heating to a tenperature of between 150 and

1000[ err] C. The nono-layer coatings produced by the nethod described in

' 977 have a thickness of approximtely 3,000 to 5, 000 angstronms (0.3 to 0.5
[err]m. of H-resimaifoabPdirdr teetheddeviceputihey sdmesith i aremasedknown

in the art. ver, these wethods all result in.thin (< 1.25 coat i ngs.
For - exanpl «200, ERE-epBRERR I8 C8Eandiri et Y basdtabl Rol 3 kel e 0e
curing of HhetfébR 15028nENEHDORENDSFAR! fiond-Tayda %‘aiaﬂ\i%gé,fp%&ﬁgd %éal ns
the cure of Hresin in an inert atnosphere at tenperatures of 500[err]C to

1000[ err] C. theomethgdt esknidbedoin PAY7 baSe Rattdvickkesssaf/0, 904 teaches a

net hod for the fornmatjon_o hi ck _si licon oxide fi)l wherein the net hod
conpri ses f%?ﬂ¥ﬂ§1%§F9#¥s?nBPblﬁPoﬁ'Pﬂg enerkromsnd O eFﬁhﬁ%é? ating the
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[err]80@6ofkmhen§bntehé art. However, these methods all result in thin
(< 1.25 pm) coatings. .For example, U.S. Patent Nos.
5,380,§g;l 5,370,904 apd 5,370,903 describe curing of H-
resin in an inert atmosphere. U.S. Patent No. 5,380,567
claims the cure of H-resin in an inert atmosphere at
temperatures of S00°C. to 1000°C. (coating thickness 0.2
pm) . U.S. Patent No. 5,370,904 teaches a method for the
formation of thick silicon oxide films wherein the method
comprises forming a H-resin film on the surface and
thereafter heating the film in an inert atmosphere at a
temperature of from 250°C. to 500°C. untii the SiH content
in the silicon oxide product has reached £80% of the content
in the original H-resin (coating thickness 1.0 - 1.23 pm).
U.S. Patent No. 5,370,903 discloses another method for the
formation of thick silicon oxide films wherein the method
comprises forming an H-resin film on the surface and

thereafter heating said film in a mixed gas atmosphere (<
20% vol. O03) at a temperature of from 250°C. to 500°C. until
the SiH content in the silicon oxide product has reached

<£80% of the SiH content in the starting H-resin (coating

thickness 1.02 - 1.10 pm).



in the original Hresin (coating thickness 1.0 - 1.23 pm). U S. Patent No.
5,370, 903 di scl oses anot her nethod for the formation of thick silicon oxide
filnms wherein the nethod conprises formng an Hresin fil mon the surface
and thereafter heating said filmin a mxed gas atnosphere ([err] 20% vol.
(Jerr]) at a tenperature of from 250[err]@ to 500[err]C wuntil the SiH
content in the silicon oxide product has reached [err]80% of the SiH
content in the starting Hresin (coating thickness 1.02 - 1.10 pn).

3 * Additionally, U S Patent No. 5,059,448 applies the use of

rapi d thermal processi .tQ prqduce coatings of 1 pmor less (0.13 to
0. 845 [err]_rr).p I n ' 488CY i Y rﬁarq'se%(%%'ecﬁ¢%9d'4ﬁ%rﬁﬂ’ﬁ%bﬂ§ity

radi ation ten@uigle %edbild¢helrn &éﬂ}g@f &gy [&84d fhgl %ot 1
1000[ err] C s Thlbé'ker coatairj]nggg have en pﬁﬁue by at]fsogad%ll ng
fillers to wmeok desisn.(0HdBeter 0 .I94Gayse Of I |48 prideeH-eresing £ibmeisect
of the filler on the propertigs of the coating, these coatings are not

necessari | ySXBPE&HI &Cad PAOEr LBFEnsdity cadiiaddonrdio auimitly hea: theent
\o. 5,460, 53,5hqus i BoLor, L B Aol coali s on
y apply evice a coa

el ectroni c devi ces Ing to sai ing conprising a silica

precursor and a fill erhiekért beaedhiger Hare @A lprodREE B} !alﬁbéthfddfﬂﬁ
to convert the_silica @recursor.to a silica containing ceramc matrix.
coatings prbdkdegsnhioethr Hrresins ofopevies.4desause of filler tpresence

desirabl e tg,Rayf.t e kRt §221hRAIEiR2IYEE] he properties of the

coating, these coatings are not necessarily suitable as

nt
he

interlevel dielectrics. For example, U.S. Patent No.
5,458,912 shows a method for forming tamper-proof coatings
on electronic devices by applying to said device a coating
comprising a silica precursor and a filler; and thereafter
heating at a temperature sufficient to convert the silica
precursor to a silica containing ceramic matrix. The
coatiﬁgs produced have thicknesses of 20 to 48 pm.

It is desirable to have thicker coatings produced
from H-resin to adequately cover the metallization.
However, when thick coatings are produced using'the current
processing methods, they contain undesirable cracks.

It has now been unexpectedly found that whén the
cure conditions (time, temperature and environment) are
controlled, a crack-free insoluble coating having a
thickness of greater than 1.25 pm is readily produced from
H-resins. These thick coatings have properties equal to or
better than the thin coatings produced in the prior art and

are especially suitable as interlevel dielectrics.



from Hresin to adequately cover the netallization. However, when thick
coatings are produced using the current processing nethods, they contain
“undesi rabl e cracks. It has now been unexpectedly found that when
the cure conditions (tinme, tenperature and environnent) are controlled, a
crack-free insoluble coating having a thigkness of greater than 1.25 pmis
readily produced from Hresins. These thick coatings have properties equal
to or better than the thin coatings produced in the prior art and are
especially suitable as interlevel dielectrics.

4 This invention pertains to a nmethod for producing crack
free insoluble coatin@hisaihmgnaiohipénéainsftgraamethpﬂaﬁor 2&qduaﬂngfron1
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of tinme to produce the crack-free coating having a t nes f greater

than 1.25 [esatimg Teempesses appryingny B£1lertdsisnHatestinecomposhoigen
contai ni ng envi ronnent. The coatings of the instant invention are

produced byoRERIFi FEPELFaEE cANGsEheEaREELE| Bﬁaéé#ﬁr PaidgrRsi&siat énto a
substrate. nc bydr S n td ng of
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bonded to silicon through the oxygen atom forms a hydrol yzable
subst|tuentgrqater than 1.25 pm.  The resins herein may be cured in an

inert or oxygen containing env1ronment

The coatings of the instant invention are produced
by applying a fillerless composition comprising H-resin onto
a substrate. A suitable H-resin includes hydridosiloxane

resins consisting of units of the formula HSi(OH)x(OR)yOz/2,

in which each R is independently an organic group or a -
substituted organic group which, when bonded to silicon
through the oxygen atom, forms a hyarolyzable substituent, x
=0 to2, y=0to2, z=1¢to3, x+vy + z = 3. Examples of
R include alkyls such as methyl, ethyl, propyl and butyl;
aryls such as phenyl; and alkenyis such as allyl or vinyl.

These resins may be essentially fully condensed (HSiO3/2)p

wherein n is 8 or greater or they may be only partially
hydrolyzed (i.e., containing some Si-OR) and/or partially
condensed (i.e., containing some Si-OH). Although not
represented by this structure, these resins may also contain
a small number (e.g., less than 10%) of silicon atoms which
have either 0 or.2 hydrogen atoms attached thereto or a small
number of SiC bonds due to various factors involved in their

formation or handling.



=0to2 y=0to2 z=1to3, x+y+z=3. Exanples of R include

al kyl s such as methyl, ethyl, propyl and butyl; aryls such as phenyl; and
‘al kenyl s such as -allyl or vinyl. These resins may be essentially fully
condensed (HSi @/2)n wherein n is 8 or greater or they may be only
partially hydrolyzed (i.e.,. containing soge Si-OR) and/or partially _
condensed (i.e., containing sonme Si-OH). Although not represented by this

structure, these resins may al so contain a small nunber (e.g., less than
1099 of silicon atoms which have either 0 or 2 hydrogen atons attached
thereto or a small nupber of SiC bonds due to various factors |nvolved I n

their formation or hah giﬁgove H-resins and methods for their

i 083 th t
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conprising hydrolyzing trichlorosilane in a benzenesul fonic acid hydrate
hydrol ysi s ARHEin B ‘f‘PFé‘FﬁW WR s P HA00 cepm tsinkanaldi bynia pnextass or
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aryl sul fom&cmlmydwﬁ@tlg,mlggwlmdmgﬁ HAG Q:HéH 'B}ﬂvfa%‘ﬂ %/;El.% is then

contacted with a neutralizing agent. hydr | xane
resins, suckesisltansarerigt wikhl watess datasnteduss sxﬂ,ﬂﬁﬁ,@%mhd 5, 210, 160;

those pr Od%ﬁﬁlfélrﬂy drl?é y trgltarhoa.l @Wloorls%c{)r )glfelsl aarllle alllrt]:e%:'rlllatlve
method compr151ng hydrolyzing hydridosilanes in an
arylsulfonic acid hydrate hydrolysis medium to form a resin
which is then contacted with a neutralizing agent.

Other hydridosiloxane resins, such as those
described in US Patent Nos. 4,999,397 and 5,210,160; those
‘produced by hydrolyziﬁg an alkoxy or acyloxy silane in an
acidic, alcoholic hydrolysis medium; those described in JP-As
59-178749, 60-86017 and 63-107122; or any other equivalent
hydridosiloxane, will also suitably function herein.

Specific molecular weight fractions of the above
H-resins may also be used in this invention. Such fractions
and methods for their.preparation are taught in U.S. Patent
Nos. 5,063,267 and 5,416,190. A preferred fraction comprises
material wherein at least 75% of the polymeric species have a

" number average molecular weight of 1200 or greater - and a more
preferred fraction comprises material wherein at least.75% of
the polymeric species have a number average molecular weight
between 1200 and 100, 000.

The H-resin ma? also contain a platinum, rhodium

or copper catalyst to increase the rate and extent of cure of



‘aci‘dic, alcoholic hydrolysis nedium those described in JP-As 59-178749,
60- 86017 and 63-107122; or any other equival ent hydridosil oxane, will also
"suitably function herein. Speci fic nol ecul ar wei ght fractions of
t he above Hresins nmay also be used in this invention. Such fractions and
met hods for their preparation are taught 6 n U.S. Patent Nos. 5,063,267 and
5,416, 190. A preferred fraction conprises material wherein at |east 75% of
t he pol yneric species have a nunber average nol ecul ar wei ght of 1200 or
greater and a nore preferred fraction conprises material wherein at |east

75% of the ’:é]ymerl C speci es:L ave a nu er aver a nol ecul ar _wei ght
bet ween 12 d:eﬁ%l pofpenerally, anyrpdaginum, %WI%BrCGHPRFﬁ a
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RhCl [ err] [ SEs3lers 3 S GH2EHRGHS) pf. ér'rPPFéF-Fle SBOR ReY £PERiBEW
Cor ni ng Oor orati on nd,, Mch,, or cu naphhh;nat e are al i
accept abl eC %‘t‘ﬁ al oF & § &< RARRLARBALE a5f Bddween 5

R TV ah b e R el e
descri bed iof lbe‘iyd%ﬁi anttdNA000, P 0¥/ platinum, rhodium or copper,
based on the'weight of the H-resin present. Platinum and
rhodium.;;talysts useful herein are further described in U.S.
Patent No. 4,822,697.

Ceramic oxide precursors may also be used in
combination with the H-resin herein. The ceramic oxide
precursors contemplated include compounds of various metals
such as aluminum, titanium, zirconium, tantalum, niobium
and/or vanadium, as well as various non-metallic compounds,
such as those of boron or phosphorous which may be dissolved
in solution, hydrolyzed and subsequently pyrolyzed at
relatively low temperatures to form ceramic oxides.

The above ceramic oxide precursors generally have
one or more hydrolyzable groups bonded to the above metal or
non-metal, depending on the Valenée of the metal. The number
of hydrolyzable groups included in these compounds is not
critical as long as the.compognd is soluble or dispersable in
the solvent. Likewise, selection of the exact hydrolyzable
substituent is not criticél since the substituents are either
hydrolyzed or pyrolyzed out of the system. Typical
hydrolyzable groups are alkoxy, such as methoxy, propoxy.

butoxy and hexoxy; acyloxy, such as acetoxy; other organic



Cerami c oxide precursors may also be used in conbination with the Hresin
herein. The ceram c oxi de precursors contenpl ated include conpounds of
various netals such as alum num titanium zirconium tantalum niobium
and/ or vanadium as well as various non-netallic conmpounds, such as those
of boron or phosphorous which may be dissglved in solution, hydrolyzed and
subsequently pyrolyzed at relatively |ow tenperatures to forn1ceran1c

oxi des. The above ceram c oxide precursors generally have one or
nore hydrol yzabl e groups bonded to the above nmetal or non-netal, depending
on the valence of the_netal. The nunmber of hydrol yzable groups included in
t hese conpoqﬁﬁgpﬁsbﬂ%@eért?l%%}daﬁetéhgoéanmmm%: o&hmbmghs@mmexgem
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such as net hoxy, propoxy, butoxy and hexoxy; acyloxy, such as acetoxy; .
ot her organﬂébutoxy lacetYka@@@nQOQdeﬂlmmnmumctrmﬂeétxia¢eten&neu t hr ough
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addi ti onal lva@l@;s@m&ed 4,FB¢8 653 Pad a0ds B0 £hB08, 53,354 008, 320 and

>, 290, 354. __When ceramic oxide precursors are combined with H-
resin, it is generally used in an amount such that the final
coating contains 0.1 to 30 pefcent by weight of ceramic oxide
precursor.

The H-resin is usually applied to the substrate as

a solvent dispersion. Suitable solvents include any agent or
mixture of agents which will dissolve said resin to form a
homogeneous liquid mixture without affecting the resulting
coating. These solvents include alcohols such as ethyl
alcohol or isopropyl alcohol; aromatic hydrocarbons such as
benzene or toluene; alkanes such as n—heptane, dodecane or
nonane; ketones such as methyl iso-butyl ketone; esters;
glycol ethers; and siloxanes such as cyclic dimethylpoly-
siloxanes and linear dimethylpolysiloxanes (e.g." '
hexamethyldisiloxane,.octamethyltrisiloxane and mixtures
thereof). The solvent is present in an amount sufficient to
dissolve the H-resin to the concentration desired for
application. Typically, the solvent is present in an amount
of 20 tb 99 Wt%, preferably from 50 to 80 wt%, and most
preferably at 55 to 75 wt%, based on the total weight of said

resin and solvent.



When ceram c oxide precursors are combined with H resin, it is generally
used in an anount such that the final coating contains 0.1 to 30 percent by
wei ght of ceram c oxide precursor. The Hresin is usually
applied to the substrate as a sol vent dispersion. Suitable solvents include
any agent or mxture of agents which wilB dissolve said resin to forma
honogeneous |iquid m xture without affecting the resulting coating. These
sol vents include al cohols such as ethyl al cohol or isopropyl alcohol;
aromati ¢ hydrocarbons such as benzene or tol uene; al kanes such as

n- hept ane, dodecane or, nqnane; t opes. such as, nethyl i.so-butyl kefone;
esters; glycol et hers,‘gpz?r?d'qﬁ'icl MSSM Eiy artc“é'f rﬂfkﬁh%o‘%/?’?e%q-llloxanes
and |inear dneald BRSNS @B daee% t 1 d Sy e
octanet hyltri si I_oxang’l and m xt gfes ﬁecr eo ET%ISA&Iﬁvéent 'S ’pr%]é%“r'lt in an
anmount suf f coa¢ingt o scitieeno prd ntiagHarnes ithe d ik ¢ @ee Prref evred atétlesd f or

application, Tyg%ciLly,,the,solvent is present _in an ampunt of 20 to 99
Wt % pref er 2By ePPIACEE 108 46 FPIR SoatIvG- pibes abispliends i usedy v
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spi n coat i ngubstpateakiesgltipgainc ¢hie dgpositiodoalf Y H-SEHaD Primtdmg and
the like. The preferred nethod for application is spin coating. Wen a
solvent is G88dSUPREXr8EPyenfnys syf neanga foraeyapasiatian denttdien
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heat (£50°C.) or during the early stages of the cﬁring proézgs.
It should be noted that when spin coating is used, the
additional drying method is minimized as the spinning drives
off solvent.
Following application to the substrate, the H-
resin is cured to a crack-free insoluble coating by heating
for a sufficient time at a temperature of 150°C. to 500°C.,
preferably 200°C. to 400°C., and more preferably 300°C. to
380°C. By “insoluble coating”, it is meant a coating that
is essentially not soluble in the solvent from which the H-
resin was deposited to form a film or any solvent delineated
above as being useful herein for the application of the H-
resin. By “crack-free”, it is meant a coating that does not
contain any cracks visible to the human eye when examined
under an optical microscope at 1000X magnification.
Any method of heating, such as the use of a
convéction oven, rapid thermal processing, hot plate and

radiant or microwave energy may be used herein, preferably



([eérr]50[err]C.) or during the early stages of the curing process. It
shoul d be noted that when spin coating is used, the additional drying
‘method is mnimzed as the spinning drives off solvent. " Fol | owi ng
application to the substrate, the H resin is cured to a crack-free

i nsol ubl e coating by heating for a sufficPent tinme at a tenperature of
150[err]C. to 500[err]C., preferably 200[err]C. to 400[err]C., and nore
preferably 300[err]C. to 380[err]C. By "insoluble coating”, it is neant a
coating that is essentially not soluble in the solvent fromwhich the H

resin was deposited to forma filmor sal vent del.ineat gd _abpye as being
useful her ePRt BL3LRE -ap ec&ﬁté‘r?rgofuste?‘ﬁg st R rﬁawf%roaﬁk’??‘?%%fﬁf it is
meant a coag| ggigl thd089 1ROk of VA Ide APE" L8l e to the human eye
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when exam ned un an optical mcroscope at 1000X magni fi cati on.

Any met hod of heati ngTheudaratiore afsainfe echamnwds icoatolen, is dpealtédietonl
processing, hot plate and radiant or mcrowave energy may bhe used herein,
preferably cure will depgyd gnatde epvdnanueit (udng g deabpiige the
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envi ronnment reuel ag Wwhechedt ig, hidated amidktdidithidkndiLiot tthe Hepéein
(soak tenperature), the rate at which it is heated and the thickness of the

Hresin fil film:_ hA§hbiohexk scakp serperatunes dndighdiigh®ncent rati ons of
oxygen in th ure_envi ronnent, t re.ti i1 hor t.er...Jvpically,
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from 1 second to 2 hours, preferably from 5 seconds to 30

minutes.

_ If the coating is not heated long enough or is
heated too long at the soak temperature, then cracking will
reéult. Essentially, there is a window of time at a given
soak temperature and environment for a given coating
thickness that will produce a crack free coating. At lower
soak temperatures, this window is larger. As the
temperature increases, this window decreases. Further, as
the amount of oxygen present in the environment increases,
this window decreases. For example, for a film thickness of
2 um; when the film is cured in an inert atmosphere (< 50

ppm O2) at 320°C., the window for cure is from 2 minutes to

120 minutes. At 380°C., the window for cure is from 0.01
minute to S minutes.

When the coatings are not heated long enough,
cracks develop when the coatings are cooled to room

temperature. It is believed that it is possible to



heated too long at the soak tenperature, then cracking will result.
Essentially, there is a window of tinme at ‘a given soak tenperature and -
environnment for a given coating thickness that will produce a crack free
coating. At |ower soak tenperatures, this windowis larger. ‘As the
tenperature increases, this w ndow decregges. Further, as the anount of
oxygen present in the environnent increases, this w ndow decreases. For
exanple, for a filmthickness of 2 pm when the filmis cured in an inert
atnosphere (< 50 ppmdJerr]) at 320[err]C., the window for cure is from?2
mnutes to 120, m utis. At 380[err]C_, the window for cure is fromO.01
mnute to SYAPR&TéReal the cracig.by; fursben heating the momtang dier a

enough, cra ' p t i ng re cool.ed to_roomte rature. It
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repai r/ heal 1bhe, cepakksbyifiir abainhaatienspt WhepOdhen@ob¥ings Hfd Icdsta
period of tine. Wen coatings are heated too |ong, cracks wll again
devel op whekot FeoRohemRgsakuses ooHewevey, r demisemotr possdbldowmver, it is

not possi bl ently.repair these |ater. cracks. . The
env!ronnentE?%QﬁﬁﬁgﬁE?#eQ%PgégiEﬁ?ﬁﬁnﬁﬁgefufﬁac#§'typica!Iy an inert
environnent such as nrhéoggiirshfieAtanfl HBLEHMEAe A0 BN RN £ U N9
oxygen (e.g, air). As the oxygen content in the environnent increases, the
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reduced. Further. .the window of .time during which a crack-free coating wll
be producedaﬂﬁfké£§fﬂa?Foﬁ%d?nVﬁEﬂnﬂﬁﬁgiﬁﬁgﬁﬁlpbﬂgr°F¥ﬁﬁ§ré?u9ésaeéﬂg.

[err] 330[ erxd Ghe 6iyéénpé@ﬁ@éﬁediﬁOtﬁéV§n9¥¥SﬁﬂeﬂEeiﬁ@&éﬁges, the
minimum time required to cure the H-resin to a crack-free
coating will be reduced. Further, the window of time during
which a crack-free coating will be produced will be
narrowed. When heating at lower temperatures (e.g.
£330°C.), it is preferred to have oxygen present to
accelerate the cure. However, when heating at higher
temperatures (e.g. 2340°C.), it is preferred to use an inert
environment. |

The Curing may take place at atmospheric,
superatmospheric or subatmospheric pressures, preferably
atmospheric pressure. At lower temperatures, higher
pressures are used to accelerate the cure. Vacuum may be
used at any temperature.

The rate at which the coatings are heated to the
soak temperature plays a role to produce crack-free
coatings. If the heating rate is fast, then the window of
time in which a crack-free coating is produced will be

longer or higher soak temperatures and/or higher coating



accel erate the cure. However, when heating at higher tenperatures (e.g.
[err]340[err]C.), it is preferred to use an inert environment.

The curing may take place at atnospheric, superatnospheric or

subat nospheric pressures, preferably atnospheric pressure. At |ower
tenperatures, higher pressures are used tp accelerate the cure. Vacuum nay
be used at any tenperature. The rate at which the coatings are

heated to the soak tenperature plays a role to produce crack-free -
coatings. If the heating rate is fast, then the wi ndow of- tinme in which a

crack-free ating is produced wil|l be |gnger or higher soak tenperatures
and/ or hi ghg lgkﬁg?ﬁ“&s may be achigyed trgrasaciddi eV e hout

cracking. OBohReat9l! 52" tne helt sl dalcad di[?gtesgdﬁ,l U Rl ot JEOW.Of

time in which a crack-free coating s produt ~shorter or" | ower
soak tenper atimeeinantiich wedueek-forid RPAIink ies WoOMddd ReiTEagRsSary to
achi eve a crack-free coating. Thi ck coatings may be produced

herein by f8PRFEETaC%i AGWET: Foak FpmbsFaturiass ealicox aresydedncaating
thereafter Eﬁﬁ.hﬂﬂe!%gﬁrwﬁﬂ ey re%:elr? % orécg ti | %V%T%%Ed_ﬁ]%&%%s may al so

be produced herern by formng a esin _ i ng under
our control tedtingdi ti ons and then repeating the process until a_desired

t hi ckness i s achieved. The coatings of this invention have a

t hi ckness of N Thick coatings may be produced herein by forming a
single thick hydrogen silsesquioxane film and thereafter
curing GEAer our controlled conditions. Thick coatings may
also be produced herein by forming a thin H-resin film,
thereafter curing under our controlled conditions and then
repeating the process until a desired thickness is achieved.

The coatings of this invention have a thickness of
at least 1.25 pm, preferably of 1.25 to 10 pm, and most
preferably of 1.5 to 2.2 pm.

The coatings produced by our method are useful on
any substrate, such as metals or ceramics, but are
particularly useful on electronic substrates. By
“electronic substrate”, it is meant to include silicon based
devices and gallium arsenide based devices intended for use
in the manufacture of a semiconductor component including
focal plane arrays, opto-electronic devices, photovoltaic
cells, optical devices, transistor-like devices, 3-D
deﬁiceg, silicon-on-insulator devices and super lattice
devices.

The chemical composition and molecular structure

of the insoluble coating produced hereiﬁ is not fully

understood. However, it is believed that the composition is



at least 1.25 [err]m preferably of 1.25 to 10 pm and nost preferably of
1.5to 2.2 pm The coatings produced by our nmethod are useful on
any substrate, such as netals or ceramcs, but are particularly useful on
el ectronic substrates. By "electronic substrate, it is meant to include
silicon based devices and gallium arseni de based devices intended for use
in the manufacture of a sem conductor conponent including focal plane
arrays, opto-electronic devices, photovoltaic cells, optical devices,
transi stor-1like devices, 3-D devices, silicon-on-insulator deélcef'an?
super lattige.devices. . The chem cal caonposition and nol ecul ar
stPucture oalﬁﬁgrﬁﬁgoﬁﬁﬁpe19589PH&ebﬁ&ﬁﬁ%&gﬁmﬂﬁﬂq¥ﬁ§§lﬂﬁ{Ganﬂpwn cure
under st ood. ' hakbdl SHDEhLe a S RAR e -
12 diffe?ggyggsoﬁﬁF%gb?ﬁbﬁgbégggﬁﬁ%%%%%%%ﬁggggﬁ54¥§q5%§§§knﬁi?cﬁethods

based on théreej getcp) opheti axe( blehdleress usinaclour id1eEme’t Gyrd hat are
achi eved using our clained cure process. . - The coatings produced
herein may BECSFPFred to a wafer prior to the application of any

metal li zati on. They a ppli e t.al Lization_as .an interl evel
dielectric or they m@xgebggtﬁ?ﬁg% ggogﬂ %§ %&gg".l\%‘af‘\aa’n%&ﬁpﬁ’ﬁg‘%%o té’orﬁ)l ete
the formatiwatet phbolevbCehe applicatioAddift bagaetallliSatiRft." OMifey
substrate can be_bare (i.e. no passivation) or the substrate can havée a

primary pasifVa®len. bguapppiednpyepameradiizsation bs eor dmterdemedlngs such
as silica, &iéi&QErEétSLdEhe§i%5§°Be0358i985 as a top passivation
coating“E; complete the formation of the device.

Additionally, the electronic substrate can be bare
(i.e. no passivation) or the substrate can have a primary

- passivation. Such primary passivation can be ceramic
coatings such as silica, silicon nitride, silicon carbide,
silicon oxynitride, silicon oxycarbide, PSG, BPSG and others
deposited by CVD, PVD, PECVD or sol-gel approaches. Primary
passivation and methods of depositing are known to those
skilled in the art. The primary passivation, when present,
has a thickness of 30 nm to 300 nm.

Additional coatings may be applied over the
insoluble coating if desired. These include, for example,
8i0y coatings, SiOp/ceramic oxide layers, silicon containing
coatings, silicon carbon containing coatings, silicon
nitrogen containing coatings, silicon oxygen nitrogen
containing coatings, silicon nitrogen carbon containing
coatings and/or diamond like coatings produced from
deposition (i.e. CVD, PECVD, etc.) of amorphous SiC:H,

diamond and silicon nitride. Methods for the application of



sil'icon oxynitride, silicon oxycarbide, PSG BPSG and others deposited by
CvD, PVD, PECVD or sol-gel approaches. Primary passivation and net hods of
"depositing are known to those skilled in the art. The primary passivati on,
when present, has a thickness of 30 nmto 300 nm Addi ti ona
coatings may be applied over the insolublig coating if desired. These
include, for exanple, Si2 coatings, Si Q2/ceranic oxide |layers, silicon
containing coatings, silicon.carbon containing coatings, silicon nitrogen
contai ning coatings, silicon oxygen nitrogen containing coatings, silicon
ni trogen carbon contai ning coatings,and/or dianond |ike coatin pr Qduced
from deposFEFBnceatEngg\are R ipctheqart gapghgye @Pé?HFoﬂgaﬁﬁﬁﬁﬂhnd
silicon nitgbdershEhNOfsy | QkahllfePRh 635L OBalbnt Nos. 4,756,977 and -
13 such coafTnigs aré known 1n the art and are nore cofpletély

descri bed, U0$. erap@he, Non 8, ®L1Paoent Nos. 4,756,977 and U.S. Patent No.

5, 011, 706. The net hod of apEIying an addi tional coating such as

silicon carbide is nothermetked eh® ngan madiional gqatdng suah -

chem cal v r [ t] technj S . t chem.cal v r

deposi ti ona%)#cvae]?g%#m?aoc le‘fﬁ ca qtb}pcﬁﬁ%&gcp%&siatq‘%@c& %?%%glﬁﬁa%%%d

cheni cal vaaes)l HEPIsy tdr8h (HREEEAL iRt IqupoRidid dedieser gaichEGR) and

j et vapor eposition. It is also feasible to be applied by physical
therm§1 chemical vapor deposition (TCVD), photochemical wvapor

deposition, plasma enhanced chemical vapor deposition
(PECVD))aglectron cyclotron resonance (ECR) and jet wvapor
deposition. It is also feasible to be applied by physical
vapor deposition techniques such as sputtering or electron
beam evaporation. These processes involve either the
addition of energy in the form of heat or plasma to a
vaporized species to cause the desired reaction or they focus
energy on a solid sample of the material to cause its
deposition. .

So that those skilled in the art can better
understand aq§ appreciate the invention taught herein, the
following eiamples are bresentéd.

EXPERIMENTAL PROCEDURE:

A hydrogen silsesquioxane resin (H-resin)
composition comprising 40 wt% H-resin (HSiO3,2)p. prepared
according to U.S. Patent No. 3,615,272 and having a number
average molecular weight of between 9,800 and 13,900, was
dissolved in a low molecﬁlar weight polydimethylsiloxane and
was used in the following examples. Several 10.2 cm (4

inch) diameter sample wafers were coated with H-resin using



vapor deposition techniques such as sputtering or electron beam
evaporation. These processes involve either the addition of energy in the
"formof heat or plasma to a vaporized species.to cause the desired reaction
or they focus energy on a solid sanple of the material to cause its

deposi tion. So that those skill#fed in the art can better
under stand and appreciate the invention taught herein, the follow ng
exanpl es are presented. EXPERI MENTAL PROCEDURE: A hydr ogen

si | sesqui oxane resin (Hresin) conposition conprising 40 w% H-resin
(HSiC{err]G%gir repared accordipg UBS. Ea e , g %15,%§ and
having a ni ?Aaﬁggfaﬁ%lﬁn?%%g?ﬁra&e?éﬁ?. T ?&@gh 5238 a nd %@00, maé
di ssol ved !whfefé)%é@aeﬁé&afh@ew%érméﬁeg npbp¥l 8itREaNBazBdwatiessysed in
the foll owi ng exanples. Several 10.2 cm (4 inch) dianmeter sanple wafers
wer e coat edvafiers thaebng aslayer of PECVD SiOx deposited thereon or 14
a Headway[err] spin coater at 2000 rpmfor 40 seconds.- The wafers used for
t he experi rdmgnakly exidizedsbl iperrwalfeyas éPThampahgSaOkiyer of PECVD
SiJerr] deposited thereon or thermally_oxidized silicon wafers ("Therna
SiJerr]"). The cure system used consisted of a hotplate, a
culture petri dish, a modified glass funnel with nitrogen
"inlets and an infrared temperature reader. The hotplate was
preheated to a temperature of 20 to 30°C. higher than the
temperature listed in the following Tables. Then, the spun
wafer was introduced in the petri dish by lifting up the
glass funnel during which time the nitrogen flow was 2-3
times that used during the cure process. The surface of the
wafer was raised to the desired temperature (typically
requiring 40 to 60 seconds), the nitrogen flow was reduced
and the wafer was heated for the desired time at the
temperature reported in the tables.
Following cure, the petri dish containing the
wafer and the funnel were removed from the hotplate surface
and cooled rapidly. The nitrogen flow was maintained until
the coating surface temperature was below 30°C. The coated
wafer was taken out of the system and the coated surface was
examined for cracks by optical microscope at 1000X
magnification using both a dark and bright field. Several
wafers were also broken and their cross-section was viewed

using a scanning electron microscope to verify that the

coatings were free of cracks and had not delaminated.



The cure system used consisted of a hotplate, a culture petri dish, a
nodified glass funnel with nitrogen inlets and an infrared tenperature

" reader. The hotplate was preheated to a tenperature of 20 to 30[err]C

hi gher than the tenperature listed in the foll ow ng Tables. Then, the spun
waf er was introduced in the petri dish bylfifting up the glass funnel
during which tine the nitrogen flow was 2-3 tines that used during the cure
process. The surface of the wafer was raised to the desired tenperature
(typically requiring 40 to 60 seconds), the nitrogen flow was reduced and

t he wafer was heated r.t desired tinme at the, tenpergture reported in
t he tabl es. h%@lnl g%ené:oaﬁ;&g i t1c2 p?é’(rrqdedir%r?%rﬁaféﬁ FHE OGRS R
and the funpak wareieamowtd sl AR Rikdve Sidane aaid £99 efogari dly.

The nitrogen flow was maintained until the coating surface tenperature was
bel ow 30[ er PhEegeTWescoatettsgdf.er was taken out of the system and the coated
surface was exam ned Eg%ugracks by opt.ical m croscope at 1000X

magni fi cation using b t&aﬁ?daﬁ?ﬁ&H§$ﬂ:RﬁﬁQQ§S¥§9MQQBdi&$Q#§;@Eﬁe al so
broken and Liigkh £hoTEHIBE! 108 YRR WrReowrs 10 A AU Grfd OFL T ON

m croscope to verify that the coatings were free s and had not

del ami nat ed. Figure 1 is a graph portraying the cure Wien
the coating was cured in air the cure process was carried out as described
above exceptSTREF2EURL LBgef - pURYEURa$hFoCUFSefime in minutesres fThe Himnd

s }ogﬁir flc Proeeshl 80aEoRY bECRAN NS BRIl chlRelt bvdr 313/ Raedd
having Ezimary passivation comprising a 100nm (1000 A) liner

of PECVD applied SiOx as further described in the above

experimental procedure and comparative Example 1. The
crack-free envelope for these parameters is visually
displayed within said figure. The data points for this
figure were taken from Table 1.

Figure 2 is a graph depicting tbe cure temperature
in °C. wversus the cure time in minutes on silicon wafers
having an H-resin coating of 1.5um applied thereon over the
primary passivation layer as described for Figure 1. The
cracking threshold for these parameters is provided therein.
The data pgints for this figure were taken from Table 2.

As seen from the results and'figures, when the
coatings are heated for an insufficient period of time (too
long or not long enough) then the coating cracks when it is
cooled to room temperature. However, when the coating is
heated for a sufficient period of time, the coating does not

crack when subsequently cooled to room temperature.



Figure 1 is a graph portraying the cure tenperature in [err]C. versus the
cure tine in mnutes. The H resin coating of 2[err]mis applied therein
over silicon wafers having primary passivation conprising a 100nm (1000 A
liner of PECVD applied SiJerr] as further described in the above
experimental procedure and conparative Exgwple 1. The crack-free envel ope
for these paraneters is visually displayed wwthin said figure. The data
points for this figure were taken from Table 1. Figure 2 is a
graph depicting the cure tenperature in [err]C versus the cure tine in

m nutes on silicon wafers having an Hresin coating of |.5[err]mapplied

t hereon oveéggﬁégéggﬁgﬁﬁzggggﬁkgtion Iayer as described for Figure 1. The
cracking threshol d fop &&ﬁ%ﬁ ' i | [ . ata _
points for this flgure vvere tgﬁen ro ?E%d%fjxtéﬁr? Sl‘g;g% Bromthe
results andplegHred a\ef&%&cﬁ% "t%ﬁfd 39S P%.rt%ﬁx) e%edsf 815227034l %.('\:I‘E?lb | Bon

period of tlne (too long or not |ong enoug thén"the ¢oafing cra
it is cool sumberraveragepmoiecutar Hoaktgkt , ofilisetwéen ca80Mgand 1hesoed for

a sufficient period of tipe, the coating_does not crack when_subsequently
cool ed to rwﬁg1géﬁﬁ8ig?9rén a low molecular weight polydimethylsilopane

COVPARATI VE
(HSlC{err])fggﬁyﬁggﬁéﬁgP dégé%rgéﬁg-[ggahgggggté%bﬁﬁgéggﬁ%%%§§ gsaﬁ%
having a nwabeusedeiagehiel examplewei @htl0of niveidieaie tdr8 Gn@ke kia P,

with a 100 nm PECVD SiOx liner was coated with the H-resin

using a Headway™ spin coater at 2100 rpm for 40 seconds.
The coating had a thickness of 2 pm. The coated wafer was
lplaced on hotplates at 150°C., 250°C. and 350°C. for 1
minute, respectively gp@ep_nitrogen atmosphere. The coated
wafer was then placed in a quartz tube furnace and cured at

400°C. for 1 hour under a nitrogen flow (O; content was kept

to less than 10ppm). The resulting coating was cracked and

severely delaminated."



was di ssolved in a | ow nol ecul ar wei ght pol ydi net hyl si|l oxane (75%

hexanet hyl di si | oxane, 25% octanethyltrisiloxane) and was used in this
exanple. A 100 mm di aneter sanple wafer with a 100 nm PECVD SiJQerr] liner
was coated with the Hresin wusing a Headway[err] spin coater at 2100 rpm
for 40 seconds. The coating had a thi cknekd of 2 [err]m The coated wafer
was placed on hotplates at 150[err]C., 250[err]C ‘and 350[err]C for 1

m nute, respectively under nitrogen atnosphere. The coated wafer was then
placed in a \?yuartz tube furnpace and cured at 400[err]C for 1 hour under a
nitrogen floWalderk] GBiR it aRlikegen iatmesgheranonoppnyaters wakhl i ng
coating was cracked and severdiy crdtinga{See Fig. 1) _

17 Table 1: Cure in a nitrogen atnosphere on Si wafers with a

Cr¥clkédCKeraskagkpd Cracked Ter;p

2pm coat i ng cduRe Hlrabked Yo cFfake
Ti me Ti FRomp i fidy) ([er r% (n*(?/%% (mn.) (mn.)
Vos0 - 45g) | min.) | (min.) mifie | 2% 0o
Y 380 13207 2 Y_320 Y 5
N 320 340 fp 25 N 320 Y 15
N 320 350 30 33 N Y '

360 0.167 Y

380 - |0.017 Y

320 5 N

320 ) 10 N

320 15 N

320 30 N

340 1.5 N

340 4 N

340 - 8 N

340 10 N

340 11.5 N

350 0.42 N

350 0.5 N

350 - 0.75 N

350 . 1 N N

‘1350 2 N

350 10 N

350 10.42 N

360 1 N

360 4 N

360 5 N

380 0.083 N

320 120 Y

340 12 Y

350 10.833 Y

360 7.5 Y

380 5 Y




340 N 340
N 340 8 N 340 10
N 340 11.5 N 350 0.42
N 350 0.5 N 350 0.75
N 350 1 I8N 350 2
N 350 10 N 350 10. 42
N 360 1 N 360 4
N 360 5 N 380 0. 083 N
320 Table 2: Cure in]20nitrogen Wt3aisphere on Si wafers with 42
Y 350 1 Hﬁnﬁiﬂﬁ:atlng Y(ﬁé) Fig. 2) _ 7.5
Y 380 ' S
18 Tab ni s with a
1.5[err]m ggigng %ﬁEFki%g %Slme %Ir;l:aec]%ed %ﬁé Cracked
Cracked Ten:a<> )\ rﬁ ) . @ () [err] C.) (mn.)
(mn.) y dmdn. min.)  |{min.) Y 350 0. 167
Y 360 38833 Y 34( 1.5
N 340 350 9.167 N 34( Y 9
N 340 360 030833 N34 Ty 14
N 340 1.5 N

340 - 5 N

340 . 9 N

340 o 13 N

340 14 N

350 0.17 N

350 0.33 N

350 3 N

350 5 N

350 9 N

360 1 N

360 3 N

360 7 N

340 14.25 Y

350 12.5 Y

360 - 7.5 Y



350" 0.17 N 350 0.33
N 350 3 N 350 5
N 350 9 N 360 1-
N 360 3 N 360 7
N 340 14. 25 19 Y 350
12.5 .Y 360 7.5 ‘ Y
19 Table 3: Cure in an air atnosphere Wafer Tenp Cracked
No Cracked Cracked Thickness Type ([err]C) Tinme Crack Tine
( Y/ N) ([err]m Table 3(:miQude idiare air (dmbsphere
(mn.) PECVD 250 1.5 . + N _2..00 PECVD 250
2.0 VD : = Y
2 o reont BT Lonl Lo [mndy |t o |
1 Y £ 'f:ila.re 300°> me” | Hm)
2.10 Bare | 300 min.) =1 Time (ming) 2.03 Bare 320 | 1
Y R—2ZBdre 320 (ming) N 2.07 Bare
320 PECVD | 250 -| 10 ¥.5 2.28 Ba¥e 300{2.00
10 Y| PECVD | 250 1] PECVD 25®2.0 T.9n 2.03N
1.52 PECVO 2BOvD | 320 |0.1670 N Y L5535 .12

PECVD | 320 0.5 N 2.2

PECVD 320 1 Y 2.41

Bare {300 1 N 2.10

Bare | 300 3 Y 2.03

Bare | 320 1 Y 2.27

Bare | 320 : 3 . N 2.07

Bare {320 10 Y 2.28

Bare |300 10 Y 2.11

PECVD | 250 1.5 N 1.52

PECVD | 250 2.0 N 1.55




200 dains 1. A nethod of producing a coating conprising
applying a fillerless conposition conprising hydrogen sil sesqui oxane resin
‘onto a substrate to forma filmof at least 1.25 [err]mthick, and

heating the filmat a tenperature of 150[err]C. to 500[err]C. in an inert
or oxygen containing environment for a pgnme sufficient to produce an

I nsol ubl e coating free of cracks having a thlckness 0

2. The nethod as clained in claim1 wherein the |nert
envi ronnent . 3. The nethod as cl ai rred ”mm ')ﬁ Hﬂﬂumn t he

filmis heated in an oxygen containi ng environnent -

nmethod as FH*HB8 in claim 1 wherein the insol uble coatlng has a thlckness
of 1.25 to 10 pm 5. The method as clained in claim1l wherein
the substrate is an electronic substrate.

1. A method of producing a coating comprising
applying a fillerless composition comprising
hydrogen silsesquioxane resin onto a substrate to form a
film of at least 1.25 pm thick, and
' heating the film at a temperature of 150°C. to
500°cC. Eg—an inert or oxygen containing environment for a
time sufficient to produce an insoluble coating free of

6racks having a thickness of at least 1.25 pm.

2. The method as claimed in claim 1 wherein the

film is heated in an inert environment.

3. The method as claimed in claim 1 wherein the

film is heated in an oxygen containing environment.

4. The method as claimed in claim 1 wherein the

insoluble coating has a thickness of 1.25 to 10 pm.

5. The method as claimed in claim 1 wherein the

substrate is an electronic substrate.



21" 6. The nethod as clained in Clain]iaﬁﬂgéflfolﬁiiﬂyﬂmli'tiOn
is applied on an electronic substrate over netalli i

‘The coating obtainable by the nethod as clained in:cl l ‘

8. A crack-free insoluble coating produced froma fii I mm ““‘MN‘ on
conpri si ng hydrogen S|Isequ|oxane resin2laving a th| nQSSLofHatsleast
1.25 [err]m

6. The method as claimed in claim 5 wherein the
composition is applied on an electronic substrate over -~ = =

metallization.

7. The coating obtainable_by the method as

claimed in claim 1.

8. A crack-free insoluble coating produced from a.
fillerless composition comprising hydrogen silsesquioxane

resin having a thickness of at least 1.25 pum.



