1 METHOD FOR FORM NG | NSULATI NG THIN FILMS This invention rel at e §03206 -/
nmet hods for formng insulating thin filns for sem conduct or dev'&pg§:§me|;/8',,0’
the met hod can i nduce condensation of silanol and dehydration to a hi
degree at or near anbient pressure. This invention also relates to a

sem conduct or- device conprising an insulating thin film produced by the
nmet hod of this invention wherein conductive |ayer corrosion is inhibited,
deterioration in insulating filmperformhnce is inhibited, and an increase
i n contact resistance between the upper and | ower |evel interconnects in
mul tilevel interconnect structures is inhibited. The increasing

m ni aturization of sem conductor elenents (i.e., the increasingly high
level of integration of sem conductor devices) has |ed to the usg/of

mul tilevel interconne MEEHORFORFEOBMINGINSHEATING THINFIEMS 1/Si | i con
oxide filnms produced by such nethods as CVD and spin coating are generally
used for the insulating filnms in sem conductor devices that contain such

mul tilevel intercyniReedentién telitésne methivdsiior doreing insulatingi thindfiltdsdor cont ai n
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i nt'erconnect semlpomuctm devied gomprising an insulating thin film produced by the method of this
. invention wherein conductive layer corrosion is inhibited, deterioration in insulating film
performance is inhibited, and an increase in coritact resistance between the upper and
lower levél interconnects in multilevel interconnect structures is inhibited.
| 'I_‘_he incmasmg- miniaturization of semiconductor elements (i.e., the increasingly
high level of integration of senﬁconductor'devices) has led to the use of multilevel
interconnect structures on semiconductor substrates. Silicon oxide films produced by
such methods as CVD and spin coating are generally used foi' the insuiating films in
scmiconductoxj_'de\_rices that contain such multilevel interconhect_slrucuﬁcs.
Semiconductor devices that contain multilevel interconnect structures can be
fabticated by forming the lower level interconnects on the semiconductor substrate with
separation therefrom by an interposed insulating layer; thereafter forming an interlevel
diclectric layer; elaborating via holes to the lower level interconnects by selectively
etching this interlevel dielectric layer; and filling these via holes with metal to create an
electrical connection between the lower level interconnects and the ypper level
interconnects. |
However; when the silicon oxide film interlevel dielectric layers are exposed to,
for example, the reagent solutions used for resist film removal during the etching step,
large numbers of hydrophilic silanol groups (Si-OH) are produced in the thin film. This
causes the problem of an increased hygroscopicity or moisture absorptivity by the film.
The resulting absorption of moisture by the interlevel dielectric level can end up causing
corrosion of the conductive layer and a deterioration in the insulating performance of the
interlevel dielectric layer. In addition, moisture that has become bound on the surface of

the interlevel dielectric layer and/or bas entered its interior can produce defects by



etching this interlevel dielectric layer; and filling these via holes with
metal to create an electrical connection between the |ower |evel
i'nterconnects and the upper |evel interconnects. However, when the silicon
oxide filminterlevel dielectric |ayers are exposed to, for exanple, the
reagent solutions used for resist filmrenoval during the etching step,

| arge nunbers of hydrophilic silanol groygps (Si-OH) are produced in the
thin film This causes the problem of an increased hygroscopicity or

noi sture absorptivity by the film The resulting absorption of npisture by
~the interlevel dielectric |level can end up causing corrosion of the
conductive | ayer and a deterioration in the insul ating perfornance of the
interlevel dielectric |aye I n additi on, i sture that ound on
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One countermeasure to this problem is to induce a very thorough condensation of

the silanol and dehydratiqn by heating the semiconductor substrate -— after via hole

formation in the interlevel dielectric layer — under a high vacuum around 108 torr. This

approach, howevér,I requires the use of a vacuum plant capable of creating-a high vacuum

around 108 torr and as a result is assbciated with such negatives'as raising the cost of
semiconductor device fabrication and m;aking process control more difficuit,

An object of the this inventjon is to provide a method for formmg insulating thin
films that can induce a high degree of condensation of the silanol groups and dehydration
at or near ambient pressure, that is, at ambient pressure, or a shghtly increased pressure,
or a slightly reduced pressure, | '

Another object of this invention is to provide a semiconductor device and method
for fabricating in which conductive layer corrosion is inhibited, deterioration in insulating
thin film performance is inhibited, and an increase in contact resistance between upper
and lower level interconnects in multilevel interconnect structures is inhibited

This invention pertains to a method for forming insulating thin films wherein the
method comprises coating hydrogen silsesquioxane resin onto a substrate, curing the
hydrogen s_ilsesquioxane resin to produce an insulating thin film on the substrate and heat
treating the resulting insulating thin film under a pressure of 1 to 1,000 torr at 150 to
550°C. A high degree of condensation of silanol and dehydration can be induced in the
insulating thin films by the heat treatment.

This invention further pertains to a process for the fabrication of semiconductor
devices comprising an interconnect structure comprising at least one electrically
conductive layer separated by an interposed insulating thin film wherein the interposed
insulating thin film is produced by the method comprising baking hydrogen



holes shrink in size acconpanying the mniaturization of sem conductor

el ements. One counterneasure to this problemis to induce a very thorough
‘condensati on of the silanol and dehydration by heating the sem conductor
substrate - after via hole formation in the interlevel dielectric |ayer -
under a high vacuum around 10[err] torr. This approach, however, requires
the use of a vacuum pl ant capable of creating a high vacuum around 10-8
torr and as a result is associated with Such negatives as raising the cost
of semi conductor device fabrication and neking process control nore
difficult. An object of the this invention is to provide a nethod for
formng insulating thin filnms that can induce a high degree of condensat i on
of the silanol groups and dehydration at or near anbient pressure, that is,
at ambi ent pg aneqjemﬂ and h&hﬁ'&éﬁng R resultit} iRsubaiignkin film vaded 4 pregshge of
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invention pertains to a nethod for formng insulating thin filns wherein
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Figure 3 contains the infrared absorption spectrum of the insulating thin film
pmdmxdh1Cbnqmﬁﬁchﬁnmdel.

' This invention pertains to 2 method for forming insulating thin films wherein the
method comprises forming an insulating thin film on-a substrate by baking hydrogen
silsesquioxane resin (“_HSR”) and heat treating the resulting insulating thin film under a
pressure of 1 to 1,000.torr at 150 to 550°C. A high degree of condensation of silanol and
dehydrationcax_x be indu@ in the insulating thin films by the heat treatment. Tt is:thought
that this occurs due to the close structural proximity of the silanol groups in HSR—deriw)ed
insulating thin films, which makes possible the elimination of these silanol groups at low
energies.

By operating either in the vicinity of ambient pressure or with the use of just an -
inexpensive low-vacuum plant, a thorough condensation of the silanol groups that have
been produced in th; thin film and a thorough dehydration of the moisture bound to or
contained in the thin film is possible. This in turn prevents moisture absorption by the
insulating film in a semiconductor device and can thereby inhibit corrosion of the
conductive layers and can inhibit reductions in the performance of the insulating thin
films. In addition, by enabling a reduction in the amount of moisture that outmigrates
from the insulating thin film during the infilling of via holes with metal, this invention
can prevent increases in the contact resistance between upper and lower level
interconnects that would otherwise occur during the fabrication of semiconductor devices
in which the conductive layers of a multilevel interconnect structure are electrically

interconnected through via holes.



treating the resulting insulating thin filmunder a pressure of 1 to 1,000
torr at 150 to 550[err]C. A high degree of condensation of silanol and
‘dehydration can be induced in the insulating thin filns by the heat
treatment. This invention further pertains to a process for the fabrication
of semi conductor devices conprising an interconnect structure conprising at
| east one electrically conductive |ayer $eparated by an interposed
insulating thin filmwherein the interposed insulating thin filmis
produced by the nethod conprising baking hydrogen 3 sil sesqui oxane resin
and heat treating the resulting insulating thin filmunder a pressure of 1
to 1,000 torr at 150 to 550[err]C Figure 1 (a) through (d) are cross

Fabri cati on usi nd g R g hm T | meol Lhis
i nvention. Regicoaditaranbsiatesl (shison wafeerandvhase sirface 8 sersiserductarclpmen, mot
| nsul ating tsggxgn)flilals g]rga{dg%légnegningd. Ef‘h?sng Irgﬂolvo'/ed to form a base insulating layer 2.
Next, an electrically conductive ]ayér is formed by sputtering a metal, e.g., aluminum, on
the base insulating layer 2, and a lower level interconnect 3 is formed by patterning this
. metallization by a known method.

A solution 6£hydrog¢n ‘silsesquioxane resin dissolved in solvent is then coated
over the entire surface of the-semiconductor substrate 1 by spin coating. This hydrogen.
silsesquioxane résin is subsequently cured, by heating or exposure to high-éncrgy
radiatibn, to form an interlevel dielectric layer 4 with a planarized surface. A resist film 5
comprising organic resin is formed on this interlevel dielectric layer 4, and this resist film
Sis thereafter patterned so as to provide an opening 5a directly above the lower level

interconnect 3.
1

Subséqucnt to this and as shown in Figure 1(b), the interlevel dielectric layer 4 is -
selectively etched by reactive etching (CF4/O5) using the resist film 5 as the mask, which

opens a via hole 6 that reaches to the lower level interconnect 3. Next, as shown in
Figure 1(c), the resist film S is removed by oxygen plasma treatment and the residual
resist film and resist film oxides, etc., are then completely removed by treatment with an
alkaline liquid. The surface is also rinsed and dried.

Silanol can be generated in the interlevel dielectric layer 4 during the removal of
the resist film. As a consequence fhereof, the semiconductor substrate 1 prow}ide& with
the via hole 6 is heated for from 1 minute to 1 hour and preferably from 5 to 20 minutes
using a low-vacuum plant. The pressure during this heat treatment should be in the range
from 1 to 1,000 torr, and the témperature during this heat treatment should be in the range
from 150 to 550°C and preferably from 150 to 450°C.

Next, as shown in Figure 1(d), an electrically conductive layer is formed over the
entire surface by sputtering a metal, e.g., aluminum. This is then etched back to leave an

interlevel interconnect 7 within the via hole 6. An upper level interconnect 8 and an



Figure 3d contains the infrared absorption spectrumof the insulating thin
filmproduced in Conparative Exanple 1. This invention pertains to a nethod
for formng insulating thin filns wherein the nethod conprises form ng an
insulating thin filmon a substrate by baki ng hydrogen sil sesqui oxane resin
("HSR") and heat treating the resulting 'énsul ating thin filmunder a
pressure of 1 to 1,000 torr at 150 to 550[err]C. A high degree of
condensati on of silanol and dehydration can be induced in the insulating
thin filns by the heat treatnent. It is thought that this occurs due to the
close structural proximty of the silanol groups in HSR-derived insulating
thin filns, which makes possible the elimnation of these silanol groups at
| ow ener gi eSnteBved ARIcRiricISyee B afesubiequérily foinmidruintthe ettheddisck sucfase by dher e or
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thin filmis I's 1n tlrn prevents noisture absorption by the

i nsul ating fik Mowen levebintramnett 3tand upjrey level intectonnest 8 loa thersgmisemidugter cor r osi on
of the conductive layers and can inhibit reductions in the performance of
the insulati gt filns: In. addition, by enabling a reduction in the

amount of DI St ur,d ek ekl isubiiag ik itk (Rerbvd dieMciritdlaydtiap is subjecd e ng
the infilling of via holés with nmetal, this invention e
heat treatment. This thermal episode thoroughly condenses the silanol generated within
the thin film into siloxane bonds (Si-O-Si) and at the same time can thoroughly eliminate
the water fraction bound on or contained in the thin film due to the presence of the
hydrophilic silanol.

The method of this invention makes it possible during semiconductor device

fabrication to reduce the amount of water outmigrating from the insulating thin film
during the process of filling via holes with metal and 'théreby prevents an increase in
contact resistance between upper and lower level interconnects and prevents the

. generation of the defects known as “poisoned vias”., This suppression of the contact
resistance between interconnects also enables additional miniaturization of the
semiconductorelement. This inhibition of moisture absorption by the insulating film
enables the fabrication of highly reliable semiconductor devices in which corrosion of the
conductive layer and deterioration in insulating thin film peffonnance have been
inhibited.

The heat treatment can be run at ambient pressure or a slightly elevated pressure,
or, when a vacuum planf is used, the beat treatment can be run using an inexpensive plant
that need be capable of achieving only a low vacuum (a slightly reduced pressure), i.e., a
pressure of 1 torr or more. This avoids increased semiconductor device fabrication costs
and enables a simple process control |

The pressure during heat treatment according to this invention must be within the
range from 1 to 1,000 torr. Condensation of the silanol groups and dehydration will be
inadequate when this pressure exceeds 1,000 torr. Pressures below 1 torr cause an

increase in the cost of the vacuum installation and have negative effects on the device.



can ‘prevent increases in the contact resistance between upper and | ower

| evel interconnects that woul d ot herwi se occur during the fabrication of
sem conduct or devices in which the conductive layers of a multilevel

I nterconnect structure are electrically interconnected through via holes.

4 As shown in Figure 1(a), a BPSG filmis deposited over the entire surface
of a sem conductor substrate 1 (silicon &afer) on whose surface a

sem conductor el enment (not shown) has alTeady been forned. This is refl owed
to forma base insulating |layer 2. Next, an electrically conductive |ayer
Is formed by sputtering a netal, e.g., alum num on the base insulating

| ayer 2, and a | ower |evel interconnect 3 is forned by patterning this
nmetal lization by a known nethod. A solution of hydrogen sil sesqui oxane
resin di ssoiruefénipambmtbeimwemrlsoaméio°6\nadistptefeabiﬁbe@wmlf dof the
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with problems such as an increase in the cost of heat treatment and negative effects on the
device.

The heat treatment time is preferably from 1 minute to 1 hour. Condensation of
the silanol groops and dehydreﬁon will be inadequate when the heat treatment time-is not
at least 1 minute, while additional effects cannot be expected even when the heat
treatment time exceeds 1 hour. The heat treatment atmosphere is not critical and canbe -
an jnert gas such as mtrogen,.alr, argon, etc., or water vapor, lugh_concen,tratlons of '
oxygen, an alkaline gas, and so forth.

Hydrogen sxlsesqmoxane resin is a polymer expressed by the general formula

(HSiO4 /2)n where n is an integer. The insulating thin film can be formed by spin coating

a solvent s_o]unon of hydrogen sﬂsesqmoxane resin on the substrate. followed by baking.
Since the molecular weight of hydrogen silsesquioxane resin is greater.than that of
polysﬂicic acid and the like, an advantege to SOG films deriving from hydrogen
silsesquioxane resin is that they can be formed in greater thicknesses than other inorganic
SOG films. Films formed by either the partial or complete conversion of the hydrogen
silsesquioxane resin into silica (SiO5) can be used as the HSR-derived insulating thin

films.

The solvent used to dissolve the hydrogen silsesquioxane resin is not critical and
is exemplified by aromatic solvents such as toluene, xylene, and the like; aliphatic
solvents such as hexane, heptane, octane, and the like; ketone solvents such as methyl
ethyl ketone, methyl isobutyl ketone (MIBK), and the like; ester sclvents such as butyl
acetate, isoaimnyl acetate, and the like; and silicone solvents, for example, linear siloxanes
such as 1,1,1,3,3,3-hexamethyldisiloxane, 1,1,3,3-tetramethyldisiloxane, and so forth,
cyclic siloxanes such as 1,1,3,3,5,5,7,7-octamethyltetracyclosiloxaae, 1,3,5,7-

tetramethyltetracyclosiloxane, and the like, and silane compounds such as



conprising organic resin is formed on this interlevel dielectric |ayer 4,
and this resist film5 is thereafter patterned so as to provide an openi ng
ba directly above the | ower level interconnect 3. Subsequent to this and as
shown in Figure 1(b), the interlevel dielectric layer 4 is selectively
etched by reactive etching (CFlerr]/derr]) using the resist filmb5 as the
mask, which opens a via hole 6 that reaches to the | ower |evel interconnect
3. Next, as shown in Figure 1(c), the resist film5 is renoved by oxygen

pl asma treatnment and the residual resist filmand resist filmoxides, etc.,
are then conpletely renoved by treatnent with an alkaline liquid. The
surface is also rinsed and dried. Silanol can be generated in the
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consequence strate 1 provided with the via
hole 6 i s heainethefsolvests oy dlsobaused. t 0o 1 hour and preferably from5 to 20

m nutes using a |Low vacuum pl ani. The essure during this heat treatnent
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this heat traahENbushesdabR, ddd soltsril. aTuesadhitivss &ré exdniplfiea by hyifocabon
preferably from 150 to 450[err]C. Next, as shown in Fi gurﬁﬁlédé,l an

el ectri cal | yolvents suchi asemiylbpazene sisapsepybeenaspe 1. 2 Wictisipanzencs zene,
Thterever il drar@ete ot edd obeliind, 23 ik RapHAAL, B oyl 1
| nt er connec tcafphébil Solvent naphtha, cis-decalin, trans-decalin, decane, tetralin, turpentine oil,

. kerosene, dodecane, dddecy]bénzganc (branched type), cyclohexylbenzene, and the like;

- ketone and aldcﬁydc solvents such as acetophenone, isophorone, phorone,
methylcyclohexanone, methyl n-heptyl ketone, and the like; ester solvents such as diethyl
phthalate', benzyl acetate, y-butyrolactone, dibutyl oxalate, 2-ethylhexyl écetate, ethyl
benzoate, benzyl formate, and the like; and also by diethyl sulfate, sulfolane, halogenated
hydrocarbon solvents, alcohol solvents, polyhydric alcohol solvents, carboxyl_ii: acid
anhydride solvents, phenol solvents, silicone solvents, and the li_ke. The cure accelerator
can bc,..for éx_amplc,_ a plaxinum—containiﬁg compound such as chloroplatinic acid

. hekahjdrate. _ |

This invention is applied with particularly goéd effect when the insulating thin
film is etched using an organic resin resist film as the mask in order form via holes
therein, this resist film is subsequcnﬂy removed by oxygen plasma treatment, and the
residuﬂ resist film and resist film Qxides, etc., are completely removed by alkaline liquid.

Preferred for use as the alkaline remover of the organic resin resist film are the aqueous
solution of 2-(2-aminoethoxy)ethanol/hydroxylamine, the dimethyl sulfoxide solution of
aminoethanol, and the like.

The formation of an insulating thin film in semiconductor devices has been
explained herein, but this invention can also be used to form insulating thin films in
devices other than semiconductor devices. |

According to this invention, condensation of silanol and dehydration can be

effected to a high degree at or near ambient pressure by forming an HSR-derived



5 interlevel dielectric layer 9 are subsequently forned on the etched-back
surface by the sane nethods as used for the |ower |evel interconnect 3 and
interlevel dielectric |ayer 4. Proceeding as descri bed above produces a

mul til evel interconnect structure conprising the |lower |evel interconnect 3
and upper |evel interconnect 8 on the senjconductor substrate 1. The
HSR-derived insulating thin film(interlevel dielectric layer 4) is

subj ected to heat treatnent. This thernal episode thoroughly condenses the
silanol generated within the thin filminto siloxane bonds (Si-OSi) and at
the sane tinme can thoroughly elimnate the water fraction bound on or
contained in the thin filmdue to the presence of the hydrophilic silanol.

The method Ofpshfatise ity 81 bR sEbRlcR® ahd heating itié mswletingthind@m atd68 ees¥PCdevi ce
fabrication to reduce the anbunt of water outm grating fromthe insulating
thin film duthdey apressyeoftse1.800%0m | ing via holes with netal and thereby

prevents an increggely h‘n?%r}%ﬁﬂioﬂ fi5the b oP FhESRmiG RGig A6 theSilathpy €l
i nt erconnects and prevents the ) . .
thin film during the process of filling via holes with metal during semiconductor device
fabrication, the generation of defects resulting from an increase in contact resistance
between upper and lower level intcfconnects can be prevented. This also enables an

additional minijaturization of semiconductor elements.

| ~ EXAMPLES
EXAMPIE 1 _

' Hsrdrogen silsesquioxane resin was synthesized by the method described in
Example 1 of Japanese Patent Publication (Kokoku) Number Sho 47-31838
(31,838/1972) (U.S. Patent No. 3,615,272). This hydrogen silsesquioxane resin was

~ subjected to molecular -wc_ight fractionation according to the method described in

Example 1 of J apmesc_Pa&nt Application Laid Open (Kokai or Unexamined) Number
Hei 6-157760 (157,760/1994) (U.S. Patent No. 5,416,190) to obtain a fraction with a -
number-average molecular weight of 5,830, a weight-average molecular weight of
11,200, and a softening point of 180°C. This fraction was dissolved in methyl isobutyl
ketone to give a solution cbntaining 18 wt% solids. This solution was used to form a thin
film with a thickness of approximately 0.7 um on a silicon wafer. An insulating thin film
was then formed by baking this wafer in a quartz oven under a nitrogen current at 400°C
for 1 bour.

A resist film pattern (novolac resin positive-type resist) was formed on the silicon

wafer and reactive etching (CF4/05) was carried out using this resist as the mask. The

resist film was then removed by oxygen plasma treatment and the wafer was soaked for
15 minutes in an amine-type resist remover comprising an aqueous solution of 2-(2-

aminoethoxy)ethanol/hydroxylamine, rinsed in alcohol, and dried at 100°C for 10



generation of the defects known as "poisoned vias". This suppression of the
contact resistance between interconnects al so enabl es additional

‘mni aturization of the sem conductor elenment. This inhibition of noisture
absorption by the insulating fil menables the fabrication of highly
reliable sem conductor devices in which corrosion of the conductive |ayer
and deterioration in insulating thin filf perfornmance have been inhibited.
The heat treatnment can be run at anbient pressure or a slightly el evated
pressure, or, when a vacuum plant is used, the heat treatnment can be run
usi ng an i nexpensive plant that need be capable of achieving only a | ow
vacuum (a slightly reduced pressure), i.e., a pressure of 1 torr or nore.
This avoi ds incre d ) : | f C fgrdoenabl es a
si npl e pr OC&@u%ﬁowﬁ%ggggg%aggéﬁgﬁrﬁggagigétnﬁﬁ&géggb n‘ﬁ(:?gaccor ding to
this inventigmuebst be within the range from1l to 1,000 torr. Condensation
of the silanol groups and dehydration will be inadequate when this pressure
exceeds 1,000 torr. Pressures below 1 torr cause an increase in the cost of

the vacuum '&WA@TWEWI negative effects on the device.

An insulating thin film was formed on a silicon wafer in the same manner as in

Example 1. A resist film pattern (novolac resin positive-type resist) was formed on the
silicon wa.fc::_ and reactive etching.(CF4/Op) was carried out using this resist as the mask.

The resist film was then removed by oxygcn plasma treatment and the wafer was soaked
for 15 minutes in an ammc-type resist remover comprising an aqueous solution of 2-(2-
ammoethoxy)ethanol/hydroxylamme,- rinsed in alcohol, and dried at 100°C for 10
minutes. _

The infrared absorption spectra of the insulating thin films produced in Example 1
and Comparative Example 1 were measured and are shown in Figures 2 and 3,
respectively. The y-axis in Figures 2 and 3 plots the absorbance and the x-axis plots the
wavenumber in cm™1, A decline in the absorption at 2900 to 3800 cml assigned to
silanol and water can be seen in Figures 2 as compared to Figure 3.

The insulating thin films produced in Example 1 and Comparative Examplel were
each heated and the amount of dehydration was measured by thermal desorption gas
analysis (TDS). The amount of dehydration from the insulating thin film in the working

example was 7.6 % 1021 atom/cm3, while in contrast the amount of dehydration fromi the

insulating thin film in the coﬁparativc example was 1.3 x 1022 atom/cm?>.”

EXAMPLE 2

The hydrogen silsesquioxane resin solution prepared in Example 1 was used to
form the interlevel dielectric level in a semiconductor device that contained an aluminum
multilevel interconnect structure (interconnect pattern with a feature height of 0.5 um and

a feature width and feature spacing of 0.18 pm each) on a silicon wafer.



6 The tenperature nust be between 150 and 550[err]C and is preferably

bet ween 150 and 450[ err] C. Condensation of the silanol groups and

: dehydration will be inadequate when the tenperature is |less than 150[err]C,
while tenperatures in excess of 550[err]C are associated with problens such
as an increase in the cost of heat treatnggt and negative effects on the
device. The heat treatnent tine is preferably from1 mnute to 1 hour
Condensati on of the silanol groups and dehydration will be inadequate when
the heat treatnent tinme is not at least 1 mnute, while additional effects
cannot be expected even when the heat treatnent tinme exceeds 1 hour. The
heat treatnment atnosphere is not critical and _can_be an iner{ gas such as

nitrogen, air, argbbe base featureswerp fiEst coaigsovith hpﬂlp@&h%‘@rfp?%ﬂli‘%wﬁsl’&kygen
an alkallne OBGuedfiling Oyibat diker il B Uﬁwmfn%mse&n& ARl yrer

expressed by e genera or mu err|/lerr])]| where n is an
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films deriving from hydrogen silsesqui oxane resin is that they can be
forned in grean@ammmmmW1 nor gani ¢

A resist film pattern (novolac resin positive-type resist) was formed on the silicon
wafer and reactive etching (CF4/O5) was carried out using this resist film as the mask in

6rdef to open‘via holes in thq_' ihterlé\(el diclectric layer. The resist film was then removed
by oxygen plasma treatment and the wafer was soaked for 15 minutes in an amine-type
Tesist remover comprising the aqueous solution of 2-(2-
aminoethoxy)ethanol/hydroxylamine, rinsed with alcohol, and dried at 100°C for 10
minutes. The wafer was then heated in ait under ambient pressure at 400°C for 10

minutes.

COMPARATIVE EXAMPLE 2
An interlevel dielectric layer was formed on a silicon wafer in the same manner as
in Example 2. A resist film pattern (novolac resin positive-type resist) was formed on the

silicon wafer and reactive etching (CF4/O9) was carried out using this resist film as the .

mask to open via holes in the interlevel dielectric layer. The resist film was then removed
by oxygen plasma treatment and the wafer was soaked for 15 minutes in an amine-type
resist remover comprising an a@eoﬁs solution of 2-(2-aminoethoxy)ethanol/
hydroxylamine, rinsed with alcobol, and dried at 100°C for 10 minutes.

The contact resistance between the upper and lower level interconnects in the
semiconductor devices produced in the Example 2 and Comparative Example 2 was
measured. The contact resistance in the semiconductor device from Example 2 was

reduced to one-tenth that in the semiconductor device from Comparative Example 2.



SOGfilnms. Filns f or med by either the partial or conplete conversion of the

hydrogen sil se t+n into silica (Si2) can be used as the
HSR-derived insul atin h| films. The solvent used to di ss@lwe—the

hydr ogen summmmﬁ | nis not critical and is exenpl |THISCSHE£T HAS BEEN
aromatic s oI uene, xylene, and the |ike; alji phat Rsplgqjggent S
such as hexdnef h'ept ane oct ane, and theyjlike; ketone sol ventrs“sucitras

nmet hyl ethyl ketone, nethyl isobutyl ketone (MBK), and the |ike; ester

sol vents such as butyl acetate, isoanyl acetate, and the like; and silicone
solvents, for exanple, linear siloxanes such as :

1,1,1, 3, 3 3- hexanet hyl di si | oxane, 1,1, 3, 3-tetranethyl di sil oxane, and so

forth, cycllc si | oxanes
1,1, 3, 3, 5, 5, WHAT, %m&gtracyclosuoxane 1,3,5,7-

tetranethyltetracycI05|onane and the liKke, and si | ane conpounds such as
7 tetranethylsilane, dinmethyldiethylsilane, and the |ike. Conbinations of

two or sel ectiond. & mhpﬂémsf@mdeﬁ!@uhﬁ% thins@ims avheseip the pathedytopamises @Mt i on
of hydrogen P | tmgehy gﬁs%sc{tﬁ&aﬂc FERih o%tosfsu%&gt& 'B) %ﬂ'&rthe hydrogen

sxlsesqmoxanc resin to produce an insulating thin film; and (C) heating the insulating thin
film at a pressure in the range of 1 to 1,000 torr and at a temperature in the range of
. 150°Cto _550°C.

2. The method as claimed in claim 1 wherein the insulating thin film is heated

from 1 minute to 1 hour,

3. The method as claimed in claim 1 wherein the insulating thin film is heated to
a temperature in the range of 150°C and 450°C.

4. The method as claimed in claim 1 wherein the hydrogen silsesquioxane resin is

a polymer having the general formula (HSiO3)),, where n is an integer.

5. The method as claimed in claim, 1 wherein the hydrogen silsesquioxane resin is

dissolved in a solvent.

6. The method as claimed in claim 1 wherein the hydrogen silsesquioxane resin
additionally contains an additive.

7. The method as claimed in claim 1 wherein the hydrogen silsesquioxane resin
additionally contains a cure accelerator.

8. The method as claimed in claim 1 wherein the insulating thin film is etched
using a resist film mask and treated with an alkaline liquid prior to the heating (C).

Sheet Has Been Re laced

TR




additives, cure accelerators, and so forth. The additives are exenplified

by hydrocafben~snLM§ﬂL§M%EE?has anyl benzene, isopropyl benzene,

1,2 dlethylbenzene yl benzene, 1, 4-di et hyl benzere

cycl ohexyl i@ ﬂm”m 2, 6- di met hyl napht hal ene, |)J'Biﬁ1'§H5‘:T HARBEEN
oi |, solve mﬂms ecal in, trans-decalin, decan¢, tetRERLAGED"
turpentine oil, Kkerdsere, odecane dodegylbenzene (brafched type),
cyclohexylbenzene and the |ike; ketone and al dehyde sol vents such as
acet ophenone, isophorone, phorone, nethylcycl ohexanone, nethyl n-heptyl
ket one, and the |ike; ester solvents such as diethyl phthal ate, benzyl
acetate, y-butyrol actone, dibutyl oxal ate, 2-ethyl hexyl acetate, ethyl
benzoate, benzyl formate, and the like; and al so by diethyl sulfate,
sul f ol ane, hal ogenat ed hydrocar bon sol vents, al cohol solvents, polyhydric
al cohol sol vents,g, ChlRetNdd £ cRitindd BIVIMAIE dsersﬁltu@akﬂmcmqamqkaﬁa@eem s,
silicone .solvents, and the |like. The cure accel erator can be, for exanple
a plati num d@M@nﬂfﬁéZ@mﬂx@w&@@m@@Hmel atinic acid hexahydrate.
This invention is applied with particularly good effect when the insulating
thin filmis etched using an organic resin resist filmas the mask in order
formvia hol es t hey &he.méthudsascénéed infdldim8 wheseih siecaliealink Yiquid i dindtyyloxygen
pl asma treatnent, and the residual resist filmand resist film oxides,

etc., are cdNﬂPE@%F@“@@Hﬂﬁ@&mﬁynﬁpkaline liquid. Preferred for use as the
al kaline remover of the organic resin resist filmare the aqueous

11 A t;lpthod for producing S,erbicon_ductor devices wherein the method

comprises

{A) forming a base insulating layer on a semiconductor device having a
semiconductor element formed thereon; ' )

B) fonmng an electrically conductive layer over the base insulating layer;

{C) patterning the electrically conducnve layer to form a lower level interconnect;

(D) coating hydrogen silsesquioxane resin over the lower level interconnect and
thereafter curing the hydrogen silsesquidxane resin to form an interlevel dielectric layer;

(E) forming a resist film over the interlevel dielectric and pattemning the resist film
so as to provide an opening directly abo_ve the lower level interconnect;

{F) selectively etching the resist film to open a via hole which 'reaches to the
lower level interconnect;

(G) removing any remaining resist film to form the semiconductor device; and

(H) heating the semiconductor device for a period of from | minute to 1 hour; ata
pressure in the range of 1 to 1;000 torr and at a temperature in the range of 150°C to
550°C.

12. The method as claimed in claim 11 wherein the hydrogen silsesquioxane resin

is dissolved in a solvent.
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sol dtion of 2-(2-am noethoxy)ethanol/hydroxyl am ne, the dinethyl sulfoxide
sol ution of am noethanol, and the Iike. The formation of an insulating thin
filmin senconductor devices has been expl ai ned herein, S |

y

can also be used to forminsulating thin filnms in devi cdsTRISHHESTHMS BEEN

n
seni conduct o“mmqm!!”ﬂmgml ng to this invention, condensat REPLAGE[S | anII

and dehydr at ®led to a high_degree at or n&dr—ampiermt
pressure by form ng an HSR- deri ved 8 ﬂﬁsulating thin filmon a substrate
and heating this insulating thin filmat 150 to 550[err] C under a pressure
of 1 to 1,000 torr. By enabling a reduction in the ambunt of water
outmgrating fromthe insulating thin filmduring the process of filling
via holes with netal during sem conductor device fabrication, the
generation of def gxtPhd@sHbd 25 Paifne@ T Alind NCWRASIA thd reSiOVAIALHs rémBovedibynce

bet ween upper and | ower |evel interconnects can _be prevented. This also
enabl es an afkygen plesma andyany rgsidyad rsish filor andussistdHm idss 26 remeHedby

treatment with an alkaline liquid.

14. The method as claimed in claim 11 wherein the hydrogen silsesquioxane resin

has the formula (HSiO3/y), Wherein n is an integer.

15. The method as claimed in claim 11 wherein the hydrogen silsesquioxane resin

is cured by heating.

16. The method as claimed in claim 11 wherein the hydrogen silsesquioxane resin

is cured by exposure to high energy radiation.

17. The method as claimed in claim 11 wherein the semiconductor device is
heated for a period of from 5 to 20 minutes; at 2 pressure in the range of 1 to 1,000 torr
and at a temperature in the range of 150°C to 450°C.

18. The method as claimed in claim 11 wherein additionally an interconnect
interlevel is formed in the via hole and.an upper level interconnect and an upper level

interlevel dielectric layer are formed thereon.
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EXAMPLES EXAMPLE 1 Hydrogen sil sesqui oxane resin was synthesized by the

net hod described in Exanple 1 of Japanese Patent- Publication (Kokoku)
Nunmber Sho 47-31838 (31,838/1972) (U. S. Patent No. 3,615,272). This

hydr ogen sil sesqui oxane resin was subjected {o nol ecul ar wei ght )
fractionation according to the nethod descrtbed in Exanpl e 1 of Japanese
Pat ent Application Laid Open (Kokai or Unexam ned) Nunmber Hei 6-157760
(157,760/ 1994) (U. S. PatM¥RHOI FOR FORMING) INSULBEING FHEINQFILMS with a
nunber - aver age nol ecul ar wei ght of 5,830, a weight-average nol ecul ar wei ght
of 11,200, and a softening point of 180[err]C This fraction was di ssol ved
in nmethyl isobutyl ketone to give a sol XBSIRACTt aining 18 wt % solids. This
solution was used to forma thin filmwth a_thickness of approximtely 0.7

pmon a silicon waf &roprayde asmethodfarforming insulagng thin filesthatsapdRduss baki ng
this wafer in ) R Gl t 1
hour. A resi st aﬁoﬁﬁﬁq{s%tgt}ngﬁg?ga#g%\%ﬁg@ﬁ%@fﬁ%&g@’ﬁg@%ﬁt ?/%)%éggélﬁ%%l % Igl:\‘?\;/ass % or med
on the silicon waf erAminttriced didlectriclnpdriisfprnéd-drea sdoiiGhreluctb) subsisate by cosithgout
using this resist,_as the mask. The resist fjilmwas then renoved, by oxygen
ol asma t 1 eat meryozRean SHEsqRiRene RS ool she gobslszte pud Greingiti bydioaes siliesamiotdhee
resi st renover g hrodid aﬁﬂn@ﬂé@?&i&leéﬁb'ﬁy’e@”miiin&ﬂe?d dielectric layer is then

heated at a pressure from 1 to 1,000 torr at a temperature from 150 to 550°C

Figure 1



am noet hoxy) et hanol / hydr oxyl ami ne, rinsed in alcohol, and dried at
100[err]C for 10 9 mnutes. The wafer was then heated in air under

anbi ent pressure at 400[err]C for 10 m nutes. COVWPARATI VE EXAMPLE 1 An
insulating thin filmwas formed on a silicon wafer in the sane nmanner as in
Exanple 1. Aresist filmpattern (novolac resin positive-type resist) was
formed on the silicon wafer and reactive etching. (CFerr]/Jerr]) was
carried out using this resist as the mask. The resist filmwas then renoved
by oxygen plasma treatnment and the wafen pmas soaked for 15 minutes in an

am ne-type resist renover conprising an aqueous sol ution of 2-(2-

anm noet hoxy) et hanol / hydr oxyl ani ne, rinsed in alcohol, and dried at
100[err]C for 10 mnutes. The infrared absorption spectra of the insulating
thin filnms produced in Exanple 1 and Conmparative Exanple 1 were neasured
and are shown in Figures 2 and 3, respectively. The y-axis in Figures 2 and
3 plots the absorbance and the Xx-axi sKigwotest he

S. ~-5
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(c)




wavenunber in cnferr], A decline in the absorption at 2900 to 3800 cnferr]
assigned to silanol and water can be seen in Figures.2 as conpared to :
Figure 3. The insulating thin filns produced in Exanple 1 and Conparative
Exanple 1 were each heated and the anmount of dehydrati on was neasured by

t hermal desorption gas analysis (TDS). The anount of dehydration fromthe
insulating thin filmin the working exanple was 7.6 x 10[err] atomcnferr],
while in contrast the anmount of dehydration fromthe insulating thin film
in the conparative exanple was 1.3 x 1022 atomicnferr]. EXAMPLE 2 The

hydr ogen sil sesqui oxane resin solution3f3epared in Exanple 1 was used to
formthe interlevel dielectric level in a sem conductor device that
contained an alum nummultilevel interconnect structure (interconnect
pattern with a feature height of 0.5 [err]mand a feature width and feature
spacing of 0.18 [err]meach) on a silicon wafer. 10 The base features
were first coated with a CVD filmand the solution was spin coated on the
silicon wafer using a prelimnary rotation of 500 rpmfor 3 seconds and

[~4
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then a main rotation of 5,000 rpmfor 10 seconds. After the solvent had
been thoroughly evaporated, standing for 10 minutes at roomtenperature
‘gave a filmwth a thickness of 8,010 angstrons in its deepest section. The
waf er was then baked for 1 hour at 400C under a nitrogen current in a
quartz furnace. Aresist filmpattern (novolac resin positive-type resist)
was fornmed on the silicon wafer and reactive etching (CF[err]/Jerr]) was
carried out using this resist filmas the mask in order to open via holes
in the. interlevel dielectric |ayer. Taggiesist filmwas then renoved by
oxygen plasma treatnment and the wafer soaked for 15 mnutes in an

am ne-type resi st renover conprising the aqueous sol ution of 2-(2-

am noet hoxy) et hanol / hydr oxyl am ne, rinsed with-alcohol, and dried at
100[err]C for 10 mnutes. The wafer was then heated in air under anbient
pressure at 400[err]C for 10 m nutes. COVPARATIVE EXAMPLE 2 An interlevel
dielectric layer was forned on a silicon wafer in the sane manner as in
Exanple 2. Aresist filmpattern (novolac resin positive-type resist) was
formed on the silicon wafer and reactive etching (CFlerr]/Jefr]) was
carried out using this resist filmas the mask to open via_hojes in the

interlevel dielectric layer. The resist filmwas th ved Ey oxygen
pl asma treatment and the wafer was soaked for 15 m nutes Ih afiwam ne-type
[=d
l ©
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: 503706 -
regi st renover conprising an aqueous solution of 2-(2- é

: OXYy 0
hyty oxyl am ne, rinsed w t4 al cohol’, and dri H ENT };ﬁEETo % ngﬂé&
The\ cont act resmm upper andj | Sveb~tmtiericonnect s in

t he sem conduct of mﬁ Imwﬂ d in the Expnple 2 and rrpar ative Exanpl e
2 was measur ed. i}‘ mmlﬁ ance ip,th

sertiz JAM ddvi ce from
Exanmpl e 2 was reduced tb ohe-%enth that |n t peysem conduct device from
Conpar ati ve Exanpl e 2. “WHATS CLAIMED | S A et hod for orm ng

i nsul ating t WARATIS CAWNED €8:n t he net hod coniLises Ay hydr ogen
si | sesqui oxane resin onto a substrate; (B) curing the hydr ogen

si | sgsguhoxane rQiS' nAhﬁéﬂWd@d%ﬁmﬂ lﬂsﬂféﬂh tHirnfilnisiwheréin thig métBbd eampdsesg thed
cure y rogen St sesqul oXxane resin I nsu atin mto OoNns use
Cor el Yo%t Amaénﬁa\vﬂq!rogmlsmum@a% Fesn oo Bdubdlrdled i) By 43¢ byt gt

pressure in tgisegqaidptandiesih td ﬁroBuQé)Qn In@métu’dgmhraﬁlma(a)wxpeslm theecured t he range
of 150[err] C to 550 er

r din aim. 1. wherein
the insul ati AYydragen squﬁa"i”?“ﬁé%?"éﬂ‘sl“gg éalll”ge gﬁor relbtint

removal; and (D) heating the insulating thin fimata pressure in the range of 1 to
1,000 torr and at a temperature in the range of 150° C to 550° C.

2. The method as claimed in claim 1 wherein the insulating thin
film is heated from 1 minute to 1 hour.

~

_ 3. The method as claimed in any of the preceding claims wherein
the insulating thin film is heated to a temperature in the range of
150°C and 450°C.

4. The method as claimed in any of the preceding claims wherein
the hydrogen silsesquioxane resin is a polymer having the general
formula (HSi03/0), where n is an integer from 8 to 3000, preferably 16

to 2000.

5. The method as claimed in any of the preceding claims wherein
the hydrogen silsesquioxane resin is dissolved in a solvent.

6. The method as claimed in any of the preceding claims wherein
the hydrogen silsesquioxane resin additionally contains an additive.

7. The method as claimed in any of the preceding claims wherein
the hydrogen silsesquioxane resin additionally contains a cure
accelerator.
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3. The nethod as clained in any. of the preqeciﬁéPUﬁgwﬁgTﬁﬁgﬁéi t he

i nsul-ating thin fiw j Humml tenperaturd i n the rangejot 150[err]C
and 450[err]C 4. orretll  llen imed in any fof 4phespraggeding clains
wherein the hydrogen sil sesqui oxane resil® is ja jpol yner havin% he gener al
formula (HSierr])[err] where n is an integey preferably

16 to 2000. 5. gheTRetmeeHodasciriingd innagnyf
the hydrogen sil sesqui oxane resin is dissolved 1n €ﬁ§?lvenk. 6, . The t hod
as cl ai medthen insylagnng H@iprfddadishgtenad HEingna mesist Hd 'Rywas treate

claimod | Ry 2 AL AR o PR R UG gen ' oi 1 Sesaul owane

resin additionally contains a cure accel erator. 8. The nmethod as cl ai ned
in any of the preceding clains wherein . . . L
9. The method as claimed in claim 8 wherein the alkaline 1iquid

is an aqueous solution of 2-(2-aminoethoxy)ethanol/hydroxylamine.

10. The method as c1§imed in claim 8 wherein the alkaline Tiquid
is a dimethyl sulfoxide solution of aminoethanol.

11. The method as claimed in any of the preceding claims wherein
the atmosphere for the heat treatment step is selected from inert gas
such, water vapor and high concentrations. of oxygen |

12. The method as claimed in any of the preceding claims wherein
‘the method comprises

(A) forming a base insulating layer on a semiconductor device
having a semiconductor element formed thereon;

(B) forming an electrically conductive layer over the base
insulating layer;

(C) patterning the electrically conductive layer to form a lower
level interconnect;

{D) coating hydrogen silsesquioxane resin over the lower level
interconnect and thereafter curing the hydrogen silsesquioxane resin to
form an interlevel dielectric layer:

(E) forming a resist film over the interlevel dielectric and
patterning the resist film so as to provide an opening directly above
the lower'leQe1 interconnect;

(F) selectively etching the resist film to open a via hole which
reaches to the lower level interconnect;

(G) removing any remaining resist film to form the semiconductor
device; and

‘This-Sheet Has Been RTlaced
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the insulatingThmm fiTmTs etched using a resist filmmask and treated

with ap al kalin laiLi i ‘the heating (O . 9. JIhe.nethod.-as— med
inclaims8 vvheréi'“‘l!ﬂml a“l‘lrl”a“l iquid is an aqueous [spHiBtSHTETaIAS BEEN

2- (2- am noet hoxy) et franal / Wyds oxyl am ne. 10. The methdd as gFRiAGED i n clfai m
8 wherein the alkaline liquid is a dinethi4 sulfoxide-setuttonmrof

am noet hanol. 11. The nethod as clainmed in any of the preceding clains
wher ei n the at nos(i)eheatfing theesdmiaonduckar rdedicesfep a pestadeof elromr bmiinoee t
gas such, water vapor and high concentrationg .of n_12. The, nmethod as
claimed in afy 1oh°‘{ﬂiea'brae%%§%H§e dinaPhgs raRes @fr?' ttﬂgf'?@ﬁ hiTc8ihAtsts (A)
formng a b ' t ' tor device having a

sem conduct g‘?e%‘gkgarc‘r&eun iﬁggﬂég%ﬁﬁeeﬁgo%@?g?&?g%ng an electrically
conductive |l ayer over the base insulating |layer; (C) patterning the
electrically conductive layer to forma |ower |evel interconnect; (D)
coati ng hydrogen sil sesqui oxane resin over the |ower |evel

13. The method as claimed in .claim 12 wherein the resist film is

removed by oxygen plasma and any residual resist film and resist film
oxides are removed by treatment with an alkaline Tiquid.

14. The method as claimed in any of claims 1-13 wherein the
hydrogen silsesquioxane resin is cured by heating.

15. The method as claimed in any of claims 1-13 wherein the
hydrogen silsesquioxane resin is cured by exposure to high energy
radiation. '

16. The method as claimed in any of the preceding claims wherein
the semiconductor device is heated for a period of from 5 to 20 minutes;
at a pressure in the bange of 1 to 1,000 torr and at a temperature in
the range of 150°C to 450°C.

17. The method as claimed in claim 12 wherein additionally an
interconnect interievel is formed in the via hole and an upper level

interconnect and an upper level interlevel dielectric Tayer are formed
thereon.
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i Nt erconnect - and thereafter curing the hydrogen silsesqui oxane re

S Nol-1t

forman interlevel dielectric layer; (E) for
‘interlevel rmlm‘ Iﬂaﬁ“ﬁﬂm“at terning the res
openi ng di L AR Ihd | ower |evel inter

etching the*reSist flImto open a via hoie w
I nterconnect; (G renoving any renaining res
sem conduct or devi ce; and (H) heating the

0
LY E-IJ ovzws\%'%"o?"]
&#M‘I"ngio provi de an
tohnect; (F) seljeqtively
hPr‘/engezouuo t e | ower |evel

period of frdWAT#S GLAMMEDRIS hour;
torr and at a tenperature in the range of 15

met hod as cl ai med. i nA oiettiagh foofomhing disulating thir filmstwhereimtihegmel
. octomnk e i . . xyg
X go%%gg quﬁeﬁu%ﬁd@ahé Rebirf 6rtb Stsubbirdte8) E6fnAthE nj§BRNEd by

pl asma and a
treatment wth
silsesquioxane resin to produce an insulating th

S ilmto for | the
S TOor devjce for a
at a presgure in the range bf 1 to 1,000
err|Cto 550[err]C. 13. The
eempLsesoxygen

in film; (C) exposing the cured

hydrogen silsesquioxane resin insulating thin film to solutions used for resist film

removal; and (D) heating the insulating thin film

at a pressure in the range of 1 to

1,000 torr and at a temperature in the range of 150° C to 5§50° C.

2. The method as claimed in claim 1 wherein the insulating thin

temperature in the range of

N— film is heated from 1 minute to 1 hour.

3. The method as claimed in any of the preceding claims wherein
the insulating thin film is heated to a
150°C and 450°C.

4. The method as claimed in any of the preceding claims wherein
the hydrogen silsesquioxane resin is a polymer having the general
formula (HSi03/2)y, where n is an integer from 8 to 3000, preferably 16
to 2000.

5. The method as claimed in any
the hydrogen silsesquioxane resin is di

of the preceding claims wherein
ssolved in a solvent.

6. The method as claimed in any of the preceding claims wherein

the hydrogen silsesquioxane resin additionally contains an additive.

7. The _method as claimed in any

of the preceding claims wherein

the hydrogen silsesquioxane resin additionally.contains a cure

accelerator.



14. The method as clainmed n any of clains 1-13 wherein the hydrogen

o o AR 5o i ot T 22 CLELE
exposure t'o i gh eheryy *radi ation. 16.1%Fhe nmethod as clainmed in any of the

precedi ng clains wherein the sem conductor device is heated for a period of
from5 to 20 m But é’sh;a metthadmsesl;anmedlm ahe afathe precading dladoe whereimnd at

150 to 450 Ces17. The peth
clai moa | thE Armhotinh SRR PllmaTs IgRad yohe Ant BT mask §pd Bepted
formed in {leh \éhaaflﬁh?né"‘l'il p?ﬂ-rtb%| hdatifg c@nnect and an upper |evel
or

interlevel dielectric aye nmed t hereon.

9. The method &5 claimed in claim 8 wherein the alkaline liquid
is an aqueous solution-of 2-(2-aminoethoxy)ethanol/hydroxylamine.

10. The method as claimed in claim 8 wherein the alkaline liquid
is a dimethyl sulfoxide solution of aminoethanol.

11. The method as claimed in any of the preceding claims wherein
the atmosphere for the heat treatment step is selected from inert gas
such, water vapor and high concentrations. of oxygen

12. The method as claimed in any of the preceding claims wherein
‘the method comprises

{A) forming a base <insulating layer on a semiconductor device
having a semiconductor element formed thereon;

(B) forming an electrically conductive layer over the base

| insulating layer;
s

(C) patterning the electrically conductive layer to form a lower
Tevel dinterconnect;

(D) coating hydrogen silsesquioxane resin over the lower level
interconnect and thereafter curing the hydrogen silsesquioxane resin to
form an interlevel dielectric layer:;

(E) forming a resist film over the interlevel dielectric and
patterning the resist film so as to provide an opening directly above
the lower leQel interconnect;

(F) selectively etching the resist film to open a via hole which

reaches to the lower level interconnect:

(G) removing any remaining resist film to forf_the semiconductor

device; and REPLACEMENT SHEET
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(H) heating the semiconductor device for a period of from 1 minute
to 1 hour; at a pressure in the range of 1 to 1,000 torr and at a
temperature in the range of 150°C to 550°C.

13. The method as c1aimed in claim 12 wherein the resist film. is
removed by oxygen plasma and any residual resist film and resist film
oxides are removed by treatment with an alkaline Tiquid.

14. The method as claimed in any of claims 1-13 wherein the
hydrogen silsesquioxane resin is cured by heating.

15. The wethod as claimed in any of claims 1-13 wherein the
hydrogen silsesquioxane resin is cured by exposure to high energy
radiation. '

16. The method as claimed in any of the preceding claims wherein
the semiconductor device is heated for a period of from 5 to 20 minutes;
at a pressure in the range of 1 to 1,000 torr and at a temperature in
the range of 150°C to 450°C.

17. The method as claimed in claim 12 wherein additionally an
interconnect interlevel is formed in the via hole and an upper level
interconnect and an upper level interlevel dielectric Tayer are formed
thereon.




