OFACTURI NG, SEM CONDUCTOR DEVI CES"

Backgr of the FﬂVentlon The present invention relates to a
me of _. manuf act uri ng semi conductor devices and, nmore 5

partld%I Jy, to an inprovenment on formng an interlayered
|n§ulat|ﬁg | ayer of semi conduct or devices having a multi-I|ayered

W ring |layer structure. ' Wth an increase in packing density of
sem:conduct or devices, a nulti-layered wiring structure 10 in which a
nunber of wiring |layers are forned on a sem conduct or substrate has

been devel oped,. and theMETHOP oPURRGFRETERERE §ﬁmitb}1§ﬁe®0ﬁgnﬁv§bss"
mul ti-|ayered W ring layers has increased.

a large part of manugaekidtbigddces ttha51nveneleﬁCUpled by the
of forn1ng mul ti-Iayered wiring layers. In order to reduce the
seni condwatoprdeeheeinventéducredates theastmephodf of
forn1ng multi-layered wiring | ayers has been denmanded.
Convent i onal stepsmahuEacmumgngubEmibapduedOW|dengcesoand | mpzes wil | be
descri bed-. below. A first wiring .

5 partlcularly, to an improvement on forming

an lnterlaye:ed lnsulatlng layer of semiconductor
devicesxhaving a multi-layered wiring layer structure.
ﬁith an increase in packing density of
semiconductor devices, a multi-layered wiring structure
10 in which a number of wiring layers are formed on
é semiconductor substrate has been developed, and the
number of steps of structuring such multi-layered
wiring layers has increased.
In particular, a large part of manufacturing cost
15 is occupied by the steps of forming multi-layered
wiring layers. In order to reduce the cost of
semiconductor devices, a reduction of the steps of
forming multi-layered wiring layers has been demanded.
Conventional'steps of forming multi4layered wiring
20 layers will be described below. A first wiring
material for lower wiring layers is deposited on
a semiconductor substrate, and then, the deposited
wiring material layer is patterned to form a plurality
of lower wirings. A first insulating layer is formed
25 on the lower wiring layers to bury the gaps between
the lower wirings. At this time, step configuration

is present on the“surface of the first insulating film



mat'erifal for lower wiring layers is deposited on a sem conduct or

substrate, and then, the deposited wring material layer is
patterned to forma plurality of lower wirings. A first insulating
| ayer is fornmed 25 on the lower wiring layers to bury the gaps between
the lower wirings. At this tine, step contgguration IS present on
the surface of the first insulating film -

- 2- depending on the lower wiring pattern. The step

configuration adversely affects to deposition of a second wiring

wring material apEa it B o Todl wizing PR TH 4TI N0 <t eps.

SO that serious configusfd£sd %M@ﬁydam% Uegs S & rcuit of

t he upper mnrlngs may occur. + In general, before the
second wiring ned edéddnd wirind maepetal efbprad hepper &hﬁwlmj’m arger
serving 10 as an underlying |layer, the surface of the first -

i nsul ating fil mpastfémimnent byhetuppdackiting enmverial layer, which

5 are carried out in the following steps, so that serious
defects such as disconnection or short circuit of the
upper wirings may occur.

In general, before the second wiring material
is deposited on the first insulating layer serving

10 as an underlying layer, the surface of the first
insulating film is flattened by etch back to remove
the step configuration, and the second insulating
material is deposited on the flattened surface of
the first insulating layer.

15 Therefore, the conventional method of forming
the interlayered insulating layer structure in which
the first and second insulating films are superposed
include an increased number of steps, i.e., formation
of the first_insulating film, flattening of the surface

20 of the first insulation film, and formation of the

- second insulating film. This is a large hindrance to
the demand for the reduction of the steps of forming
the multi-layered wiring layers.

In place of the method of flattening the surface

25 of the first insulating film, a method of moderating
the step configuration on the surface of the first

insulating film by forming an SOG (Spin on Glass) film



g

the st:ep configuration, and the second insul ating material is

deposited on the flattened surface of the first insulating |ayer.
15 Therefore, the conventional nethod of form ng t he .
interlayered insulating | ayer structure in.which the first and
second insulating filns are superposed 3 I ncl ude an increased nunber
of steps, i.e., formation of thé fi'rsi insulating film flattening
of the surface 20 of the first insulation film and formation of the
second insulating film This is a large hindrance to t he denmand
for the reductioneof ¢ 3haRS 2¥eHiRd on the fiR8tMihlsw1ladMHEEWnl | NG
| ayers. n place of the net 03 of flatteni-ng the surface 25
of the first insq%ﬁgkgglfgﬂ@. a method of noderating the step
configuration on e surf%ce of the first " insulating film by
form ng an SOG (Spin @pwdwdss) thils'method requires an increased number
- 3- of an insulating material on the first insulating fi1m
i's avail abl e. of annealing steps of forming of the SOG film.

5 Furthermore, an undesired portion of the SOG film must

be removed by etch back to assure the reliability of
the upper wiring layer. As a result, the method
requires an increased number of steps, and dées not
sufficiently cope with the demand for the reduction of
10 the steps of forming multi-layered wiring layeré.
Recently, as one of techniques coping with the
reduction of the steps of forming multi-layered wiring
layers, the following method has attracted attention._
That is, in formation of an interlayered insulating
15 layer on the lower wiring layers, an SiH4 gas reacts to
H50, (hydrogen peroxide water) serving as an oxidant
at a lo& temperature (e.g., about 0°C) in a vacuum
state to form a self-flow type (reflow) insulating film
(to be referred to as a reflow insulating film |
20 hereinafter) on the lower wiring layer.
According to this method, the formation of
an insulating film (reflow insulating film) and
flattening of the surface of the insulatihg film can
be simultaneously achieved. That is, in the step of
25 forming the insulatiné film, film formation and
flattening can be simultaneously achieved. For this

reason, a reduction of the steps of forming multi-



However, this nethod requires an increased nunber of anneal i ng steps

of formng of the SOGfilm - 5 Furt hernore, an undesired portion of the
SOG fi |l m nust be renmoved by etch back to assure the reliability of
the upper wiring layer. As a result, the nethod . requires an

I ncreased nunber of steps; and does not sufficiently cope with the
demand for the reduction of 10 t he §teﬁ% of formng multi-Iayered
wiring |ayers. Recently, as one of techniques coping with the
reduction of the steps of formng nmulti-layered wiring | ayers, the

fol |l owi ng net hod %haag?lg% hgﬂ;% altaﬂfi%}té q_ranonb% hrearli% is, in formation of

an interlayered i ayer e lower wiring layers, an
SiHA gas reacts 10 poueydi202%{ hyeh QUOrh RETOXi ASHEHPIhe Se Tty aS_an
oxi dant at a low tenperature (e.g., about O[err]C in a vacuum
state to form a sgidufdoind YPeld/) efd oM dpisatérit NErdh | Mts reactidio be-
referred to as areflowinsulating film 20 hereinafter) on the | ower
wiring layer.  manner, mdl<oirk Ngi{®) tis sgemétweed tderirog nidimeat bén

an insulating film(reflowinsulating film and flattening of the
surface of 4he insfil chenpnéulatimy film, andetbusnthantwsslytingi &b, That
Is, in the step of 25 formng the insulating film filmformation and

flatteni ng can beha$ nal higleotelsteeesi evrtientor Thesreflow insulating

film tends to crack mainly when it is subjected to
annealing (e.g., at 450°C for 30 minutes) at-a later
step.

10 FIG. 6 shows data obtained by actually measuring

| the state wherein cracks are forﬁed in the reflow SiO,
film formed by the conventional method. In this case,
the thickness of the reflow Si0, film and the thickness
of an SiO film (to be referred to as a cap film

15 hereinafter) formed on the reflow Si0O, film by
a general plasma CVD (Chemical Vapor Deposition)
method are used as parameters. Upon completion of the
film formation, these films are annealed at 450°C for
30 minutes. )

20 As is apparent from FIG. 6, regardless of the
presence/absence of the cap film, cracks are formed
when the thickness of the reflow 8i0, film is 1.1 um
or more. In other words, the allowable thickness of
the reflow Si0O, film has an upper limit from the view

25 point of crack resistance. The upper limit is as low
as 1.0 m.

However, in oxder to form a reflow SiO, film which



reason, a reduction of the steps of formng nmulti-

- 4- | ayered wiring |ayers can be reali zed. However, in
the nethod of forming the reflow insulating film as is apparent
fromits reaction manner, noisture (H20) is generated during
formation 5 of the insulating film apd thus the insulating film

has a high noisture content. The reflomfinguléting filmtends to
crack mainly when it is subjected to annealing (e.g., at 450" C for
30 mnutes) at a later step. 10 ‘FIG 6 shows data obtai ned

by actually neasurin . e ' f 1 h
oo sicr o 1s PRk pipRET, g A Hal CEReC rRE S e F R s T

the thickness of thiEiBE%y 32 %thﬁa%gabﬁg Ehicekpess of an Si O

film(to be refeFre to as a cap hereinafter) forned on the
reflow SiQG2 filmby gnen thelRY Filkl AsMELMEd( Sherhealrefaper SBepROsi tion)

nmet hod are used as paraneters. Upon conpletion of the film
formation, these fiilhyAae gamesalledlalsms Qfver,r aCslemiiconductor wafer .
5 is not still sufficiently heated up. For this reason,
a cap film having a low wet etching rate is formed. |
Since the etching rate of the cap film is low,
an abnormal configuration is formed between ﬁhe cap
film and the reflow SiOé film in an etching step
10 performed upon ?ompletion of the step of forming a cap
film, for forming a through-hole or a via-hole in the
reflow SiO, film and the cap film. The abnormal
configuration degrades the coverage of an upper wiriﬂg
layer formed in the following step; and causes
15 a connection failure of the upper wiring layer.

As described above, the thickness of a reflow
$i0y film obtained when a reflow insulating film
forming technique is applied to the steps of forming
an interlayered insulating layer of the conventional

20 steps of forming ﬁulti-layered wiring layers .is to be
increased to flatten the reflow SiO, film, however,
the upper limit of the thickness is inadvantageously
suppressed to a low level from a viewpoint of crack
resistance.

25 In addition, an abnormal configuration is formed
between the cap film and the reflow SiO; film in

an etching step for forming a through-hole or a via-



30 mnutes. 20 As is apparent fromFI G 6, regardless of the
presence/ absence of the cap film cracks are forned when t he

t hi ckness of the reflow SiQ2 filmis 1.1 [err]m or nore. |n other
wor ds, the all owabl e thickness of the reflow SiQ2 fil mhas an upper
limt fromthe view 25 poi nt of crack resistance. The upper limt is
as | ow as 1.0 [err]m wever, in order to forma
reflow SiQ2 fil mwhich : : - 5- S
sufficiently flattened, the reflow Si Q2 requires a thickness of a

consi derabl e ext {¥1e in the refldWeILdNeELAP did MHe S MEKhHNEhed ef | ow
Sierr] filmby a general plas CVD, a sem conductor wafer 5

is not still suffirdsddy hEes efbriddmaFaford fii gurLeisein.degrades awap film
having a | ow wet etching rate is forned. Since the etching rate of
the cap filmis |lawwerage of athehnmpemnlwinirg glayer prand dausesl bet ween t he
cap filmand the reflow SIQ2 filmin an etching step .

a connection failure of the upper wiring layer.

5 Summary of the Invention

The present invention has been made in considera-
tion of the above problem, and has as its object to
provide a method of manufacturing é semicondﬁctor
device in which the crack resistance of a reflow

10 insulating film obtained when a reflow insulating film
forming techniqﬁe is applied to the steps of forming
an interlayered insulating layer of the steps of

- forming multi-layered wiring layers of semiconductor
devices is improved to obtain a desirable thickness

15 capable of flattening the reflow insulating film, and
the reliability of an upper wiring layer formed after
the interlayered insulating layer is formed can be
improved.

According to the present invention, there is

20 provided a method of manufacturing a semiconductor
device, characterized by comprising the steps of
supplying an SiH4 gas and Hy0, into a reaction chamber
in which a semiconductor substrate having an insulating
film formed thereon is placed to causé the SiH4 gas

25 and H,0, to react to each other in a vacuum below
650 Pa within the temperature range of ~10°'C to +10°C

to form a reflow SiO, film having a thickness of 0.4 um



10 ©* perfornmed upon conpletion of the step of formng a cap film
for formng a through-hole or a via-hole in the reflow SIQ2 film
and the cap film The abnornal configuration degrades the coverage
of an upper wring | ayer formed in the follow ng step, and causes
15 a connection failure of the upper wiring |ayer. As
descri bed above, the thickness of a refldw 7= Si2 filmobtai ned when
a reflowinsulating film form ng technique is applied to the steps
of form ng an interlayered insulating layer of the conventional 20

steps of form ng I | ayer ed I | . ased to
flatten the refl ovq'\;ésf1 A‘] r%% ﬁ\g S%lcyﬁ%tosr tﬁglb%gtﬁérte r%utltq?{%e

thi ckness is inadyg %‘i‘rﬁ.‘bﬂrﬁ&uctor sub?alt&%ri:"é%.@{jttﬂé @séa‘?:‘@:.ldﬁv%hafxrm@? 4n

vi ewpoi nt of crack resi st ance. In addition, an

abnor mal confi gur §ldcQfhnl FIOMPE than 30 ts%tdm it e gutdilng afd t he
reflow SIQ2 filmin an etching step for forn1ng a through-hole or a
vi a- semiconductor substrate at @ high temperature of 300°C

5 to 450°C for 120 seconds to 600 seconds.

The step of forming the insulating film to the
step of forming the reflow Si0O; film may be
continuously performed in wvacuum.

In the method of the present invention, a reflow

10 insulating film'forming technique is applied to the

| steps of forming an interlayered insulating layer of
the steps of forming multi-layered wiring layers to
form a reflow Si0O, film, and the semiconductor
substrate is put in a vacuum of a predetermined pascal

15 for a predetermined time or more. 1In addition, the
semiconductor substrate is put at a predetermined ﬁigh
temperature for a predetermined time or more to reduce
the moisture content contained in the reflow Si05 film,
so that crack resistance can be improved.

20 Since, in this way, the clack resistance of the
reflow Si0O, film is improved, the reflow insulating
£ilm can assure a desired thickness capable of
flattening the reflow insulating film. Thus, the
flatness of the surface of the interlayered insulating

25 layer can be improved, and the upper wiring layer

formed on the interlayered insulating layer can be

micropatterned.



hole im the reflow SiQ2 filmand the cap filmforned t hereon. The
abnormal configuration degrades the coverage of the upper wiring

| ayer, and causes a connection failure of the upper wiring | ayer.
Summary of the Invention S The present invention has been nade

i n considera- tion of the above prollem and has as its object to
provi de a nethod of manufacturing a sem conductor device in which
the crack resistance of a reflow 10 insulating filmobtained when a
reflow insulating film formng technique is applied to the steps of

form ng an i nt gt axﬁamohnsuhahbﬂarlnaxeeoafflt;n%a%&%as i8f not

formng nulti-layered wring |ayers of sem conductor : eV|ces S

i nproved to obtai rfo%m@asue%%ent Rhekeaps filk and ¢apabe#iely Bial! #ii1hg ihhe
reflow insulating film and the reliability of an upper ring

|l ayer formed aftemn etchingt BeepniFor Epehedg @S thacuat-hale oxs of eriged can
be | mproved. According to the present invention, there

is 20 provi dethod endinh atheo i nsan atdaguliayers seﬂhemadn&bqrdegradatlon
devi ce, characterized by conprising the steps of suppl ying an

SiH err] gas and [odr covieragea ofeaot upperhamirdng layer flopmeid dn dhe

sem conduct or substrate having an insul ating filmformed thereon is
pl aced to cause t F© gpﬁgn@a§teps or a conduction failure of the upper

wiring layer are not caused, and the reliability of the
upper wiring layer can be improved.
According to the present invention, there is
10 further provided a method of manufacturing a semicon—
ductor device, EOmprising the steps of: causing a gas
to react with Hy0, in vacuum to form an insulating f£ilm
having a substantially flat surface on a semiconductor
substrate; putting the semiconductor substrate in
15 a first condition; and putting the semiconductor
substrate in a second condition.
The thickness of the insulating film may be
substantially 0.4 mm to 1.4 m.
The step of causing the gas to react with H,0,
20 is carried out in substantially below than 650, at
a predetermined temperature range of -10°C to +10°C,
an Si0O4 gas being used as the gas.
The first condition may be such that the
semiconductor substrate is put in vacuum for
25 substantially more than 30 seconds.
The second condition is such that the

semiconductor substrate is put at a temperature



25 and H202 to react to each other in a vacuum bel ow 650 Pa
within the tenperature range of -10 Cto +10 C to forma refl ow
Sigerr] filmhaving a thickness of 0.4 [err]m

-7- to 1.4 [err]mon the sem conductor substrate; putting

t he sem conductor substrate in the reaction_chanber in vacuum f or
nore than 30 seconds; and putting the 9 séni conductor substrate at a
hi gh tenperature of 300[err]C 5- to 450[err]C for 120 seconds to 600
seconds. The step of forning the insulating filmto the

S M NG tBe Lkl 1l) WHeTRY B 4s0° for EABERANYIAIN yPTT of red

i n vacuum of t he present i nvention

10 I nsulati ng bl fc%@snslot %%msﬁ%na% applied to the steps of
formng an interlayered insulating |ayer of the ‘steps of formng

mul ti-layered wiring | @Rl met®od may fulr@h@rd dofiprdWeSiaOstle pgedfdrniad t he
sem conduct or substrate is put in a vacuum of a predeterm ned
pascal 15 f orfacp et puritied tstep @f rmvee semirccadicttioon, subdstrate
| 5 at the high temperature, for forming an insulating film
on the reflow $i0, film.

The method may further comprise a step carried out
carried out after the insulating film forming step, of
annealing the semiconductor substrate at a temperature

10 of 450°C for 30_minutes.

- According to the present in%ehtion, there is
still further provided a method of manufacturing
a semiconductor device, compris;ng the steps of:
placing a semiconductor substrate with wirings thereon

15 into a reaction chamber of a plasma CVD device of
a manufacturing device; forming a plasma S5i04 film
on the semiconductor substrate having a thickness of
more than 0.1.um in the reaction chamber of the plasma
CVD device; moving the semiconductor substrate from

20 the reaction chamber of the plasma CVD device into
a reaction chamber of a pressure-reduced CVD device.of
the manufacturing device; supplying an SiH4 gas and
Hy0, into the reaction chamber of the pressure-reduced
CVD device in which the semiconductor substrate is

25 placed to cause the SiH, gas and Hy0, to react to each

other in a vacuum below 650 Pa within the temperature

range of -10°C to +10°C to form a reflow SiO, film



sem conductor substrate is put at a predetermined high tenperature
for a predetermned tinme or nore to reduce the noi sture content

contained in the reflow SiG2 film so that crack resistance can be
i nproved. 20 : Since, in this way, the clack resistance of the
reflow SiQ2 filmis inproved, the reflowi ﬁylatlng filmcan assure
a desired thickness capable of f1attening the reflow insul ating
film Thus, the flatness of the surface of the interlayered
insulating 25 | ayer can be inproved, and the upper wring |ayer

fgr med on the |nterlf{}/§ Afsulad | QYET aff &b PE. 4 im on tmegropatter-ned

] on an abnormal confi gurati-on I S not

formed between thsfe ac?oridﬁé‘% f@@éo%ﬁgﬁ r{hd i d&hidonductor an

etching step for Tormng a t oug -hol e or a via- hole in the
i nsul ating | ayerssuﬂ'g'l@fﬁ@restﬁﬁgrféi@éix%u fn the ofegovbsmgehafben apper

wiring layer formed in th follow ng steps or a conduction failure
of the upper the pressure-reduced CVD device, in vacuum for more
5 than 30 seconds; moving the semiconductor substrate.
from the reaction chamber of the pressure-reduced CVD
device to the reaction chamber of the plasma CVD
device; and putting the semiconductor substrate, in
the reaction chamber of the plasma CVD device, at
10 a high temperature of 300°C to 450°C for 120 seconds
to 600 seconds. |
The moving steps may be carried out by an arm
provided in the manufacturing device.
The method may further comprise a sfep performed
15 after the putting step of the semiconductor substrate
at the high temperature, for forming an insulating film
on the reflow 5iO, film.
The method may further comprise a step after the
insulating film forming step, of annealing the
20 semiconductor substrate at a temperature of 450°C for
30 minutes.
Brief Description of the Drawings
FIGS. 1A to 1C are schematic view showing
an arrangement of a semiconductor manufacturing
25 apparatus used in an embodiment of a method of
manufacturing semiconductor devices according to

the present invention;



W ring | ayer are not caused, and the reliability of the upper
wiring |layer can be inproved. According to the present

i nvention, there is 10 further provided a nethod of manufacturing a
sem con- duct or device, conprising the steps of: causing a gas

to react wwth H202 in vacuumto forman insulating film havi ng a
substantially flat surface on a sem conduct - substrate; putting
t he sem conductor substrate in a first condition; and putting the
sem conduct or substrate in a second condition. The

t hi ckness of the i nsulﬁé#%eiél%n’;%/ e secti%néi'bs?ié"?éiﬁé&‘ir@g‘l [err]mto

1.4 [err]m causing the gas to react with [err]

20 i's carried; Qi b SbSE a0t i gt iyrde! oy tha@ns €88 @ forming Multi-
predeterm ned tenperature range of -10[err]C to +10[err]C, an SiA4

gas being used as}iPerd8@swiring layers wH&E &irefléewnihsnDatiny Delmuch
that the sem conduct or substrate is put in vacuumfor .25

substantial | y norfothgng3feskiiigds. is applied to The SEepadofoﬁdrmiﬁg S
such that the sem conductor substrate is put at a tenperature
- 5 an interlayered insulating layer according to
an embodiment of the method of manufacturing
semiconductor devices of the present invention;

FIG. 3 is a flow chart showing the steps of the
embodiment;

10 FIG. 4 is ? flow chart showing the stepé of the
embodiment:

FIG. 5 is a graph showing crack formation when the
thickness of a reflow Si0O, film obtained in the steps”:
of the embodiment of the present invention and the

15 thickness of a cap SiO film formed on the reflow SiO,
film are used as'parameters; and

FIG. 6 is a graph showing crack formation when
the thickness of a reflow SiO; film obtained in
the steps of forming multi-layered wiring layers when

20 a reflow insulating film forming technique is applied
to the steps of forming an intérlayered insulating
layer in manufacture of a conventional semiconductor
device and the thickness of a cap Si0 film formed on
the reflow 8i0, film are uéed as parameters.

25 Detailed Description of the Preferred Embodiments

An embodiment of the present invention will be

described with reference to the accompanying drawings.



-9~ . of substantially 300[err]Cto 450.for substantial ly

120 seconds to 600 seconds. The nmethod nmay further conprise a
step perforned after the putting step of the sem conductor
Substrate 5 at the high tenmperature, for formng an insulating film
on the reflow SiJerr] film 'Ettkcra] met hod may further conprise a
step carried out carried out after e insulating filmform ng

st ep, of anneal i ng the sem conductor substrate at a tenperature 10
of 450[err]C for 30 m nutes. According to the present

i nvention, there is £1G, 1S4 g{uc aH{lt 1P HEHECh R JEtdRbrdnt of

manuf acturing S'eri con evi‘ce, conprising the steps of:

placing a sem congdygl o?r&l?é{ n ﬁfha\tﬁfﬂ% dPERDus hbsed 1 nto a

reacti on chanber of a asrra CVD devi ce of a manufacturing device;

formng a plasma agﬁqIﬂ‘Sédn.xﬁéﬂﬁnof a metldd tHE hemh fommecueing substrate
havi ng a thickness of nore than 0.1 [err]min the reaction chanber

of the plasm semicéMdn ey Clev IEys Ngc tded e tonthe t presemst rate from
20 the reaction chanber of the plasnma CVD device into
5 invention.
Referring to FIG. 1A, reference numeral 10 denotes
a plasma CVD device; 20, a reduced-pressure CVD device;
1, a cassette loader chamber in which a semiéonductor
substrate is set; and 2, a rbbot arm for conveying
10 (i.e., loading/unloading) the semiconductor substrate
between the cassette loader chamber 1 and the reaction
chamber of the plasma CVD device 10 or the reaction
chamber of the reduced-pressure CVD device 20.
The plasma CVD device 10 has a general
15 arrangement. This arrangement is schematically shown
in FIG. 1B. Referring to FIG. 1B, reference numeral 11
denotes a reaction chamber (chamber); 12, an upper.
- electrode (shower head); 13, a lower electrode (table);
14, an exhaust port; 15, a process gas supply path; and
20 16, a high frequency pbwer supply path.
The reduced-pressure CVD device has a general
arrangement. This arrangement is schematically shown
in FIG. 1C. Referring to FIG. 1C, reference numeral 21
denotes a reaction chamber (chamber); 22, an upper
25 electrode (shower head); 23, a lower electrode (table);
24, an exhaust port; 25, an SiH, gas supply path; and

26, an Hy90, supply path.



a reactii on chanber of a pressure-reduced CVD device of t he
manuf act uri ng devi ce; supplying an Si H4 gas and H202 into the
reaction chanber of the pressure-reduced CVD device in which the
sem conductor substrate is 25 pl aced to cause the SiHerr] gas and
[err] to react to each other in a vgguun1belom1650 Pa within the

t enperature

Sigerr] film

range of -10[err]C t© +19[err]C to forma refl ow

- 10 - havi ng

a thickness of 0.4 [errlmto 1.4 [err]mon the sem conduct or

substrate; putting thegi&ﬁicgﬂdﬁﬁtQﬁ show th3”§§5§§L§§E?%ELL Letained in

the reacti on chanber o

for nore 5

fromthe reaction

e pressure-redaduce evice, in vacuum

Qgﬂéggnaﬁegagﬁst§9¥£ﬂge&hﬁnseﬂageggggtsf faégiﬁste

er o e pressure-reduce

reaction chanber gfithe1nlasen G&E&nﬁ laye98Vici&n aNgePUbi REshll@ting
e

sem conduct or

device, at 10

seconds
out by an agm

10

15

20

25

substrate, in t

to 600 seconds.

reaction chanber of the plasma CVD
fiamhifgbmiagpeeahtt guef 1808ppLikE t6 4h8[ exepe bar 120

forming an interlayered insulating layer according
to an embodiment of a method of manufacturing
semiconductor devices of the.present invention.

The steps of forming multi-layered wiriﬁg layers
when the reflow insulating film forming technique is
applied to the §teps of forming an interlayered
insulating layer according to an embodiment of a method
of manufacturing semiconductor devices of the present
inventibn will be described hereinafter with reference
to FIGS. 1A to 1C, FIGS. 2A to ZE;

As shown in FIG. 2A, a first wiring material
(e.g., aluminum) for a lower wiring layer is deposited
on an insulating film 31 on a semiconductor substrate
30 by, e.g., a sputtering method, and the first wiring
material layer is patterned by using a photolithography
technique and a reactive ion etching (RIE) techniéue'to
form a plurality of lower wiring layers 32.

An insulating f£ilm is buried between the lower
wiring layers 32 and deposited on the upper surfaces
of the lower wiring layers using the semiconductor
manufacturing apparatus as shown in FIG. 1A, to form
an interlayered insulating layer formed on the

semiconductor substrate 30.

evice to the

The noving steps may be carri-ed



provi ded in the manufacturing devi ce. The nmet hod may further

conprise a step perforned 15 after the putting step of the

sem conductor substrate at the high tenperature, for formng an
insulating film on the reflow SiJerr] film The

met hod may further conprise a step after the insulating film
formng step, of annealing the 20 seni ¢dnductor substrate at a
tenperature of 450[err]C for 30 minutes.: - Bri ef
Description of the Draw ngs FIGS. 1A to 1C are schematic view

how . ' d ks
apparatus used i n an B8 RERCLGHCa ey ol she  beEBUE EbHAg che
sem conduct or deViﬁ%@rﬁggﬁggangngﬁlaﬁ%ﬁg éa&@%,pEﬁéeQEmiE§ﬁathBr

FIGS. 2A to 2E are sectl views s n ~semcon uctor structures
in the steps of fguBkRga®ll Bb- on which! 2uer @dwéh’ Wigihgy ehgerBen2aaref | ow

insulating film _
formed is set on, e.g., a quartz board (not shown) in
5 the cassette loader chamber 1.

The cassette loader chamber 1 is set in wvacuum by
using a vacuum pump (not shown), and the semiconductor
substrate 30 is loaded into the reaction chaﬁber 11 of
the plasma CVD device 10 by the robot arm 2. The

10 temperature in Fhe reaction chamber 11 of the plasma
CVD device 10 is set to about 300'C in advance, and
a first plasma SiO, film 33 having a thickhess of
0.1 m or more (100 nm in this embodiment) is formed by
a general plasma CVD method on the surface of the

15 semiconductor substrate 30, i.e., on the exposed
surface of the lower wiring layers 32 and the exposed
surface of the insulating film 31 between the lower
wiring layers 32.

The semiconductor substrate 30 is moved from the

20 reaction chamber 11 of the plasma CVD device 10 into
the reaction chamber 21 of the reduced-pressure CVD
device 20 by the robot arm 2. An SiHy gas and H,0, are
supplied from an SiH, gas supply source and an H,0,
supply source into the reaction chamber.21 of the

25 reduced-pressure CVD device 20 through the SiH, gas
supply path 25 and the H,0, supply path 26, respectively,

and react to each other in a Vacuum of 650 Pa or less



formng technique is applied to the steps of formng 5 an interlayered

I nsul ating | ayer according to an enbodi nent of the nethod of

manuf act uri ng sem conduct or devices of the present invention;

FIG 3 is a flowchart show ng the steps of the enbodi ment; 10
FIG 4 is a flow chart show ng the steps of enbodi nment ;

FIG 5 is a graph show ng crack formation wh n the t hi ckness of a
reflow SiQ2 filmobtained in the steps of the enbodi nent of the
present invention and the 15 t hi ckness of a cap SiOfilmforned on the
reflow Si Q2 r tghse prd F 6 1is
a graph showi ng crac% % Fgﬁg%hg% ngd’ 3EE- %Phe ?ﬁ ir8eSs (S % 'rgfl w Si o2

filmobtained in ag 5 g_]]rj_q\._ sragp %fwnf QTiERe mQIBt | 2l UeNed \@lbzn&ﬂl%vgms
Plow S

when 20 are atlng n1 orm ng tech nlque I s appl i“ed

to the steps of f@ERiiRg an th&b&hb%\éerf%(il'ﬁzﬁukﬁtth% the range?¥¥ 0.2 m
manuf act ure of a conventi onal sem conduct or devi ce "and t he

thi ckness of a capoSnQ4f idmmifsof@Rehed on the seiieondilcdwrSisabsitidatearyd used
as paraneters. 25 Det ai | ed Description of the Preferred Enbodi nents
An enbodi negt of tihe pr@memmd fiestt @lasnlal Si®, film 33des@hiebadhiwkness
reference to the acconpanyi ng draw ngs.
of the reflow Si0O, film 34 means a thickness of that
portion of the reflow SiO, film 34 which portion is
formed on that layer formed on the semiconduétor
substrate 30, which layer has a flat surface and has
10 a large size of e.g. about 100 um long X 100 um wide.
| The flat surface layer is typically bonding pads formed
on the semiconductor substrate, though not shown.
As showh in FIG. 2C, the semiconductor substrate
30 still retained in the reaction.chamber 21 of the
is reduced—pfessure CVD device is put in a vacuum of 6.5
Pa or less for 30 seconds or more (30 seconds in this
embodimenf).
The.semiconductor substrate 30 is then moved from
the reaction chamber 21 of the reduced-pressure CVD
20 device 20 into the reaction chamber 11 of the plasma
CVD.device 10 by the robot arm 2. As shown in FIG. 2D,
the semiconductor substrate 30 is put in the reaction
chamber 11 of the plasma CVD device 10 at a high
temperature falling within the range of 300°C to 450°C
25 (300°C in this embodiment) for a time falling within

the range of 120 seconds to 600 seconds (120 seconds in

this embodiment).



- 12 . FIG 1A schematically shows an arrangement of a

sem conduct or manufacturing apparatus used in an enbodi nent of a
met hod of manufacturing sem conduct or devices according to the
present 5 i nventi on. Referring to FIG 1A, reference
nuneral 10 denotes a plasma CVD device; 20, a reduced-pressure CVD
devi ce; 1, a cassette | oader chaﬁbeﬂgfn'hhich a sem conduct or
substrate is set; and 2, a robot armfor conveying 10 (i.e.,

| oadi ng/ unl oadi ng) the sem conductor substrate bet ween the cassette

| oader chanber 1 and t ég#?. n s St @fardrhs: pl dev
. A th Pl R «pd devi ce
10 or the reaction lﬂ?e£ C zfr%erlnof t%erreduced-pressure CVD devi ce 20.

The plasma CVD dgié‘ﬁné-cb\rﬁ‘sdé‘vﬂ?é‘ei@,' astSshown ¥ FUEEIR, a T$¥dond

arrangenent is schematically shown in FIG 1B. Referring to FIG 1B
reference numeralpldsma s$i0, SERRITS ferebed a9 £heapefilmteadinig; 12, an
upper el ectrode (shower head); 13, a lower electrode (tabie);

14, an exhaust patthidknesProfeds3 gas srippbye pa3d0 mmdin this
5 embodiment) is forméd by a plasma CVD method on the
surface of the semiconductor substrate 30, i.e., on
the reflow Si0O, film 34.
Thereafter, the semiconductor substrate.30 is
removed from the semiconductor manufacturing apparatus,
10 and furnace annealing is performed at 450°C for 30
| minutes by using another semiconductor manufacturing
apparatus.
Thereafter, an etching step is carried out to
form a contact-hole or via-hole (not shown) in these
15 insulating films. Then, a second wiring material for
an upper wiring layer is deposited on the semiconductor
substrate 30, i.e., on the second plasma Sioz £film 35
and the exposed portion of the substrate 30; The
second wiring material layer (not shown) is patterned
20 to form the upper wiring layer.
The following table shows a comparison data
between the prior.art and the embodiment the present
invention, of the change of moisture contents (%) in.

reflow Si0; film 34 in the following steps.



20 .
reduced- pressure CVD
arr angement

16, a high frequency power supply path.

is schematically shown

The
arrangenent. This
in FIG 1C Referring to FIG

devi ce has a genera

1C, reference nuneral 21 denotes a reaction chanber (chanber); 22,
an upper 25 el ectrode (shower head); 23,_a | ower electrode (table);
24, an exhaust port; 25, an SiH4 gas supblylbatﬁ; and 26, an [err]
supply path. : - 13 -

FIGS. 2A to 2E show the cross-sections of
in the steps of formng

i nsul ati ng fil

formng an interlayered insulating lIayer according
of a nmethod of manufagturing

i nvention.
when the refl ow i nsul
steps of formng an i

sem conduct or structures
mul ti-layerggiw ring |ayers when a refl ow

m form ng technique iS5 applied to the steps of 5

to an enbodi nent
13;%02:‘]:(1qu| ces of the ptesent

1 ayers
@ﬁ?%qy Si®a £ 1¥ﬂi}%(wito t he

Prior art Present
invention

Sem co

The steps of form
ting filmformng te¢hH
it er | ayer ed

When reflow SiOj
film 34 has been
formed (FIG. 2B)

100 100

After semiconductor
substrate 30 has
been put in vacuum -
below 6.5 Pa for
30 seconds (FIG. 2C)

70

After semiconductor
substrate 30 has
been put at 300°C
for 120 seconds
(FIG. 2D)

50 50

When cap film 35
has been formed
(FIG. 2E)

20 20

After semiconductor
substrate 30 has 5 5
been annealed at

450°C for 30 minutes




insul ating layer according to an enbodi ment of a met hod of
manuf act uri ng sem conduct or devi ces of the present I nvention wll
be described hereinafter with reference to FIGS. 1A to 1C, FIGS. 2A
to 2E. 15 As shown in FIG 2A, a first wiring materia

(e.g., alumnum for a |lower wiring |ayer %§ deposi ted on an
insulating film 31 on a sem conductor subsiTate 30 by, e.g., a
sputtering nmethod, and the first wiring -~ material layer is patterned
by using a photolithography 20 techni que and a reactive ion etching

(RIE) technique to g jg gﬂgékéteb&rfkbﬁytﬁé Lawvee, Wihi 8He! a¥BHEiRdNL
An insulating filmis burie et ween the | ower wring layers 32 and

deposited on thecdppRe prebafesSinventionpfmbhethewetontaingd! ametheusi ng
t he sem conductor 25 manuf act uri ng apparatus as shown in FIG 1A to

form an rafeewageogdfinmuBatvag geyelyf chamgednihhehe following
sem conduct or substrate 30: - - 14 -
More specifical |l gteps,t thidtepnothbopring alé it was sharply changed.
| 5 To describe more specific, in the embodiment of the
presenf invention, the semiconductor substraﬁe 30 was
first put in vacuum below 6.5 for 30 seconds. With
this step, the contained moisture in the reflow Sioz
film 34 was changed from 100 % to 70 %. Then, the
10 semiconductor substrate 30 was put at 300°C for |
120 seconds. With this step, thé contained moisture in
the reflow SiO, film 34 was changed from 70 % to 50 %.
Thereafter, the cap Si0O, film 35 was formed on the
semiconductor substrate 30, i.e. oh the reflow SiO,y
15 film 34. With this step, the contained moisture in
the reflow Si0O, film 34 was changed from 50 % to 20 &.
After that the semiconductor substrate 30 was annealed
at 450°C for 30 minutes. With this step, the contained
moisture in the reflow Si0O; film 34 was changed from
20 20 % tolS %. In this way, since in the present
invention the moisture contained in the reflow SiO,
film 34 was changed in the four steps, i.e., stepwise
to 70 %, 50 %, 20 % and 5 %. That is, according to the
present invention, the moisture contained in the reflow
25 Si0, film 34 was gently reduced. In particular,
according to the present invention, there is added

a step performed after the step in which reflow SiO,



I nt.erl.ayered insulating | ayer, the sem conductor substrate 30 on
which the lower wiring |ayers 32 are formed is set on, e.g., a
quartz board (not shown) in the cassette | oader chanber 1.

The cassette | oader chanmber 1 is set in vacuum by using a vacuum
punmp (not shown), and the sem conductor substrate 30 is | oaded into
the reaction chanber 11 of t he pras%g CVD device 10 by the robot arm
2. The 10 tenperature in the reaction chanber 11 of the plasma

CVD device 10 is set to about 300[err]C in advance, and a first

plasra S 02 11 33034 Y2 hSkNest Yutting thed shriidlorkfidiogore (100

nmin this enbodi ornme a ‘general plasma CVD net hod on

the surface of thepchiare YPWCARGHCIY HASIIA! Giibrired corth il aposed

surface of the |ower wring |ayers d27and t he exposed surface of

the insulating fidya 3bAGWea0S F2 10V was prevesited( doay desiiy.
The sem conductor substrate 307 s noved fromthe 20 reacti on chanber 11

of the plasma CVRudaistde Medudenl from 10Q He teddl iPras arbmniondl ¢ he
reduced- pressure CVD , device 20 by the robot arm2. An SiHerr] gas
and H202 arg resulsuipyd ijed fimgmun SR F]igaeEuge wrebhieeSia an
reoz suppfl J?/ln? o3u‘{ Ck?eiir{]g}[ Ocz;[ahcekerde %(r:ﬁeir? nt}?eh asnéjn?jrcozx%dxggtcgzp esubstrate
30 was annealed after the cap Si0O; film was formed.
In the prior art, é step corresponding ﬁo the step
of putting the semiconductor in vacuum below 6.5 Pa for
10 30 seconds was not carried out. Thus, the contained
moisture in the reflow Si0O, film 34 was changed from
100 % to 50 % at one step. This abrupt change of the
contained moisture in the reflow Si0O; film 34 will
cause cracks in the reflow SiO, film 34 when the
15 semiconductor substrate 30 is annealed after the cap
§i0, film was formed.
The above advantage of the present invention
will not be obtained if the step of putting the
semiconductor substrate 34 in the high temperature is
20 first carried out, and then, the step of putting the
semiconductor substrate 34 in vacuum is carried out, as
the moisture contained in the reflow SiO, film 34 will
be abruptly changed from 100 % to 50 % at the step in
which the semiconductor substrate is put at the high
25 temperature. FIGS. 3 and 4 are charts showing the

flows of the steps of the embodiment. FIG. 3 shows

manufacturing procedures themselves, and FIG. 4 shows



25. reduced-pressure CVD device 20 through the SiH err] gas

supply path 25 and the [err] supply path 26, respectively, and
react to each other in a vacuumof 650 Pa or |ess

- 15 - in a tenperature range of -10[err]C to +10[err]C (e.qg.
Olerr] Q). As a result, as shown i IG 2B, areflow SiQ2 film 34
having a thickness falling within the ran of 0.4 [err]m to 1.4
[err]mis fornmed on the sem conductor substrate 30, 5 i.e., on the
first plasma SiQ2 fil'm33. The thickness of the reflow SiQ2 film

34 means a thi th%é%nﬁuf{%&%nﬁgzgx%rpﬁ%égﬁﬁf&‘ With Neefofdne SO ehe] film34

whi ch portion is at layer forned on the sem conductor

substrate 30, whiohh!fysEni@odeddat onefgrasmdcimsdedice and tege size
of e.g. about ?@%& err]n1|%%g x 100 [err] m w de. The flat surface

llayer is typicalitygq bResPaes Ewpnddvice. on the semi conduct or
substrate, though not shown. ' As shown in FIG 2C, the |
sem conduct or substrai¢sume that3thstthickeessnefl thetbefleacsiop Ehimber
21 of the 15 reduced- pressure CVD device is put in a vacuumof 6.5
5 34 and the thickness of the plasma Si0O,; film (cap film)
on the reflow Si0O, after annealing is performed at
450°C for 30 minutes are used as parameters. In this
case, the results obtained by actually measufing the
state wherein cracks are formed are shown in FIG. 5.
10 As is apparent from FIG. 5, the reflow Si0O5 film
| 34 obtained in this embodiment hés the same crack
characteristics of a reflow Sioé film on which no cap
film is formed. However, when the reflow SiO, film 34
has the cap film formed thereon, the upper limit of the
15 thickness of the film free from cracks increases from
about 1.0' m (prior art) to 2.0 i m. Therefore, the
crack resistance of the reflow Si0O, film 34 is
improved.
According to the above embodiment, aftexr the
20 reflow insulating film forming technique is applied to
the steps of forming an interlayered insulating layer
of the steps of forming multi-layered wiring layers
to form the reflow SiO, film 34, the reflow SiO, film
34 is put in a vacuum of a predetermined pascal for
25 a'predetermined time or more, and the reflow SiO, film

34 is put at a high temperature for a predetermined

time or more.



Pa .or less for 30 seconds or nore (30 seconds in this enbodi nent) .

"The sem conductor substrate 30 is then noved from the reaction
chanber 21 of the reduced-pressure CVD 20 device 20 into the reaction
chanber 11 of the plasma CVD device 10 by the robot arm 2. As shown
in FIG 2D, the sem conductor subsiyate 30 is put in the reaction
chanmber 11 of the plasma CVD device 10 at high t enperat ure
falling within the range of 300[err]C to 450[err]C 25 (300[err]Cin
this enbodinment) for a time falling within t he range of 120 seconds

to 600 seconds (120 sggoggfsi@?n erlliv%gi%ﬁgﬂpggéggggis generated

Thereafter, in the reactiron chanber [ asta CVD devi ce 10,
as shown in FIG gfi 20 : i £X- + '

. Fl Gy SELRR: on of tRLasHBuBhEIRgr Eifh! tm3Bheesyepgoss a
cap film having n& a Fﬂlc ness of 0.3 [err]n1%r nore (300 nn1ig this 5

enbodi ment) is ferpRdnlYtRePLastBwYPogRENDA 88 tHecause theuihsazavinghe
sem conductor substraté 30, i.e., on :

film to contain moisture, the moisture in the insuléting

5 film is reduced in content. Therefore, the reflow 'SiO,
film 34 having high crack resistance can be obtained.

In this manner, when the crack resistance of the
reflow Si0, £film is improved, a desired thickness
capable of flattening the reflow Si0O, film can be

10 assured. ‘

Therefore, the flatness of the surface of the
interlayered insuiating layer can be improved, and
serious defects such as disconnection or short circuit
of the upper wiring layer can be pievented without

15 adversely affecting the deposition of the upper wiring
material on the interlayered insulating layer and
patterning the upper wiring material layer.

According to this embodiment, before the cap film
35 is formed on the reflow SiO, film by a plasma CVD

20 method, a semiconductor wafer is already sufficiently
heatedlup. For this reason, the wet etching rage of
the formed film 35 increases. Therefore, in the
etching step of forming a through-hole or via—hole in
the interlayered insulating layer constituted by the

25 reflow SiOp film 34 and the cap film 35, an abnormal
configuration is not formed at the interface between

the cap film and the reflow Si0O, film, the coverage of



‘the reflow. SIQ2 film34. ~ Thereafter, the sem conductor:

‘substrate 30 is’ renmoved fromthe sem conduct or manufacturing
apparatus, 10 and furnace annealing is performed at 450[err]C for 30
m nut es by using anot her seni conductor manufacturing appar at us.
Thereafter, an etching step is carried out ,t0 forma contact-hol e
or via-hole (not shown) in these 15 , 'ingélafing films. Then, a second
wiring material for an upper wiring layer is deposited on the

sem conduct or substrate 30, i.e., on the second plasma SiQ2 film 35

and the exposed rti f ot u T 3 lehygn
material | ayer (% C E%%ﬁ%)wéggﬁ ?%&%SE%O%%Ed E?btpgrﬁﬁggg%ﬁgggfwﬁﬁki%5

layer. not B@g%ﬁleldqwa g aakiBneWend £f69IRYE 3N thd dipper

between the prior art the enmbodi nent the present i nvention, of
the change of nDLLNR AR GDdthoccur. reflow SiQ2 film34 in the
- 17 -

foll ow ng steps. . _ _Tabl e

As described above, according to the method of .

5 manufacturing a semiconductor device of the preéent
invention, the crack resistance of-a reflow insulating
film obtained when the reflow insulating film forming
technique is applied to the steps of forming.an inter-
layered insulating layer of the steps of forming

10 multi-layered wiring layers can be improved, a désired
thickness capable of flattening the reflow insulating
film can be assured._ For this reason, the flatness of
the surface of the interlayered insulating layer can be
improved, and an upper wiriﬁg layef formed after the

15 interlayered insulating layer is formed can be
micropatterned.

In addition, abnormal configuration of the
interface of the insulating layers in an etching step
for forming a through-hole or a via-hole can be

20 prevented. Therefore, the reliability of the upper
wiring layer can be improved without degradation of
coverage of an upper wiring layer formed in the
following steps or a conduction failure of the upper

wiring layer.



Mbi sture contents (% inreflow SiQ2 film34
Rrior art Present I nvention Wen reflow SiJerr] film 34 has

been 100 (FIG 2B) After sem conductor substrate
30 has been put l“‘“H“ ﬂﬂﬂ 70 bel ow 6. |
(FIG 20 After Sem €0 o swpstrate 30_has been pjit!H® ShEEE HAS BEEN

{ or JEPLACED

50 for 120 seconds (FIG 2D) When cap fT1 n?35 has bee

20 (FIG 2E) After sem conductor substrate 30 has 5 5
been anneal ed at 450[err]C for 30 m nutes
- 18 - ﬁgzls understood fromthe table, in the enbodi nent

of the present |nveh%|on noi sture contained in the
1. A method of manufacturing a semiconductor

device, comprising the steps of:
supplying an SiH, gas and H50, into a reaction
5 chamber in which a semiconductor substrate having an
insulating film formed thereon is placed to cause the
SiH, gas and H,05 to react to each other in a vacuum
below 650 Pa within the temperature range of -10°C to
+10°C to form a reflow SiO, film having a thickness of
10 0.4 mm to 1.4 m on said semiconductor substrate;
putting said semiconductor substrate, retained
in said reaction chamber, in vacuum for more than
30 seconds; and
putting said semiconductor substrate at a high
15 temperature of 300°C to 450°C for 120 seconds to
600 seconds.

2. A method of manufacturing a semiconductor
device according to claim 1, wherein the step of
forming said insulating film to the step of forming

20 said reflow SiO5 film are continuously performed in
vacuum.,

3. A method of manufacturing a semiconductor

- device, comprising the steps of:
causing a gas to react with H909 in vacuum to form
25 an insulating film having a substantially flat surface
on a semiconductor substrate;

putting said semiconductor substrate in a first

This Sheet Has Been Reﬂ




réfIOM/SiC{err] film34 was gently changed in the foll ow ng st eps,
while in the prior art it was sharply changed. 5 - To descri be nore

specific, in the enbodi mrent of the present invepton_—the

sem conduct or III“H lﬁﬂﬂ“i"‘!m first put in vacyumpigedrawi6iks BQEN—T
seconds. VVth ! the contai ned noisturefjin threpeidéemw Si O2
film 34 was changed from 1 %to 70 % -Theéhk, the 105 i Feret
substrate 30 was put at 300[err]C for 120 seconds. Wth this step,

t he contai ned noisture in the reflow SiQ2 film 34 was changed from
70 % to 50 % Thereafter,, the cap SiQ2 film 35 was forned on the

sem conduct or subSPPEEEISH: AR on the reflow Sigerr] 15 film 34.
Wth this step, the COEL%%%?\& @Bkesrsgfﬁgﬁlductﬁr sl tE8 k0 WnSaO% fdond 34
0 o er that t

was changed from 50 % & "Sém condact or
substrate 30 was aRHA3kESn at 450[err]C for 30 minutes. Wth this
step, the containeg n'm)isture in the reflow SiQ2 film 34 was changed

from 20 = 20 %to 5 %, hNmbkhddVa¥ menhdEactlrihg Br eemilconductor

i nvention the noisture contained in the reflow Si film 34 was
changed i n she fodevitepaccordingstepwiladm 3, whetreinltie Thidkn2@slcefnd 5
% That is, according to the present invention, the noisture

contained in the sefidoinspiating €l im Sabstanfdally Osdugadto In4 wm.
particular, 5. A method of manufacturing a semiconductor
device according to claim 3, wherein the step of
causing the gas to react with Hy05 is carried out in
10 . substantially below than 650, at a predetermined
temperature range of -10°C to +10°C, an SiO, gas being
used as the gas.
6. A method of manufacturing a semiconductoi
device according to claim 3, wherein said first
15 condition is such that said seﬁiconductor substrate is
put in vacuum for substantially more than 30 seconds.
7. A method of manufacturing a semiconductor
device according to claim 3, wherein said second
condition is such that said semiconductor substrate is
20 put at a temperature of substantially 300°C to 450° for
substantially 120 seconds to 600 seconds.
8. A method of manufacturing a semiconductor
- device according to claim 1, further comprising a step
performed after the putting step of the semiconductor
25 substrate at thé high temperature, for forming
an insulafing film on said reflow SiO5 film.

- 9. A method of manufacturing a semiconductor

This Sheet Has Been Reﬂlaced

[




ébcording to_ﬂbe_pnesen;—eﬁveﬁtion there i s added a step perforned

after the step in which ref ]
subs M“mmﬂ“ Wm of putting the semi condufttns SHEET HAS BEEN ‘
substrate 30 v e noi sture contained in t R igEG iy B

Sigerr] film34 wds prevented from bei ng abruptly FronT 100
%to 50 %as conventional, 5 result|7m3351|ﬂ ni mum possibility of the
reflow Siq err] film 34 bei ng cracked when the seni conduct or
substrat-e 30 was anneal ed after the cap SiQ2 filmwas forned.

In the prior art Q3 {4 q%%%'}%!’lfglél‘?nt e Alfhher compsil ta{rpcééw

sem conductor in vacuum seconds was hot carried
out. Thus, the wﬁé@%ut afterind l&fr%dlrhﬁlh%rﬁflnwféhﬁ%é'é%ﬁ”f gBs
~changed from 100 %to 50 % at one step. i s abrupt change of the
contai ned noi st Ulsrida iRy refidweni@brididci sMidtrate at GAUSEnpFdLtEre N
the reflow Sigerr] film34 when the 15 sen1conductor substrate 30 is
anneal ed after thef cE§0°C for Shindtaswas f or ned.

5 10. A method of manufacturing a semiconductor
device, comprising the steps of:
placing a semiconductor substrate with wirings
thereon into a reaction chamber of a plasma CVD device
of a manufacturing device;

10 forming a plasma SiO, film on said semiconductor
substrate having a thickness of more than 0.1 mm in the
reaction chamber of said plasma CVD device;

moving the semiconductor substrate from the
reaction chamber of said plasma CVD device into

15 a reaction chamber of a pressure-reduced CVD device of
the manufactnring device;

supplying an SiH, gas and H50, into the reaction
chamber of the pressure-reduced CVD device in which the
semiconductor.substrate is placed to cause the SiH,; gas

20 and Hp0, to react to each other in a vacuum below
650 Pa within the temperature range of -10°C to +10°C
to form a reflow SiO, film having a thickness of 0.4 mm

-to 1.4 mm on said semiconductor substrate;
putting said semiconductor substrate, still

25 retained in said reaction chamber of the pressure-
reduced CVD device, in vacuum for mofe than 30 seconds;

moving the semiconductor substrate from the
bt .

eet Has Been Reﬁaced
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The above advantage of the present invention | wi |l not be obtained | f
the step of.puLthg-%he—~—— sem conduct or substrate R

fenperature is rried out, and then, the t§ﬁ5%$H@ﬂﬁﬁAﬁ@EENef
sen1conductoriﬂﬂ! ‘“ | ﬁ! acuun1is carried out, as REPLABED f
noi sture cont ow SIQ2 film34 wll be abruoptty—+
changed from 100 @6to 50 @6at the step i 2 ~ which the sem conduct or
substrate is put at the high 25 tenmperature. FIGS. 3 and 4 are charts
show ng t he flows of the steps of the enbodinent. FIG 3 shows

mag(l;f ?Ct uring proce%#é_g%f g@t B er t%%dﬁeg‘suflc ced CVD device to

- urrng proceduar erence to the

rel ati onshii p bet yan e lohs Bhanfid: I8 EheAil até?t% cvn deviRHICamR essur e
CVD devi ce. sune at the thickness of the reflow S Q2 film

> 34 and the thi ckipggtiolg téﬁ&'s%’idl&:o‘ﬂd%ﬁdﬂ Bubdiratid,Min the on the
reflow SiQ2 after annealing is perforned at 450[ err] C for 30 m nutes
are used as par arelagition ichaniier of the plasma CVD device, at a high
5 temperature of 300°'C to 450°C for 120 seconds to 600
seéonds.

11. A method of manufacturing a semiconductor
device according to claim 1, wherein said moving steps
are carried out by an arm provided in the manufacturing

10 device.

12. A method of manufacturing a semiconductor
device according to claim 10, further comprising a step
performed after the putting step of the semiconductor
substrate at the high temperature, for forming an

15 insulating f£ilm on said reflow SiO; film.
| 13. A method of manufacturing a semiconductor -
device according to claim 12, further comprising a step
after the insulating film forming step, of_annealing
said semiconductor substrate at a temperature of 450°C
20 for 30 minutes.
14. A method of manufacturing semiconductor
devices, substantially as hereinbefore described with
. reference to FIG. 1A to FIG. 5 of the accompanying
drawings. _
—_—
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':.'case, the results obtained by actually neasuring the state wherein

~.cracks are forned are shown in FIG 5. 10 As is apparent fromFIG
5 the reflow SiQ2 film 34 obtained in this enbodi nrent has the sane
crack characteristics of a reflow SiQ2 film.on which no cap
filmis formed. However, when the reflow SiQ2 film 34 has the cap
filmfornmed thereon, the upper Iimt of the 15 t hi ckness of the film
free fromcracks increases from - Blfofit 1.0 [err]m(prior art) to 2.0
[err]m Therefore, the crack resistance of the reflow SiQ2 film 34
s i mpr oved. According to the above enbodi nent, after
the 20 reflow insulating filmfgumng technique is applied to
the steps of formng an interlayered \nsul ating | of the steps
of formng nmulti-layered wiring JVayers _ tO formyihe reflow SIQ2 film
34, the reflow SIQ2 film 34 isp in & vacuum a predeterm ned
pascal for 25 a predetergined tinme or r, and the reflow SIiQ2 film
34 is put at a high tenperatune for a predepQrm ned time or nore.
- 21 -
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In this manner, even if noisture is generated during formation of
Adhe insulating filmin the step of formng the reflow SIQ2 film 34
to cause the insulating filmto contain noisture, the noisture in
the insulating 5 filmis reduced in content. Therefore, the reflow

Si 2 film 34 having high crack resistance can be obt ai ned.

In this manner, when the crack resistamxg »f the reflow SIQ2 filmis
i nproved, a desired thickness capable of flattening the reflow
SiJerr] filmcan be 10 -assur ed. Therefore, the flatness of
t he surface of the i nterlayered |nsulat|ng Iayer can be inproved,

and serious defects such as dis a ava

t he upper wiring | ayer can be pr eygutel NS
t he deposition upp uy..-wwmmm.u
I nsul ati ng Iaye‘? alt‘ucé eéKattem ng the upper wiring materia

- of

According to this enbodi nent, befg Baed. on
the reflow SiJerr] filmby a pl asce=e == F=sbnduct or
f [ I d fficientl th t
\Q?Cﬁir nlgsrgg(raegfy e teRe ?‘/orrred fil W@P&gggwﬁergsgfgn I n teh\ge
( 7z 7 ZzZ_7 /gg
o /N Z
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etching step of formng a through-hole or via-hole in t he
interlayered insulating |ayer constituted by the 25 reflow SiQ2 film 34
and the cap film 35, an abnornal configuration is not fornmed at the
i nterface between the cap filmand the reflow SIQ2 film the

cover age of ' - 22 - . the upper
wiring layer fornmed in the foll ow ng St&npf 5i S not degraded, and a
connection failure of the upper. iri'ng | ayer does not occur.

As descri bed above, according to the nethod of 5 manuf acturing a

sem conductor device of the present I nvention, the crack resistance

of a reflow insulating filmobtal | ting film
f or mi ng t echni que i sFQE&I LOWER o LAYERSWIRINGS 32@Nvi ng an i nE er-
| ayered insulating | ajer of SEMéCONBPJETOR SUBSTRATELS0 BY KNOWN- | aypr ed

wiring layers can be iinprovMETHODIesi r ed t hi ckness capabl e pf
flattening the reflow T Tnsulatlng TrTmcan be assured. For this
reason, the flatness of the surface ¢f the interlayered insulating

| ayer can be [ rovFetheHﬁs?rbLWA SvinOrZI rl]"thagfrO.Tléj d—after the
THICK OR MORE {0.1uM IN THE EMBODIMENT)

ON SUBSTRATE 30 BY PLASMA CVD METHOD AT

300 °C (FIG.2A) :

FORM REFLOW S102 FiLM 34 0.4 UM TO 14 UM
THICK ON SUBSTRATE 30 BY PRESSURE-REDUCED
CVD METHOD, BY USING SiH4 GAS AND HFO '
IN VACUUM OF 650 Pa OR LESS AND AT - {0°
TO +10°C (FiG.2B)

PUT SUBSTRATE 30 IN VACUUM BELOW 6.5 Pa
FOR 30 SECONDS OR MORE (30 SECONDS IN THE
EMBODIMENT) (FIG.2C) :

l

PUT SUBSTRATE 30 AT 300°C TO 450°C (300°C
IN THE EMBODIMENT ), FOR 120 SECONDS TO

600 SECOND (120 SECONDS IN THE EMBODIMENT)
(FiG. 2D)

FORM SECOND PLASMA S102 FILM (CAP FILM )

35 0.3uM THICK OR MORE (0.3 /M IN THE .
EMBODIMENT )} ON SUBSTRATE 30 BY PLASMA CVD
METHOD (FIG. 2E)

ANNEAL SUBSTRATE 30 AT 450°C FOR 30
MINUTES

FI1G. 3



15 interlayered insulating |ayer is fornmed can be m cropatt er ned.

I n addition, abnormal configuration of the I nterface of the
insulating layers in an etching step for form ng a through-hole or
a via-hole can be 20 prevented. Therefore, the reliability of the
upper wiring |layer can be inproved w thout degradation of

coverage of an upper wiring |ayer forned,in the follow ng steps or
a conduction failure of the upper / iring |ayer

Cl ai ns: 1. A method of manufacturing a sem conductor

device, conprising the_steps of: first suoolylng an

SiHerr] gas and [err]| i ntFpRM LOWER < I1SR¥ER WIRINGS 32coMber in whi h
sem conductor substratie ha3EMICONDUCTER SUBSTRATES3O &SING KNOWN f or

thereon is placed to qausD\HEE SiHerr] gas and [err] tor act to
each other in a vacuunr————fetomw6S0~Paprtrmth range of
-10[err]Cto +10[err]CtoformarefiTowSiCIerr] filmhaving a

thi ckness of PLACE SUBSTRATE 30 INPLASA CVD DEVICE
TO FORM FIRST PLASMA Si02 FILM 33 0.1 IM
THICK OR MORE (0.1 UM IN THE EMBODIMENT)
ON SUBSTRATE 30 AT 300°C BY PLASMA CVD
METHOD (FIG. 2A )

|

MOVE SUBSTRATE 30 INTO, PRESSURE REDUCED
CVD DEVICE AND APPLY SiH4 GAS AND H202
INTO THE PRESSURE -REDUCED CVD DEVICE TO
FORM REFLOW Si02 FILM 34 0.4uM TO 1.4 uM
THICK ON SUBSTRATE 30 BY PRESSURE -REDUCED
CVD METHOD, IN VACUUM OF 650 Pa OR LESS AND
AT <10°C TO +10°C (F1G.2B)

)

PUT SUBSTRATE 30, STILL RETAINED IN
PRESSURE—-REDUCED' CVD DEVICE, IN VACUUM
BELOW 6.5 PG_FOR 30 SECONDS OR MORE (30
SECONDS IN THE EMBODIMENT ) (FiG.2C)

MOVE SUBSTRATE 30 INTO PLASMA CVD DEVICE
AND PUT SUBSTRATE 30 AT 300°C TO 450
(300°C IN THE EMBODIMENT), FOR 120
SECONDS TO 600 SECONDS (120 SECONDS IN

. THE EMBODIMENT ) (FIG.2D)

)
FORM SECOND PLASMA Si02 FILM (CAPFILM)
35 0.3 UM THICK OR MORE (03 UM IN THE
EMBODIMENT ) ON SUBSTRATE 30, STILL

RETAINED IN PLASMA CVD DEVICE BY PLASMACVD
METHOD (FI1G.2E)

REMOVE SUBSTRATE 30 FROM PLASMA CVD
DEVICE AND PLACE SUBSTRATE 30 IN KNOWN
DEVICE TO ANNEAL SUBSTRATE 30 AT 450 °C
FOR 30 MINUTES IN THE DEVICE

FI1G. 4




10 0.4 [err]mto 1.4 [err]mon said sem conductor substrate;

putting said sem conductor substrate, retained In said reaction
chanmber, in vacuum for nore than 30 seconds; and
putting said sem conductor substrate in a second chanber, at a high 15
tenperature of 300[err]C to 450[err]C for 120 seconds to 600
seconds. 2. A nethod of nﬁn %acturing a sem conduct or
devi ce according to claim1, wherein the step of form ng said
insulating filmto the step of formng 20 said reflow SiQ2 filmare
continuously perforned in vacuum A met hod of
manuf acturing a sem conduct or devi ce, conprising the steps of:
causing a gas to react with H202 in vacuumto form 25 an insulating
filmhaving a substantially flat surface on a sem conduct or
substrat e; putting said sem conductor substrate in a first
- 24 - ' X: CRACKED O:NOT CRACKED )
= 094 © O 0O 0O O O 0O 0 O X
l-_l__ -
o 0.7- O O O O O O O O O X
P .
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w 05- ©C O O O O O O O O X
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condition; and putting the sem conductor substrate in a second
condi ti on; 4. A nethod of manufacturing a sem conductor 5
device according to claim 3, wherein the thickness of sai d
insulating filmis substantially 0.4 [err]mto 1.4 [err]m 5.
A nmethod of manufacturing a sem conductor device according to
claim3, wherein the step of - causing the gas to react with [err] is
carried out in 10 substantially bel ow than 650, at a predetermni ned
tenperature range of -10[err]C to 10[err] + 10[err]C, an Si O4 gas being

used as the gas. _ ﬁbst%@?t B@dtﬁ& B&eu&amg' ng a
sen conduct or devi ce ac n said first 15

condition is such thayregbs aﬂmﬁﬂnemnmabskmtenbacroa DEVIREE"i N

vacuum for substantially nore than 30 seconds. 7. A nethod of
manuf acturi ng a seni condacinethod of mafefaceuzdinqgr di sgmieoaldacto®, wherein
sai d second condition is such that said sem conductor substrate is
20 put at a teéepécetuaefotstupdaamai ahbplatdhgr filmt ¢3350hamihgf or
substantially 120 seconds to 600 seconds. 8. A nethod of

manuf act urpng a 8ekhickugesopt 0.1 im gzvmoreadsoformgdt enclthiem 1, further

conprising a step | . .
semiconductor substrate (30) with lower-surface wirings

(32) thereon. The semiconducfor substrate is moved
into a pressure-reduéed CVD device, and then an SiH,
gas and Hy05 are supplied into the pressure-reduced
10 CVD device to react them to each other in a vacuum of
650 Pa or less within the temperature range of -10°C
to +10°C to form a reflow SiOy film (34) having
a thickness of 0.4lym to 1.4 /m on the semiconductor
substrate. The semiconductor subsﬁrate is put in
15 a vacuum of 6.5 pascal for 30 seconds or more.
Thereafter, fhe semiconductor substrate is put at
a high temperature of 300°C to 450°C for 120 to
600 seconds. A second plasma insulating film (35)
having a thickness of 0.3 m or more and serving as
20 a cap film is formed on the semiconductor substrate.
The crack resistanée of the reflow insulating film
formed in the above steps is improved, and the flatness

- of the reflow insulating film is improved.

(Please note that Figure 2C should accompany the abstract when
published)



performed after the putting step of the senmi conductor

the hi-gh tenperaturg

for formng -

reflow Siqerr] fil
sem conduct or
conprising a step
after said second

m nut es.
devi ce,
substrate with
CVD devi ce

nmore than 0.1 [err].m
devi ce; de ch

of a
SSQ2 filmon said seﬂ1co
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reaction chamber of %%p%l@l%%ﬂ%@fp Y drﬂi %150, into areaction

a first

chamber in which a semiconductor substrate having an;

insulating film formed thereon is placed to cause the

SiH, gas and H;05 to react to each other in a vacuum

below 650 Pa within the temperature range of -10°C to

+10°C to form a reflow SiOy film having a thickness of’

0.4 mm to 1.4 /m on said semiconductor substrate;

putting said semiconductor substrate, retained

in said reaction chamber, in vacuum f£or more than

30 seconds; and

in a second chamber,

putting said semiconductor substratekat a high

600 seconds.

temperature of 300°C to 450°C for 120 seconds to

A method of manufacturihg a semiconductor

device according to claim 1, wherein the step of

forming said insulating £film to the step of forming

- device, compf

causing a gas to

the

5

10

15
2.

20
- vacuum.

25

on a semiconductor substrate;’

putting said semiconductor substrate in a £iF

an insulating film having a sub

said reflow Si0, film are continuously performed in

A method of manufacturing a semiconductor

steps of:

t with Hzoz in vacuum to form




15 a reaction chanber of a pressure-reduced CVD device of t he

manuf acturi ng devi e plying an SiHerr] gas and [err] into
the reaction EﬂkﬂﬁﬁMEQE Et§ essure-reduced CVD device in which
the seni coffduct or{ kupEBr Pl acsibdthutauheet haaFabhuery 1987
and [err] to react |t B2€ach-othEr"Th allvacuum bel ow Pa W thin
the tenperature range of -10[err]C to +10[g4r]C tofonnareﬂow
SS2 filmhaving a thickness of 0.4 [errTm to 1.4 [err]mon said
sem conduct or substrate; sem conduct or substrate,
still 25 retained in said reaHm“HmfImH m’tt he pressure-

reduced CVD devi divieomguamd f or norce uhan onds; novi ng
t he sem conduct or\substrate fromthe - 26 -

reaction chanber ol tpetpirgsthe-senicend@virygesibatrate in a gagondacti on
chanmber of the plas CVD devi ce; and putting said

sem conduct or suPRRABEEONE N t he reacti on chanber of the plasma CVD

device, at a high
9 A method of manufacturing a semiconductor

S. A method of manufacturing a semiconductor
device according to\ claim 3, wherein the step of"
causing the gas to react with Hy0, is carried out in
10 substéntially below than\650, at a predeterminéd
temperature range of -10°C o +10°C, an SiO, gas being
used as the gas.
| 6. A method of manufacturi a semiconductor
device according to claim 3, wherein said first
15 condition is sugh that said semiconductor substrate is
put in vacuum fbr substantially more thah 30 seconds.
7. A method of manufacturing a semicogductor
device according to claim 3, wherein said sec  d
condition is such that said semiconductor substrate is
20 put at a temperature of substantially 300°C to 450°\for

substantlally 120 seconds to 600 seconds.

8. A method of manufacturlng a semiconductor
‘- device according to claim 1, further comprising a step

pérformed after the putting step of the semiconductor

25 substrate at the high temperature, for forming
a_second
aﬁ*Lnsulating film on said reflow SiO5 film.

9. A method of manufacturing a semiconductor



5 tenperature of 300[err]C to 450[err] C for 120 seconds to 600
seconds. 11. A manuf acturing a sem conduct or

devi ce accordi ng wﬂ@mﬁl said noving steps - are carried
9«59 REBMENT

out by an arm pr ngFiEém Etcfgl mQSub]sQltu’c]eJ Q?é’étcem Fe?ruary 199?‘2: m

CRYY

10, further conprj B--SHe8 perfgﬁned after the p of

t he sen conduct or substrate at the i gh tenpﬁlmH i‘HﬂMﬂi ng an
15 insulating filmon said reflow SiJerr] film ‘met hod
of manufacturing a sem conduct or devi ce accordlng t'o cIa|n112
further conpri device degording taftekaimhg, |ﬂsntherngpmptﬁsingnangtspep, of
anneal i ng sai d sem conduct or sﬂbb&gamg at a tenperature of 450[err]C
20 for 30 nicakwised out after 4ite, inselavingffhimufermingngtep, of

sem conduct or devices  substantially as herei nbefore described with
reference to Flagneguling faid ssepi¢prductefpsinpshrate at agrgmpRyature

of 450°C for 30 minutes.
5 " 10. A method of manufacturing a semiconductor
device, comprising the steps of: |
placing a semiconductor substrate with wirings
thereon into a reaction chamber of a plasma CVD device
of a manﬁfaéturing device;

10 forming a plasma SiOy film on said semiconductor
substrate having a thickness of more than 0.1 ﬁm in the
reaction chamber of said plasma CVD device;

moving the semiconductor substrate from the
reaction chamber of said plasma CVD device into

is a reaction chamber of a pressure-reduced CVD device of
the manufacturing device;

supplying an SiH, gas and H202 into the reaction
chamber of the pressure-reduced CVD device in which the
éemiconductor substrate is placed to cause the SiH,; gas

20 and H,0, to react to each other in a vacuum below
650 Pa within the temperature range of —10‘C-to +10°C
ﬁo form a reflow SiO, film haﬁing a thickness of 0.4 m

“to 1.4 um on said semicon&uctor substrate; |
putting said semiconductor substrate, still

25 retainéd in said reaétion chamber of the pressure-
reduced CVD device, in vacuum for more than 30 seconds;

moving the semiconductor substrate from the



-15. A method of manufacturing a sem conductor device, conprising the step

of : supplying an SiHerr] gas and [err] into a reaction chanber in
whi ch a semi conduct or ggg_,_, s=Raving an insulating filmformed thereon
i's placed to cause=SH B d [err] tguph&fi tsﬂes@chs mwﬁ 7

‘-erature range err]C

to forma refl ing a thygkness -of mt014
[err]mon saidb 5strat e; puttln H tor
substrate reta-re reaction chanmber, in v 5 Pa
for 30 seconds; and putting said sen1conductor substrate in an

anot her chanber reaattimprichamberpefattuiree prs S -areduted QED|[devicefos 120
seconds to 600seconds .-- --16. A nethod of manufacturing a

seni conduct or dé&hiec Eeadien shagber oft e @lasma CVD dewicry; aand
sem conductor substrate with wirjings thereon into a reaction chanber of a
pl asma CVD devi ce ofE??ﬁ%ﬂﬁa%ﬂﬁﬂw%ﬁ?ﬁﬁaﬂqﬂ?t°r subs$xate ngln Phasna

than 0. 1 {er] mERROSRSH & %‘#“e%rr%ﬁbs”ate W e shen g
Toving the sen ¢ %é&tacy R G A AP.C G ol DedhiRte, € SB0T

pl asma CVD device rnto a reactlon 1 er of .a pressure-_reduce
devi ce of the ngidoretglri ng device; © supplying an SiH err] gas and
[err] |nto t he reaction chanber of

1l1. A method of manufacturing a semiconductor
device according to claim 1, wherein said moving steps
are carried out by an arm provided in the manufacturing

10 device:
" 12, A methqd of manufacturing a semiconductor
device according to claim 10, further comprising a step
performed after the putting step of the semiconductor
substrate at the high temperature, for forming an

15 insulating f£film on said reflow §i05 £ilm.

13. A method of manufacturing a semiconductor -
device according to €laim 12,nfurther comprising a step
after the insulating film forming step; of annealing
said semiconductor substrate at a temperature of 450°C

20 - for 30 minutes.

14. A method of manufacturing semiconductor

deviceéW_substantially as hereinbefore described with

- reference to FIG. 1A to FIG. 5 of the accompanying

drawings.



t he pressure-red
pl aced to cause
vacuum bel ow 65(Q
to forma reflo
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Pa w 4 I'li FBh ber at ure fange® off -10[err]C to +10[err]C
P ng a thi aultRufd shdbtt 18'Febiudry Tod7

Sthr
OT— substrat e;

28 " putting said sem' conduct or subst rate, still retained in said
reaction chanber-afs t ha peessdret madiicad cuvidndedi senicondiamatmdefs icgl ow
6.5 Pa for 30 seconds; novi ng the sem conductor substrate fromthe

reaction cﬁmexsmq)fmer\e:tmpe@%re reduced CVD device to the reaction
chanber of said ce; and uttin d se uGt or
substrate, in tr%PRFeéc‘t’ﬁ%ﬁ“ géﬁﬁ ?és g 2R %e %1’?:% m?ﬁ"%f

t enper at ur 300 & 0 f e S 0

17. A net h‘gla?% gr)nat;nung &%ﬁégaggéﬂ%%%% % ]'?%ea?/‘l g'g‘ggccor ¢ 9"&? a| m 1,

wherein thenREESSULE pihcR @L fkhgbeCd 4 Sadeduende ai-é@é s@d %J&I'OW
Sigqerr] fl?n$|s forn%ld but C‘prlor toﬁ?;%astep glti@%pu?tlng T:sald

sem conductthnes uirsta ata:umeﬂsailnedsim Baiwidhirsithe temgerature range cof

-10°C to +1GC to form a reflow SiOz £film having a thickness of

0.4 m to 1.4 um on said semiconductor substrate;

putting said semiconductor substrate, retained in said
reaction chambes, in vacuum cf below 6.5 Pa for 30 seconds; and

putting said semiconducter substrata in an another chamber,
at a high temperature of 300C to 430°C fox 120 ssconds to
6§00 seconds ,a-

-=16. A methed cf manufacturing a samicenductar davice,
comprising the steps cf:

placing a semicenductor substrats with wirings thexeon inte a
reaction chamber cf a plasma CVD device of a mancfacturing device;

fozming a plaspa Si0; film cn said semiconductor sulstrata
having a thickness of more than 0.1 um in the rsaction chamber c?
gsaig plaéma VD device;

| moving the semiconducter substrate from the reacticn chamker

¢f said plasma CVD device in't::o a2 reaction chamber <f a pressurs-
reduced CVD device cf the ménufa:tu:i}xg cevice;

supgplying an SiHy gas anc H3Cs inte the reaction chamber of
the press -redused CVD device in which the semiconductce:
Substrate i3 plaged tc cause the SiHg gas and HC; to react to
each other in a vacuum belcw €50 Fa within the tamperature range
0f -10C tc +l0C to form a reflow SiO; film havirg a thickaess cf

0.4 /tm o 1.4 um ¢ said semicornductor sukstratce;




reaction chanber, in in vacuum for rmrﬂ"lmﬂuﬁm ﬁm)wm so as to gradually
reduce a noi sturey ' ' f | ORISR Wl LLh LU - 18. A net hod
of " manufacturing g REPUAOBMENT SHEERRV] ce according to claim 10, wherein the -
pressure in said [leacti offf the psabstitiute sRdeccq J '
reduced after saill Dad |ﬁ&g§f‘§ﬂ]f Im is fornmed, but pr?g}r‘%rggisﬁa?gggtsep
of putting said sSEFcORGUEEDT ate, sgill retained in said reaction
chanber of the pressure-reduced CVD device, in vacuum for nore than 30

seconds so as to gradually reduce a noisture content in said reflow |
SiJerr] . putting said semicenductor substrate, still recained in said

1an

raaction chamber of the prassure-reduced CVD device, in vacuum of

below 6.5 Pa for 30 seccnds;

moving the semiconductor sudbstrate from the raaction chamsex

of the pressure-reduced CVD davice 1o the reaction chamber of said
plasma CVZ device; and

putting said semiconductor substrate, in the reacticn chamber
of the plasma CUD device, at a high temperature of 300°C to 4507
for 120 seccnds to 600 seconds.--

17. A method of manufacturing a2 semiconductor device according
to clain 1, wherein the pressurs in said first _chamher is reduced
astar sald refleow §i0z f£ilm is formed, but prior to said step of
putting said samiconductor substrate, retained in said firsc
reaction chamber, in vacuum for mcre than 30 seconds sc as to
gradually raduce a molisture content in said reflow SL02 Ziim.

18 . A method of manufacturing & sémiconductor device accozrdin
to claim 10, wherein the pressure in said reaction chamber of the
pressure-reduced CVD device is reduced after said reflow Si0; ZIilm
is formed, but prior to said step'bf butting said semiconductor
substrata, still retained in said reacticn chamber of the
pressura-reduced CVD device, ir vacuum far more than 30 seconds so

as tc gradually reduce a moisture content in said reflcw SiO;

film,—--




