SPECI FI CATI ON Process for manufacturing a sem conductor device 5

TECHNI CAL FI ELD - This invention relates to a process for
manuf act uring - a sem conduct or device conprising formng a thernmal
oxide film In particular, it relates to a process for manufacturing a

semr conduct or devi ce, whereby a high quality thermal oxide 10 filmcan be
f or med. BACKGROUND ART | oxide film has been
formed with a verti cal di ffusisgﬁqlﬁﬁé?gd}g, for exanple, as
illustrated in Figure 15 3. This vertical diffusion furnace conprises a
cylindrical di ffusion furnace 1 made of a quartz tube whose |ower end
IS opengd,-EQk t.fﬁgr RBhu PNy o eﬁi’c(?qxd‘iﬁ!tﬁfr Q{&Idic% on whi ch

a plurality of semconductor wafers dare placed 1s 1nserte

f ront heopeni ngandt hent heopeni ngi scl osed. Thediffusion 20 furnace 1 is

externally heated with a heater 4 surrounding t he di ffusion furnace 1.
Wi | e maist arReAgICAe $UELwS, gases such as nitrogen N2, oxygen 02 and
steam H20 are fed into the di ffusion furnace 1 through a gas inlet 5

on the top of therhis invéhtionnrélavasetd,atprodessetdy manwf aetihing
senm conductor 25 wafers on the wafer boat 3.
a semiconductordevicecomprising formingathermal oxide film.
In particular, it relates to a process for manufacturing a
semiconductor device, whereby a high quality thermal oxide

10 film can be formed.

BACKGROUND ART
A thermal oxide film has been formed with a vertical
diffusion furnace 10, for example, as illustrated in Figure
15 3. This vertical diffusion furnace comprises a cylindrical
diffusion furnace 1 made of a quartz tube whose lower end is
opened. For thermal oxidation, first, a wafer boat 3 on which
a plurality of semiconductor wafers are placed is inserted
fromthe opening and then the opening is closed. Thediffusion
20 furnace 1 is externally heated with a heater 4 surrounding
the diffusion-furnace 1. wWhilemaintaining the status, gases
such as nitrogen N,, oxygen O, and steam H,0 are fed into the
diffusion furnace 1 through a gas inlet 5 on the top of the
diffusion furnace 1, to thermally oxidize the semiconductor
25 wafers on the wafer boat 3.
Atmosphere gases such as nitrogen N, oxygen O, and
moisture H,0 are, as appropriate, fed in the diffusion furnace

1 in each of a sequence of steps including inserting the wafer



At nosphere gases such as nitrogen N2, oxygen 02 and noi sture H20 are,

as -appropriate, fed in the diffusion furnace 1 in each of a seqguence
of steps including inserting the wafer boat 3 into the

di ffusion furnace 1; stabilizing an internal tenperature of the

' furnace oxi di zi ng for form ng an oxide film annealing; and renoving
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with a | oad- chanber escribed in Japanese Patent Laid-Cpen No.

4- 3296305 undé@ &il Aeflos §hé9édof0ﬁKgH' plivskc9nnlivrogen’ forh v dingt of
15 the fact that in a process enploying the conventional diffusion

furnace, oxyperther okbéatiopurity gases as well as particles in the
air are incorporated in atnosphere gases due to uptake of the air
during inserting Sucleaimmeked dorvedemingtothérmal oxidief filnemgloyiare 1
made of a quartz tube or renoving the 20 seni conductor wafer fromthe
di ff usi on fueh@verticaldiffusion furnace1l0hasbeen, however, inadequate
in terms of, for example, a stress lifetime in the resulting
10 thermal oxide film.

Thus, we have conducted a sequence of thermal oxidation
using a diffusion furnace equipped with a load-lock chamber
as described in Japanese Patent Laid-Open No. 4-329630,
so-called "a load-lock diffusion furnace", in the light of

15 thefact that inaprocess employingtheconventional diffusion
furnace, oxygen and other impurity gases as well as particles
in the air are incorporated in atmosphere gases due to uptake
of the air during inserting a Semiconductor wafer into the
diffusion furnace 1 made of a quartz tube or removing the

20 semiconductor wafer from the diffusion furnace 1.

The load-lockdiffusion furnace 100 compfises a load-lock
chamber 6 in a lower opening in the diffusion furnace 1 made
of a quartz tube as illustrated in Figure 1. This load-lock
chamber 6 further comprises a pump DP for degassing as well

25 as a gate G; for separating the diffusion furnace 1 from the

| load-lock chamber 6, a gate G, for separating the load-lock

chamber 6 from the outer atmosphere and a gas inlet 7 for feeding

nitrogen gas into the load-lock chamber 6.



The | oad-1ock diffusion furnace 100 conprises a | oad-1ock chanber 6 in

a l-ower opening in the diffusion furnace 1 nade of a quartz tube as
illustrated in Figure 1. This | oad-I ock chanber 6 further conprises a
punp DP for degassing as well 25 as a gate Gl for separating the

di ffusion furnace 1 fromthe |'oad-1 ock chanber 6, a gate & for
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Then, the punp I'S turned to evac e the load-lock chanmber” 6,
ni trogensgasthé dt@bspherd §asutheed Dffus bR ifutnadeel §alth ﬁighsplﬁm%d and

t he waf er boat is transferred into the |oad-|ock chanber 6.
As descri bednébpugeny tioelsyiteandsacoeledl Nriséephiepamp DP Lo rdixiedl

under the atnosphere of high purity nitrogen free frominpurity gases

such as oxygen tr gmduaiehen lbael-diock chamber 6,| hitamegehogeseis feadind

that in this process for form ng a thermal oxide film strain occurs

in an Si 2/ Sthvewghdeke gas inlet 7, the gate G; is opened and the wafer
boat 3 is transferred into the load-lock chamber 6.

10 As described above, a cooling and a removing steps were
conducted under the atmosphere of high purity nitrogen free
from impurity gases such as'oxygen or particles in the air.

It was, however, found that in this process for forming
a thermal oxide film, strain occurs in an Si0,/Si bond due

15 to stress generated in an interface between a thermal oxide
film and a silicon substrate, during the cooling and the
removingsteps, givinganinsulatingfilmsusceptibletostress.
Furthermore, determinationof a lifetime for the thermal oxide
film formed demonstrated that the lifetime was significantly

20 reduced than that for a thermal oxide film formed by a process
using a conventional vertical diffusion furnace 10 as
illustrated in Fiqure 3.

Thus, to solve the above continuing problemsl in the prior
art, this invention aims at providing a process for

25 manufacturing a semiconductor device, which can provide a high

quality thermal oxide film.

DISCLOSURE OF THE INVENTION



15 to stress generated in an interface between a thermal oxide film

and a silicon substrate, during the cooling and the renovi ng steps,
givingan insulating filnsusceptibleto stress. Furt her nor e,
determ nation of a lifetine for the thernal oxide filmforned

denonstrated that the lifetine was significantly 20 reduced than that for
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in completion of this invention.

This invention, which can achieve the above objectives,
provides a process for manufacturing a semiconductor device

10 comprisingheatingasemiconductorwafer inadiffusionfurnace
equipped with a load-lock chamber, characterized in that an
atmosphere gas for the semiconductor wafer during removing
the wafer from the diffusion furnace is a mixture of nitrogen
gas and oxygen gas in such a level that the thickness of an

15 oxide film on the semiconductor wafer is substantially
constant.

In the process, after heating, the diffusion furnace is
cooled to a predetermined internal temperature prior to
removing the semiconductor wafer from the diffusion furnace,

20 andduringthecoolingstep, theatmospheregas inthediffusion
furnace is also the gas mixture.

Furthermore, during the semiconductor wafer is in the
diffusion furnace, the load-lock chamber is evacuated before
nitrogen gas is fed, and then the semiconductor wafer is

25 transferred to the load-lock chamber while feeding the gas
mixture to the load-lock chamber.

The process further comprises transferring the

semiconductorwafer fromthe load-lock chamber tothediffusion



This invention, which can achi eve the above objectives, provi des a
process for manufacturing a sem conductor device 10

conpri si ngheat i ngasem conduct or waf eri nadi f f usi onf ur nace equi pped with
a | oad-1ock chanber, characterized in that an at nosphere gas for the
sem conduct or wafer during renoving the wafer fromthe diffusion
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wafer is 25 transferred to the |oad-1ock chanber while feeding the gas

m xture to ttempeadtuheekandastayilizing the ihterpadceemperathee 66Nftié ses
transferring the sem conduct orwaf er fronthe | oad-|ockchanberto
t hedi f f usi ondiffusion furnace after the warming.4- f ur nace,
and the above gas m xture is also used as an atnosphere
The gas mixture contains 0.1 to 10% of oxygen gas.
Nitrogen and oxygen gases used preferably have a higher

10 purity of about 99.999% or more.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 schematically shows a configuration for an

example of a load-lock diffusion furnace used in this
15 invention;

Figure 2 shows a cumulative breakdown rate vs a stress
application time, demonstrating the results of TDDB
evaluation; and

Figure 3 schematically shows a configuration for an

20 example of a conventional vertical diffusion furnace.

BEST MODE FOR CARRYING OUT THE INVENTION
Some embodiments of this inventionwill be described with
reference to examples.
25 Figure 1 schematically shows a confiquration of a
load-lock diffusion furnace 100 used in this invention. The

load-lock diffusion furnace 100 comprises a diffusion furnace



gas for the sem conductor wafer during the transferring step ~  and a
prelimnary processing in the diffusion furnace before initiating the
heati ng step. The prelimnary step conprises 5 warming the diffusion
furnace to a predeterm ned internal tenperature and stabilizing the

i nt ernal terrperature of the di ffusion furnace after the warm ng.
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Sonme enbodi ments of this invention will be described with reference to
exanpl es. 26he diffésfonefirnatenitisabxyesnalby chetéd Ouith i Hhedtér
| oad-1 ock diffusion furnace 100 used in this invention. The | oad- 1 ock

di f fusi on f ué saszodliownphestst fuslidn fsraackeul nadthile maintaining the
status, gases such as nitrogen N,, oxygen O, and steam H,0 are
fed intothediffusion furnace 1 through a gas inlet 5 connected

10 tothetopof thediffusion furnace l. Thus, gases fed through
the gas inlet 5 are sequentially evacuated from a vent (not
shown), while the semiconductor wafers are subject to thermal
oxidatiop.

The load-lock chamber 6 comprises a switching gate G;

15 for separating the diffusion furnace 1 from the load-lock
chamber 6 and a gate G; for inserting the wafers into the
load-lock chamber 6. It further comprises a pump DP for
degassing as well as a gas inlet 7 for feeding nitrogen N,
gas.

20 Atmosphere gases such as nitrogen N,, oxygen O; and
moisture H,0 are, as appropriate, fed in the diffusion furnace
1 in each of a sequence of steps including inserting the wafer
boat 3 into the diffusion furnace 1; heating the furnace to
a desired internal temperature; stabilizing the internal

25 temperature of the furnace; oxidizing for forming an oxide
film; annealing; cooling the furnace to a given internal

temperature; and removing the wafer boat 3 from the furnace.



- 5- 1 made of a quartz tube whose | ower end is opened and a
| oad- | ock chanber 6 in the opening of the diffusion furnace 1.

For thermal oxidation to a sem conductor wafer, first, a wafer boat 3
on which a plurality of sem conductor wafers 5 are placed is inserted
info the diffusion furnace 1 and then the diffusion furnace 1 is

f
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15 for separating the diffusion furnace 1 fromthe
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It further conprises a punp DP f degassinhg as well as a gas inlet 7
for feeding difromethélair, tEéSgat€0G1 is opNnEd IR &HEASRE et Woats 3
nitrogen N2, oxygen 02 and noi sture H20 are, as appropriate, fed in

t he diffusi obsfthemceransfetred #atb theadiffusdoa durmteges li.ncl udi ng
inserting the wafer
On the other hand, for removing the wafer boat 3 from
thediffusion furnace 1, nitrogen gas is fed into the load-lock
10 chamber 6, the wafer boat 3 is transferred from the diffusion
furnace 1 to the load-lock chamber 6, and then the wafer boat
3 is removed from the load-lock chamber.
There will be described a process for forming a thermal
oxide film using the above load-lock type of diffusion furnace
15 100. In the process, nitrogen N, and oxygen O, fed in the
diffusion furnace 1 and the load-lock chamber 6 are higﬁ purity
atmosphere gases with a purity of 99.999% or higher.
In the diffusion furnace 1 are fed nitrogen N; and a small
amount of oxygen O, through the gas inlet 5, to fill the furnace
20 with a high purity atmosphere of nitrogen N, 99% and oxygen
0; 1% at 700°C. The gate G, is closed to maintain the diffusion
furnace 1 in a stand-by state.
Thén, while closing the' gate G;, the gate G; is opened
and the wafer boat 3 in the air, on which the semiconductor
25 wafers are placed, is transferred to the load-lock chamber
6.
Then, the gate G, is closed, the load-lock chamber 6 is

sealed and the pump DP for degassing was turned on to evacuate



boat 3 into the diffusion furnace 1; heating the furnace to a desired
I nt-ernal tenperature; stabilizing the internal 25 tenperature of the

furnace; oxidizing for form ng an oxide film annealing; cooling the
furnace to a given internal tenperature; and renoving the wafer boat 3
fromthe furnace. - 6-
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1. of Nitheqehhgaghand, for renoving the wafer boat 3 from
the diffusion furnace 1, nitrogen gas is fed into the | oad-l1ock 10
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1 to the | oad-lock chanber 6, and then the wafer boat 3 is renoved

fromthe | oafiot ozk mianheto the diffusidmefiernmide bekeistscin kedtand-asess

for formng a thernmal oxide filmusing the above | oad-1ock type of

di ffusi on fstate under B0Dighrpulrdtyr gasssixute opemiNFomyeh NxyPEH A f ed

in the di ffusion furnace 1 and the | oad-1ock chanber 6 are high purity
0 1% at 700°C, and then the gate G, is closed (Inserting step).

Then, keeping the atmosphere gases in the stand-by state,

10 theinsideof the furnacewas heated to 850°C for 30 min (Heating
step).

Then, the semiconductor wafers are retained in the high
purity atmosphere gas of nitrogen N, 99% and oxygen O, 1% at
850°C for 15 min for stabilizing the internal Itemperature of

15 the furnace to improve temperature homogeneity in and among
the semiconductor wafers (Stabilizing step).

The atmosphere in the diffusion furnace 1 was replaced
withanatmosphereat 850°Cmeetingtherelationshipof hydrogen
H;:0; = 1:2.. Under the temperature condition of, e.g., 850°C,

20 the wafers were subject to WET oxidation for 3 min to provide

an oxide filmwith a desired £ilm thickness (Oxidizing step).

Then, the atﬁlosphere gas in the diffusion furnace 1 is
replacedwithnitrogenN,. Underthehighpurity 100%nitrogen
25 atmosphere, the wafers are annealed at 850°C for 30 min
(Annealing step).
The atmosphere gas in the diffusion furnace 1 is replaced

with a high purity atmosphere gas of nitrogen N, 99% and oxygen



at nosphere gases with a purity of 99.999% or hi gher. In the
di ffusion furnace 1 are fed nitrogen N2 and a smal | anount of oxygen
02 through the gas inlet 5, to fill the furnace 20 wth a high purity
at nosphere of nitrogen N2 99% and oxygen 02 1% at 700[err]C. The gate
Gl is closed to nmaintain the diffusion - furnace 1 in a stand- by state.

d f
boat 31 ¢ rd: b S ShRen Enfeias e dahids f ed dfecooed SPaltaCi o
transferred fL_Brt Eﬁolggﬁdﬁh%lhﬁgalg?%b). 6. Then, the gate & is

cl osed, the T'oad seal ed and the punp DP for

degaSS| ng was turﬁgge .@ﬁ??t 6 -

t he | oad-1ock ch rb it fﬁle uqulatdy lr?lq[kr gélen ﬁf by turn% ed ?rom
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separated fromt I r undér "t he atnosphére of nitrogen gas.

Then, the gatRambers eReBAGh tHulghbeinpdier RWEL1S dife 1886166k chambéf)r 20
mn into the diffusion furnace 1 kept in a stand-by state under a

hi gh-purity gawithxhiiteogennitrogen N2 99% and 02 1% at 700[err]C,
and then the gate GL is closed (Inserting step). Then, keeping
t he at nosphere gdBken; mhehgate Sndsbhypened @nd while feeding a high purity
gas mixture of nitrogen N; 99% and oxygen 1% from the gas inlet
5, the wafer boat 3 is removed from the diffusion furnace 1
10 at 700°C to the load-lock chamber 6 filled with an atmosphere
of nitrogen for 20 min (Removing step), from which the boat
3 is then removed. |
Thus, a sequenceof processingsteps for thermal oxidation
using the load-lock diffusion furnace 100 are completed.
15 A thermal oxidation film formed as described above was
evaluated for its 1ifetime. Specifically, onasemiconductor
wafer was formed a thermal oxidation film with a thickness
such that a surface condition in a sample does not affect the
film (about 8004), topreparea sample. Thesampleisevaluated
20 " bya waveguidemethod (reflectionmethod). Specifically, the
sample was irradiated with IR light and a conductivity varying
depending on excess carriers generated was measured as a
variation in an amount of reflected microwave to determine
a lifetime from a slope of variation in a reflection amount
25 which. was exponentially reduced.
As a comparative example, a lifetime was determined by
a waveguide method for a thermal oxide film formed using a

conventional vertical diffusion furnace 10 without a load-lock



10 the inside of the furnacewas heated to 850[err]C for 30 mn (Heating
step). - Then, the sem conductor wafers are retained in the high
purity atnosphere gas of nitrogen N2 99% and oxygen 02 1% at
850[err]C for 15 min for stabilizing the internal tenperature of 15 the
furnace to inprove t enperature honobgeneity in and anpng t he
sen conduct or, waf ers_( St abi
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_Undert hehi ghpurityl00%i trogen 25 atnosphere, the wafers are anneal ed at

850[ err] G f oyePQifal diffusidifR@dnat® 306Ras formed as ddS€r AbERPURIW. Jas

in the diffusion furnace 1 is repl aced with a high purity atnosphere
gas of nitrogen Nhé@Uferdoxydels inserted for 15 min into the diffusion 8 -
02 1% and then the inside of the furnace is cooled to 700[err]C for

40 m n ( Cool fuygnacerd) filled with aAfigh pardtyad tmgspheré apds bfiaki thmydaer 6
by turning on
N>, 99% and oxygen O, 1% at 850°C (Inserting step).

Then, the semiconductor wafers are retained in the high
10 purity atmosphere gas of nitrogen N; 99% and oxygen O, 1% at
850°C for 15 min for stabilizing the internal temperature of
the furnace to improve temperature homogeneity in and among
the semiconductor wafers.

Under an atmosphere gas meeting the condition of hydrogen

15 Hy:0,=1:2 at 850°C, the wafers were subject to WET oxidation
for, e.g., 3 min to provide an oxide film with a desired film
thickness (Oxidizing step).

Then, the atmosphere gas in the diffusion furnace 1 is -
replacedwithnitrogenN,. Under thehighpurity 100%nitrogen

20 atmosphere, the wafers are annealed at 850°C for 30 min
(Annealing step).

Under a high purity atmosphere gas of nitrogen N, 100%
at 850°C, the wafer boat 3 is removed for 15 min (Removing
step).

25 The thermal oxide film formed conducting a cooling and
-a removing steps under a high purity atmosphere of nitrogen
N> 100% in the load-lock diffusion furnace 100 shown in Figure

1 was formed as described below.

- 10 -



t he purfp DP, high purity nitrogen N2 is fed into the |oad-I|ock 5 chanber

6 through the gas-inlet 7 to fill the |oad-|ock chanber 6 wth

nitrogen N2 gas. Then, the gate Gl is opened and while feeding a
hi gh purity gas m xture of nitrogen N2 99% and oxygen 1% from the gas
i nl et 5, the wafer boat 3 is renoved fromthe diffusion furnace 1 10
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Speci fically, the sanple was irradiated with IR light and a
conductivity varyihen, aftetepensliatyingn thedessd-<bPidk ehamperss biyathmiisng
neasured as a variation in an anount of reflected mcrowave to
deternine on thd phmpiDR, firidmogen Bpwasf fedrimta thei hoad+kbétkatliambeanount

25 which was exponentially reduced. As a conparative exanple, a
lifetine wastb ddaughéhepgas inlet dayefhedeafer hapt drwastthermiempda film

formed using_a conventional vertical diffusion furnace 10 without a
| oad- | ock gfrom the d?.ffustion furnace 1 under thg atmosphere of nitrogen

10 N;100% at 700°C to the load-lock chamber 6 filled with nitrogén
N; for 20 min (Removing step). |
The atmosphere gases, i.e., nitrogen N; and oxygen O,
fed into the diffusion furnace 1 and the load-lock chamber
6 were of a high purity of 99.999% or higher in both the process
15 for forming a thermal oxide film using the conventional
vertical diffusion furnace 10 and the process conducting a
cooling and a removing steps under a high purity atmosphere
of nitrogen N, 100% in the load-lock diffusion furnace 100.
Alifetimewas determined for the individual thermal oxide
20 film formed as described above. The results were 150 to 300
us for the thermal oxide film formed according to the process
of this invention; 150 to 300'us for that formed using the
conventional vertical diffusion furnace 10 and 5 us or less
for that formed conducting a cooling and a removing steps under
25 a high purity atmosphere of nitrogen N, 100%.
A thermal oxide film was formed and evaluated for its
time dependent dielectric breakdown TDDB using a conventional

vertical diffusion furnace 10 as described for a thermal oxide

- 11 -



shown in Figure 3 and a thermal oxide filmforned b'y conducti ng

a cooling and a renoving steps under a high purity 100% nitrogen N2 in
a | oad-1ock diffusion furnace 100 shown in Figure 1. i The t her nal
oxide filmformed using the conventi onal 5 vertical diffusion furnace 10
was formed as described bel ow. The wafer boat 3 is inserted for

f fusi.on fil d wth a hi

ot nﬂlBhie?teogi;ﬁﬂ Eoried arcordini P8 cthd mrnsfreiibind BLiCett st fehis, i ng
Step). i fﬁﬂ%&% LTS A et 2t e LG i o

10 purity atnosphere gas o Fogen oXygen

850[err] C fogag 1£Qs '%ufﬁ{ aﬁtﬁé)é E‘t%h@@u’r@eigé\?iﬁé %aghéfﬂﬁf ro"%&.‘&ee-tfﬁflm withthe

furnace to I mpr tenperature honogenei I N~ an

sem conduct og ﬂﬁi&fﬁess of 65A ue Ct?x‘f?eﬁ:t Wéﬁcﬁafofﬁfﬁé'ﬁdé’@ss.

condition of hydrogen 15 850[err]C, the waters were

subj ect tp Vﬁ[eﬁ%'é‘&iﬁe@kdown si:@ltusegl £1cw BN 1tHa uprei an ddiplé) m
with a desired film t hi ckness (Oxi di zi ng step). Then, the

at nrosphere gwasi sttdtedi Wheni ancénstane dléstric fiebdiap-em\nmhmmyo:mNZ.
Under t hehi ghpuri tyl100%i trogen 20 atnosphere, the wafers are anneal ed at
850[ err] C f ocoB8diniiously appdniresht ¢ sgverej)tens of MOS capmceton TEGyapRA i t Y
at nosphere gas of nitrogen N2 100% at 850[err]C, the wafer boat 3 is
rem)ved for 65080 nuaRerpMeaguremendt sy@s conducted for 1 hour.

Consequently, theresults shown in Figure 2 wereobtained.

10 InFigure2, [1 designates for a thermal oxide film by a process

for forming a thermal oxide film using a conventional vertical
diffusion furnace 10 while ® designates for a thermal oxide
film by a process for forming a thermal oxide film according
to this invention. As shown in Figure 2, there were no

- 15 differences for initial defects, but otherwise (for those
practicallyreleasedas acommercial product), itwas confirmed
that a film lifetime for an MOS capacitor TEG formed by the
process for a thermal oxide film according to this invention
was longer.

20 Thus, it was confirmed that a thermal oxide filmexcellent
inalifetime and TDDBevaluationcouldbeprovided as described
above, i.e., conducting a cooling and a removing steps under
a high purity atmosphere gas of nitrogen N, 99% and oxygen
0, 1% using a load-lock diffusion furnace 100.

25 I n.part icular, inthe above embodiment using the load-lock
diffusion furnace 100, the load-lock chamber 6 is evacuated
and then high purity nitrogen N; is fed into the load-lock

chamber 6 through the gas inlet 7. A cooling and a removing

- 12 -



25 The thermal oxide filmfornmed conducting a cooling and a

renovi ng steps under a high purity atnosphere of nitrogen N2 100% i n
t he | oad-1ock diffusion furnace 100 shown in Figure 1 was formed as
descri bed bel ow. - 10 -

An inserting, a heating, an oxidizing and an annealing steps were as

de | bed i h b mbodi t. In th i step, the
i T usi on fPHERE SalaRScobheretore, FPBANSSEHeRPFER: & PIGRORTI tor 40 i n

: . . o% »

03, 509% or ri iepyHeft BT Fogen SR SlARR e /lc%?rﬁfa‘*%a%tthanter
- ) . ot )

charber | imgupt B0e IF, GHTIREY £l 1500 Thbofihed a&)a%*ﬁ?de% Hhoved

- F o0 t . . %

2t 700G to the o Pl totie s piR1T TORRE S R BRI ol n R T

(Renovi ng st gpterface betweend€hat iR RXEIR FEFRIN 4 s€micHhiLLH8R Wi Nd
oxygen Q2, fed into the diffusion furnace 1 and the | oad-1ock chanber

6 were of a dmdha miliicornisudBtIeB.or AhhY§R qual Doy thidemdl aseisde £53m f or
formng a thermal oxide filmusing the conventiona vertical diffusion
furnace 10 asantlbe phesepsovidddeti ng a cooling and a renoving steps
under a high purity atnosphere of nitrogen N2 100% i n the | oad-I|ock
di ffusi on furnacé dgifetime was determined conducting only one of the
- cooling and the removing steps under the abovemixed atmosphere
10 gas of nitrogen N; 99% and oxygen O, 1%, while the other was
conducted under an atmosphere gas of nitrogen N, 100%, and
then a lifetime was determined. A lifetime determined was
100 to 150 us. It has been found that when either the cooling
or the removing step is .conducted under the above mixed
15 atmosphere gas, film quality is better than that when both
cooling and removing are conducted under an atmosphere gas
of nitrogen N; 100%, and that more better film quality can
be achieved when both steps, rather than either the cooling
or the removing step, are conducted under an atmosphere of
20 nitrogen N; 99% and oxygen O; 1%.

"The above embodiment have been described, where both
cooling and removing steps are conducted under a high purity
atmosphere gas of N; 99% and oxygen O, 1%, but oxygen O, may
be contained at about 0.1 to 10%, preferably about 0.1 to 2%.

25 Inbrief, any oxygen level may be acceptable as long as a broken
ligandduetostraininaninterfacebetweenasiliconsubstrate

and a thermal oxide film is recoverable and it does not

accelerate oxidation.
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Alifetine was determ ned for the individual thermal oxide 20 filmforned
as :descri bed above. The results were 150 to 300 [err]s for the thermal
oxide filmfornmed according to the process of this invention; 150 to
300 [err]s for that forned using the conventional vertical diffusion
furnace 10 and 5 [err]s or |ess for that fornmed conducting a cooling

. . i ah X hg f onitr N2

Tooos T S EERLIRETY o Pkadh B oy fod BRRE S ud eﬁ#&ﬁ%ﬁé‘gt .
' d ' ' T us a_conventjona v

o 7o AP AR Tt R BoRRL LhSbils cecnty©

- - | ned, anfoFSH 0 manuf act urin rocess o

t hlli [ %{I/earlltsllblnl%él% é(]]etE% m nat1-on %&géq?rte&%?r%%ﬁ}?%aﬁ?@fceg

sampl es wit hdéﬂe%ﬁtéﬁ@tﬂ&f n'?ﬁ:vb@glﬁniﬁ§§”@6 1% degyf bl:ﬁﬂaﬂt%lg_ levef

t hi ckness of 65A were prepared using eac ormng process. Hen, a

breakdows st@iyod aeflledticdf as IW‘&@ Eﬁé]srinalae@m&)can be X%iﬁé&%{tﬁg when

a constant electric field (-12 cnm wa continuously applie
several tensoriddfFonapagi hot bECataederated.65000 [err]2). Measurenent
was conducted for 1 hour. Consequently, the results shown in
Figure 2 were obtBieeabove Oembod fnent ehds been] deésergbetigswhetireathier mal
oxide filmby a_process , . for formng a thermal oxide filmusi ng a
convent i onal 9%&fiz&Ry step is WET oxidation in an atmosphere gas meeting
7 the relationship of H;:0, = 1:2. This invention is, however,
10 not limited to it. Alternatively, the oxidation step may be
accomplished by dry oxidation in an atmosphere gas of 0, 100%.
The above embodiment has been described, where an active
cooling step is condﬁcted, but this invention is not limited
to it. Similar effects may be achieved when cooling is not
15 actively conducted, i.e., when a removing step is conducted
without cooling, specifically in thermal oxidation at a
relatively lower temperature, or when a removing step during
which wafers are consequently cooled is conducted under a high
purity atmosphere of nitrogen N, 99% and oxygen O, 1%.
20 '
INDUSTRIAL APPLICABILITY
As described ébove, according to this invention, an
atmosphere gas for a semiconductor wafer is a mixture of
nitrogen_ and oxygen at a level such that a thickness of an
25 oxide film in the semiconductor wafer is not substantially

varied, i.e., 0.1 to 10% of oxygen gas, when the semiconductor

wafer is removed from a diffusion furnace, so that a thermal

- 14 -



di ffusion furnace 10 while [err] designates for a thermal oxide film
by -a process for formng a thermal oxide filmaccording to this

i nvention. As shown in Figure 2, there were no 15 differences for initial
defects, but otherw se (for those practically rel eased as a comerci al
product), it was confirned that a filmlifetinme for an MOS capacitor

TEG fornmed by the, . 0ocess a ther ox) de fi ccordln to this
i nventi on dx ‘5]\%21%@%[“‘ e:%ej[fent %Lﬁ;rﬂ# é‘UH# s mal

oxide filme II |naI|fet|rre and TDDB eval uati on could be
provi ded as &égergcrl %ﬁo ided ébove i.e., conducting a cooling and a renoving

ST 1% o | odf BRI SN G oRlngbbt il i o

02 1%using a lo rnace npar ticul ar,

inthe above %@%ﬁ@ﬁiﬁd&i&&‘ fipathdOHete rﬁ 3 HenRhdRod he

| oad-| ock chanber 6 is evacuated and the purlty ni trogen N2 IS

fed intost heyapel-dkd kcooling e eindidd P dhd Qﬁ.ﬂﬁfsidﬂ Sfurhade G¥ld N9

and a renovi ng
steps can beprédeteinived conpeert ethreden atﬁlbsbhléhtl’d aurmg codll 1§ jlrs e of

nitrogen N2 and oxygen 02, which can prevent Impurities in the air
from bei ng iinsigdeod tHeahif fusmon furnace isxaxl s iavalixtuprerof ot ramgeml |
anount of high purity 02 in an 5 interface between a thernmal oxide film
in a senm comR@texygenerso that a more improved thermal oxide film can

be provided.

10 During the semiconductorwafer is inthediffusion furnace,
the load~lock chamber is evacuated, nitrogen is fed into the
load-lock chamber and then the semiconductor wafer is
transferred to the load-lock chamber while feeding a gas
mixture into the diffusion furnace, so that the semiconductor

15 wafer canbe easily transferred to the load-lock chamber under
an atmosphere of high purity gas mixture while blocking
impurities in the air.

An atmosphere gas around a semiconductor wafer is a gas
nixture in a transferring step where the semiconductor wafer

20 is transferred from a load-lock chamber to a diffusion furnace
and apreliminary stepbeforeheating inthediffusion fﬁrnace,
such as awarming step where the inside of thediffusion furnace
is warmed to a predetermined temperature and a stabilizing
step where the internal temperature of the diffusion furnace

25 is stabilized, so that a higher quality thermal oxide film

can be provided.
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and a silicon substrate. ~ A high quality thermal oxide film can be
t hus provi ded. . Alifetinme was determ ned conducting only one of
t he cooling and the renoving steps under the above m xed atnosphere
10 gas of nitrogen N2 99% and oxygen 02 1% while the.other was -

conducted under an atnosphere gas of nitrogen N2 100% and then a
lifetime was deternined. A lifetine determ ned was Jﬂmummﬁuﬂjm)

It has been found that when either theC%W'?’ng or S
conduct ed under the above m xed 15 atnosphere gas, film qual "t y"i sSbetter

t han that when both cooling and renoving are conducted under an

S PR IR A LEUE iR et RRY BERmERPRABELRE' a1 Y
O o he 1 eV Bpsi 8 Png el NS K ELRICURARELBE saaf%gl%% Agogen N2

99% and oxygen ove enbodi nent havé béen scrl

where botsh e?ulﬁﬁéhlwﬁ‘ﬂtl@r&j TRMIdik ShaRibed!, ecﬁﬁEQE‘Ebﬁ‘:@.z%d% ehélt%
purity nosphere gas of N2 99% and oxygen 02 1% but oxygen 02 nmay
be cont ai nedatiosphetelgds tfod @%idEemetoakyctbeliabet derfg refoviny
brief, any oxygen | evel—ay be acceptable as long as a broken Tigand
due to straisaidvwafdmteom sad dibt fesion Surnace 5slhsiiaiere of n:‘ambg&en
thermal oxide filmis recoverable and it does not —accelrerate

oxi dati on. gas and oxygen gas in such a level-th3t-the thickness of an

ox1de fllm on sald semiconductor wafer is substantially
10 constant.
2. The process for manufacturing a semiconductor device
according to claim 1, wherein after said heatiné, said
diffusion furnace is cooled to a predetermined temperature
prior toremoving said semiconductor wafer from said diffusion
15 furnace, and during the cooling, the atmosphere gas in said
diffusion furnace is said gas mixture.
3. The process for manufacturing a semiconductor device
according to claim 1 or 2, wherein while said semiconductor
wafer is in said diffusion furnace, said load-lock chamber
20 1is evacuated before nitrogen gas is fed to said load-lock
chamber, and then said semiconductor wafer is transferred to
said load-lock chamber while feeding said gas mixture to said
load-lock chamber.
4. The process for manufacturing a semiconductor device
25 according to any of claims 1 to 3, further comprising the step
of transferring the semiconductor wafer from said load-lock
chamber to said diffusion furnace, and wherein an atmosphere

gas for said semiconductor wafer during the transferring step
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Simlarly, oxygen 02 used in an inserting, a heating and a

stabilizing steps.is introduced to prevent thermal etching . on a
silicon substrate surface (thermal-processing induced defects), and
may not be limted to 1% In brief, any |evel 5 may be selected as |ong
as thermal etchlng can be avoided and oxi dation may not be

accel er at ed. d ove enbodi, %as bee descri ed where the
oxi di zi ng st¥ |gr9%ﬁmb§?ﬁ§tF ﬁPFnlﬁnsﬁﬁggaﬁﬁ Pﬁlﬁgs HE@@Fﬁg efore ( po

relaionsni oy Jr.%%?% raid pdabinn " YFokRg, uhe BRNRAER. 0 Shcd by ary
oxi dation ing qgﬂ? &sd%0 fm&ﬁhf&@%@rln .a seglcgﬁau898% gggggglnent

has been descrlbe ere an active coofin ep I's con

t hi t d
L oot [ Bdeo2d ) td B1hdh 4 th(l:eof%Jct ed’g &Eﬁm%gﬁaé}:gﬁow ngqﬁ{geev_e

when cooling is not 15 activel pis
conducted  steps L UaRDAd Nh id RECE fu SRR YedthddedBla %é@ﬂéﬁﬁ{ecﬁ

relatively | ower tenperature, or when a renoving step during

waf ers are coempepgoity andodesbibizingselicdtanperatube@T the dszrustnsbn

at nosphere of nitrogen N2 99% and oxygen 02 1% 20 | NDUSTRI AL

APPL| CABI LI Tharnace afterstbleswarbingabove, according to this invention, an
at nosphere gas for-a sem conductor wafer is a m xture of ni t rogen and
oxygen at a 6€V6|Thiﬁ.lcﬂ'qu’%ﬁs afaminametaciirimg 25semicdedactori deviige
sem-conductor wafer is not substantially varied, i.e., 0.1 to 10%f
oxygen gas, FROELRG A efelaims 1" to 5, wherein said gas mixture

10 contains 0.1 to 10% of oxygen gas.

% C L M S *
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wafer is renoved froma diffusion furnace, so that a thernal

- 14 - : oxidation filmexcellent in a lifetine and TDDB

eval uati on can be provi ded. In particular, when the

senmi conductor wafer is renoved fromthe diffusion furnace after
heating the sem conduct or 5 wafer and cooling the inside of the

di ffusion furnace to a ~ predetermned fenperature, an atnosphere
during cooling the i nsi de of t HAPIHTRRGEi on furnace is also a nmixture
of nitrogen and oxygen, so that a nore inproved thermal oxide film
can be provided. 10 During the sem conductorwafer is

i nthedi ffusion fufnach quatity PRelAAs Pk s bRofiaRHal efo nidg ogen
&8 R&MBe nd t'hen the

is fed into the ock ¢ r-a Sem conductor wafer is

transferred I sloeck C s W | fa ' ' into
S %Q¥B35e6¥¥héfi m 3 ggﬁ?bk@gf?%%ﬂ@u@tgaﬁ terr?é%§3iﬂ

the diffusio rnace, sot conductor 15 wafer carm be eaSily

transfermed 48 ddifodPérd QnktREADEFudHBIe Furnaced (1 §1wDER Reh egRfpd ¥ fiFy

purity gas m xture il e blocking inmpurities in the air. An
at nospher e ggas aiistudeoSANtE658HN, TIVEH@bxyFen MR after Bdxid®izing

transferring step where the sem conductor wafer 20 is transferred froma
| oad- | ock chandieant anaedilihgssbapsur Melten, a pump (DP) is turned on to
' evacuate a load-lock chamber (6), which is then filled with
nitrogen N,. Then, while feeding a gas mixture of nitrogen
10 N; 99% and oxygen O; 1% into the diffusion furnace (1), a wafer
boat (3) is transferred from the diffusion furnace (1) to the
load-lockchamber(s)(Rémovingstep). Thus, the cooling and
the removing steps are conducted under an atmosphere gas of
a high purity mixture of nitrogen and a small amount of high
15 purityoxygenfreefromimpuritiesintheair. Only highpurity
oxygen is, therefore, introduced in an interface between a

silicon substrate and an oxide film, so that a high quality

thermal oxide film can be provided.
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and a prelimnary step before heating in the diffusion furnace, such
as .a warmng step.where the inside of the diffusion furnace i's warnmed
to a predeterm ned tenperature and a stabilizing step where the
internal tenperature of the diffusion furnace 25 is stabilized, so that a
hi gher quality thermal oxide film can be provided.

- 15 - ' CLAI M5 1. A process
for manufacturing a sem conductor device conprising heating a

sem conductorwafer in a diffusion furnace 5 equipped with a | oad-Iock
chanber, characterized in that an . at nosphere gas for ‘said '
sem conduct or wafer during renoving said wafer fromsaid diffusion
furnace is a mxture of nitrogen gas and oxygen gas in such a |evel
that the thickness of an oxide filmon said sem conductor wafer is
substantially 10 constant. 2. The process for manufacturing a

sem conduct or devi ce according to claiml1l, wherein after said heating,
sai d di ffusion furnace is cooled to a predeterm ned tenperature

prior to renoving said seniconductorFE*(E; frPn1said di f fusi on

100

- Pure N2 5 j
02 — ' '
] —~—4
— Pure le
'6 Ol — (b 7

G2 ] G1

(op)

1/3



15 furnace, and during the cooling, the atnosphere gas in said

di f.fusion furnace.is said gas m xture. 3. The process for

manuf act uri ng a semni conduct or device according to claim1 or 2,

wherein while said sem conduct or wafer is in said diffusion furnace,

said | oad-1ock chanber 20 is evacuated before nitrogen gas is fed to said

| oad- 1 ock chanber, and then said sem conductor wafer is transferred to

sai d | oad-1ock chanber while feeding said gas m xture to said

| oad-1 ock chanber. 4. The process for manufacturing a sem conductor

device 25 according %0 any of clains 1 to 3, further conprising the step

of transferring the sgpi conductor wafer from said | oad-I| ock chanber to

said diffusion furnacek and wherein an atnosphere gas for said

sem conductor wafer dyling the transferring step

- 16 - d prelimnary steps in said diffusion furnace before

initiating said heatirg is said gas m xture. 5. The process for

manuf acturi ng a senic@Eductor devi ce according to claim4, Swerein

said prelinminary stepddareEthe 15 sueps or; warm ng, saddif3ug on furnace

to a predeterm ned LEIJ t goper at yre and stiabl 1iizl ng said tenmperature of the

di f f usi on fur nEqraftfer -the ' . The jprocess] for

manuf acturi ng a senﬁ?@ﬁducgon deyi cel ]
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according to any of clains 1 to 5, wherein said gas mxture 10 contains

0. to 10% of oxygen gas.
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. Pure N2 ' : /
' : . 02 — 5 .
H20 : 1

@ @

3/3



