
SPECIFICATION        Process for manufacturing a semiconductor device     5
TECHNICAL FIELD           This invention relates to a process for
manufacturing      a semiconductor device comprising forming a thermal
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
fromtheopeningandthentheopeningisclosed.  Thediffusion  20  furnace 1 is
externally heated with a heater 4 surrounding      the diffusion furnace 1.
While maintaining the status, gases      such as nitrogen N2, oxygen 02 and
steam H20 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 N2, oxygen 02 and      moisture H20 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; stabilizing an internal       temperature of the
furnace; oxidizing for forming an oxide       film; annealing; and removing
the wafer boat 3 from the furnace.       In particular, after annealing,
the wafer boat 3 is removed   5 under an atmosphere of high purity nitrogen
for avoiding       further oxidation.            Such a process for forming
a thermal oxide film employing       thevertical diffusion furnace 10 has
been, 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  the fact that in a process employing the conventional 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-lock diffusion furnace 100 comprises 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 G1 for separating the
diffusion furnace 1 from the      load-lock chamber 6, a gate G2 for
separating the load-lock      chamber 6 fromtheouter atmosphere andagas
inlet 7 for feeding      nitrogen gas into the load-lock chamber 6.
-2-                    Using the load-lock diffusion furnace 100, thermal
oxidation was conducted as follows.  First, in the diffusion      furnace
1, oxidation is conducted under a high purity      atmosphere gas of
hydrogen and oxygen. Then after replacing   5  the atmosphere gas in the
diffusion furnace 1 with high purity      nitrogen, the system is cooled.
Then, the pump DP is turned      on to evacuate the load-lock chamber 6,
nitrogen gas is fed      through the gas inlet 7, the gate GI 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 SiO2/Si bond due 



15  to stress generated in an interface between a thermal oxide      film
and a silicon substrate, during the cooling and the      removing steps,
givingan insulating filmsusceptibleto stress.      Furthermore,
determination of 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 Figure 3.           Thus, to
solve the above continuing problems in the prior      art, this invention
aims at providing a process for  25
manufacturingasemiconductordevice,whichcanprovideahigh      quality thermal
oxide film.      DISCLOSURE OF THE INVENTION
-3-                    After investigating the above problems in the
thermal       oxide film, we have found that they are caused by a reduced
purity of nitrogen (N2) atmosphere gas during the cooling or       the
removing step and can be solved by blending a small amount   5  of oxygen
02 in the high purity N2 atmosphere gas while       eliminatingimpurities
intheairduringthesesteps, resulting       in completion of this invention.



This invention, which can achieve the above objectives,      provides a
process for manufacturing a semiconductor device  10
comprisingheatingasemiconductorwaferinadiffusionfurnace      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  andduringthecooling step, the atmosphere gas 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-lockchamberto
thediffusion                                   -4-               furnace,
and the above gas mixture is also used as an atmosphere 



gas for the semiconductor wafer during the transferring step      and a
preliminary processing in the diffusion furnace before      initiating the
heating step. The preliminary step comprises   5 warming the diffusion
furnace to a predetermined internal      temperature and stabilizing the
internal temperature of the      diffusion furnace after the warming.
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 invention will be described with      reference to
examples.  25       Figure 1 schematically shows a configuration of a
load-lock diffusion furnace 100 used in this invention. The      load-lock
diffusion furnace 100 comprises a diffusion furnace     



-5-                1 made of a quartz tube whose lower end is opened and a
load-lock       chamber 6 in the opening of the diffusion furnace 1.
For thermal oxidation to a semiconductor wafer, first,       a wafer boat 3
on which a plurality of semiconductor wafers   5  are placed is inserted
into the diffusion furnace 1 and then       the diffusion furnace 1 is
externally heated with a heater       4 surrounding the diffusion furnace
1. While maintaining the       status, gases such as nitrogen N2, oxygen 02
and steam H20 are       fed into the diffusion furnace 1 through a gas
inlet5 connected  10  tothetopofthediffusionfurnacel.  Thus,gases
fedthrough      the gas inlet 5 are sequentially evacuated from a vent (not
shown), while the semiconductor wafers are subject to thermal
oxidation.           The load-lock chamber 6 comprises a switching gate GI
15  for separating the diffusion furnace 1 from the load-lock      chamber
6 and a gate G2 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 N2      gas.  20       Atmosphere gases such as
nitrogen N2, oxygen 02 and      moisture H20 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.                                     -6-
For inserting the wafer boat 3 into the diffusion furnace       1, first,
the gate G1 is closed, the wafer boat 3 is inserted       into the
load-lock chamber 6, the gate G2 is closed and then       the atmosphere in
the load-lock chamber 6 is changed from the   5  air to nitrogen gas. Thus,
after separating the wafer boat       3 from the air, the gate G1 is opened
and the wafer boat 3       is then transferred into the diffusion furnace
1.            On the other hand, for removing the wafer boat 3 from
the diffusion 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 N2 and oxygen 02 fed
in the      diffusion furnace 1 and the load-lock chamber 6 are high purity



atmosphere gases with a purity of 99.999% or higher.            In the
diffusion furnace 1 are fed nitrogen N2 and a small      amount of oxygen
02 through the gas inlet 5, to fill the furnace  20  with a high purity
atmosphere of nitrogen N2 99% and oxygen      02 1% at 700[err]C. The gate
G1 is closed to maintain the diffusion      furnace 1 in a stand-by state.
Then, while closing the gate GI, the gate G2 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 G2 is
closed, the load-lock chamber 6 is      sealed and the pump DP for
degassing was turned on to evacuate                                     -7-
the load-lock chamber 6. Then, high purity nitrogen N2 is       fed from
the gas inlet 7 and the chamber is closed. Thus,       the wafer boat 3 is
separated from the air under the atmosphere       of nitrogen gas.   5
Then, the gate G1 is opened, and the wafer boat 3 is inserted       for 20
min into the diffusion furnace 1 kept in a stand-by       state under a
high-purity gas mixture of nitrogen N2 99% and       02 1% at 700[err]C,
and then the gate G1 is closed (Inserting step).            Then, keeping
the atmosphere gases in the stand-by state,  



10 the inside of the furnacewas heated to 850[err]C for 30 min (Heating
step).            Then, the semiconductor wafers are retained in the high
purity atmosphere gas of nitrogen N2 99% and oxygen 02 1% at
850[err]C for 15 min for stabilizing the internal temperature 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
withanatmosphereat850[err]Cmeetingtherelationshipof hydrogen      H2:02 =
1:2. Under the temperature condition of, e.g., 850[err]C,  20 the wafers
were subject to WET oxidation for 3 min to provide      an oxide film with
a desired film thickness (Oxidizing step).             Then, the atmosphere
gas in the diffusion furnace 1 is      replacedwithnitrogenN2.
Underthehighpurity100%nitrogen  25 atmosphere, the wafers are annealed at
850[err]C for 30 min       (Annealing step).           The atmosphere gas
in the diffusion furnace 1 is replaced      with a high purity atmosphere
gas of nitrogen N2 99% and oxygen                                    - 8 -
02 1%, and then the inside of the furnace is cooled to 700[err]C       for
40 min (Cooling step).           After evacuating the load-lock chamber 6
by turning on 



the pump DP, high purity nitrogen N2 is fed into the load-lock   5  chamber
6 through the gas inlet 7 to fill the load-lock chamber       6 with
nitrogen N2 gas.            Then, the gate G1 is opened and while feeding a
high purity       gas mixture of nitrogen N2 99% and oxygen 1% from the gas
inlet       5, the wafer boat 3 is removed from the diffusion furnace 1  10
at 700[err]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 sequence of processing steps 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 lifetime. Specifically, on a semiconductor      wafer was formed a
thermal oxidation film with a thickness      such that a surface condition
in a sample does not affect the      film (about 800A), toprepareasample.
Thesample is evaluated  20  byawaveguidemethod (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                                    -9-   



`     shown in Figure 3 and a thermal oxide film formed by conducting
a cooling and a removing steps under a high purity 100% nitrogen      N2 in
a load-lock diffusion furnace 100 shown in Figure 1.           The thermal
oxide film formed using the conventional   5 vertical diffusion furnace 10
was formed as described below.           The wafer boat 3 is inserted for
15 min into the diffusion      furnace 1 filled with a high purity
atmosphere gas of nitrogen      N2 99% and oxygen 02 1% at 8500C (Inserting
step).           Then, the semiconductor wafers are retained in the high
10  purity atmosphere gas of nitrogen N2 99% and oxygen 02 1% at
850[err]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  H2:02 = 1:2 at 850[err]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      replacedwithnitrogenN2.
Underthehighpurity100%nitrogen  20  atmosphere, the wafers are annealed at
850[err]C for 30 min      (Annealing step).           Under a high purity
atmosphere gas of nitrogen N2 100%      at 850[err]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      N2 100% in
the load-lock diffusion furnace 100 shown in Figure      1 was formed as
described below.                                  - 10 -
An inserting, a heating, an oxidizing and an annealing       steps were as
described in the above embodiment.            In the cooling step, the
diffusion furnace 1 was cooled       from 850[err]C to 700[err]C for 40 min
under a high purity atmosphere   5 gas of nitrogen N2 100% (actually,
99.999% or higher).            Then, after evacuating the load-lock chamber
6 by turning       on the pump DP, nitrogen N2 was fed into the load-lock
chamber       6 through the gas inlet 7. The wafer boat 3 was then removed
from the diffusion furnace 1 under the atmosphere of nitrogen  10  N2 100%
at 700C to the load-lock chamber 6 filled with nitrogen      N2 for 20 min
(Removing step).            The atmosphere gases, i.e., nitrogen N2 and
oxygen O2,       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 N2 100% in the load-lock
diffusion furnace 100. 



A lifetime was determined for the individual thermal oxide  20  film formed
as described above. The results were 150 to 300      [err]s for the thermal
oxide film formed according to the process      of this invention; 150 to
300 [err]s for that formed using the      conventional vertical diffusion
furnace 10 and 5 [err]s or less      for that formed conducting a cooling
and a removing steps under  25  a high purity atmosphere of nitrogen N2
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 -                film formed according to the manufacturing process of
this       invention and determination of a lifetime. Specifically,
samples with an MOS structure having a thermal oxide film with       a
thickness of 65A were prepared using each forming process.   5 Then, a
breakdown status (a flow of 1 mA current in a sample)      was studied when
a constant electric field (-12 MV/cm) was      continuously applied to
several tens of MOS capacitor TEG (area      65000  [err]2). Measurement
was conducted for 1 hour.            Consequently, the results shown in
Figure 2 were obtained.  10  In Figure 2, [err] designates for a thermal
oxide film by a process       for forming a thermal oxide film using a
conventional vertical  



diffusion furnace 10 while [err] 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      practically released as a commercial
product), it was 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 film excellent      in a lifetime and TDDB evaluation could be
provided as described      above, i.e., conducting a cooling and a removing
steps under      a high purity atmosphere gas of nitrogen N2 99% and oxygen
02 1% using a load-lock diffusion furnace 100.  25       Inparticular,
inthe above embodimentusingthe load-lock      diffusion furnace 100, the
load-lock chamber 6 is evacuated      and then high purity nitrogen N2 is
fed into the load-lock      chamber 6 through the gas inlet 7. A cooling
and a removing                                   - 12 -
steps can be, therefore, conducted under a high purity       atmosphere of
nitrogen N2 and oxygen 02, which can prevent       impurities in the air
from being incorporated and thus can       exclusively introduce a small
amount of high purity 02 in an   5  interface between a thermal oxide film
in a semiconductor wafer 



and a silicon substrate.  A high quality thermal oxide film       can be
thus provided.           A lifetime was determined conducting only one of
the       cooling and the removing steps under the above mixed atmosphere
10 gas of nitrogen N2 99% and oxygen 02 1%, while the other was
conducted under an atmosphere gas of nitrogen N2 100%, and      then a
lifetime was determined. A lifetime determined was      100 to 150 [err]s.
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 N2 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 N2
99% and oxygen 02 1%.           The above embodiment have been described,
where both      cooling and removing steps are conducted under a high
purity      atmosphere gas of N2 99% and oxygen 02 1%, but oxygen 02 may
be contained at about 0.1 to 10%, preferably about 0.1 to 2%.  25  In
brief, any oxygen level may be acceptable as long as a broken      ligand
due to strain in an interface between a silicon substrate      and a
thermal oxide film is recoverable and it does not      accelerate
oxidation.                                   - 13 -       



Similarly, 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 limited to 1%.  In brief, any level   5  may be selected as long
as thermal etching can be avoided and       oxidation may not be
accelerated.            The above embodiment has been described, where the
oxidizing step is WET oxidation in an atmosphere gas meeting       the
relationship of H2:02 = 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 02 100%.            The above embodiment
has been described, where an active       cooling step is conducted, 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 N2 99% and oxygen 02 1%.  20      INDUSTRIAL
APPLICABILITY           As described above, 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, whenthesemiconductor  



wafer is removed from a diffusion furnace, so that a thermal
- 14 -                oxidation film excellent in a lifetime and TDDB
evaluation       can be provided.            In particular, when the
semiconductor wafer is removed       from the diffusion furnace after
heating the semiconductor   5  wafer and cooling the inside of the
diffusion furnace to a       predetermined temperature, an atmosphere
during cooling the       inside of the diffusion furnace is also a mixture
of nitrogen       and oxygen, so 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 can be 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      mixture in a
transferring step where the semiconductor wafer  20  is transferred from a
load-lock chamber to a diffusion furnace 



and a preliminary step before heating in the diffusion furnace,      such
as a warming step where the inside of the diffusion 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.
- 15 -                                        CLAIMS        1.  A process
for manufacturing a semiconductor device       comprising heating a
semiconductorwafer in a diffusion furnace   5  equipped with a load-lock
chamber, characterized in that an      atmosphere gas for said
semiconductor wafer during removing      said wafer from said diffusion
furnace is a mixture of nitrogen      gas and oxygen gas in such a level
that the thickness of an      oxide film on said semiconductor wafer is
substantially  10  constant.      2.  The process for manufacturing a
semiconductor device      according to claim 1, wherein after said heating,
said      diffusion furnace is cooled to a predetermined temperature
prior to removing 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  is 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
- 16 -               and preliminary steps in said diffusion furnace before
initiating said heating is said gas mixture.      5.  The process for
manufacturing a semiconductor device      according to claim 4, wherein
said preliminary steps are the   5  steps of warming said diffusion furnace
to a predetermined      temperature and stabilizing said temperature of the
diffusion      furnace after the warming.      6.  The process for
manufacturing a semiconductor device 



according to any of claims 1 to 5, wherein said gas mixture  10  contains
0.1 to 10% of oxygen gas.
-17-    


