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PROCESS OF MANUFACTURING 
SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a process of manu 
facturing a semiconductor device. 

[0002] Liquid crystal display devices of active-matrix type 
use a so-called thin ?lm transistor (TFT) Wherein an insu 
lating-gate ?eld effect transistor (MIS (metal-insulator 
semiconductor) transistor) is fabricated on a thin ?lm semi 
conductor layer as a switching device. Inasmuch as the TFT 
is formed on a substrate made of a proper material, such as 
a borosilicate glass or plastic substrate having a loW melting 
point or loW heat-resisting property, the TFT, accordingly, 
the gate insulating ?lm thereof is formed at a loW tempera 
ture. The gate insulating ?lm is formed by plasma CVD 
(chemical vapor deposition) Wherein a substrate temperature 
used When the insulating gate ?lm is formed ranges from 
600 to 300° C. 

[0003] As is Well-known, if a ?lm-forming temperature, 
i.e., substrate temperature is loWered When the gate insulat 
ing ?lm is formed, then it becomes dif?cult to obtain a MIS 
transistor having a desired characteristic. 

[0004] For eXample, an n-channel MIS-transistor is oper 
ated in a depletion-type transistor. Moreover, a p-channel 
MIS transistor has a problem that a threshold voltage Vth 
increases so that the p-channel MIS transistor cannot be 
energiZed even on application of a predetermined negative 
voltage. Thus, a circuit using an n-channel or p-channel MIS 
transistor cannot be formed as an integrated circuit satisfac 
torily. 
[0005] This phenomenon occurs due to a positive electric 
charge caused by a defect in atomic bonding or impurity in 
the gate insulating ?lm. The positive electric charge is 
caused by a so-called dangling bond of Si (silicon) of SiO2, 
for eXample. When the positive electric charge eXists near 
the interface betWeen the gate insulating ?lm and the semi 
conductor, a ?at-band voltage is shifted (moved), resulting 
in the n-channel MIS transistor being operated in the deple 
tion type transistor or the ON-voltage of the p-channel MIS 
transistor being increased. 

[0006] When an operation voltage of the MIS transistor is 
relatively large, e.g., aboutz20V, a ?at-band voltage shift of 
about+4V is alloWable. HoWever, this ?at-band voltage shift 
becomes fatal to an increasing demand in Which the MIS 
transistor can be driven by a loW voltage, e.g.,:SV. 

[0007] As a method of solving the aforesaid problem, 
there is proposed a post-anneal Wherein a defect can be 
compensated by heat treatment in an oXygen atmosphere 
such as the air after the gate insulating ?lm has been formed. 
The post-anneal (including a hydrogen plasma treatment) 
might be a reducing anneal containing hydrogen gas, an air 
anneal or the like. The reducing anneal needs an annealing 
at a high temperature in eXcess of 400° C. According to any 
one of these anneals, a ?at-band voltage shift increases 
depending on a ?lm quality of the insulating ?lm. Then, 
effects of the air anneal are ?uctuated depending on the 
season, Which brings about a problem in actual practice. 

SUMMARY OF THE INVENTION 

[0008] In vieW of the aforesaid aspect, it is an object of the 
present invention to provide a process of manufacturing a 
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semiconductor device in Which a quality of semiconductor 
can be improved and a desired semiconductor device can be 
obtained stably. 

[0009] It is another object of the present invention to 
provide a process of manufacturing a semiconductor device 
in Which the above-mentioned ?at-band shift can be 
improved. 

[0010] According to an aspect of the present invention, 
there is provided a process of manufacturing a semiconduc 
tor device. The manufacturing process comprises the steps 
of annealing a semiconductor at a temperature ranging from 
20 to 400° C. in the atmosphere containing a gas of Water 
With a partial pressure ranging from 1 Torr to a saturated 
vapor pressure for an annealing time from 15 seconds to 20 
hours, and reforming at least one of the semiconductor or an 
insulating ?lm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a schematic diagram shoWing an arrange 
ment of an eXample of an apparatus used in an annealing 
Wherein an inventive manufacturing process is carried out; 

[0012] FIG. 2 is a schematic diagram shoWing an arrange 
ment of an eXample of a remote plasm CVD apparatus 
Wherein the inventive manufacturing process is carried out; 

[0013] FIG. 3 is a characteristic graph shoWing measured 
results of capacitance—gate voltage characteristic of an MIS 
diode; 

[0014] FIG. 4 is a characteristic graph shoWing measured 
results of capacitance—gate voltage characteristic obtained 
When the MIS diode Was annealed: 

[0015] FIG. 5 is a characteristic graph shoWing measured 
results obtained When a dependence of an amount of 

OH+H2O upon anneal time; 

[0016] FIGS. 6 through 10 are respectively cross-sec 
tional vieWs used to eXplain respective processes of a 
manufacturing method Wherein a TFT is manufactured by 
the manufacturing process according to the present inven 
tion; 

[0017] FIG. 11 is a characteristic graph shoWing measured 
results of drain current ID—gate voltage VG characteristics 
of the TFT manufactured by the manufacturing process 
according to the present invention; 

[0018] FIG. 12 is a characteristic graph shoWing mea 
sured results of drain current ID—drain voltage VD charac 
teristics obtained from the TFT manufactured by the manu 
facturing process according to the present invention before 
the TFT is annealed in the atmosphere containing a gas of 
Water; 

[0019] FIG. 13 is a characteristic graph shoWing mea 
sured results of drain current ID—drain voltage VD charac 
teristics obtained from the TFT manufactured by the manu 
facturing process according to the present invention after the 
TFT Was annealed in the atmosphere containing a gas of 
Water; 

[0020] FIG. 14 is a cross-sectional vieW shoWing an 
eXample of a TFT obtained by the manufacturing process 
according to the present invention; and 
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[0021] FIG. 15 is a cross-sectional vieW showing an 
example of a solar battery obtained by the manufacturing 
process according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0022] The present invention Will noW be described With 
reference to the draWings. 

[0023] In a manufacturing method according to the present 
invention, after a semiconductor device, e.g., MIS transistor 
Wherein a target semiconductor device, e.g., all assembly 
portions such as electrodes forming the MIS transistor are 
formed on a semiconductor substrate has been formed, the 
semiconductor device is annealed, e.g., by vapor annealing 
for a time period longer than 15 seconds and shorter than 20 
hours in the atmosphere including gas of Water With a partial 
pressure higher than 1 Torr and loWer than saturated vapor 
pressure at a temperature ranging from 20 to 400° C. 

[0024] In this embodiment, a semiconductor substrate 
refers to not only a bulk-type substrate Which is Wholly 
formed of a semiconductor but also substrates Wherein a 
single crystal semiconductor layer, a polycrystalline semi 
conductor layer and an amorphous semiconductor layer are 
formed on an insulating or semi-insulating substrate. 

[0025] The vapor annealing is effective for the MIS tran 
sistor manufactured in the Whole process Wherein a substrate 
temperature is 600° C. or loWer. Speci?cally, as mentioned 
before, the MIS transistor Wherein the gate insulating ?lm, 
for example, Was formed at a substrate temperature loWer 
than 600° C., e.g., at a substrate temperature ranging from 
600 to 300° C. is inferior in characteristics. When the MIS 
transistor is annealed at a temperature exceeding 600° C. 
after the gate insulating ?lm has been formed, the insulating 
?lm can be reformed and the ohmic-contact property can be 
improved by high-temperature annealing Which contains no 
Water. 

[0026] FIG. 1 of the accompanying draWings shoWs an 
example of an apparatus for carrying out the above-men 
tioned vapor annealing. As shoWn in FIG. 1, a substrate 
holder 32 for holding thereon a semiconductor substrate 2 is 
disposed Within a substrate annealing container 31. The 
substrate holder 32 includes a heating means 39 such as an 
electric heater to heat the semiconductor substrate 2 held 
thereon up to a predetermined temperature. 

[0027] The substrate annealing container 31 includes an 
exhaust slot 33 coupled through a valve V1 to an exhausting 
means (not shoWn). The substrate annealing container 31 is 
provided With a pressure gauge 34 for observing a pressure 
in the inside thereof. 

[0028] A constant temperature oven 36 includes a con 
tainer portion 35 Which contains Water (H2O). The container 
portion 35 is coupled to the substrate annealing container 31 
through a coupling tube 37 having valves V2 and V3. A 
carrier gas supply tube 38 through Which a carrier gas is 
supplied is coupled betWeen the valves V2 and V3 through a 
valve V4. The carrier gas supply tube 38 is further coupled 
through a valve V5 to the Water container portion 35 pro 
vided Within the constant temperature oven 36. 

[0029] A vapor of a predetermined amount set by a 
saturated vapor pressure under a heating temperature set by 
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the constant temperature oven 36 is supplied to the substrate 
annealing container 31, Which Was evacuated at a high 
degree of vacuum, in a vacuum suction fashion by opening 
and closing the valves V3 and V4. The pressure of the 
container 31 is monitored by the pressure gauge 34. In this 
case, it is preferable that the substrate annealing container 31 
is Wholly heated at a temperature higher than a deW point 
relative to the amount of introduced vapor by a heating 
means (not shoWn) disposed in the substrate annealing 
container 31 so that the vapor supplied to the substrate 
annealing container 31 may not form a moisture. 

[0030] The insulating ?lm, in particular, the gate insulat 
ing ?lm should preferably be formed by plasma process, 
particularly, remote plasma CVD (chemical vapor deposi 
tion) When the semiconductor device, e.g., MIS diode, MIS 
transistor device or the like is formed on the semiconductor 
substrate 2. As a remote plasma CVD apparatus, there can be 
used a remote plasma CVD apparatus proposed by the same 
assignee of this application (see Japanese laid-open patent 
publication No. 05-21393) Wherein a mesh-shaped electrode 
is disposed betWeen a plasma generating portion and a 
semiconductor substrate arrangement portion to block 
plasma so as to radiate the semiconductor substrate With 
atomic seeds or molecular seeds excited to be neutral 
electrically. 

[0031] According to the remote plasma CVD apparatus, a 
damage on the surface of the semiconductor substrate, 
accordingly, the interface betWeen the semiconductor sub 
strate and the gate insulating ?lm formed on the semicon 
ductor substrate can be reduced and the interface state can be 
made small. Also, it is possible to suppress the occurrence of 
positive electric charge due to the above-mentioned dan 
gling bond. 

[0032] An example of the remote plasma CVD apparatus 
Will be described beloW With reference to FIG. 2. FIG. 2 is 
a schematic diagram shoWing an arrangement of the remote 
plasma CVD apparatus. While an electrode of the remote 
plasma CVD apparatus is formed as a parallel-?at plate type 
according to the present invention, the present invention is 
not limited thereto and can be modi?ed variously. 

[0033] In this embodiment, as shoWn in FIG. 2, the remote 
plasma CVD apparatus includes a chamber 1 Wherein a 
plasma generating portion 4 is opposed to a substrate 
holding portion 3 for holding thereon the semiconductor 
substrate 2 on Which a gate insulating ?lm is formed. The 
plasma generating portion 4 includes a ?at plate-shaped RF 
(radio frequency) electrode 6 Which is applied With a high 
frequency electric poWer of 13.56 MHZ, for example, from 
a high frequency (RF) generator 5. First and second mesh 
shaped electrodes G1 and G2 are disposed in an opposing 
relation to the RF electrode 6. The ?rst electrode G1 is 
formed of a ?at plate-shaped mesh electrode and the second 
electrode G2 is formed of a ?at plate bag-shaped mesh 
electrode. Predetermined voltages VG1 and VG2 are applied 
to the ?rst and second electrodes G1 and G2. 

[0034] The semiconductor substrate holding portion 3 for 
holding thereon the semiconductor substrate 2 includes a 
heating means 7 to set the semiconductor substrate 2 at a 
desired substrate temperature. 

[0035] The chamber 1 includes a gas introducing slot 8 
formed near the plasma generating portion 4 and also 
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includes an exhausting slot 9 formed near the semiconductor 
substrate holding portion 3. The mesh electrode G2 includes 
a gas introducing slot 10. Oxygen O2 and helium He are 
supplied from the gas introducing slot 8 into the chamber 1 
and monosilane SiH and helium He are supplied from the 
gas introducing slot 10 into the chamber 1. 

[0036] The plasma generating portion 4 is energiZed to 
discharge plasma in the space betWeen the RF electrode 6 
and the semiconductor substrate holding portion 3 on appli 
cation of RF electric poWer. In this case, since the mesh 
electrodes G1 and G2 are provided betWeen the RF electrode 
6 and the semiconductor substrate holding portion 3, the 
plasma generated by discharge When the predetermined 
positive voltages VG1 and VG2 are applied to the semicon 
ductor substrate holding portion 3 is limited to the RF 
electrode 6 side by the mesh electrodes G1 and G2. Speci? 
cally, the semiconductor substrate holding portion 3 is 
blocked from charged particles of electrons and positive and 
negative ions. In this Way, only neutral radicals, i.e., elec 
trically neutral excited atomic seeds or excited molecular 
seeds are radiated on the semiconductor substrate 2 held on 
the semiconductor substrate holding portion 3 to thereby 
form an SiO2 gate insulating ?lm such that the ?lm forming 
surface of the semiconductor substrate 2 and the ?lm formed 
on the above ?lm-forming surface are protected from being 
damaged by the charged particles. 
[0037] Since an electron density in the plasma is substan 
tially proportional to a high frequency electric poWer, in 
order to suppress a damage on the substrate surface much 
more, it is desirable that a high frequency electric poWer 
applied to the electrodes G1 and G2 can be loWered as much 
as possible so long as the discharge can be maintained. 

[0038] Since an electrically neutral precursor SiOX* gen 
erated in the gas phase is fundamentally accumulated on the 
?lm-forming surface of the semiconductor substrate 2, a 
?lm-forming speed is substantially the same as the normal 
plasma CVD different from the remote plasma CVD even 
When the charged particles are blocked by the mesh elec 
trodes G1 and G2. 
[0039] A process for manufacturing a semiconductor 
device according to the present invention Will be described 
concretely. In this case, a p-type single crystal silicon 
substrate Which Was doped by boron B at a substrate 
concentration of 1015 atoms/cm3 Was prepared as the semi 
conductor substrate 2. An SiO2 gate insulating ?lm having a 
thickness of 100 nm Was formed on the major surface of the 
p-type single crystal silicon substrate at a substrate tempera 
ture of 270° C. by the remote plasma CVD apparatus shoWn 
in FIG. 2. Then, a gate electrode of Al (aluminum) deposited 
?lm Was formed on the SiO2 gate electrode, resulting in an 
MIS capacitor (MIS diode) being manufactured. FIG. 3 
shoWs measured results of C-V (capacitance versus voltage) 
characteristic of the MIS diode thus manufactured. 

[0040] The MIS diode thus formed Was held on the 
semiconductor substrate holder 32 disposed Within the sub 
strate annealing container 31, evacuated at a high degree of 
vacuum, of the annealing apparatus shoWn in FIG. 1 and 
annealed, i.e., annealed by vapor anneal for 30 minutes at a 
substrate temperature of 270° C. by opening the valves V2 
and V5 to introduce vapor of 50 Torr into the container 31. 
FIG. 4 shoWs measured results of C-V (capacitance versus 
voltage) characteristics obtained after the MIS diode Was 
annealed. 
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[0041] In the bulk-type MIS (MOS) diode, an electrical 
capacitance of SiO2 forming the gate insulating ?lm Which 
is not yet annealed Was 1401.8 pF and became 800.0 pF after 
the gate insulating ?lm Was annealed. Speci?cally, the SiO2 
?lm that had an induced dispersion With a high dielectric 
constant before annealing became a more stabiliZed ?lm 
Wherein valence bond Was alleviated by annealing and had 
a dielectric constant nearly equal to that of the SiO2 ?lm by 
thermal oxidation, i.e., an insulating property could be 
improved. Then, a ?at-band voltage VFB Was changed from 
—2.3V to —0.9V and improvements could be made. In this 
connection, the ?at-band voltage VFB obtained When a MIS 
structure (MOS structure in this embodiment) of a p-type Al 
gate having a substrate concentration of 1015 atoms/cm3 Was 
an ideal MIS structure, i.e. the MIS structure has no electric 
charges of oxide ?lm Was —0.89V. Therefore, it is to be 
appreciated that the above-mentioned improvements are 
remarkable. 

[0042] The folloWing equation (1) Was used to de?ne an 
oxide ?lm electric charge density Neg: 

N e?=cnx' (¢Ms_ VFB)/eS (1) 

[0043] Where COX is the oxide ?lm capacitance obtained 
from the capacitance versus voltage characteristic (C-V 
characteristic) of the MOS diode, VFB is the ?at-band 
voltage, (PMS is the difference betWeen the Work function of 
the gate electrode and the electron af?nity of silicon (Si), e 
is the electric element amount and S is the area of the gate 
electrode. 

[0044] Study of FIG. 4 reveals that the oxide ?lm electric 
charge 9density Neff Was reduced from 1.24><1012 cm-2 to 
50x10 cm'2 by annealing. 

[0045] A characteristic at 0.1 HZ is not shoWn in FIG. 3 
because the dielectric dispersion Was large in the state that 
the gate insulating ?lm Was not annealed and thus the above 
characteristic could not be measured in this mode. By the 
vapor annealing, as shoWn in FIG. 4, an interface state 
density at a silicon mid-gap Was obtained from high fre 
quency—quasi-static measured results and then a consider 
ably satisfactory value of 2.0><101O cm-2 eV‘1 Was obtained 
in the MOS (MIS) diode using a loW-temperature insulating 
?lm. 

[0046] In the case of the vapor annealing according to the 
present invention, there is then the fear that a Water entered 
into the insulating ?lm to deteriorate a hot carrier Will 
increase. In actual practice, it Was con?rmed that this 
annealing can reduce a Water or OH radical in the SiO2 ?lm. 
FIG. 5 is a characteristic graph shoWing an annealing 
temperature dependence of H2O+OH amount (arbitrary 
unit) calculated from the ?lm by infrared spectroscopy. In 
that case, the SiO2 ?lm having the ?lm thickness of 100 nm 
Was formed at a ?lm-forming temperature of 270° C. and 
annealed at a substrate temperature of 270° C. in the vapor 
pressure of 50 Torr by vapor annealing. Study of FIG. 5 
shoWs that the amount of H2O+OH in the ?lm Was reduced 
as an annealing time increased. 

[0047] Also, study of FIG. 5 reveals that the ?lm Was 
reformed as a ?lm having no hygroscopicity by annealing of 
about 10 minutes or longer. A time required to reform the 
?lm can be reduced as an annealing temperature is raised. 
By Way of example, the reforming could be made at an 
annealing temperature of 400° C. for an annealing time of 20 



US 2001/0019901 A1 

seconds. Further, in the vapor annealing, the annealing time 
could be reduced by setting the atmosphere in the RF (high 
frequency) plasma state. HoWever, an annealing time 
exceeding 20 hours could not change the reforming effect 
substantially and therefore an annealing time in excess of 20 
hours becomes disadvantageous from an industrial stand 
point. 

[0048] Even When the insulating ?lm contains a Water, if 
this insulating ?lm is annealed in the vacuum atmosphere, 
then the ?at-band voltage shift could not be improved, the 
dielectric constant could not be stabiliZed and the hygro 
scopicity could not be removed. 

[0049] The reason that the vapor annealing is carried out 
at a temperature ranging from 20 to 400° C. is that the 
reforming effect of the insulating ?lm could not be achieved 
substantially at a temperature less than 20° C. and that a 
metal electrode or interconnection reacts With a Water and 
changed in quality at a temperature higher than 400° C. An 
Al (aluminum) Which is inexpensive and Widely used as an 
electrode or interconnection becomes a hydrous salt of 
hydroxide of Al (OH)3.nH2O by annealing at a temperature 
exceeding 400° C. in the vapor. 

[0050] The reason that the annealing time is selected in a 
range of from 15 seconds to 20 hours is that the reforming 
effect cannot be achieved by an annealing time less than 15 
seconds. Further, if the annealing time exceeds 20 hours, 
then the reforming effect is saturated as described before. 
Therefore, the annealing time longer than 20 hours is not 
practical from a manufacturing standpoint. 

[0051] Furthermore, the reason that the vapor partial pres 
sure in the vapor annealing is selected to be higher than 1 
Torr and loWer than 1 atmospheric pressure is that the vapor 
partial pressure loWer than 1 Torr becomes approximately an 
amount of vapor contained in the air and affected by the 
?uctuation of season. Furthermore, the vapor partial pres 
sure loWer than 1 atmospheric pressure is practical for an 
annealing equipment. 

[0052] While the present invention is applied to the MIS 
diode (MIS capacitor) as described above, the present inven 
tion is not limited thereto and can be applied to the MIS 
transistor such as the TFT With similar effects being 
achieved. 

[0053] An embodiment of the present invention Wherein 
the TFT is manufactured by the inventive manufacturing 
process Will be described beloW With reference to process 
diagrams of FIGS. 6 to 10. In this case, the TFT is formed 
of a polycrystalline silicon. 

[0054] Initially, as shoWn in FIG. 6, a ?rst semiconductor 
layer 22 made of B (boron)-doped amorphous Si (a-Si: H, B) 
containing hydrogen or P (phosphorus)-doped amorphous Si 
(a-Si: H, P) containing hydrogen Was formed on a glass 
substrate 21 by CVD. The ?rst semiconductor layer 22 is 
processed by photolithography such that other portions than 
the portions of the source region and the drain region of the 
TFT are etched aWay. 

[0055] As shoWn in FIG. 7, on the ?rst semiconductor 
layer 22, there is formed a second semiconductor layer 23 of 
a non-doped amorphous Si (a-Si: H) containing hydrogen 
forming a TFT channel-forming region is formed on the ?rst 
semiconductor layer 22 by burying the source region and 
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drain region forming portions at its portions in Which the 
semiconductor layer 22 is removed. The semiconductor 
substrate 2 is formed in this Way. 

[0056] Then, the second semiconductor layer 23 is crys 
talliZed by excimer laser annealing Which radiates excimer 
laser beams on the second semiconductor layer 23. Simul 
taneously, as shoWn in FIG. 8, an impurity is diffused from 
the ?rst semiconductor layer 22 to the second semiconductor 
layer 23 to enable the ?rst semiconductor layer 22 and the 
second semiconductor layer 23 formed on the ?rst semicon 
ductor layer 22 to constitute a source region 24S and a drain 
region 24D. A channel-forming region 25 based on the 
non-doped second semiconductor layer 23 is formed 
betWeen the source region 24S and the drain region 24D thus 
formed. 

[0057] A gate insulating ?lm 26 according to the method 
of the present invention is formed as shoWn in FIG. 9. The 
gate insulating ?lm 26 is formed at a substrate temperature 
ranging from 120 to 250° C. or loWer by the remote plasma 
CVD apparatus shoWn in FIG. 2. 

[0058] Then, as shoWn in FIG. 10, electrode contact 
WindoWs are de?ned in the source region 24S and the drain 
region 24D by processing the gate insulating ?lm 26 by 
photolithography. Source and drain electrodes 27S and 27D 
are interconnected through these electrode contact WindoWs 
to the source and drain regions 24S and 24D to form an 
ohmic-contact. A gate electrode 27G is deposited on the 
gate-insulating ?lm 26 formed betWeen the source and drain 
regions 24S and 24D. The source electrode 27S, the drain 
electrode 27D and the gate electrode 27G can be simulta 
neously formed such that the Whole surface of Al is pat 
terned by photolithography. 

[0059] In the manufacturing process according to the 
present invention, the TFT thus formed is heated in the vapor 
atmosphere, i.e., annealed. The TFT Was annealed at a 
temperature of 270° C. for 30 minutes in the atmosphere of 
vapor having a partial pressure of 50 Torr. FIG. 11 shoWs 
measured results of characteristics of drain current Id—gate 
voltage VG obtained from the TFT Where a gate Width W is 
10 pm and a gate length L is 10 pm When the drain voltage 
VD is equal to —1V. In FIG. 11, a curve 11A shoWs a ID-VG 
characteristic curve of the TFT obtained by the manufac 
turing process according to the present invention. A curve 
11B shoWs a ID-VG characteristic curve similarly obtained 
from the TFT Which Was not yet processed by vapor 
annealing. Study of comparison of the characteristic curves 
11A and 11B shoWs that the ?at-band voltage, i.e., off 
voltage of the TFT obtained by the inventive manufacturing 
process, i.e., TFT produced by vapor annealing Was 
improved from —3.6V to —1.0V. 

[0060] Similarly, study of comparison of the characteristic 
curves 11A and 11B in FIG. 11 shoWs that the on-current of 
the TFT produced by the inventive manufacturing process 
Was increased about three times from 6.42 pA obtained When 
VG=—10V before the TFT is annealed to 18.83 pA obtained 
When VG=—5V after the TFT Was annealed. 

[0061] Further, a mobility per unit electric ?eld intensity 
increased from 60 cm2/V s to 400 cm2/V s. A sub-threshold 
sWing value Was improved from 0.38 V/decade to 0.15 
V/decade. Speci?cally, according to the inventive manufac 
turing process, the semiconductor device of not only the 



US 2001/0019901 A1 

bulk-type MIS structure but also of the thin ?lm structure 
could reduce electric charges of oxide ?lm and density of 
interface state. 

[0062] Reduction of the interface state density means that 
the silicon ?lm formed of the ?rst and second semiconductor 
layers 22 and 23 serving as the under layer of the insulating 
?lm could be reformed. Speci?cally, the reduction of the 
interface state density means that a passivation effect can be 
achieved on the silicon defect, i.e., defects frequently exist 
ing on the dangling bond of grain boundary and the interface 
relative to the insulating ?lm. 

[0063] Further, in the manufacturing process according to 
the present invention, since the semiconductor is reformed, 
the electrode or interconnection Which contacts With the 
semiconductor can form an ohmic contact satisfactorily. 
More speci?cally, FIG. 12 shoWs measured results of char 
acteristics of drain current ID—drain voltage VD obtained 
from the TFT, Which Was not yet processed by vapor 
annealing, When the gate Width W is 10 pm and the gate 
length L is 10 pm. Study of FIG. 12 shoWs that electrodes 
cannot satisfactorily form an ohmic-contact With the source 
and drain regions in this TFT. FIG. 13 shoWs measured 
results of similar characteristics of drain current ID—drain 
voltage VD Of the TFT Which Was processed by vapor 
annealing at the temperature of 270° C. for 30 minutes in the 
atmosphere having a partial pressure of 50 Torr according to 
the inventive manufacturing process. Study of comparison 
of FIGS. 12 and 13 reveals that, according to the inventive 
manufacturing process, the ohmic contact could be 
improved, i.e., the semiconductor could be reformed. 

[0064] The gas used in the plasma CVD for forming the 
SiO2 insulating ?lm is not limited to the monosilane gas SiH4 
serving as silicon raW material and might be a high-order 
silane gas such as disilane Si2H8. An oxidiZing gas is not 
limited to O2 and might be oxide nitrogen gas such as N20. 

[0065] The method of forming the insulating ?lm is not 
limited to the above-mentioned remote plasma method and 
the insulating ?lm can be formed by a variety of plasma 
CVD methods for forming the insulating ?lm. Speci?cally, 
the insulating ?lm can be formed by ordinary plasma 
method, such as DC plasma, RF plasma, microWave plasma, 
ECR (electron cyclotron resonance) plasma, helicon Wave 
plasma and RF sputtering. 

[0066] Further, the manufacturing process according to 
the present invention can be used to obtain a semiconductor 
device having a silicon thermal oxidation ?lm formed at a 
temperature under 600° C., semiconductor devices having 
insulating ?lms formed by loW pressure CVD and atmo 
spheric pressure CVD, and a semiconductor having an 
insulating ?lm formed by electron beam or vacuum depo 
sition based on resistor heating. 

[0067] The heating means 39 and 7 shoWn in FIGS. 1 and 
2 are not limited to a resistor-type heater and might be a 
high-frequency induced heating or radiation-type heating 
such as an infrared ray lamp depending on the arrangement 
of the semiconductor substrate 2 and the semiconductor 
substrate holding portion 3. 

[0068] The method of introducing vapor to effect vapor 
annealing is not limited to the vacuum suction and might be 
a method Wherein vapor is introduced into the substrate 
annealing container 31 into Which a variety of gases Were 
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?lled in advance. If gases other than vapor are mixed into the 
substrate annealing container 31 as described above, then a 
thermal conductivity Within the substrate annealing con 
tainer 31 is improved and a temperature distribution is 
reduced. Therefore, it is possible to avoid the disadvantage 
that the introduced vapor forms a moisture at a locally-loW 
temperature portion to loWer the effect achieved by anneal 
mg. 

[0069] The vapor supplying method might be a so-called 
bubbling method Wherein a variety of carrier gases are 
immersed into the Water in the container portion 35 and 
carrier gases impregnated With Water are supplied into the 
substrate annealing container 31. 

[0070] The annealing Within the substrate annealing con 
tainer 31, i.e., vapor annealing can be carried out under the 
condition that the substrate annealing container 31 is closed 
or in an air current of carrier gas. 

[0071] Further, a method of introducing vapor, i.e, gas of 
Water into the substrate annealing container 31 for effecting 
the vapor annealing might be a method using a spray or a 
spray type method using a pulse-jet Water generated by 
ultrasonic vibration. According to this spray method, Water 
particles are very small and therefore can be easily changed 
to gases Within the substrate annealing container 31. 

[0072] A variety of gases, such as oxygen, nitrogen, 
hydrogen and oxide nitrogen can be satisfactorily used as 
gases mixed With vapor Without deteriorating the effects 
achieved by the vapor annealing. In particular, When oxygen 
is used, an insulating ?lm having a large dielectric disper 
sion also can be reformed by annealing using only oxygen. 
Therefore, it is possible to more effectively reform the 
semiconductor or the insulating ?lm by using oxygen as the 
gas to be mixed With vapor. 

[0073] In that case, the partial pressure is selected to be 1 
Torr or greater and less than 10 atmospheric pressures. The 
reason that the partial pressure is selected to be 1 Torr or 
greater is that the partial pressure of 1 Torr is required in 
order to reform the dielectric dispersion of the insulating 
?lm by the oxygen. Further, the reason that gases such as 
nitrogen are mixed With vapor is to prevent a moisture from 
being produced Within the substrate annealing container 31 
at its portion Where a temperature distribution is small. If the 
partial pressure is selected to be less than 1 Torr (less than 
about the same pressure as the vapor pressure), then the 
above-mentioned effects become small. The reason that the 
partial pressure is selected to be less than 10 atmospheric 
pressures is that, if the partial pressure exceeds 10 atmo 
spheric pressures, then the vapor annealing apparatus 
becomes complex and large enough to protect the substrate 
annealing container from a large pressure, Which is not 
useful in actual practice. Also, in the area in Which the partial 
pressure of vapor is less than one atmospheric pressure, it 
becomes possible to reduce an annealing time by increasing 
an atmospheric pressure. If hoWever the partial pressure of 
vapor exceeds 10 atmospheric pressures, then the effect that 
could be achieved When the pressure increases progressively 
is reduced. 

[0074] While the present invention is applied to the TFT 
of the so-called top-gate type structure Wherein the gate 
insulating ?lm and the gate electrode are formed on the 
upper layer of the channel-forming region 25 shoWn in FIG. 
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10 as described above, the present invention is not limited 
thereto and can be applied to the TFT of a so-called 
bottom-gate type structure Wherein the gate insulating ?lm 
and the channel-forming region are formed on the gate 
electrode. 

[0075] Furthermore, the manufacturing process according 
to the present invention is not limited to the semiconductor 
device having the MIS structure and can be applied to a 
variety of semiconductor devices. The semiconductor that 
can be reformed is not limited to the Si (silicon) semicon 
ductor and the present invention can be applied to Ge and 
SiGe solid-solution semiconductors, a laminated thin ?lm 
semiconductor, such as SiGe super-lattice and single-crystal, 
amorphous and polycrystalline semiconductors With similar 
effects being achieved. The insulating ?lm is not limited to 
the above-mentioned gate insulating ?lm and the present 
invention can be applied to semiconductor devices having an 
interlevel insulator, a surface protecting insulating ?lm and 
a planariZation ?lm. The insulating ?lm is not limited to the 
SiO2 ?lm and the present invention can be applied to 
semiconductor devices having SiON and SiN insulating 
?lms formed at a substrate temperature of less than 600° C. 
When formed or an insulating ?lm having a laminated 
structure composed of more than tWo materials such as SiO2 
With similar effects being achieved. Furthermore, the manu 
facturing process according to the present invention can be 
also applied to a semiconductor device having an insulating 
?lm such as an interlevel insulator based on SOG (spin on 
glass). Speci?cally, While a stability of device characteristic 
is not alWays maintained due to a defect in the ?lm, i.e., 
Water in these insulating ?lms, When the semiconductor 
devices of these structures are obtained, it is possible to 
obtain a semiconductor device having stable characteristics 
by the manufacturing process according to the present 
invention. 

[0076] FIG. 14 is a cross-sectional vieW shoWing an 
eXample of such semiconductor device having stable char 
acteristics. The semiconductor device shoWn in FIG. 14 
differs from the semiconductor device shoWn in FIG. 10 as 
folloWs. 

[0077] In the TFT semiconductor device shoWn in FIG. 
10, before vapor annealing is carried out, an SiN or SOG 
interlevel insulator 51 is formed on the Whole surface. An 
upper interconnection 52 formed on the interlevel insulator 
51 through a contact hole (not shoWn) de?ned on the 
interlevel insulator 51 is electrically contacted With an under 
layer interconnection, i.e., the source electrode 27S and the 
drain electrode 27D in the illustrated eXample to form a 
multiple-interconnection structure. Then, a surface protect 
ing or planariZation insulating ?lm 53 formed of a similar 
insulating ?lm such as SiN or SOG is formed on the 
multiple-interconnection structure. Thereafter, a resulting 
semiconductor is annealed in the above-mentioned atmo 
sphere containing a Water (gas). In FIG. 14, like parts 
corresponding to those of FIG. 10 are marked With the same 
references and therefore need not be described in detail. 

[0078] Also in this case, it is possible to obtain the 
semiconductor device in Which not only the gate insulating 
?lm 26 but also the interlevel insulator 51 and the planariZa 
tion insulating ?lm 53 can be stabiliZed in characteristic. 

[0079] Furthermore, the manufacturing process according 
to the present invention can be applied to a solar battery 

Sep. 6, 2001 

formed of any one of amorphous, polycrystalline or single 
crystal semiconductor. FIG. 15 is a cross-sectional vieW 
shoWing an eXample of the solar battery. In this eXample, as 
shoWn in FIG. 15, one electrode 61 is formed on a glass 
substrate 60, for eXample. A ?rst semiconductor layer 62 
made of an n-type amorphous Si (a-Si), a second semicon 
ductor layer 63 made of a non-doped, i.e., intrinsic a-Si and 
a third semiconductor layer 64 made of p-type a-Si are 
sequentially formed on the electrode 61 by plasma CVD, for 
eXample. Then, a transparent electrode 65 made of ITO 
(composite oXide of In and Sn) is deposited on the third 
semiconductor layer 64. Furthermore, a surface protecting 
?lm 66 made of SiN, for eXample, is formed on the trans 
parent electrode 65. After the surface protecting ?lm 66 Was 
formed on the transparent electrode 65, the resultant semi 
conductor is annealed in the above-mentioned atmosphere 
containing vapor. With this arrangement, the semiconductor 
is reformed and the insulating ?lm Was reformed as 
described above, the transparent electrode 65 can be con 
nected to the semiconductor layer 64 to form a satisfactory 
ohmic-contact and the surface protecting ?lm 66 can be 
stabiliZed. 

[0080] As set forth, according to the inventive manufac 
turing process, by annealing in the atmosphere containing 
gas of Water, the semiconductor and the insulating ?lm can 
be effectively reformed in the annealing at a loW temperature 
under 400° C. Thus, even When the electrode or intercon 
nection is connected to the semiconductor to form an 
ohmic-contact by reforming the semiconductor and the 
above ohmic-contact is not alWays satisfactory, such unsat 
isfactory ohmic-contact can be reformed into a satisfactory 
ohmic-contact. 

[0081] A deterioration of hot electrons can be suppressed 
in the gate insulating ?lm by reforming the insulating ?lm, 
i.e., reducing Water and OH radical in the insulating ?lm. 

[0082] Further, since static electric charges caused by 
defect or impurity in the gate-insulating ?lm can be neu 
traliZed and a ?at-band voltage deviated to the negative side 
can be shifted to the 0V side, the n-channel MIS transistor 
can be avoided from being operated as the depletion type 
transistor and can be operated in the enhancement state. On 
the other hand, in a p-channel MIS transistor, a threshold 
voltage Vth can be avoided from increasing With the result 
that the p-channel MIS transistor can be operated reliably. 
Therefore, semiconductor devices, such as a CMOS 
(complementary metal-oxide-semiconductor) can be easily 
formed as integrated circuits by MIS transistors of tWo 
conductivity type channels. 

[0083] Further, since ?uctuations of device characteristics 
on the same semiconductor substrate can be reduced, circuits 
can be formed as integrated circuits more easily. 

[0084] Furthermore, since characteristics on the interface 
betWeen the semiconductor and the insulating ?lm can be 
improved, i.e., the threshold sWing value can be reduced, the 
on-current can be increased, the off-current can be loWered 
and the threshold voltage Vth can be loWered, the resulting 
integrated circuit can be operated at high speed. 

[0085] Having described a preferred embodiment of the 
invention With reference to the accompanying draWings, it is 
to be understood that the invention is not limited to that 
precise embodiment and that various changes and modi? 
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cations could be effected therein by one skilled in the art 
Without departing from the spirit or scope of the invention as 
de?ned in the appended claims. 

What is claimed is: 
1. A process of manufacturing a semiconductor device 

comprising the steps of: 

annealing a semiconductor at a temperature ranging from 
20 to 400° C. in the atmosphere containing a gas of 
Water With a partial pressure higher than 1 Torr and 
loWer than a saturated vapor pressure for an annealing 
time from 15 seconds to 20 hours; and 

reforming at least one of said semiconductor and an 
insulating ?lm. 

2. A process of manufacturing a semiconductor device 
according to claim 1, Wherein said atmosphere contains 
more than one kind of oxygen, nitrogen, hydrogen or 
dinitrogen oXide With a partial pressure of 1 Torr or greater 
and less than 10 atmospheric pressures. 

3. A process of manufacturing a semiconductor device 
according to claim 1, Wherein said semiconductor device is 
an insulating gate type ?eld effect transistor manufactured at 
a temperature of 600° C. or loWer. 

4. A process of manufacturing a semiconductor device 
according to claim 1, Wherein said semiconductor device is 
an insulating gate type ?eld effect transistor and said insu 
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lating gate type ?eld effect transistor is annealed in the 
atmosphere containing gas of Water after a gate of said 
insulating gate type ?eld effect transistor has been formed. 

5. A process of manufacturing a semiconductor device 
according to claim 1, Wherein said insulating ?lm is formed 
of any one of SiO2, SiN and SiON or more. 

6. A process of manufacturing a semiconductor device 
according to claim 1, Wherein said semiconductor is a single 
crystal semiconductor, an amorphous semiconductor or a 
polycrystalline semiconductor. 

7. A process of manufacturing a semiconductor device 
according to claim 1, Wherein said semiconductor is a 
polycrystalline silicon made by laser annealing. 

8. A process of manufacturing a semiconductor device 
according to claim 1, Wherein said atmosphere containing a 
gas of Water is a plasma state. 

9. A process of manufacturing a semiconductor device 
according to claim 1, Wherein said semiconductor device is 
a solar battery. 

10. A process of manufacturing a semiconductor device 
according to claim 1, Wherein said semiconductor device is 
a solar battery and said semiconductor device is annealed 
after a protecting ?lm of said solar battery Was formed. 


