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SEMICONDUCTOR DEVICE AND METHOD FOR 
MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
device comprising at least a semiconductor ?lm accompa 
nying lattice distortion therein, and to a method for manu 
facturing the same. 

[0003] 2. Description of the Prior Art 

[0004] Methods for fabricating polycrystalline semicon 
ductor ?lms to use in polycrystalline semiconductor devices 
include (1) depositing ?lms in the temperature range of from 
550 to 900° C. using loW pressure CVD (chemical vapor 
deposition), (2) thermally crystalliZing semiconductor ?lms 
having deposited by loW pressure CVD, by annealing the 
?lms in the temperature range of from 550 to 650° C. for a 
duration of from several to several tens of hours, and (3) 
thermally crystalliZing semiconductor ?lms having depos 
ited by plasma-enhanced CVD, by annealing the ?lms in the 
temperature range of from 550 to 650° C. for a duration of 
from several to several tens of hours. 

[0005] HoWever, in depositing a non-single crystal semi 
conductor ?lm, a reduced pressure CVD method fails to 
deposit uniformly the ?lm over a large area on a substrate, 
and a plasma CVD method takes too long a time to deposit 
the ?lm to a suf?cient thickness. 

[0006] There is also knoWn a method of fabricating thin 
?lm transistors using an amorphous silicon (a-Si) ?lm 
having deposited by sputtering in the presence of hydrogen, 
hoWever, the electric characteristics of the resulting thin ?lm 
are so poor as to yield, e.g., an electron mobility of 0.1 
cmZ/Vsec or even loWer. 

[0007] If a non-single crystal semiconductor ?lm is depos 
ited by a sputtering method under an atmosphere free from 
hydrogen, on the other hand, the resulting ?lm suffers 
segregation of silicon atoms. Furthermore, it is knoWn that 
such a ?lm Would not undergo thermal crystalliZation at 
7000C or at any temperature beloW 700° C., due to the 
incorporation of impurities such as argon and oxygen atoms 
or to the lack of hydrogen, or due to both. 

SUMMARY OF THE INVENTION 

[0008] An object of the present invention is to provide a 
semiconductor device improved in device characteristics. 

[0009] Another object of the present invention is to pro 
vide a method for fabricating a semiconductor device 
improved in device characteristics. 

[0010] Further another object of the present invention is to 
provide a semiconductor device comprising a microcrystal 
line semiconductor ?lm having a loW barrier at the grain 
boundaries thereof. 

[0011] Still another object of the present invention is to 
provide a method for fabricating a semiconductor device 
comprising a semiconductor ?lm having a loW barrier at the 
grain boundaries thereof. 

[0012] These and other objects of the present invention 
have been attained by the use of a semiconductor ?lm having 
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a lattice distortion therein and comprising crystal grains 
having an average diameter of from 30 A to 4 pm, preferably 
from 30 A to 400 A, as vieWed from the upper surface of said 
semiconductor ?lm, and containing an oxygen impurity at a 
concentration of 7><1019 atoms-cm“3 or loWer, preferably 
1><10 atoms~cm_3 or loWer, inside said semiconductor ?lm. 
Such a semiconductor ?lm include a microcrystalline semi 
conductor ?lm having a microcrystal structure and a poly 
crystalline semiconductor ?lm. Microscopically, the crystals 
(grains) in the semiconductor ?lm are more tightly brought 
into contact With the neighboring crystals (grains) by impart 
ing lattice distortion to each of the crystals (grains). This 
results in the disappearance of barriers at the grain bound 
aries and in an enhanced carrier mobility. 

[0013] The semiconductor ?lm according to the present 
invention is different from a polycrystalline ?lm free from 
lattice distortion, since in the latter ?lm, impurities such as 
oxygen accumulate at the grain boundaries to develop a 
barrier Which interferes the transfer of carriers. The ?lm 
according to the present invention has no or negligible 
amount of barriers therein since the ?lm has lattice distortion 
therein. Thus, the electron mobility of the ?lm according to 
the present invention is extremely increased, as compared 
With that of a conventional semiconductor ?lm, to from 5 to 
300 cm2/V sec. 

[0014] The concentration of hydrogen in the semiconduc 
tor ?lm according to the present invention is preferably 5 
atom % or less. 

[0015] The semiconductor ?lm according to the present 
invention is fabricated by ?rst depositing an amorphous (or 
substantially amorphous) semiconductor ?lm on a substrate 
by sputtering in a 100% hydrogen atmosphere or in an 
atmosphere containing hydrogen as the major component 
and an inactive gas, and then crystalliZing said amorphous 
semiconductor ?lm in the temperature range of from 450 to 
700° C., typically at 600° C. 

[0016] The present inventors have found through an exten 
sive study that, by carrying out the sputtering process in a 
controlled atmosphere containing 0.01% or less oxygen and 
having added therein 10% or more (in terms of partial 
pressure) of hydrogen [having 5N (99.999%) or higher 
purity], an a-Si ?lm having uniformly incorporated therein 
hydrogen could be deposited, and that this ?lm Was capable 
of being thermally crystalliZed by annealing in the tempera 
ture range of from 450 to 700° C., typically at 600° C. The 
present invention has been accomplished based on those 
?ndings. 

[0017] In accordance With one aspect of the present inven 
tion, an amorphous semiconductor ?lm containing oxygen 
impurity at a concentration of 7><1019 atoms~cm_3 or less is 
deposited by sputtering a semiconductor target containing 
oxygen impurity at a concentration of 5><1018 atoms~cm_3 or 
less, and the resulting ?lm is then thermally crystalliZed. 

[0018] In accordance With another aspect of the present 
invention, an amorphous semiconductor ?lm is formed by 
sputtering a semiconductor target containing oxygen impu 
rity at a concentration not higher than 5><1018 atoms-cm-3 in 
a chamber the inner pressure of Which is adjusted to a 
suitable pressure for sputtering, preferably, in the pressure 
range of from 10-2 to 10-4 Torr, by introducing a gas 
consisting of 100% hydrogen or a mixed gas comprising 
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hydrogen and an inactive gas into a chamber having evacu 
ated to a pressure of 1x10‘6 Torr or lower, preferably to 
1x10 Torr or loWer, and the resulting ?lm is then thermally 
crystallized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIGS. 1(A) to 1(E) are cross sectional vieWs Which 
shoW the fabrication steps of the thin-?lm transistor (TFT) 
according to the present invention; 

[0020] FIG. 2 is a diagram Which relates the ?eld mobility 
of the TFT to the ratio of hydrogen partial pressure to total 
atmospheric pressure (PH/PTOTAL) during sputtering; 
[0021] FIG. 3 is a diagram Which relates the threshold 
voltage of the TFT to the ratio of hydrogen partial pressure 
to total atmospheric pressure (PH/PTOTAL) during sputtering; 
and 

[0022] FIG. 4 shoWs laser Raman spectra of the thermally 
crystalliZed silicon semiconductor ?lm. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

EXAMPLE 1 

[0023] An amorphous silicon (a-Si) ?lm is deposited using 
a radio-frequency (RF) or high frequency magnetron sput 
tering apparatus, and then recrystalliZed to obtain a poly 
crystalline silicon semiconductor ?lm comprising quasi 
crystals (or semi-amorphous ?lm), said semiconductor ?lm 
having induced therein lattice distortion, comprising crystal 
grains having an average diameter of from 30 A to 4 pm, 
preferably from 30 A to 400 A, containing 5 atom % or less 
of hydrogen and an oxygen impurity at a concentration of 
7x10 atoms-cm-3 or loWer, preferably 1><1019 atoms~cm_3 
or loWer. 

[0024] Referring to FIGS. 1(A) to 1(E), the process for 
fabricating a TFT (thin ?lm transistor) according to the 
present invention is described beloW. 

[0025] A 200 nm thick silicon oxide ?lm 12 is deposited 
on a glass substrate 11 by RF magnetron sputtering from a 
single crystal silicon target under conditions as folloWs: 

Atmosphere: 100% O2 
Film deposition temperature: 150° C. 
RF (13.56 Mhz) output power: 400 W 
Pressure: 0.5 Pa. 

[0026] On the silicon oxide ?lm thus deposited is further 
deposited a 100 nm thick a-Si ?lm 13 to provide a channel 
forming region, using an RF magnetron sputtering apparatus 
capable of depositing ?lms With a loW impurity concentra 
tion. The back pressure is controlled to 1x10‘6 Torr or loWer, 
preferably to 1x10“9 Torr or loWer, by using a turbo 
molecular pump and a cryopump. Gases having a purity of 
5N (99.999%) or higher are supplied, and if necessary, a 4N 
or higher purity argon gas is used as an additive gas. The 
single crystal silicon to be used as the target should be also 
reduced in oxygen concentration to 5><1018 atoms~cm_3 or 
less, for example, to 1><1018 atoms~cm_3, to thereby control 
the oxygen impurity of the deposited ?lm as loW as possible. 
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Deposition of the ?lm is carried out in an atmosphere 
comprising from 10 to 100% of hydrogen and 90% or less 
of an inactive gas (e.g., argon). For example, ?lm deposition 
may be conducted in a 100% hydrogen gas atmosphere. The 
?lm deposition is carried out by sputtering from a high 
purity silicon target under the conditions as folloWs: 

H2/(H2 + Ar) = 100 % (partial pressure ratio) 
Film deposition temperature: 150° C. 
RF (13.56 MHZ) output poWer: 400 W 
Total pressure: 0.5 Pa. 

[0027] The a-Si ?lm 13 thus obtained is then subjected to 
thermal crystalliZation by maintaining the ?lm in a tempera 
ture range of from 450 to 700° C., e.g., at 600° C., for a 
duration of 10 hours in a hydrogen or an inert gas atmo 
sphere. In the present example, a 100% hydrogen gas 
atmosphere is used. The crystalliZed ?lm is a so-called 
microcrystalline (or semi-amorphous) ?lm. 

[0028] The a-Si ?lm and the thermally crystalliZed ?lm 
obtained therefrom in the present example Were analysed by 
secondary-ion mass spectrometry (SIMS) for the impurity 
content. The oxygen content Was found to be 8x1018 
atoms-cm-3 and the carbon content Was found to be 3><1016 
atoms-cm“3 for the a-Si ?lm. The hydrogen content Was 
found to be 4><102° atoms~cm_3 for the a-Si ?lm; by taking 
the silicon density as 4><1022 atoms~cm_3, the amount of 
hydrogen corresponds to 1 atom %. The analyses Were 
performed by taking the oxygen concentration of the single 
crystal silicon target, 1><1018 atoms~cm_3, as the standard, 
and the minimum value in the depth pro?le (concentration 
distribution along the direction vertical to the surface of the 
?lm) of the deposited ?lm Was taken as the representative 
value, since the surface of the ?lm is easily oxidiZed by the 
atmosphere to form silicon oxide. These impurity content 
values remain substantially unchanged after the thermal 
crystalliZation, to give an oxygen impurity of 8x1018 
atoms-cm-3 for the crystalliZed ?lm. To further ascertain 
this, oxygen content Was increased by adding, for example, 
0.1 cc/sec or 10 cc/sec of N20 gas ?oW during the ?lm 
deposition. The oxygen content of the crystalliZed ?lm 
increased to 1><102° atoms~cm_3 or 4><102° atoms-cm_3, cor 
responding to the amount of the added N2O. HoWever, those 
?lms having an increased oxygen content could only be 
crystalliZed by either elevating the annealing temperature to 
not loWer than 700° C., or taking the annealing duration 
longer for 5 times or more than that of the process according 
to the present invention. From the vieWpoint of an industrial 
process, a treatment at a temperature not higher than 700° 
C., preferably not higher than 600° C., is requisite consid 
ering the softening point of glass substrates, and it is also 
important to shorten the process time. HoWever, it Was found 
experimentally impossible to crystalliZe a-Si semiconductor 
?lms at 450° C. or loWer by a mere reduction of the 
concentration of the impurities such as oxygen. 

[0029] Furthermore, the present invention is realiZed by 
the use of a high quality sputtering apparatus. Thus, if a leak 
or some failure should occur to increase the oxygen con 

centration to 1><102° atoms-cm“3 or higher during the ?lm 
deposition, such high quality semiconductor ?lms according 
to the present invention may not result. 
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[0030] It can be seen from the foregoing that a control of 
an oxygen impurity concentration to 7><1019 atoms-cm-3 or 
less Within the semiconductor ?lm and a crystallization of 
the ?lm in the temperature range of from 450 to 700° C. are 
requisite for the realiZation of the present invention. 

[0031] In fabricating ?lms of germanium or of a com 
pound semiconductor of germanium and silicon, the anneal 
ing temperature for crystallization may be loWered, by about 
100° C. than the temperature range set forth above. 

[0032] The thermally crystalliZed semiconductor ?lms 
thus obtained comprise therein lattice distortion. The laser 
Raman spectra of such ?lms yield peaks shifted to the loWer 
Wavenumber side as compared With the peak obtained in the 
spectrum for a single crystal silicon (see FIG. 4). 

[0033] The fabrication process of an insulated gate ?eld 
effect transistor (FET) is described beloW. 

[0034] First, the thermally crystalliZed silicon semicon 
ductor ?lm according to the present invention is subjected to 
device-separation patterning to obtain a structure as shoWn 
in FIG. 1(A). Then, 50 nm thick n+ a-Si semiconductor ?lms 
14 are deposited on the thermally crystalliZed silicon semi 
conductor ?lm 13 by RF magnetron sputtering from a single 
crystal silicon target (containing 1><1018 atoms~cm_3 of oxy 
gen) in an atmosphere comprising, in terms of partial 
pressure, from 10 to 99% or higher hydrogen (80% in the 
present example), 90% or loWer argon (19% in the present 
example), and from 0.1 to 10% PH3 (1% in the present 
example), under conditions as folloWs: 

Film deposition temperature: 150° C. 
RF (13.56 MHZ) output poWer: 400 W 
Total pressure: 0.5 Pa. 

[0035] The n+ a-Si semiconductor ?lm described above 
may otherWise be deposited by a PCVD process. Further 
more, after the formation of an active layer, doping of 
impurities such as boron (B), phosphorus (P), and arsenic 
(As) may be carried out by ion implantation to provide a 
source and a drain. 

[0036] The n+ a-Si ?lm 14 thus obtained is then patterned 
to obtain a structure as illustrated in FIG. 1(B). As shoWn in 
FIG. 1(C), a 100 nm thick silicon oxide ?lm (gate insulator) 
15 is deposited thereon by RF magnetron sputtering from a 
single crystal silicon target or a synthesiZed quartZ target in 
100% oxygen atmosphere, under conditions as folloWs: 

Film deposition temperature: 100° C. 
RF (13.56 MHZ) output poWer: 400 W 
Total pressure: 0.5 Pa. 

[0037] Next, contact holes are opened in the ?lm by 
patterning as shoWn in FIG. 1(D). The TFT is ?nished to a 
structure as shoWn in FIG. 1(E) by depositing a 300 nm 
thick aluminum ?lm 16 by vacuum deposition on the 
structure shoWn in FIG. 1(D), patterning the aluminum ?lm, 
and thermally annealing the Whole structure in 100% hydro 
gen at 375° C. for a duration of 30 minutes. The thermal 
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annealing in hydrogen is applied to the device to improve the 
device characteristics by loWering the interface level 
betWeen the thermally crystalliZed silicon semiconductor 
?lm and the silicon oxide insulator ?lm. 

[0038] Referring to the TFT shoWn in FIG. 1(E), S, G, and 
D represent a source electrode, a gate electrode, and a drain 
electrode, respectively. A 100x100 pm channel portion 17 
(FIG. is provided in the TFT of the present example. 

[0039] In addition to the foregoing example describing a 
process according to the present invention, four more 
examples to further illustrate the effect of the present inven 
tion are described beloW. TFTs are fabricated in the folloW 
ing Examples, With the conditions for depositing the a-Si 
layer 13 (see FIG. 1(A)) using RF magnetron sputtering 
being varied from an Example to another by changing the 
ratio of hydrogen in a sputtering atmosphere and the con 
centration of the oxygen involved in the deposited layer. 

EXAMPLE 2 

[0040] The same TFT fabrication process as in Example 1 
is carried out, except for changing the atmospheric condition 
during the sputtering for depositing the channel forming 
region 13 in FIG. 1(A) to give a mixed gas ratio (in terms 
of partial pressure) as folloWs: 

[0041] The deposited ?lm thus obtained contained oxygen 
at a concentration of 2><102° atoms~cm_3. 

EXAMPLE 3 

[0042] The same TFT fabrication process as in Example 1 
is carried out, except for changing the atmospheric condition 
during the sputtering for depositing the channel forming 
region 13 in FIG. 1(A) to give a mixed gas ratio (in terms 
of partial pressure) as folloWs: 

[0043] The deposited ?lm thus obtained contained oxygen 
at a concentration of 7><1019 atoms~cm_3. 

EXAMPLE 4 

[0044] The same TFT fabrication process as in Example 1 
is carried out, except for changing the atmosphere condition 
during the sputtering for depositing the channel forming 
region 13 in FIG. 1(A) to give a mixed gas ratio (in terms 
of partial pressure) as folloWs: 

[0045] The deposited ?lm thus obtained contained oxygen 
at a concentration of 3><1019 atoms~cm_3. 

EXAMPLE 5 

[0046] The same TFT fabrication process as in Example 1 
is carried out, except for changing the atmospheric condition 
during the sputtering for depositing the channel forming 
region 13 in FIG. 1(A) to give a mixed gas ratio (in terms 
of partial pressure) as folloWs: 

[0047] The deposited ?lm thus obtained contained oxygen 
at a concentration of 1><1019 atoms~cm_3. 
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[0048] The electric properties of the ?lms obtained in the 
foregoing Examples are compared below. 

[0049] FIG. 2 is a diagram Which shoWs the relation 
betWeen the carrier ?eld mobility, p, in the channel portion 
(indicated With numeral 17 in FIG. of each of the TFTs 
of Examples 1 to 5, and the hydrogen partial pressure ratio 
(PH/PTOTAL=H2/(H2+Ar)). The plots in FIG. 2 and their 
corresponding Examples are listed in Table 1 beloW. 

TABLE 1 

PH/PTOTAL (‘70) N0. of Example 

0 2 
20 3 
50 4 
8O 5 
100 1 

[0050] Referring to FIG. 2, the ?lm deposited under a 
hydrogen partial pressure of 0% yields a ?eld mobility, p, as 
loW as 3x10“1 cmZ/Vsec, since the oxygen concentration of 
the ?lm is as high as 2><102O atoms~cm_3. In contrast, a 
noticeably high ?eld mobility, p, of 2 cmZ/Vsec or even 
higher can be obtained in the ?lms Which are deposited 
under a hydrogen partial pressure of 20% or higher and have 
an oxygen concentration of 7><1019 atoms~cm_3 or less. Such 
an effect is assumably ascribed to the addition of hydrogen 
and to the use of a cryopump; that is, the hydrogen reacts 
With oxygen inside the chamber during the sputtering to 
yield Water, and the resulting Water is then effectively 
removed by the cryopump. 

[0051] Referring to FIG. 3, a diagram Which relates the 
threshold voltage to the hydrogen partial pressure ratio 
(PH/PTOTAL=H2/(H1+Ar)) is shoWn. The hydrogen partial 
pressure ratio (PH/PTOTAL=H2/(H2+Ar)) and the corre 
sponding number of the Example can be found in Table 1 
above. The loWer the threshold voltage, the loWer can be 
achieved the gate voltage. It can be said, therefore, the loWer 
threshold voltage, the more favorable as a device. According 
to the results shoWn in FIG. 3, a normally off state With a 
threshold voltage of 8V or loWer is obtained on a ?lm having 
deposited by a sputtering conducted under an atmosphere 
containing high hydrogen partial pressure of 20% or more. 
This signi?es that devices (TFTs in the present examples) 
Which yield favorable electric characteristics can be 
obtained by using a silicon semiconductor ?lm having 
obtained by crystalliZing an a-Si ?lm once deposited as the 
channel forming region 13 as shoWn in FIG. 1(A). 

[0052] In FIG. 4 are given laser Raman spectra of the 
silicon semiconductor ?lms obtained by thermally crystal 
liZing a-Si ?lms. The numerals attached to the spectra in the 
FIGURE, the corresponding number of the Examples and 
the hydrogen partial pressure used therein are listed in Table 
2 beloW. 

TABLE 2 

Numerals in No. of Hydrogen Partial 
the FIGURE Examples Pressure 

41 2 0% 
42 3 20% 
43 4 50% 
44 1 100% 
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[0053] In FIG. 4, by comparing the spectrum 43 or 44 
With the spectrum 42 or 41, it can be seen that the ?lm 
sputtered under 100% hydrogen apparently crystalliZes to 
yield crystal grains of high crystallinity as observed by its 
Raman spectrum, said grains having an average diameter of 
from 30 to 400 A, preferably in the average diameter range 
of from 100 to 200 A, as calculated from the half band Width 
of the spectrum. Since the peak value of this ?lm is shifted 
to the loWer Wavenumber side With respect to the peak (520 
cm_1) of a single crystal silicon, it is also clear that a lattice 
distortion is imparted to the grains. Those results most 
clearly shoW the characteristics of the present invention. 
That is, the a-Si ?lm deposited by sputtering under an 
atmosphere in the presence of hydrogen has effect only When 
it is subjected to thermal crystalliZation. Since the lattice of 
the crystal grains are distorted, the ?ne crystals impose a 
compression force to each other. This signi?es that a more 
intimate contact of the grains is realiZed at the grain bound 
aries; thus, the accumulation of impurities such as oxygen 
and the development of an energy barrier for carriers 
become less liable to occur at such grain boundaries. 
Accordingly, a high carrier ?eld mobility can be expected in 
such ?lms. 

[0054] The thermally crystalliZed semiconductor ?lm in 
accordance With the present invention can also be charac 
teriZed by an average diameter calculated from half band 
Width of X-ray diffraction spectrum thereof instead of the 
half band Width of Raman spectrum described above. The 
average diameter calculated from half band Width of X-ray 
diffraction spectrum of the thermally crystallized semicon 
ductor ?lm in accordance With the present invention is from 
30 A to 4 pm, preferably from 30 A to 400 

[0055] Generally in a TFT Which is a ?eld effect transistor, 
the drain current ID can be related to the drain voltage VD by 
the folloWing equation if the drain voltage VD is loW [Solid 
State Electronics, Vol.24, No.11, (1981) pp.1059, printed in 
Britain]; 

[0056] Wherein, W represents the channel Width, L repre 
sents the channel length, p represents the ?eld mobility, C 
represents the capacity of the gate oxide ?lm, VG represents 
the gate voltage, and VT represents the threshold voltage. 

[0057] In the foregoing examples, Ar (argon) Was used as 
the inactive gas at the sputtering. HoWever, the inactive gas 
is not limited thereto and other gases such as He (helium); 
also, plasmas of reactive gases such as SiH4 and Si2H6 may 
be added to the sputtering atmosphere partially. The a-Si 
?lm may be deposited by RF magnetron sputtering under 
any condition as desired, provided that each of the condi 
tions satisfy the folloWing range: a hydrogen partial pressure 
ratio of from 10 to 100%, a ?lm deposition temperature of 
from room temperature to 500° C., an RF output of from 500 
to 100 GHZ, and an output poWer of from 100 W to 10 MW. 
Furthermore, the sputtering apparatus may be combined 
With a pulsed energy generator. A poWerful light beam 
(having a Wavelength in the range of from 100 to 500 nm) 
may further be irradiated simultaneously to conduct photo 
sputtering. 

[0058] The processes proposed above enable formation of 
a hydrogen plasma from a light-Weight atom hydrogen to 
thereby ef?ciently produce positive ions useful in sputtering. 
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In such a Way, hydrogen or a hydrogen atom may be 
uniformly dispersed in the ?lm during deposition by sput 
tering, Which results in a ?lm reduced in oxygen content to 
7><1019 atoms-cm-3 or less, preferably to 1><1019 atoms~cm_3 
or less. Furthermore, the reactive gasses mentioned herein 
before can be used in these processes as Well. 

[0059] In the foregoing Examples, an a-Si ?lm Was used 
as the amorphous semiconductor ?lm. HoWever, the present 
invention is also applicable to a ?lm of a germanium or 
compound semiconductor represented by SiXGe1_X (0<x<1). 
These ?lms may be a p-type, an n-type, or an intrinsic 
semiconductor. 

[0060] While the invention has been described in detail 
and With reference to speci?c embodiments thereof, it Will 
be apparent to one skilled in the art that various changes and 
modi?cations can be made therein Without departing from 
the spirit and scope thereof. 

What is claimed is: 
1. Asemiconductor device comprising at least a semicon 

ductor ?lm having a microcrystal structure, 

Wherein said semiconductor ?lm has lattice distortion 
therein and comprises crystal grains at an average 
diameter of 30 A to 4 pm as vieWed from the upper 
surface of said semiconductor ?lm and contains oxygen 
impurity and concentration of said oxygen impurity is 
not higher than 7><1019 atoms-cm-3 at an inside position 
of said semiconductor ?lm. 

2. The semiconductor device of claim 1 Wherein said 
semiconductor ?lm contains hydrogen at not more than 5 
atom %. 

3. The semiconductor device of claim 1 Wherein said 
semiconductor ?lm comprises an element selected from the 
group consisting of silicon and germanium. 

4. The semiconductor device of claim 1 Wherein said 
semiconductor ?lm is an active region of an insulated gate 
?eld effect transistor. 

5. The semiconductor device of claim 1 Wherein said 
semiconductor ?lm comprises a compound semiconductor 

SixGeLX (0<x<1). 
6. The semiconductor device of claim 1 Wherein said 

semiconductor ?lm comprises a semiconductor selected 
from the group consisting of a p-type semiconductor, an 
n-type semiconductor, and an intrinsic semiconductor. 

7. The semiconductor device of claim 1 Wherein said 
average diameter is calculated from half band Width selected 
from the group consisting of half band Width of Raman 
spectrum of said semiconductor ?lm and half band Width of 
X-ray diffraction spectrum of said semiconductor ?lm. 

8. A method for manufacturing a semiconductor device 
comprising: 

forming an amorphous semiconductor ?lm containing 
oxygegn impurity at a concentration not higher than 
7><10 atoms-cm-3 by sputtering a semiconductor target 
containing oxygen impurity at a concentration not 
higher than 5><1018 atoms~cm_3 in an atmosphere com 
prising hydrogen at not less than 10% in terms of partial 
pressure; and 

crystalliZing said amorphous semiconductor ?lm at a 
temperature of 450° C. to 700° C. 
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9. The method of claim 8 Wherein the crystalliZed semi 
conductor ?lm has lattice distortion therein and comprises 
crystal grains having an average diameter of 30 A to 4 pm 
as vieWed from the upper surface of said crystalliZed semi 
conductor ?lm. 

10. The method of claim 8 Wherein said atmosphere 
further comprises an inactive gas at not more than 90% in 
terms of partial pressure. 

11. The method of claim 10 Wherein said inactive gas 
comprises a gas selected from the group consisting of argon 
and helium. 

12. The method of claim 8 Wherein said semiconductor 
target comprises silicon. 

13. The method of claim 9 Wherein said average diameter 
is calculated from half band Width selected from the group 
consisting of half band Width of Raman spectrum of said 
crystalliZed semiconductor ?lm and half band Width of 
X-ray diffraction spectrum of said crystalliZed semiconduc 
tor ?lm. 

14. A method for manufacturing a semiconductor device 
comprising: 

evacuating a chamber to a pressure of 1x10‘6 torr or less; 

introducing a gas comprising hydrogen into said chamber 
to a sputtering pressure; 

forming an amorphous semiconductor ?lm by sputtering 
at said sputtering pressure a semiconductor target con 
taining oxygen impurity at a concentration not higher 
than 5><1018 atoms-cm_3; and 

crystalliZing said amorphous semiconductor ?lm at a 
temperature of 450° C. to 700° C., 

Wherein the sputtering is carried out in an atmosphere 
comprising hydrogen at not less than 10% in terms of 
partial pressure. 

15. The method of claim 14 Wherein the crystalliZed 
semiconductor ?lm has lattice distortion therein and com 
prises crystal grains having an average diameter of 30 A to 
4 pm as vieWed from the upper surface of said crystalliZed 
semiconductor ?lm. 

16. The method of claim 14 Wherein said gas further 
comprises an inactive gas and said atmosphere further 
comprises an inactive gas at not more than 90% in terms of 
partial pressure. 

17. The method of claim 16 Wherein the inactive gas 
comprises a gas selected from the group consisting of argon 
and helium. 

18. The method of claim 14 Wherein said semiconductor 
target comprises silicon. 

19. The method of claim 14 Wherein said sputtering 
pressure is from 10'2 to 10'4 torr. 

20. The method of claim 14 Wherein said gas comprises 
only hydrogen. 

21. The method of claim 15 Wherein said average diam 
eter is calculated from half band Width selected from the 
group consisting of half band Width of Raman spectrum of 
said crystalliZed semiconductor ?lm and half band Width of 
X-ray diffraction spectrum of said crystalliZed semiconduc 
tor ?lm. 


