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(57) ABSTRACT 

In a manufacturing technology for forming a thin ?lm 
transistor comprising a laser irradiation step, objects of the 
present invention are to obtain a high performance and 
multifunction semiconductor manufacturing apparatus and 
thin ?lm transistor manufacturing method. A silicon thin 
?lm 2001 is formed on a glass substrate 202, and laser 203 
is irradiated onto this thin ?lm 201 Whereby a re-crystalli 
Zation ?lm is obtained. This re-crystalliZation ?lm under 
goes a hydrogen plasma processing so that dangling-bonds 
of silicon are terminated. Moreover, a step for forming a 
silicon dioxide ?lm 205 on the re-crystalliZation ?lm is 
included. These steps are performed under the conditions 
that the glass substrate 202 is not exposed to the air and a 
processing temperature is 350° C. or less. 
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SEMICONDUCTOR MANUFACTURING 
APPARATUS AND MANUFACTURING METHOD 
OF THIN FILM SEMICONDUCTOR DEVICE 

[0001] This is a divisional of application Ser. No. 08/866, 
331 ?led May 30, 1997; the disclosure of Which is incor 
porated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a semiconductor 
manufacturing apparatus for manufacturing a thin ?lm tran 
sistor device formed on a glass substrate of a large area and 
a manufacturing method for the thin ?lm transistor. The 
present invention particularly relates to a laser crystalliZa 
tion semiconductor thin ?lm formation apparatus using an 
ultraviolet pulse laser and a manufacturing method for a 
polycrystalline semiconductor thin ?lm transistor. 

[0004] 2. Description of the Related Art 

[0005] Heretofore, a transistor having a MOS (metal 
oXide ?lm-semiconductor) structure has been Widely used 
for such as a large scale integrated circuit (LSI). Particularly, 
in silicon LSI manufacturing processes, since there is a 
thermal oXide step employing a high temperature process of 
about 1000° C. for formation of a MOS structure on a silicon 
Wafer, it is easy to produce a clean oXide ?lm-silicon 
interface. 

[0006] On the other hand, in manufacturing processes for 
formation of a so called high temperature polysilicon thin 
?lm transistor to be applied to liquid crystal light valves, 
after an a(amorphous)-Si thin ?lm on a quartZ substrate is 
crystalliZed by a solid phase groWth, patterning and acid 
cleaning are conducted for a silicon layer, and an oXide ?lm 
formation at a high temperature of about 1000° C. are 
conducted. Since a native oXide ?lm formed at the time of 
the acid-cleaning is removed during heating, an oXide ?lm 
is formed on a clean surface of the silicon layer. 

[0007] HoWever, in a loW temperature polysilicon TFT 
process Which is conducted at a temperature beloW 400° C. 
using eXcimer laser annealing, since such a high temperature 
process can not be employed, means for removing the native 
oXide ?lm on the silicon surface formed after the acid 
cleaning is required. For this reason, a method to sequen 
tially conduct formation of a silicon ?lm, laser irradiation, 
patterning and cleaning of the silicon ?lm, and formation of 
a gate insulating ?lm are said to be general, and a cleaning 
step after patterning plays an important role in the stability 
and reproducibility of manufacturing processes. 

[0008] For a Way to solve such problems, M. Sekiya et al. 
has proposed the apparatus composed of an insulating ?lm 
formation chamber, a laser irradiation chamber, and a hydro 
genation chamber, all capable of transporting a substrate in 
vacuum, in IEEE ELECTRON DEVICE LETTERS, Vol. 
15, No. 2, 1994 page 69. In this apparatus, after an amor 
phous silicon ?lm formed on a glass substrate is crystalliZed 
by a laser, hydrogenation and formation of a gate insulating 
?lm are conducted sequentially in the same apparatus. 

[0009] HoWever, according to a manufacturing method 
using this apparatus, although the silicon surface after crys 
talliZation using the laser is kept clean, removal of a native 
oXide ?lm produced before crystalliZation by the laser is 
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insufficient. In other Words, the native oXide ?lm itself or 
impurity metal atoms contained in the native oXide ?lm 
induces variations in the laser crystalliZation step Whereby 
reproducibility of the process is deteriorated. Moreover, in a 
case Where a subsequent step such as laser crystalliZation or 
formation of a thin ?lm is performed after the silicon thin 
?lm previously formed is once eXposed to the air, cleaning 
With cleaning liquid such as ammonia/hydrogen peroXide/ 
pure Water, hydrochloric acid/hydrogen peroXide/pure 
Water, sulfuric acid/hydrogen peroxide, hydro?uoric acid/ 
pure Water or cleaning With heated liquid prepared by 
heating them must be conducted prior to a neXt step. The 
amount of these acid-alkaline type cleaning liquids to be 
used increases in accordance With an increase in a siZe of the 
glass substrate, resulting in an increase in a cleaning liquid 
cost and Waste liquid cost. 

[0010] On the other hand, the eXcimer laser annealing 
apparatus has required a Wider setting area than before in 
accordance With an enlargement of a siZe of the glass 
substrate. Particularly, in the laser irradiation chamber, a siZe 
of the substrate is larger than an irradiation area, covered by 
one irradiation of the laser beam. As shoWn in FIG. 1, While 
horiZontally moving the glass substrate 409 set in the 
vacuum container constituting the ELA (EXcimer Laser 
Annealing) module 407, the entire surface of the substrate 
Will be crystalliZed by laser irradiation. In case of such 
method, When the glass substrate 409 is moved only in one 
direction on the plane, the setting area of the vacuum 
container must be tWo times as large as a siZe of the glass 
substrate, and When the glass substrate 409 is moved in tWo 
directions on the plane, both directions being perpendicular 
to each other, the setting area of the vacuum container must 
be four times as large as the siZe of the glass substrate. 
Speci?cally, laser beam emitted from the eXcimer laser 401 
travels along the optical path 402, and it passes through the 
Ato C optical apparatuses 404, 405, and 410 and the mirrors 
403a to 4036, the optical apparatuses serving to shape the 
laser beam to the desired beam. After the laser beam is 
shaped to the desired beam, it reaches the surface of the glass 
substrate 409 through the WindoW 406. The glass substrate 
409 is ?Xed to the substrate holder 411 on the stage Which 
is capable of moving in X- and y-directions on the plane. The 
glass substrate 409 undergoes laser irradiation on its desired 
region. In this case, the setting area of the vacuum container 
must be four times as large as a siZe of the glass substrate. 
More speci?cally, if a substrate has a length dimension, then 
the vacuum chamber has a dimension Which is more than 
tWice the substrate length. HoWever, enlargement of the 
setting area is not desirable because of an increase in cost of 
clean room equipment. When a process room equipped With 
a plurality of functions is arranged in a limited setting area, 
the space of the laser irradiation room limits the space of a 
process room equipped With other functions. 

[0011] Moreover, While keeping the semiconductor sur 
face (interface) clean, although a Wet cleaning step for the 
above-described substrate is omitted, When an irradiation 
step is conducted, there has been the folloWing problem. 
Speci?cally, as disclosed in Japanese Patent Application 
Laid Open No. 5-211167, When laser irradiation is required 
for a certain region, (1) a system to previously form a marker 
for positioning and (2) a system to form an integrated circuit 
?tting to a region Where the laser irradiation Was conducted 
are needed. 
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[0012] In case of the system (1), after a certain thin ?lm is 
formed, resist patterning using photolithography (PR) and 
thin ?lm etching are conducted, and a marker is formed. 
Thereafter, cleaning is performed using the acid-alkaline 
cleaning liquid described above. Subsequently, a silicon thin 
?lm is formed, and laser irradiation ?tting to the marker 
position is conducted, Whereby a crystalliZed silicon thin 
?lm can be produced. Alternatively, as shoWn in FIGS. 2A 
to 2E, the silicon thin ?lm 502 is ?rst formed on the entire 
surface of the glass substrate 501 (FIG. 2A). The resist 506 
is coated on the silicon thin ?lm 502 (FIG. 2B). The resist 
506 undergoes patterning using a photolithography tech 
nique, Whereby the resist 507 for developing is formed 
(FIG. 2C). Thereafter, the mark portion 504 is formed by 
dry etching (FIGS. 2D and 2E). 

[0013] On the other hand, in case of the system (2), a 
means for detecting the laser crystalliZation position using a 
certain method is required, and it is dif?cult to obtain a level 
positioning precision required by a stepper and the like. Also 
according to the system (1), an increase in cost due to an 
additional PR step and an additional cleaning step is 
incurred. In a case Where a marker is formed directly on a 
silicon ?lm, the surface of the silicon undergoes the PR step, 
so that cleaning With a precision is needed. A more simpli 
?ed marker formation means is required. 

SUMMARY OF THE INVENTION 

[0014] The ?rst object of the present invention is to 
provide a multifunction semiconductor manufacturing appa 
ratus With a high stability, Which is capable of eliminating 
cleaning steps using chemicals. The second object of the 
present invention is to provide a compact-siZed semicon 
ductor manufacturing apparatus Which is capable of crys 
talliZing a substrate by a laser Without moving the substrate 
and promoting multi-function characteristics of the appara 
tus. Furthermore, the third object of the present invention is 
to provide mark formation means Which requires no photo 
lithography steps. Still further, the fourth object of the 
present invention is to provide a loW cost and high perfor 
mance thin ?lm transistor manufacturing apparatus Which is 
capable of keeping a silicon surface (interface) clean. 

[0015] A semiconductor manufacturing apparatus of the 
present invention comprises at least a silicon-thin ?lm 
formation chamber or a dry cleaning chamber, an insulator 
thin ?lm formation chamber, a laser irradiation chamber, and 
a hydrogen annealing chamber, Wherein a substrate on 
Which a semiconductor device is formed can be transported 
betWeen treating chambers Without being eXposed to the air. 

[0016] For a laser irradiation means in the semiconductor 
manufacturing apparatus of the present invention, a laser 
light source and an optical system for shaping a laser beam 
from the laser light source are provided, Which is constituted 
such that said laser beam is irradiated onto a substrate set in 
a vacuum container. Part of the optical system is disposed 
Within said vacuum container, and the part of the optical 
system disposed Within the vacuum container moves relative 
to the substrate Whereby the laser beam can be irradiated 
onto the entire surface of the substrate or almost all regions 
thereof. In this case, an area irradiated by one laser beam is 
smaller than the area of the substrate, and the laser beam is 
irradiated onto the substrate Without changing the optical 
path of the optical system. Alternatively, for a laser irradia 
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tion chamber, ?rst and second laser light sources are pro 
vided, Wherein a laser beam from said ?rst laser light source 
and a laser beam from said second laser light source are 
individually or simultaneously irradiated onto the substrate 
set Within the vacuum container. 

[0017] Furthermore, the thin ?lm transistor manufacturing 
method of the present invention comprises the steps of: 
forming a silicon thin ?lm on a glass substrate; irradiating a 
laser onto said silicon thin ?lm thereby obtaining a re 
crystalliZation silicon ?lm; performing a hydrogen plasma 
treatment for said re-crystalliZation silicon ?lm thereby 
terminating dangling-bonds of the silicon; and forming a 
silicon dioxide ?lm on said re-crystalliZation silicon ?lm, 
Wherein said steps are performed under conditions of not 
being eXposed to the air and at a processing temperature of 
350° C. or less. Alternatively, the thin ?lm transistor manu 
facturing method of the present invention comprises the 
steps of: forming a silicon thin ?lm on a glass substrate; 
forming a silicon dioxide ?lm on said silicon thin ?lm; 
irradiating a laser onto said silicon thin ?lm thereby obtain 
ing a re-crystalliZation silicon ?lm; and performing a hydro 
gen plasma treatment for said re-crystalliZation silicon ?lm 
thereby terminating dangling-bonds of the silicon, Wherein 
said steps are performed under conditions of not being 
eXposed to the air and at a treatment temperature of 350° C. 
or less. These manufacturing methods should include a 
removing step for the silicon thin ?lm using a laser after 
formation of the silicon thin ?lm. 

[0018] The above and other objects, features and advan 
tages of the present invention Will become apparent from the 
folloWing description based on the accompanying draWings 
Which illustrate an eXample of a preferred embodiment of 
the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a schematic constitutional vieW shoWing 
a conventional laser irradiation chamber. 

[0020] FIG. 2A-FIG. 2E are section vieWs and an upper 
plan vieW for eXplaining a formation method of a mark using 
a conventional laser irradiation. 

[0021] FIG. 3 is a block diagram shoWing a schematic 
constitution of a semiconductor manufacturing apparatus of 
the present invention. 

[0022] FIG. 4 is a plan vieW shoWing a constitution of an 
embodiment of the semiconductor manufacturing apparatus 
of the present invention. 

[0023] FIG. 5 is a schematic vieW shoWing a constitution 
of an embodiment of a laser irradiation chamber of the 
present invention. 

[0024] FIG. 6 is a schematic vieW shoWing a constitution 
of another embodiment of the laser irradiation chamber of 
the present invention. 

[0025] FIG. 7A-FIG. 7D are section vieWs and an-upper 
plan vieW for eXplaining a formation method of a mark by 
laser irradiation. 

[0026] FIG. 8A-FIG. 8G are section vieWs shoWing a ?rst 
eXample of a thin ?lm transistor manufacturing method of 
the present invention. 
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[0027] FIG. 9A-FIG. 9F are section views showing a 
second example of a thin ?lm transistor manufacturing 
method of the present invention. 

[0028] FIG. 10A-FIG. 10F are section vieWs showing a 
third example of a thin ?lm transistor manufacturing method 
of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0029] An embodiment of the present invention Will be 
described With reference to the accompanying draWings. 

[0030] FIG. 3 is a block diagram shoWing a schematic 
constitution of a semiconductor manufacturing apparatus of 
the present invention. This semiconductor manufacturing 
apparatus comprises a vacuum load chamber 102, a Si 
formation chamber 112, a laser irradiation chamber 122, an 
insulating ?lm formation chamber 132, a hydrogen anneal 
ing chamber 142, a substrate unload chamber 152 and a 
substrate transportation chamber 160. Furthermore, the sub 
strate transportation chamber 160 and other treatment cham 
bers are mutually coupled through vacuum valves 101, 111, 
121, 131, 141 and 151. 

[0031] Consequently, a glass substrate on Which a thin ?lm 
transistor is to be formed is introduced into this apparatus 
from the vacuum load chamber 102. The glass substrate can 
be transported to any processing chamber through the sub 
strate transportation chamber 160 and the foregoing vacuum 
valves 101, 111, 121, 131, 141 and 151. Each processing 
chamber is coupled to the exhaust system, Which is made up 
of turbo molecule pumps 105, 115, 125, 135, 145, 155 and 
165, connecting through vacuum valves 103, 113, 123, 133, 
143, booster pumps 106, 116, 126, 136, 146, 153 and 163, 
156, and 166, connecting through vacuum valve 104, 114, 
124, 134, 144, 154 and 164, rotary pumps 107, 117, 127, 
137, 147, 157 and 167, and exhaust ports 108, 118, 128, 138, 
148, 158 and 168, and to the gas introduction systems 109, 
119, 129, 139, 149, 159 and 169. Each processing chamber 
is capable of individually introducing reactive gas and inert 
gas supplied from the corresponding gas introduction sys 
tem, according to silicon ?lm formation, insulating ?lm 
formation and hydrogen annealing. Alternatively, each pro 
cessing chamber is capable of individually introducing reac 
tive gas and inert gas supplied from the shared gas intro 
duction system. Each processing chamber is capable of 
individually exhausting them. 

[0032] In the semiconductor manufacturing apparatus of 
this embodiment, for example, When the glass substrate is 
transported from the Si formation chamber 112 to the laser 
irradiation chamber 122, air exhaustion from the Si forma 
tion chamber 112 is suf?ciently performed, the vacuum 
valve 111 is opened at the time When a pressure in the Si 
formation chamber 112 is approximately equal to that in the 
substrate transportation chamber 160. The glass substrate is 
taken out to the substrate transportation chamber 160 using 
a robot, and, thereafter, the vacuum valve 111 is closed. The 
glass substrate is taken in to the laser irradiation chamber 
122 in the folloWing manner. The laser irradiation chamber 
122 has previously undergone air exhaustion so that a degree 
of vacuum at the laser irradiation chamber 122 Will be 
approximately equal to that of the substrate transportation 
chamber 160. After the vacuum valve 121 is opened, the 
glass substrate is transported to the laser irradiation chamber 
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122 using the robot. Then, the vacuum valve 121 is closed. 
After the vacuum valve 121 is closed, introduction of 
necessary gas to the laser irradiation chamber 122 and 
controlling of pressure and temperature required for the laser 
irradiation chamber 122 are conducted. Thereafter, laser 
irradiation is conducted. In procedures similar to those for 
the laser irradiation chamber 122, sequential transportation 
of the substrate among other processing chambers Will be 
possible. 

[0033] Here, it is possible to simultaneously move differ 
ent substrates among a plurality of processing chambers 
corresponding to the number of the robots capable of 
operating at a time. HoWever, in this case, suf?cient air 
exhaustion must be performed for each processing chamber. 
As a matter of course, after air exhaustion, each processing 
chamber and the substrate transportation chamber are set at 
approximately equal pressures in an atmosphere of any of 
inert gas, nitrogen and hydrogen. Thereafter, opening and 
closing of the valve and transportation of the substrate may 
be conducted. For transportation of the substrate betWeen 
the vacuum load chamber 102, the substrate unload chamber 
152 and the air, after nitrogen or inert gas is charged in a 
state Where the vacuum valves 101 and 151 are closed, a 
valve on the air side (not shoWn) is released and then loading 
and unloading of the substrate are carried out. 

[0034] An example of the semiconductor manufacturing 
apparatus of the present invention is shoWn in FIG. 4. A 
plasma CVD chamber 302, an excimer laser annealing 
chamber 303, a hydrogen plasma generating chamber 304, 
an insulator formation chamber 305 and a vacuum transpor 
tation chamber 307 correspond to the Si formation chamber 
112, the laser irradiation chamber 122, the hydrogen-anneal 
ing chamber 142, the insulating ?lm formation chamber 132 
and the substrate transportation chamber 160, respectively. It 
should be noted that a substrate heating chamber may be 
additionally provided and a substrate heated to a temperature 
of about 400° C. can be transported using metal and ceramic 
materials and a cooling apparatus. 

[0035] Moreover, the plasma CVD chamber 302 With a 
constitution of FIG. 4 may be replaced With a dry cleaning 
chamber. In general, in a dry cleaning method using ultra 
violet ray, halogen gas and the like, although an ability to 
remove a metal and an oxide ?lm is very excellent, an ability 
to remove particles attached to the surface of the substrate is 
very poor. Therefore, the substrate should be preferably 
introduced to the apparatus after cleaning is conducted using 
the mixed solutions composed of ammonia, hydrogen per 
oxide and pure Water discussed above. It is possible to obtain 
the same effect by performing removal of the native oxide 
?lm in the apparatus. 

[0036] An embodiment of the foregoing laser irradiation 
chamber is shoWn in FIG. 5. Alaser beam emitted from the 
excimer laser 401 travels along the optical path 402, and the 
laser beam passes through the A to C optical systems 404, 
405 and 410 to shape the laser beam to the desired beam and 
the mirrors 403a to 4036, Whereby the laser beam is shaped 
to the desired beam. The shaped laser beam reaches the 
surface of the substrate 409 mounted on the substrate holder 
408. Here, the optical system 410 and the mirror 4036 are 
installed Within the vacuum container constituting the ELA 
module 407 and are optically coupled to the optical path 402 
through the WindoW 406. At the same time, the optical 
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system 410 and the mirror 4036 are set to be movable Within 
the vacuum chamber by a driving apparatus (not shown). 
With such a structure, the entire surface of the glass substrate 
can be irradiated With a laser beam Without moving the glass 
substrate in the vacuum chamber. 

[0037] In this embodiment, the example in Which the 
number of the optical systems is three and the number of the 
mirrors is ?ve is adopted, that is, the optical systemsA to C, 
i.e., 404, 405 and 410, are used and the mirrors 403a to 4036 
are used. HoWever, these numbers are not intended to limit 
the scope of the invention. Moreover, the distances betWeen 
plurality of the optical systems A to C, for example, the 
distances L1 and L2, are freely set according to the beam 
shape and the design of the optical systems. HoWever, When 
the optical path length such as the distances L1 and L2 
betWeen the members must be kept constant, either the 
optical system A or the optical system B, Which are posi 
tioned on the air side, is moved in association With the 
optical system C so as not to optically change either the 
distance L1 or the distance L2, Whereby the desired beam 
shape can be obtained. The substrate onto Which the laser is 
irradiated never moves When the substrate is ?xed to the 
substrate holder. Accordingly, the setting area for the sub 
strate does not need to accommodate the lateral movement 
of the substrate and can have dimensions less than tWice the 
length and Width of the substrate. Furthermore, all of the 
optical systems A to C shoWn in the draWing can be also 
located Within the ELA module 407 from Which the air can 
be exhausted until it becomes a vacuum state, depending on 
the desired beam shape. 

[0038] The same object can be achieved by providing a 
WindoW of a scale equivalent to that of the glass substrate in 
the ELA module 407. In other Words, a WindoW made of 
quartZ having a larger siZe than that of the glass substrate is 
provided on the upper surface of the ELA module opposite 
the substrate, Whereby the irradiation position of the laser 
beam on the ?xed glass substrate is moved Without the 
optical system and the like being disposed Within the 
vacuum chamber. HoWever, in the case Where an excimer 
laser Which is an ultraviolet ray is employed as a thermal 
processing light source in such method, a WindoW material 
made of quartZ Which is about several 100 mm square and 
transmits ultraviolet rays and Which has a mechanical 
strength for keeping the container in a vacuum condition is 
necessary. According to the present invention, the laser 
irradiation can also be easily carried out in accordance With 
enlargement of the desired glass substrate siZe, Without the 
necessity of the large siZed WindoW material. 

[0039] Moreover, another embodiment of the laser irra 
diation chamber of the present invention is shoWn in FIG. 
6. The same reference numerals as those in FIG. 5 are given 
to the same or equivalent portions. In this embodiment, 
similar to the conventional laser irradiation system, an x 
and y-driving substrate holder 411 is provided Within a 
container constituting an ELA module 407. A substrate 409 
is mounted on the x- and y-driving substrate holder 411, 
Whereby laser light is irradiated onto the substrate 409 While 
moving the substrate 409. In this embodiment, Ar laser 412 
is introduced on the surface of the substrate 409 through the 
optical path 413, While keeping the same distance as that of 
the optical path 402 of excimer laser. By controlling the 
intensity of the Ar laser 412, the irradiation region on the 
silicon thin ?lm produces an ablation so that the thermally 
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treated silicon region and the silicon region producing the 
ablation alWays possess constant values. 

[0040] As shoWn in FIGS. 7A to 7D, by utiliZing the laser 
irradiation chamber of this embodiment, the silicon thin ?lm 
502 is partially removed so that the silicon thin ?lm 502 is 
formed in a predetermined shape, thereby forming a marker 
504. Thus, a region to be thermally processed by excimer 
laser can be detected. In other Words, as shoWn in FIG. 7A, 
for the silicon thin ?lm 502 formed on the entire surface of 
the glass substrate 501, the laser 503 is irradiated onto the 
desired region of the silicon thin ?lm 502, as shoWn in FIG. 
7B. As shoWn in FIG. 7C Which illustrates the section vieW 
of the resultant structure and as shoWn in Fig. D Which 
illustrates the plan vieW thereof, the portions of the silicon 
thin ?lm 502 undergoing the irradiation of the laser 503 are 
removed. The removed portions Where the silicon thin ?lm 
502 is removed are utiliZed for the markers 504. Formation 
of the markers 504 can be conducted by the method for 
scanning an Ar laser, a YAG or a semiconductor laser onto 
the substrate as described above. Alternatively, formation of 
the marker 504 can be also conducted by excimer laser for 
thermal processing. In a case Where an excimer laser is used, 
the intensity of irradiation pulses must be increased com 
pared to the condition for performing thermal processing, or 
the number of irradiation pulses must be increased. More 
over, for formation of a marker having a desired shape, a 
light shielding plate having a slit in the optical path 402 may 
be temporarily disposed. By taking out the light shielding 
plate at the time of the thermal processing, formation 
of—the marker and the thermal processing can be conducted 
by the same excimer laser. 

[0041] A thin ?lm transistor manufacturing method using 
the foregoing semiconductor manufacturing apparatus and 
the laser irradiation chamber Will be described. FIGS. 8A to 
8G shoW a ?rst example. As shoWn in FIG. 8A, an amor 
phous silicon ?lm 201 is formed on the surface of the 
substrate 202 Which is a glass substrate covered With Sio2 
?lm, the surface of the substrate having been suf?ciently 
cleaned. Thereafter, a marker 214 is formed using Ar laser 
213 in the same apparatus Without taking out the substrate 
202 to expose it to the air. Further, as shoWn in FIG. 8B, 
excimer laser 203 is irradiated onto the substrate 202 in the 
same apparatus, While matching With the marker 214, fol 
loWed by performing of hydrogenation. Subsequently, as 
shoWn in FIG. 8C, an SiO2 layer 205 as a ?rst gate 
insulating ?lm is formed using a plasma CVD method. 
These steps are sequentially conducted in the same appara 
tus. 

[0042] Next, as shoWn in FIG. 8D, phosphorus ions 206 
are implanted by an ion implantation method, using a resist 
207 as a mask, thereby forming n+ source/drain region 208. 
Here, only phosphorus ions are implanted. HoWever, in case 
of a p channel TFT circuit, boron is implanted. Moreover, in 
case of a complementary circuit formation, boron implan 
tation as Well as—phosphorus implantation is conducted, 
thereby forming an n channel TFT and a p channel TFT. 
Next, as shoWn in FIG. 8E, the resultant structure is 
converted to an island shape, and a second gate insulating 
?lm 209 is formed. At this time, although the marker region 
is removed, there is no problem as long as another marker 
is formed at the time of formation of the island. Excimer 
laser is irradiated again to activate the source/drain region. 
Thereafter, as shoWn in FIG. 8F, a gate electrode 210 is 
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formed, followed by formation of an interlayer insulating 
?lm 211 and a contact hole as shown in FIG. 8G. Then, a 
source/drain electrode 212 is formed. 

[0043] FIGS. 9A to 9F shoW a second example of the thin 
?lm transistor manufacturing method. As shoWn in FIG. 9A, 
an amorphous silicon ?lm 201 is formed on the surface of 
the substrate 202 Which is a glass substrate covered With an 
SiO2 ?lm, the surface of the substrate having been suf? 
ciently cleaned. Thereafter, a marker 214 is formed using Ar 
laser 213 in the same apparatus, Without taking out the 
substrate to the outside to expose it to the air. Moreover, as 
shoWn in FIG. 9B, excimer laser 203 is irradiated in the 
same apparatus, While matching With the marker 214, fol 
loWed by hydrogenation. Subsequently, as shoWn in FIG. 
9C, an SiO2 layer 205 as a ?rst gate insulating ?lm is formed 
using a plasma CVD method. These steps are sequentially 
conducted in the same apparatus. Next, as shoWn in FIG. 
9D, the resultant structure is formed to an island shape, and 
a second gate insulating ?lm 209 is formed. At this time, 
there is no problem as long as another marker is formed, 
although the marker region is re-moved. 

[0044] Moreover, as shoWn in FIG. 9E, after a gate 
electrode 210 is formed, phosphorus ions 206 are implanted 
using the gate electrode 210 as a mask, by an ion implan 
tation method, thereby forming an n+ source/drain region 
208. Here, although only implantation of the phosphorus 
ions is shoWn, in the case of a p channel TFT, implantation 
of boron is performed. In the case of formation of a 
complementary circuit, formation of a mask member is 
conducted tWice, and boron implantation in addition to the 
phosphorus implantation is conducted, Whereby an n chan 
nel TFT and a p channel TFT are formed. Thereafter, as 
shoWn in FIG. 9F, the mask member is removed, and 
excimer laser is again irradiated, folloWed by activation of 
the source/drain region. Then, after an interlayer insulating 
?lm 211 and a contact hole are formed, a source/drain 
electrode 212 is formed. According to this embodiment, it is 
possible to form a self-aligned type TFT, Whereby a parasitic 
capacitance betWeen a gate and a source/drain can be 
reduced. 

[0045] FIGS. 10A to 10F shoW a third example. As shoWn 
in FIG. 10A, an amorphous silicon ?lm 201 is formed on the 
surface of the substrate 202 Which is a glass substrate 
covered With an SiO2 ?lm, the surface of the substrate 202 
having been sufficiently cleaned. Thereafter, a marker 214 is 
formed using Ar laser 213 in the same apparatus, Without 
taking out the substrate 202 to the outside to expose it to the 
air. Next, as shoWn in FIG. 10B, an SiO2 layer 205 as a ?rst 
gate insulating ?lm is formed by a plasma CVD method. 
Moreover, as shoWn in 10C, in the same apparatus, excimer 
laser 203 is irradiated While matching With the marker, 
sequentially folloWed by hydrogenation. Formation of the 
marker may be after formation of the SiO2 layer. These steps 
are sequentially performed in the same apparatus. Next, as 
shoWn in FIG. 10D, the resultant structure is formed to an 
island shape, and a second gate insulating ?lm 209 is 
formed. At this time, even When the marker region is 
removed, there is no problem as long as another marker is 
formed. 

[0046] Furthermore, as shoWn in FIG. 10E, after a gate 
electrode 210 is formed, phosphorus ions 206 are implanted 
by an ion implantation method, using the gate electrode 210 
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as a mask, thereby forming an n+ source/drain region 208. 
Here, implantation of the phosphorus ions is shoWn. HoW 
ever, in the case of a p channel TFT circuit, implantation of 
boron is carried out, and in the case of formation of a 
complementary circuit, formation of a mask member is 
performed tWice, and implantation of boron as Well as 
implantation of phosphorus is carried out, thereby forming 
an n channel TFT and a p channel TFT. The mask member 
is removed, and excimer laser is again irradiated, thereby 
activating the source/drain region. Thereafter, as shoWn in 
FIG. 10F, after an interlayer insulating ?lm 211 and a 
contact hole are formed, a source/drain electrode 212 is 
formed. According to this embodiment, it is possible to form 
a self-aligned type TFT, and it is possible to reduce a 
parasitic capacitance betWeen a gate and a source/drain. 
Moreover, since it is possible to perform laser irradiation 
after formation of the interlayer insulating ?lm, a semicon 
ductor-insulating ?lm interface Will be exposed to a high 
temperature for a short time. Therefore, a high quality 
semiconductor-insulating ?lm interface can be formed 
oWing to reduction in an interface energy level. 

[0047] It should be noted that the above-described manu 
facturing steps can be performed While keeping temperature 
of the glass substrate at 350° C. or less during all steps. In 
this embodiment, acid-alkaline base cleaning solution 
(cleaning solution such as ammonia/hydrogen peroxide/pure 
Water, hydrochloric acid/hydrogen peroxide/pure Water, sul 
furic acid/hydrogen peroxide, hydro?uoric acid/pure Water) 
is used. Interface active agent and hydrogen added With 
oZone may be used as occasions demand. Barium borosili 
cate acid glass, aluminum borosilicate acid glass, borosili 
cate glass, aluminum silicic acid glass, and aluminum sili 
cate glass, Which contain a small amount of alkali metal 
components, may be used as the glass substrate. 

[0048] Asputtering method and a plasma CVD method are 
used for formation of the Si ?lm 201, and the plasma CVD 
method, the sputtering method and deposition method are 
used for formation of the SiO2 ?lm 209. For ion implantation 
of impurities, an ion doping method in Which ions are 
injected ions Without mass separation is also used. For an 
activation technology, a method to irradiate laser and a self 
activation method by ion doping are possible. 

[0049] As described above, according to the present 
invention, the steps such as formation of the silicon thin ?lm 
and dry cleaning for it, formation of the insulating thin ?lm, 
laser irradiation and hydrogen annealing can be continu 
ously performed in the vacuum chamber Without being 
exposed to the air. Therefore, a high performance multifunc 
tion semiconductor manufacturing apparatus can be real 
iZed. Moreover, a semiconductor manufacturing method 
With a loW cost and a high reproducibility can be also 
realiZed. Thus, it is possible to form a high performance thin 
?lm transistor on a glass substrate of a large area. Particu 
larly, a ?rst effect of the present invention is that one 
cleaning step using chemicals can be eliminated and a 
semiconductor thin ?lm process With a high stability can be 
realiZed. This is because a manufacturing apparatus capable 
of performing the steps from formation of the semiconductor 
thin ?lm to formation of the gate insulating ?lm interface in 
the same apparatus is used. Furthermore, this is also because 
a manufacturing method of a loW cost and high performance 
thin ?lm transistor is adopted, the method being capable of 
keeping the silicon surface (interface) clean. 
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[0050] Furthermore, a second effect of the present inven 
tion is that a semiconductor processing apparatus capable of 
reducing a setting space to be half to a factor of 4 smaller in 
siZe than in conventional apparatus can be realiZed. This is 
because laser crystallization is made possible Without mov 
ing the substrate. This results in promoting the multifunction 
of the manufacturing apparatus on the same area. 

[0051] A third effect of the present invention is that the 
TFT formation region is detectable Without increasing clean 
ing and PR steps. This is because mark formation means 
requiring no photolithography step is used. 

[0052] It is to be understood, hoWever, that although the 
characteristics and advantages of the present invention have 
been set forth in the foregoing description, the disclosure is 
illustrative only, and changes may be made in the arrange 
ment of the parts Within the scope of the appended claims. 

What is claimed is: 
1. A semiconductor manufacturing apparatus comprising: 

a silicon thin ?lm formation chamber, an insulating thin 
?lm formation chamber, a laser irradiation chamber, a 
hydrogen annealing chamber and transportation means 
for transporting a substrate having planar dimensions of 
a substrate Width by a substrate length, 

Wherein each of said chambers and said transportation 
means are constituted such that said substrate on Which 
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a semiconductor device is formed can be transported 
among said chambers Without exposure of said sub 
strate to the air; and 

Wherein said laser irradiation chamber includes an irra 
diation system and a vacuum chamber for accommo 
dating the substrate, Wherein the vacuum chamber has 
planar dimensions of a chamber length and a chamber 
Width Wherein at least one of the chamber length and 
chamber Width is less than tWice a respective length or 
Width dimension of the substrate. 

2. The semiconductor manufacturing apparatus of claim 
1, Wherein said substrate is held in a stationary position 
during laser irradiation in said laser irradiation chamber. 

3. The semiconductor manufacturing apparatus of claim 
1, Wherein the irradiation system includes a laser and an 
optical system for shaping the laser beam, Wherein a part of 
said optical system is movably disposed Within said vacuum 
chamber such that the laser beam can be irradiated onto 
substantially the entire planar area of said substrate. 

4. The semiconductor manufacturing apparatus of claim 
1, Wherein the vacuum chamber includes a WindoW, said 
WindoW having dimensions corresponding to a planar area 
of said substrate, Wherein a laser from said irradiation 
system is passed over substantially the entire planar area of 
said substrate through said WindoW. 

* * * * * 


