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(57) ABSTRACT 

The present invention is characterized by providing epitaxial 
groWth of a semiconductor layer on the surface of a Wafer 
not provided With mirror ?nishing and having irregularity, 
introducing impurities having different conductivity type in 
the epitaxially groWn semiconductor layer to form at least a 
pn junction, and further providing rapid thermal anneal by 
rapid heating-up and rapid cooling-down in any step in the 
manufacturing process. By so processing, there can be 
obtained a semiconductor device having high speed sWitch 
ing characteristics in stable manner Without causing prob 
lems in manufacturing process such as diffusion of heavy 
metal or irradiation of corpuscular ray. 
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METHOD FOR MANUFACTURING 
SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a method for 
manufacturing a semiconductor device such as diode, tran 
sistor, thyristor, insulated gate bipolar transistor (IGBT), 
MOSFET, and the like, having high speed sWitching char 
acteristics as Well as high electric characteristics. 

[0002] In order to obtain high speed sWitching response 
characteristics With a semiconductor device having pn junc 
tion, there has been a knoWn method for reducing the 
lifetime of small number of carriers by diffusing heavy 
metals such as gold or platinum, or by irradiating corpus 
cular rays like electron ray, X-ray, proton, and the like. 

[0003] The method for diffusing the heavy metals such as 
gold or platinum on a semiconductor layer has been studied 
for long, but due to the dif?culty of control of the diffusion 
amount and homogeniZing, so the method involves a prob 
lem of no satisfactory correlation (hFE-tstg) betWeen the 
current ampli?cation rate (hFE) and the storage time (tstg) in 
the transistor or the like. Furthermore, it is necessary to take 
care of the prevention of soiling of apparatus such as a 
post-treatment furnace, and process control is also laborious. 

[0004] Furthermore, the method of irradiating corpuscular 
ray is to reduce the lifetime of the carrier because the 
corpuscular ray having high energy causes a defect to the 
crystals in the semiconductor layer and forms a deep level. 
These crystal defects are bound by a restriction that they 
require to be treated in the course of the latter half of the 
semiconductor manufacturing process, as the lifetime of the 
carrier reinstates to the original state through the heat 
treatment at relatively loW temperature to cause loss of 
effect. 

SUMMARY OF THE INVENTION 

[0005] An object of the present invention is to provide a 
method for manufacturing a semiconductor device having 
high speed sWitching characteristics in stable manner With 
out causing problems in manufacturing process such as 
diffusion of heavy metal or irradiation of corpuscular ray. 

[0006] As a result of the strenuous study continued by the 
present inventors to obtain a semiconductor device Which 
can give high speed sWitching characteristics in a stabiliZed 
condition, it has been found that, by providing epitaXial 
groWth of a semiconductor layer on a Wafer not provided 
With mirror surface ?nish but having irregularity on the 
surface, a semiconductor layer having moderate crystal 
defects groWs, and the crystal defects do not shoW much 
decrease even in the subsequent manufacturing process 
accompanied With temperature increase, and moreover, the 
crystal defects can be stabiliZed by providing heat treatments 
by rapid heating-up up and rapid cooling-doWn, thereby 
making it possible to accelerate the sWitching speed Without 
causing any problem to the electric characteristics. 

[0007] The semiconductor manufacturing method of the 
present invention is characteriZed by providing epitaXial 
groWth of a semiconductor layer on a surface of a sub-Wafer 
not provided With mirror ?nishing, introducing impurities 
having different conductivity type in said epitaXially groWn 
semiconductor layer to form at least a pn junction, and 
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further providing rapid thermal anneal by rapid heating-up 
and rapid cooling-doWn in any step in a manufacturing 
process. 

[0008] The sub-Wafer not provided With mirror surface 
referred to here is one obtained by providing a surface 
treatment by Wet chemical etching only after slicing to a 
Wafer from an ingot, or, even in case of polishing With a 
polishing material, by making the ?nal polishing With a 
polishing material larger than 2 pm in the ?nal polishing, 
Which means the Wafer to be obtained by not being provided 
With polishing With a polishing material of no less than 2 pm 
in the ?nal polishing. The term of rapid thermal anneal 
(RTA) by rapid heating-up and by rapid cooling-doWn 
means the heat treatment by heating With rapid temperature 
elevation rate and cooling With rapid temperature descend 
ing rate, Which means the heat treatment capable, for 
eXample, of increasing the temperature Within about 1 
minute for heating from room temperature to about 850° C. 
and cooling in about the same rate. The method includes a 
method of charging the object on a boat having small 
thermal capacity rapidly in a heating furnace of predeter 
mined temperature, and a method of heating by means of 
optical lamp such as an infrared lamp, discharge lamp, laser 
beam lamp, or by high frequency irradiation. 

[0009] By providing the sub-Wafer surface With Wet 
chemical treatment, or by polishing With a polishing mate 
rial of more than 2 pm, the surface of the above sub-Wafer 
is formed, and by epitaXially groWing the above semicon 
ductor layer on the surface, the surface treatment of sub 
Wafer can be made in a short time to give a semiconductor 
device having rapid sWitching speed Without requiring time 
taking polishing. 

[0010] Concretely, the sub-Wafer surface is processed to 
surface roughness of 0.001-05 pm, more preferably of 
001-05 pm, in a microroughness, and the heat treatment 
(RTA) may be carried out at 700-900° C. The microrough 
ness means, as shoWn in FIG. 3, the maXimum variation 
amount betWeen the peak and the trough in about 500 pm 
length. 

[0011] It is preferable for the heat treatment (RTA) by 
rapid heating-up and rapid cooling-doWn to be carried out 
after the annealing step in the semiconductor device manu 
facturing process in the sense of making the crystal defect 
assured. The above rapid heating-up may be carried out by 
irradiation of light lamp or by high frequency irradiation. 

[0012] By allocating the epitaXially groWn semiconductor 
layer to be a collector region, the region formed by intro 
ducing the impurities having different conductivity type into 
the semiconductor layer to be a base region, and introducing 
the same conductivity type impurities as the semiconductor 
layer into the base region to form an emitter region, a 
transistor having increased sWitching speed can be formed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a vieW to shoW a manufacturing step of 
an embodiment in the semiconductor device manufacturing 
method of the present invention; 

[0014] FIG. 2 is a vieW shoWing the relation of the storage 
time tStg to the direct current ampli?cation rate hFE of the 
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transistor manufactured by an embodiment of the manufac 
turing method of the present invention; 

[0015] FIG. 3 is an explanatory vieW of the microrough 
ness. 

DETAILED DESCRIPTION 

[0016] The semiconductor manufacturing method of the 
present invention is to ?nish the surface of the sub-Wafer 
Which is for example sliced from the ingot by Wet chemical 
etching process or the like so as to make, at ?rst, the surface 
roughness of the slice face la on one side of the sub-Wafer 
1 about 0001-05 pm, more preferably about 001-05 pm, as 
shoWn in FIG. 1(a). The thickness of this sub-Wafer is to be 
more than 10 pm, preferably about 50-150 pm, more pref 
erably about 80-120 pm. In FIG. 1, the surface roughness of 
the sub-Wafer 1 is illustrated in exaggerated manner. The 
original surface of sliced sub-Wafer is very rough, but as the 
Wet etching amount is increased, the surface is ?attened. 
Thus, by adjusting the etching amount according to the 
roughness of the sliced condition of surface, the etching 
amount may be adjusted to give the surface roughness as 
exempli?ed above. Even in the case of not relying on the Wet 
chemical etching, or in case of polishing With a polishing 
material after providing chemical etching to a certain extent, 
the irregular surface as mentioned above can be obtained by 
performing polishing With a polishing material of more than 
2 pm. The amount of this irregularity can be knoWn for 
example by a probe method of bringing a probe into contact 
With the surface or by measuring the re?ectivity of laser 
beam. The surface roughness of the conventional mirror face 
?nishing When measured by this method is no more than 0.1 
nm in micro-roughness. 

[0017] Next, as shoWn in FIG. 1 (b), for example an 
n-type Si is epitaxially groWn on the surface la of the 
sub-Wafer 1 to groW a semiconductor layer 2 by for example 
10-60 pm. The thickness of the semiconductor layer 2 to be 
epitaxially groWn may differ depending on the objective 
semiconductor device, and for example in case of manufac 
turing a poWer transistor, the layer is to be groWn to a 
thickness of about 30 pm. In case the thickness of the 
semiconductor layer 2 to be epitaxially groWn is thin, 
preferably the sub-Wafer 1 is provided With surface treat 
ment to come to a smaller surface roughness of the range 
mentioned above. This is because the thicker the thickness 
of the epitaxial groWth layer is, irregularity becomes less on 
the surface side to shoW smaller crystal defect, but on the 
other hand When the groWth layer is too thin, the irregularity 
is not suf?ciently reduced to ?attening but too large crystal 
defect causes loWering of the electric characteristics of the 
device. 

[0018] Continuously, When, as shoWn in FIG. 1 (c), by 
introducing for example p-type impurities by diffusion or 
ion injection or the like, forming a base region 3, and further 
introducing the n-type impurities in the similar manner to 
form an emitter region, a transistor is formed on a sub-Wafer 
1 in matrix form. 

[0019] Subsequently, or after forming for example a base 
region in the preceding manufacturing process, the transistor 
is contained in a furnace in Which rapid heating-up is made 
by raising the temperature to about 650-1150° C., folloWed 
by alloWing to stand for about 10 minutes. Further, after 
being kept in the furnace for about 1 minute, the sub-Wafer 
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1 is taken out from the furnace to room temperature and 
subjected to rapid cooling-doWn. The heat treatment (RTA) 
by rapid heating-up and rapid cooling-doWn can be realiZed 
by placing the object on a boat having small thermal 
capacity and taking in and out of the furnace Whose tem 
perature is elevated to a predetermined level, or by heating 
by irradiation of light of infrared lamp, discharge lamp, laser 
beam, etc. or irradiation of heat beam such as a high 
frequency irradiation direct to the sub-Wafer. In short, heat 
ing may be made so as to bring the predetermined tempera 
ture to the range of 650-1150° C. in about 1 minute by a 
rapid heating-up device, and heat treatment may be applied 
at the same temperature for 1 second or in the period of 
several seconds to 10 minutes. 

[0020] The rapid heating-up and rapid cooling-doWn are 
made to bring back to the original condition of crystal defect 
by thermal impact, even if the crystal defect is mended by 
diffusion process or formation of thermal oxide ?lm, as 
described later. Preferably the RTA treatment is to be made 
after completion of the high temperature heat treatment such 
as diffusion processing. HoWever, as described later, since 
the base of the crystal defect is a mechanical one based on 
the irregularity of the surface of the sub-Wafer 1, the crystal 
defect is not eliminated by heat treatment, and as it is 
possible to make the crystal defect more assured by thermal 
shock to be exerted by RTA, this is sufficiently effective even 
Without providing the subsequent process. 

[0021] Thereafter, though not illustrated, a contact hole is 
formed on the insulating ?lm on the Wafer surface, a metal 
for electrode such as aluminum is coated by sputtering or 
vacuum deposition process, and patterning is provided to 
form an electrode. And, by dividing the product into the 
respective chips, the semiconductors of the present inven 
tion are obtainable. 

[0022] According to the present invention, the semicon 
ductor layer is epitaxially groWn on a Wafer form semicon 
ductor substrate in sub-Wafer condition under the irregular 
surface condition Without having the mirror surface ?nish. 
Accordingly, the epitaxially groWn semiconductor layer 
does not become perfect crystal condition, and crystal defect 
occurs. When the crystal defects are too much the electric 
characteristics of transistor and the like are deteriorated, but 
it has been knoWn that, When the above irregularity is about 
0001-05 pg of microroughness no abnormality occurs in 
the electric characteristics. On the other hand, the crystal 
defect tends to shorten the life of small number carrier by 
forming the recombination center of carrier. Though there 
has hitherto been used a method of forming a recombination 
center of carrier by diffusion of heavy metal or irradiation of 
electron beam in a transistor or the like to shorten the life '5 
of the small number carrier, thereby accelerating the sWitch 
ing speed, the above method shoWs the same action as said 
conventional method. 

[0023] The storage time tStg Which signi?cantly affects the 
sWitching speed is represented by the folloWing expression: 

[0025] Where, '5 is a life of the small number carriers to be 
injected in the base; QS is a base charge to provide a 
saturation mode; and IB is base current, respectively. From 
the above expression (1) it can be seen that the storage time 
tStg depends on the life '5 of the small number carriers. Sine, 
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in the present invention, crystal defects are formed by the 
irregularity of the sub-Wafer as described above to become 
the capture center or recombination center, the life '5 of the 
small number carriers as described above becomes short. As 
a result, the storage time tStg becomes small. 

[0026] The recombination center based on the crystal 
defect according to the present invention is to be formed by 
a mechanical con?guration based on the irregularity of the 
substrate surface at the time of epitaXially groWing the 
semiconductor layer. Because of this, the center is less apt to 
be mended by the subsequent annealing treatment or the 
like. Though diffusion of impurities and annealing treat 
ments are provided in various processes, different from the 
conventional process of causing the crystal defects to be 
formed subsequently based on heavy metal diffusion or 
electron beam irradiation, the present invention process is to 
provide formation of the crystal defects based on the 
mechanical con?guration, so that there is less case for the 
reinstatement to be made by the subsequent diffusion step or 
annealing step. Even under such condition, if a long time 
heat treatment is provided in a diffusion step or the like, 
some defects are repaired to lessen the crystal defects. Since, 
even in this case the mechanical structure itself of irregu 
larity does not shoW change, the crystal defects based on the 
irregularity can be induced again by providing rapid thermal 
annealing to give thermal shock by rapid heating-up and 
rapid cooling-doWn, and in the semiconductor layer pro 
vided With thermal shock there occurs less tendency to have 
repair of crystal defect even by subsequent annealing treat 
ment. For this reason, by providing a rapid thermal treat 
ment, stable recombination center can be secured, and 
semiconductor device Which shoWs faster and stable sWitch 
ing time is obtainable. 

[0027] Using a Wafer of a condition sliced from the ingot 
and provided With etching of about 120 pm by Wet chemical 
etching as mentioned above, a poWer transistor is manufac 
tured, Whose relation of storage time and direct current 
ampli?cation rate hFE is compared With that of the poWer 
transistor manufactured by using the conventional mirror 
surface ?nished Wafer, and the results are shoWn in FIG. 2. 
FIG. 2 shoWs a direct current ampli?cation rate hFE in the 
horiZontal aXis abscissa and the storage time tStg in the 
vertical aXis, Where P shoWs the data of the present invention 
transistor and Q of the conventional transistor. It can be seen 
that, according to the present invention, the storage time is 
smaller and the sWitching time is shorter than those of the 
transistor manufactured by using the conventional mirror 
face ?nished Wafer. 

[0028] According to the present invention, by forming a 
crystal defect based on mechanical con?guration and further 
making the crystal defect assured by further rapid thermal 
anneal, the lifetime of the carrier is shortened With the 
crystal defect utiliZed as a center of recombination and the 
sWitching speed is made high, so that it does not occur that 
the crystal defect is mended by diffusion treatment or 
annealing treatment and the sWitching time is ?uctuated to 
become unstable. As a result, there can be obtained a 
semiconductor device Which has alWays stabiliZed and high 
speed sWitching speed. 
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[0029] Furthermore, While conventionally there had been 
required a long time polishing process for producing a 
mirror surface, the time for processing can be omitted to 
realiZe cost reduction and improvement of sWitching speed. 

[0030] Although preferred eXample have been described 
in some detail, it is to be understood that certain changes can 
be made by those skilled in the art Without departing from 
the spirit and scope of the invention as de?ned by the 
appended claims. 

What is claimed is: 
1. A method for manufacturing a semiconductor device 

comprising: 

(a) providing epitaXial groWth of a semiconductor layer 
on a surface of a sub-Wafer not provided With mirror 
?nishing, 

(b) introducing impurities having different conductivity 
type in said epitaXially groWn semiconductor layer to 
form at least a pn junction, and 

(c) further providing rapid thermal anneal by rapid heat 
ing-up and rapid cooling-doWn in any step in a manu 
facturing process. 

2. The manufacturing method according to claim 1, 
Wherein a surface of said sub-Wafer is provided With Wet 
chemical etching to form said surface, and said semicon 
ductor layer is epitaXially groWn on said surface. 

3. The manufacturing method according to claim 1, 
Wherein a surface of said sub-Wafer surface is polished With 
a polishing material of more than 2 g m to form said surface, 
and said semiconductor layer is epitaXially groWn on said 
surface. 

4. The manufacturing method according to claim 1, 
Wherein said surface of said sub-Wafer is formed to a 
roughness of 0001-05 pm in microroughness, and said 
rapid thermal anneal is carried out at 700-900° C. 

5. The manufacturing method according to claim 4, 
Wherein said roughness is 001-05 pm. 

6. The manufacturing method according to claim 1, 
Wherein said rapid thermal anneal by rapid heating-up and 
rapid cooling-doWn is carried out after a heat treatment step 
in said manufacturing process. 

7. The manufacturing method according to claim 1, 
Wherein said rapid thermal anneal is carried out by irradia 
tion of optical lamp or high frequency band irradiation. 

8. The manufacturing method according to claim 1, 
Wherein a transistor is formed by steps comprising: 

forming a collector region by groWing epitaXially said 
semiconductor layer; 

forming a base region by introducing said impurities 
having different conductivity type to said semiconduc 
tor layer; and 

forming an emitter region by introducing same conduc 
tivity type impurities as said semiconductor layer into 
said base region. 


