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(57) ABSTRACT 

A semiconductor device comprises an n-conductive type Si 
substrate, a n-conductive type Si ?lm formed on the n-con 
ductive type Si substrate, a p-conductive type SiGe ?lm 
formed on the n-conductive type Si ?lm, a p-conductive type 
Si ?lm formed on the p-conductive type SiGe ?lm, a 
n-conductive type Si ?lm formed on the p-conductive type 
Si ?lm, a base electrode formed by removing a part of the 
n-conductive type Si ?lm or changing the conductive type of 
a part of the n-conductive type Si ?lm to a p-conductive 
type, and joining a metal terminal to a part of the p-con 
ductive type Si ?lm exposed by removing the N-type Si ?lm 
or to the part of the n-conductive type Si ?lm Whose 
conductive type is changed to a p-conductive type, an 
emitter electrode formed by joining a metal terminal to the 
n-conductive type Si ?lm, and a collector electrode formed 
by joining a metal terminal to a back surface of the n-con 
ductive type Si substrate. 
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SEMICONDUCTOR DEVICE AND METHOD OF 
MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Application 
No. 2000-156484, ?led May 26, 2000, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a semiconductor 
device such as a transistor and a method of manufacturing 
the semiconductor device, and more speci?cally, a SiGe 
bipolar transistor having a high current gain and a manu 
facturing method thereof. 

[0003] An npn-junction conductive type transistor having 
a high current gain is usually manufactured by the folloWing 
method. First, a p-conductive type SiGe ?lm 22 and an 
n-conductive type Si ?lm 23 are sequentially stacked on an 
n-conductive type Si substrate 21 by chemical vapor depo 
sition (Step S21), as shoWn in FIGS. 1A, 1B and 2. Then, 
phosphorous (P) ions supplied from a P ion source 24 are 
implanted. The resultant structure is subjected to a high 
temperature annealing treatment to activate the P ions 
implanted. As a result, a heavily phosphorus-doped layer 25 
is obtained (Step S22). Subsequently, as shoWn in FIGS. 
1C-1E and 2, a part of the heavily phosphorus-doped layer 
25 and the n-conductive type Si ?lm 23 are removed by a 
milling method or reactive ion etching to eXpose a base 
surface (Step S23). Thereafter, the resultant structure is 
subjected to a mesa-etching step to form a mesa etching 
portion 27 (Step S24). After that, a collector electrode 28, a 
base electrode 29, and an emitter electrode 30 are indepen 
dently connected to appropriate portions (Step S25). 

[0004] In a conventional SiGe transistor, defects easily 
occur in a p-conductive type SiGe ?lm employed as a base 
layer. Because of the defects, the lifetime of carriers Within 
the p-conductive type SiGe ?lm tends to be shorter than that 
of a Si ?lm. Consequently, the sWitching speed of the SiGe 
transistor becomes faster than that of a Si transistor. There 
fore, the SiGe transistor can serve as a high-speed transistor. 
HoWever, the p-conductive type SiGe ?lm is loW in mobility 
due to the short lifetime. For this reason, the current gain of 
the conventional SiGe transistor tends to be loWer than that 
of the Si transistor. 

BRIEF SUMMARY OF THE INVENTION 

[0005] The present invention Was attained to overcome the 
aforementioned problems. An object of the present invention 
is to provide a semiconductor device such as a SiGe bipolar 
transistor exhibiting a high current gain and a method of 
manufacturing the same. 

[0006] According to the present invention, there is pro 
vided a semiconductor device comprising: 

[0007] a Si substrate of a ?rst conductive type; 

[0008] a ?rst Si ?lm of the ?rst conductive type formed on 
the Si substrate; 

[0009] a SiGe ?lm of a second conductive type formed on 
the ?rst Si ?lm; 
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[0010] a second Si ?lm of the second conductive type 
formed on the SiGe ?lm; 

[0011] a third Si ?lm of the ?rst conductive type formed on 
the second Si ?lm; 

[0012] a ?rst electrode formed by removing a part of the 
third Si ?lm or changing the conductive type of the part of 
the third Si ?lm of the ?rst conductive type to the second 
conductive type, and joining a metal terminal to a part of the 
second Si ?lm eXposed by removing the part of the third Si 
?lm or a part of the third Si ?lm changed in conductive type; 

[0013] a second electrode formed by joining a metal 
terminal to the third Si ?lm; and 

[0014] a third electrode formed by joining a metal terminal 
to a back surface of the Si substrate. 

[0015] In the semiconductor device of the present inven 
tion, the base is formed of tWo layers: one is a SiGe ?lm of 
a second conductive type (p-conductive type) Within Which 
the lifetime of carriers tends to be short and their mobility 
tends to be sloW, and the other is a Si ?lm of a second 
conductive type (p-conductive type) Within Which the life 
time of carriers is long and their mobility is fast. Due to this, 
the current gain can be greatly improved. Furthermore, a 
thickness ratio of the p-conductive type SiGe ?lm and the 
p-conductive type Si ?lm can be varied in the present 
invention. It is therefore possible to change the current gain 
variously. It should be noted that the thickness ratio of both 
?lms is not Zero. This is because if the thickness ratio is Zero, 
the entire base layer is made of the p-conductive type Si ?lm. 
This case is not preferable since the sWitching characteristics 
deteriorate. 

[0016] Note that the SiGe ?lm and the second Si ?lm 
constituting the base are preferably equal in thickness. The 
total thickness of the SiGe ?lm and the second Si ?lm 
constituting the base preferably falls Within the range of 
200-400 nm. The loWermost value of the total thickness of 
the base is set at 200 nm. This is because if the total 
thickness of the base is loWer than 200 nm, the voltage rating 
of the transistor is degraded. On the other hand, the upper 
most value is set at 400 nm. This is because if the total 
thickness exceeds 400 nm, the current gain decreases. 

[0017] The base is not limited to the aforementioned 
tWo-layer combination, that is, the p-conductive type SiGe 
?lm and p-conductive type Si ?lm. The base may be formed 
by stacking three or more p-conductive type layers. For 
eXample, the three layers base may be formed of the 
p-conductive type Si ?lm, the p-conductive type SiGe ?lm 
having X% Ge concentration, and the p-conductive type 
SiGe ?lm having y % Ge concentration. Alternatively, the 
base may be a multi-layered structure such as an eleven 
layered structure. 

[0018] Furthermore, it is preferable that the Ge concen 
tration of the p-conductive type SiGe ?lm at a side near an 
emitter be set at 0% (that is p-conductive type Si ?lm) and 
increased toWard the side near a collector. Incidentally, the 
upper limit of the Ge concentration of the P-type SiGe ?lm 
is desirably 20 atomic %. This is because if the Ge concen 
tration is further high, dislocations are formed in the p-con 
ductive type SiGe ?lm. The dislocation decreases the quality 
of the ?lm and thus degrades transistor characteristics. 
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[0019] According to the present invention, there is pro 
vided a method of manufacturing a semiconductor device 
comprising: 

[0020] (a) applying a ?rst raW material gas to a surface of 
a Si substrate of n-conductive type While the substrate is 
heated in a vacuum chamber to form a ?rst Si ?lm of 
n-conductive type on the substrate; 

[0021] (b) applying a second raW material gas to a surface 
of the ?rst n-conductive type Si ?lm under heating to form 
a SiGe ?lm of p-conductive type on the ?rst Si ?lm; 

[0022] (c) applying a third raW material gas to a surface of 
the SiGe ?lm of p-conductive type under heating to form a 
second Si ?lm of p-conductive type on the SiGe ?lm; 

[0023] (d) applying a fourth raW material gas to a surface 
of the second Si ?lm under heating to form a third Si ?lm of 
n-conductive type on the second Si ?lm of p-conductive 
type; 

[0024] (e) implanting a high concentration of phosphorus 
ion to a surface layer portion of the third Si ?lm of 
n-conductive type and annealing the surface layer portion to 
activate the phosphorus ion implanted; 

[0025] removing a part of the third Si ?lm due to the 
second Si ?lm or changing the conductive type of a part of 
third Si ?lm to another conductive type; and 

[0026] (g) joining a metal terminal to a part of the second 
Si ?lm eXposed by removing the third Si ?lm or the part of 
the third Si ?lm of another conductive type to form a ?rst 
electrode, joining a metal terminal to the third Si ?lm to form 
a second electrode, and joining a metal terminal on a back 
surface of the Si substrate of n-conductive type to form a 
third electrode. 

[0027] When a poWer transistor having a high current gain 
is formed as a semiconductor device, it is desirable to 
employ an n-conductive type Si substrate having a loW 
resistivity as loW as 0.1 Q-cm or less. As a ?lm-formation 
means, a thermal CVD apparatus using chemical vapor 
deposition is used. 

[0028] In the step (a), the ?rst raW material gas contains 
phosphine of 0.1 ppm or less and the rest being disilane 
Si2H6. By using the ?rst raW material gas, it is desirable to 
form a P-doped n-conductive type Si ?lm of 20-50 pm thick 
containing P in an amount of 1><1015 atom/cm3. 

[0029] In the step (b), the second raW material gas contains 
1-25 atomic % of germane GeH4, 1 to 1><103 ppm of boron, 
and the rest being disilane Si2H6. By using the second raW 
material gas, it is desirable to form a B-doped p-conductive 
type SiGe ?lm of 0-400 nm thick containing B in an amount 
of 1><1016-5><1017 atom/cm3. 

[0030] In the step (c), the third raW material gas contains 
1-1000 ppm of boron and the rest being disilane Si2H6. By 
using the third raW material gas, it is desirable to form a 
B-doped Si ?lm of 0-400 nm thick containing B in an 
amount of 1><1016-5><1017 atom/cm3. 

[0031] It is desirable that the total thickness of the 
B-doped p-conductive type SiGe ?lm formed in the step (b) 
and the B-doped Si ?lm formed in the step (c) should fall 
Within the range of 200-400 nm. 
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[0032] In the step (d), the fourth raW material gas contains 
phosphine of 1><102 to 1><104 ppm and the rest being disilane 
Si2H6. By using the fourth raW material gas, it is desirable 
to form a P-doped n-conductive type Si ?lm of 100-600 nm 
thick containing P in an amount of 1—8><1018 atom/cm3. 

[0033] In the step (e), P is implanted in an amount of 
1x10 to 1><1016 atom/cm2 at an acceleration energy of 
10-50 keV. The annealing is desirably performed at a tem 
perature from 700 to 1000° C. for 3-60 minutes. 

[0034] Additional objects and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0035] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
presently preferred embodiments of the invention, and 
together With the general description given above and the 
detailed description of the preferred embodiments given 
beloW, serve to eXplain the principles of the invention. 

[0036] FIGS. 1A-1E shoW cross-sectional vieWs of 
stacked structures in the steps of manufacturing a conven 
tional semiconductor device; 

[0037] FIG. 2 is a ?oW-chart shoWing a conventional 
manufacturing method; 

[0038] FIGS. 3A-3E shoW cross-sectional vieWs of 
stacked structures in the steps of manufacturing a semicon 
ductor device according to an Embodiment of the present 
invention; 

[0039] FIG. 4 is a ?oW-chart shoWing a manufacturing 
method according to Embodiments of the present invention; 

[0040] FIG. 5 is a pro?le of a Ge concentration distribu 
tion in a depth direction of a transistor manufactured by the 
method of the present invention; 

[0041] FIG. 6 is a pro?le of a Ge concentration distribu 
tion in a depth direction of a transistor manufactured by the 
method of the present invention; 

[0042] FIG. 7 is a characteristic graph shoWing the rela 
tionship betWeen the ?lm thickness of a p-conductive type 
SiGe ?lm and the current gain; 

[0043] FIG. 8 is a cross-sectional vieW of a transistor 
manufactured by a method according to another embodi 
ment of the present invention; and 

[0044] FIG. 9 is a pro?le of a Ge concentration distribu 
tion in a depth direction of a transistor manufactured by the 
method of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0045] Hereinafter, various embodiments of the present 
invention Will be explained With reference to the accompa 
nying draWings. 
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[0046] Conditions of each embodiment are as shown in 
Table 1. 

[0047] The base of Embodiment 1 is formed of tWo layers 
consisting of a p-conductive type SiGe ?lm and a p-con 
ductive type Si ?lm. The tWo layers have the same thickness. 
The base of Embodiment 2 is formed of a p-conductive type 
SiGe ?lm and a p-conductive type Si ?lm as is in Embodi 
ment 1. However, they differ in thickness. The base of 
Embodiment 3 is formed of eleven-layered p-conductive 
type SiGe ?lms different in Ge content. 

[0048] (Embodiment 1) 
[0049] Embodiment 1 Will be explained With reference to 
FIGS. 3A-3E, 4, and 5. In the SiGe transistor of Embodi 
ment 1, a base Was formed of tWo layers of a p-conductive 
type SiGe ?lm (?lm thickness: 150 nm) and a p-conductive 
type Si ?lm (?lm thickness: 150 nm). 

[0050] As a substrate, an n+type Si substrate 1 of 500 pm 
thick having a resistivity as loW as 0.01 Q-cm or less Was 
used. On the Si substrate 1, an n_-type Si ?lm 2 Was 
epitaXially groWn. The ?lm 2 had a thickness of 20 pm and 
a resistivity as high as 20 Q-cm. 

[0051] As shoWn in FIG. 3A, a boron (B)-doped p-con 
ductive type SiGe ?lm 3 of 150 nm thick Was formed on the 
n-Si ?lm 2. Subsequently, a B-doped p-conductive type Si 
?lm 4 of 150 nm thick and a P-doped n-conductive type Si 
?lm 5 of 600 nm thick Were successively formed on the ?lm 
3 (Step 1). 

[0052] As a raW material gas for the p-conductive type 
SiGe ?lm 3, use Was made of a gas mixture consisting of 
germane (7.5% atomic %), diborane (100 ppm), and the rest 
being disilane (4><10_4 Torr). As a raW material gas for the 
p-conductive type Si ?lm 4, use Was made of a gas mixture 
consisting of diborane (100 ppm) and the rest being disilane 
(4><10_4 Torr). The supply of the raW material gas for the 
p-conductive type SiGe ?lm 3 Was sWitched to that of the 
raW material gas for the p-conductive type Si ?lm 4 by 
terminating the supply of the germane gas. 

[0053] As a raW material gas for the n-conductive type Si 
?lm 5, use Was made of a gas miXture consisting of 
phosphine (300 ppm) and disilane (4><10_4 Torr). The 
amounts of impurities doped in the ?lms 3, 4, 5 Were 1><1017 
atom/cm°, 1><1017 atom/cm°, and 8><1018atom/cm°, respec 
tively. 

[0054] FIG. 5 is a characteristic graph shoWing a distri 
bution of a Ge concentration for each of the emitter, base and 
collector layers of the transistor formed in Embodiment 1. In 
FIG. 5, the horiZontal aXis represents a depth (nm) from the 
surface of the emitter and the vertical aXis represents a 
germanium (Ge) concentration (atomic %). As shoWn in the 
?gure, the Ge concentration of the p-conductive type SiGe 
?lm 3 constituting the base layer Was about 5 atomic %. 
Note that the temperatures of the substrate 1 When layers 3, 
4, and 5 Were respectively stacked on the substrate 1 Were 
780° C., 780° C. and 750° C. 

[0055] Then, P ions Were implanted from a phosphorus ion 
implanting source 6 into the top surface of the stacked 
structure thus constructed, that is, the n-conductive type Si 
?lm 5, as shoWn in FIG. 3B. The resultant structure Was 
subjected to an annealing treatment to activate the phospho 
rus ions implanted. As a result, a heavily phosphorus-doped 
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layer 7 Was formed (Step S2). As an eXample of the 
phosphorus-ion implanting source 6, use Was made of an ion 
doping apparatus using an eXcited electron acceleration 
system. Phosphorus ions of 5><1015 atom/cm2 Were 
implanted at an acceleration voltage of 30 keV and a 
temperature of 700° C. for 30 minutes. 

[0056] Furthermore, as shoWn in FIG. 3C, the n-conduc 
tive type Si ?lm 5 including the heavily phosphorus-doped 
layer 7 Was selectively etched by reactive ion etching until 
the p-conductive type Si ?lm 4 Was eXposed. The eXposed 
surface of the p-conductive type Si ?lm 4 Was used as a base 
surface 8 (Step S3). Subsequently, the resultant structure 
Was subjected to a mesa-etching step. In this step, the 
peripheral portion of the stacked structure Was selectively 
etched into a mesa form 9, as shoWn in FIG. 3D (Step S4). 
Finally, as shoWn in FIG. 3E, an emitter electrode 12, a base 
electrode 11, and a collector electrode 10 Were individually 
formed by a metal deposition method (Step S5). 

[0057] As a result, a poWer transistor of a 5 mm><5 mm 
square Was obtained. The current gain of the transistor Was 
measured under conditions: VCE=2V, Ic=20A, it Was 107. 

[0058] In the transistor of Embodiment 1, the base is 
formed of tWo layers: one is the p-conductive type SiGe ?lm 
3, in Which the lifetime of carriers is short and their mobility 
tends to be sloW. The other is the p-conductive type Si ?lm 
4, in Which the lifetime of carriers is long and their mobility 
is high. The p-conductive type SiGe ?lm 3 is placed at the 
side close to the collector. The p-conductive type Si ?lm 4 
is placed at the side close to the emitter. With this structure, 
a transfer efficiency of electrons from the emitter to the 
collector is improved. As a result, the current gain is greatly 
enhanced. Conversely, When the p-conductive type SiGe 
?lm is placed at the side close to the emitter and the 
p-conductive type Si ?lm is placed at the side close to the 
collector, most of electrons disappear by the presence of the 
p-conductive type SiGe ?lm upon entering into the base 
from the emitter. As a result, the transfer ef?ciency of 
electrons reaching the collector decreases. It is therefore 
impossible to eXpect an improvement of a current gain. 

[0059] (Embodiment 2) 
[0060] Embodiment 2 Will be explained With reference to 
FIGS. 3A-3E, 2, 5 and 6. 

[0061] In the transistor of Embodiment 2, While the total 
thickness of the p-conductive type SiGe ?lm 3 and the 
p-conductive type Si ?lm 4 Was ?Xed at a predetermined 
value of 400 nm, the thickness of the p-conductive type SiGe 
?lm 3 Was varied variously. A substrate Was formed by 
epitaXially groWing an n-type Si ?lm 2 on an n+type Si 
substrate 1. The n+type Si substrate 1 had a thickness of 500 
pm and a resistivity as loW as 0.01 Q-cm or less. The n-type 
Si ?lm 2 has a thickness of 20 pm and a resistivity as high 
as 20 Q-cm. 

[0062] As shoWn in FIG. 3A, on the n-type Si ?lm 2, a 
B-doped p-conductive type SiGe ?lm 3 of X nm thick, a 
B-doped p-conductive type Si ?lm 4 of Y nm thick, and a 
P-doped n-conductive type Si ?lm 5 of 600 nm Were 
successively stacked in this order (Step S1). 

[0063] FIG. 6 is a characteristic graph shoWing a distri 
bution of a Ge concentration for each of the emitter, base and 
collector layers of the transistor formed in Embodiment 2. In 
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FIG. 6, the horizontal axis represents a depth (nm) from the 
surface of the emitter and the vertical axis represents a 
germanium (Ge) concentration (atomic %). While the total 
thickness of X+Y Was ?xed at a constant value of 400 nm 

(=X+Y), the ?lm thickness X Was changed variously Within 
the range of 1-399 nm. The amounts of impurities doped in 
the ?lms 3, 4, and 5 Were 1><1017 atom/cm3, 1><1017 atom/ 
cm3, and 8><1018 atom/cm3, respectively. The Ge concentra 
tion of the p-conductive type SiGe ?lm 3 Was set at about 5 
atomic %. Note that the temperatures of the substrate 1 When 
layers 3, 4, and 5 Were respectively stacked are 780° C., 780° 
C. and 750° C. 

[0064] Then, P-ions Were implanted from a phosphorus 
ion implanting source 6 into the top surface of the stacked 
structure thus constructed, that is, the n-conductive type Si 
?lm 5, as shoWn in FIG. 3B. The resultant structure Was 
subjected to an annealing treatment to activate the phospho 
rus ions implanted. As a result, a heavily phosphorus-doped 
layer 7 Was formed (Step S2). Phosphorus ions of 5><1015 
atom/cm2 Were implanted at an acceleration voltage of 30 
keV and a temperature of 700° C. for 30 minutes. 

[0065] Furthermore, as shoWn in FIG. 3C, the n-conduc 
tive type Si ?lm 5 including the heavily phosphorus-doped 
layer 7 Was selectively etched by reactive ion etching until 
the p-conductive type Si ?lm 4 Was exposed. The exposed 
surface of the p-conductive type Si ?lm 4 Was used as a base 
surface 8 (Step S3). Subsequently, the resultant structure 
Was subjected to a mesa-etching step. In this step, the 
peripheral portion of the stacked structure Was selectively 
etched into a mesa form 9, as shoWn in FIG. 3D (Step S4). 
Finally, as shoWn in FIG. 3E, an emitter electrode 12, a base 
electrode 11, and a collector electrode 10 Were individually 
formed by a metal deposition method (Step S5). 

[0066] As a result, a poWer transistor of a 5 mm><5 mm 
square Was obtained. The current gain of the poWer transis 
tor of this embodiment Was analyZed With respect to the 
cases Where the thickness of the p-conductive type SiGe ?lm 
Was varied Within 1-399 nm. The results are shoWn in FIG. 
7. 

[0067] FIG. 7 is a characteristic graph shoWing the current 
gain versus the thickness of SiGe ?lm. The horiZontal axis 
represents a thickness (nm) of the p-conductive type SiGe 
?lm (nm) and the vertical axis represents a current gain. The 
current gain Was obtained under the conditions: VCE=2V, 
Ic=20A. As a result, it Was found that the thinner the 
p-conductive type SiGe ?lm, the larger the current gain. It is 
therefore demonstrated that the base formed of the tWo 
layers is effective. In this embodiment, the base is formed of 
the p-conductive type SiGe ?lm 3 (the lifetime of carriers is 
short and thus their mobility tends to be sloW) and the 
p-conductive type Si ?lm 4 (the lifetime of carriers is long 
and thus their mobility is fast). Further a thickness ratio of 
the tWo ?lms 3 and 4 is varied While the total thickness of 
the ?lms 3 and 4 is maintained constant. It is therefore 
possible to control the lifetime of carriers Within the base. As 
a result, a SiGe transistor having a higher current gain than 
that of a conventional one can be attained. 

[0068] (Embodiment 3) 
[0069] Embodiment 3 Will be explained With reference to 
FIGS. 8 and 9. 

[0070] A substrate Was formed by epitaxially groWing an 
n-type Si ?lm 2 on an n+type Si substrate 1. The ?lm 1 had 

Mar. 14, 2002 

a thickness of 500 pm and a resistivity as loW as 0.01Q~cm 
or less. The ?lm 2 had a thickness of 20 pm and a resistivity 
as high as 20 Q-cm. 

[0071] On the n- type Si ?lm 2, eleven layers different in 
Ge content Were successively stacked to form a B-doped 
p-conductive type SiGe ?lm 13. Since the thickness of each 
of eleven layers of the p-conductive type SiGe ?lm 13 Was 
30 nm, the total thickness of the ?lm 13 serving as a base 
resulted in 330 nm. The Ge concentrations X (molar %) of 
eleven layers of the p-conductive type SiGe ?lm 13 Were 
varied stepWise by 1% Within 10-0%. In this case, the Ge 
concentration of a ?rst layer of the p-conductive type SiGe 
?lm 13 Was set at 10% and that of the last one Was set at 0%. 
On the p-conductive type SiGe ?lm 13, further a P-doped 
n-conductive type Si ?lm 5 of 600 nm thick Was stacked 
(Step S1). 
[0072] FIG. 9 is a characteristic graph shoWing a distri 
bution of a Ge concentration for each of the emitter, base and 
collector layers of the transistor formed in Embodiment 3. In 
FIG. 6, the horiZontal axis represents a depth (nm) from the 
surface of the emitter and the vertical axis represents a 
germanium (Ge) concentration (atomic %). 

[0073] As shoWn in the ?gure, the Ge concentration of the 
p-conductive type SiGe ?lm 13 increases stepWise from the 
emitter toWard the collector and reaches a maximum value 
of 10 atomic % at the ?rst layer from the bottom. 

[0074] As a raW material gas for the p-conductive type 
SiGe ?lm 13, use Was made of a gas mixture consisting of 
germane (25-0% atomic %), diborane (100 ppm), and the 
rest being disilane (4><10_4 Torr). As a raW material gas for 
the n-conductive type Si ?lm 5, use Was made of a gas 
mixture consisting of phosphine (300 ppm) and disilane 
(4x10 Torr). The amounts of impurities doped in the ?lms 
13, 5 Were 1><1017 atom/cm3 and 8><1018 atom/cm3, respec 
tively. The temperatures of the substrate 1 When layers 13 
and 5 Were respectively formed thereon Were 780° C. and 
750° C. 

[0075] Then, P-ions Were implanted from a phosphorus 
ion source 6 into the top surface of the stacked structure thus 
constructed, that is, a n-conductive type Si ?lm 5. The 
resultant structure Was subjected to an annealing treatment 
to activate the phosphorus ions implanted. As a result, a 
heavily phosphorus-doped layer 7 Was formed (Step S2). 
Phosphorus ions of 5><1015 atom/cm2 Were implanted at an 
acceleration voltage of 30 keV and at a temperature of 700° 
C. for 30 minutes. 

[0076] Furthermore, the p-conductive type Si ?lm 5 Was 
selectively etched by reactive ion etching until the p-con 
ductive type Si ?lm 13 Was exposed. The exposed surface of 
the p-conductive type Si ?lm 13 Was used as a base surface 
8 (Step S3). Subsequently, the resultant structure Was sub 
jected to a mesa-etching step. In this step, the peripheral 
portion of the stacked structure Was selectively etched into 
a mesa form 9 (Step S4). Furthermore, as shoWn in FIG. 3E, 
an emitter electrode 12, a base electrode 11, and a collector 
electrode 10 Were individually formed by a metal deposition 
method (Step S5). 

[0077] As a result, a poWer transistor of a 5 mm x5 mm 
square Was obtained. As the current gain Was measured 
under conditions VCE=2V, Ic=20A, it Was 140. 
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[0078] In the power transistor of Embodiment 3, the base 
is formed of the p-conductive type SiGe ?lm 13 consisting 
of eleven layers different in Ge concentration. The Ge 
concentration of the p-conductive type SiGe ?lm at the side 
near the emitter is set at almost 0% and increased stepWise 
toWard the side near the collector. As a result, the lifetime of 
carriers Within the base can be controlled. 

[0079] Furthermore, since the Ge concentration Was var 
ied, a gradient of band gaps Was formed in the base, 
generating a drift electric ?eld. Based on both functions, 
lifetime control and drift electric ?eld, the electron transfer 
ef?ciency is improved. As a result, the current gain can be 
improved. 
[0080] The constitutions of poWer transistors according to 
Embodiments 1-3 are shoWn in Table 1 beloW. 
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a second Si ?lm of the second conductive type formed on 
the SiGe ?lm; 

a third Si ?lm of the ?rst conductive type formed on the 
second Si ?lm; 

a ?rst electrode formed by removing a part of the third Si 
?lm or changing the conductive type of the part of the 
third Si ?lm of the ?rst conductive type to the second 
conductive type, and joining a metal terminal to a part 
of the second Si ?lm eXposed by removing the part of 
the third Si ?lm or a part of the third Si ?lm changed 
in conductive type; 

a second electrode formed by joining a metal terminal to 
the third Si ?lm; and 

a third electrode formed by joining a metal terminal to a 
back surface of the Si substrate. 

TABLE 1 

Number of Ge Thickness X of P-type SiGe ?lm thickness 
layers of concentration and thickness Y of p-conductive of base 
base (atomic %) type Si ?lm (nm) (nm) 

Embodiment 1 2 5% X = 150 300 
Y = 150 

2 2 5% X = t 400 

Y = 400-t 

t; 1-399 
3 11 0%, 1%, 2%, 30 nm for each layer 300 

3%, 4%, 5%, 
6%, 7%, 8%, 
9%, 10% 

Note that the layer containing no Ge in Embodiment 3 corresponds to a p-conductive type Si 
?lm. 

[0081] In the embodiments above, a poWer transistor Was 2. The semiconductor device according to claim 1, 
eXplained as an eXample. HoWever, the present invention is 
not limited to the aforementioned embodiments and may be 
applied to other semiconductor devices such as an Insulated 
Gate Bipolar Transistor (IGBT). 

[0082] The semiconductor device of the present invention 
has a high current gain and high-speed sWitching character 
istics. In particular, When a SiGe poWer transistor Was 
manufactured by using the method of the present invention, 
it is possible to obtain a transistor having a high current gain 
and high speed sWitching characteristics. 

[0083] Additional advantages and modi?cations Will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the speci?c 
details and representative embodiments shoWn and 
described herein. Accordingly, various modi?cations may be 
made Without departing from the spirit or scope of the 
general inventive concept as de?ned by the appended claims 
and their equivalents. 

What is claimed is: 
1. A semiconductor device comprising: 

a Si substrate of a ?rst conductive type; 

a ?rst Si ?lm of the ?rst conductive type formed on the Si 

substrate; 

a SiGe ?lm of a second conductive type formed on the 
?rst Si ?lm; 

Wherein a total ?lm thickness of the SiGe ?lm and the 
second Si ?lm is set at 200-400 nm. 

3. The semiconductor device according to claim 1, 
Wherein the SiGe ?lm is formed of at least tWo ?lms 
different in Ge concentration. 

4. The semiconductor device according to claim 3, 
Wherein Ge concentration of the SiGe ?lm is high at a side 
close to the Si substrate and stepWise decreases aWay from 
the Si substrate and closer to the third Si ?lm. 

5. The semiconductor device according to claim 4, 
Wherein the SiGe ?lm has a Ge concentration of 20 atomic 
% or less. 

6. A method of manufacturing a semiconductor device 
comprising: 

(a) applying a ?rst raW material gas to a surface of a Si 
substrate of n-conductive type While the substrate is 
heated in a vacuum container to form a ?rst Si ?lm of 
n-conductive type on the substrate; 

(b) applying a second raW material gas to a surface of the 
?rst n-conductive type Si ?lm under heating to form a 
SiGe ?lm of p-conductive type on the ?rst Si ?lm; 

(c) applying a third raW material gas to a surface of the 
SiGe ?lm of p-conductive type under heating to form a 
second Si ?lm of p-conductive type on the SiGe ?lm; 

(d) applying a fourth raW material gas to a surface of the 
second Si ?lm under heating to form a third Si ?lm of 
n-conductive type on the second Si ?lm of p-conduc 
tive type; 
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(e) implanting a high concentration of phosphorus ion to 
a surface layer portion of the third Si ?lm of n-con 
ductive type and annealing the surface layer portion to 
activate the phosphorus ion implanted; 

(f) removing a part of the third Si ?lm due to expose the 
second Si ?lm or changing the conductive type of a part 
of third Si ?lm to another conductive type; and 

(g) joining a metal terminal to a part of the second Si ?lm 
eXposed by removing the third Si ?lm or the part of the 
third Si ?lm of another conductive type to form a ?rst 
electrode, joining a metal terminal to the third Si ?lm 
to form a second electrode, and joining a metal terminal 
on a back surface of the Si substrate of n-conductive 
type to form a third electrode. 

7. The method of manufacturing a semiconductor device 
according to claim 6, Wherein, in the steps (b) and (c), a total 
?lm thickness of the SiGe ?lm and the second Si ?lm of 
p-conductive type falls Within 200-400 nm. 
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8. The method of manufacturing a semiconductor device 
according to claim 6, Wherein, in the step (b), the SiGe ?lm 
of p-conductive type is formed of at least tWo layers different 
in Ge concentration. 

9. The method of manufacturing a semiconductor device 
according to claim 8, Wherein, in the step (b), the SiGe ?lm 
of p-conductive type is formed such that Ge concentration of 
the SiGe ?lm is high at a side close to the Si substrate of 
n-conductive type and stepWise decreases aWay from the Si 
substrate and come closer to the third Si ?lm of p-conductive 
type. 

10. The method of manufacturing a semiconductor device 
according to claim 9, Wherein, in the step (b), the Ge 
concentration of the SiGe ?lm of p-conductive type is 20 
atomic % or less. 


