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POWER SEMCONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of and claims the 
benefit of priority under 35 U.S.C. S 120 from U.S. Ser. No. 
12/162.998 filed Aug. 1, 2008, the entire contents of which is 
incorporated herein by reference. U.S. Ser. No. 12/162.998 is 
a National Stage of PCT/JP07/55514 filed Mar. 19, 2007 
which was not published under PCT Article 21(2) in English 
and claims the benefit of priority from Japanese Patent Appli 
cation No. 2006-078348 filed Mar. 22, 2006. 

TECHNICAL FIELD 

0002 The present invention relates to a power semicon 
ductor device which is a power device. 

BACKGROUND ART 

0003. In recent years, improvements in characteristics of 
power devices have been required from the viewpoint of 
energy saving. To meet the requirements, power devices 
using SiC (silicon carbide) in addition to conventional power 
devices using Si (silicon) have been regarded as promising 
next-generation high-breakdown-Voltage low-loss power 
Switching devices. Examples of the power devices include an 
MISFET (a field effect transistor having a metal-insulator 
semiconductor structure; in which an example of the insulator 
is an oxide such as a silicon oxide, and an example of the MIS 
is an MOS), a Schottky diode, and the like. 
0004 As an example, a MOSFET using SiC employs a 
device structure pursuant to the conventional device structure 
of a MOSFET using Si. Because SiC is greater in bandgap 
than Si, the SiC-MOSFET is capable of operating at higher 
temperatures than the conventional Si-MOSFET which has 
been operated at a temperature less than 200° C. Patent Docu 
ments 1 to 5 disclose techniques related to semiconductor 
devices using SiC. 
0005 Patent Document 1: Japanese Patent Application 
Laid-Open No. 2005-310902 
0006 Patent Document 2: Japanese Patent Application 
Laid-Open No. 9-22922 (1997) 
0007 Patent Document 3: Japanese Patent Application 
Laid-Open No. 2006-32456 
0008 Patent Document 4: Japanese Patent Application 
Laid-Open No. 2000-101099 
0009 Patent Document 5: Japanese Patent Application 
Laid-Open No. 2005-268430 
0010 Conventionally, Al (aluminum) or an Al-based 
material having Al as a chief component and including alloys 
of Al with Si, Cu (copper), Ti (titanium), Pd (palladium) and 
the like has been used as a metal material for interconnection 
in power devices. However, when the Al-based material is 
employed as the metal material for interconnection, operation 
at a high temperature exceeding 200°C. is prone to cause the 
metal material to react with an electrode connected to a semi 
conductor region in a semiconductor Substrate or a silicon 
film and the like formed on the surface of the semiconductor 
Substrate, and to cause oxidation of the Surface of the metal 
material, thereby degrading the reliability of the device. 
0011. In view of the above-mentioned problem with the 
Al-based material, Patent Document 1 described above pro 
poses the use of a Cu-based material as an interconnect metal 
in a SiC power device. However, the thermal expansion coef 
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ficient of Cu is 17x10' K', and this value is significantly 
different from those of semiconductor materials such as Si 
(having a thermal expansion coefficient of 4.2x10K) and 
SiC (having athermal expansion coefficient of 3.7x10°K). 
For this reason, the use of the Cu-based material as the metal 
material for interconnection in power devices employing Si 
and SiC causes a strain in the power devices during high 
temperature operation to present the problem of the reliability 
of the devices. 

DISCLOSURE OF THE INVENTION 

0012. In view of the foregoing, it is an object of the present 
invention to provide a power semiconductor device which is 
a power device less prone to cause a reaction between a metal 
material for interconnection and an electrode connected to a 
semiconductor region during the high-temperature operation 
thereof and less prone to be strained during the high-tempera 
ture operation thereof. 
0013 The present invention is intended for a power semi 
conductor device which comprises: a semiconductor layer 
having a surface; a semiconductor region of a predetermined 
conductivity type, said semiconductor region being formed in 
said semiconductor layer so as to be exposed at least at a 
portion of said surface of said semiconductor layer, a first 
insulation film formed on said semiconductor region; an elec 
trode formed on said semiconductor region or on said first 
insulation film; a first metal layer formed on said electrode 
and containing at least one selected from the group consisting 
of Pt, Ti, Mo, W and Ta; and a second metal layer formed on 
said first metal layer and containing at least one selected from 
the group consisting of Mo, W and Cu. 
0014. The present invention includes the first metal layer 
containing at least one selected from the group consisting of 
Pt, Ti, Mo, W and Ta, and the second metal layer containing 
at least one selected from the group consisting of Mo, W and 
Cu. The use of any one of Mo, W and Cu which are materials 
having low reactivity for the second metal layer makes a 
reaction between the electrode formed on the semiconductor 
region or on the first insulation film and the second metal 
layer less prone to occur even during high-temperature opera 
tion when the second metal layer is used as an interconnect 
metal. The provision of the first metal layer containing at least 
one selected from the group consisting of Pt, Ti, Mo, Wand Ta 
which are materials having lower reactivity between the elec 
trode and the second metal layer prevents the phenomenon of 
the incorporation of other metal species into the electrode 
even during high-temperature operation. When a metal layer 
containing Cu is used as the second metal layer, the provision 
of the first metal layer between the semiconductor region and 
the second metal layer reduces a strain resulting from the 
difference in thermal expansion coefficient between the semi 
conductor region and the second metal layer. This achieves 
the power semiconductor device less prone to cause a reaction 
between the metal material for interconnection and the elec 
trode connected to the semiconductor region during high 
temperature operation thereof and less prone to be strained 
during high-temperature operation thereof. 
0015 These and other objects, features, aspects and 
advantages of the present invention will become more appar 
ent from the following detailed description of the present 
invention when taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

0016 FIG. 1 is a view showing part of a power semicon 
ductor device according to a first preferred embodiment. 



US 2012/0074508 A1 

0017 FIG. 2 is a view showing a step in the process of 
manufacturing the power semiconductor device according to 
the first preferred embodiment. 
0018 FIG. 3 is a view showing a step in the process of 
manufacturing the power semiconductor device according to 
the first preferred embodiment. 
0019 FIG. 4 is a view showing a step in the process of 
manufacturing the power semiconductor device according to 
the first preferred embodiment. 
0020 FIG. 5 is a view showing a step in the process of 
manufacturing the power semiconductor device according to 
the first preferred embodiment. 
0021 FIG. 6 is a view showing a step in the process of 
manufacturing the power semiconductor device according to 
the first preferred embodiment. 
0022 FIG. 7 is a view showing a step in the process of 
manufacturing the power semiconductor device according to 
the first preferred embodiment. 
0023 FIG. 8 is a view showing a step in the process of 
manufacturing the power semiconductor device according to 
the first preferred embodiment. 
0024 FIG. 9 is a view showing a step in the process of 
manufacturing the power semiconductor device according to 
the first preferred embodiment. 
0025 FIG. 10 is a view showing a step in the process of 
manufacturing the power semiconductor device according to 
the first preferred embodiment. 
0026 FIG. 11 is a view showing a step in the process of 
manufacturing the power semiconductor device according to 
the first preferred embodiment. 
0027 FIG. 12 is a view showing a step in the process of 
manufacturing the power semiconductor device according to 
the first preferred embodiment. 
0028 FIG. 13 is a view showing a step in the process of 
manufacturing the power semiconductor device according to 
the first preferred embodiment. 
0029 FIG. 14 is a view showing a modification of the 
power semiconductor device according to the first preferred 
embodiment. 
0030 FIG. 15 is a view showing a modification of the 
power semiconductor device according to the first preferred 
embodiment. 
0031 FIG. 16 is a view showing a modification of the 
power semiconductor device according to the first preferred 
embodiment. 
0032 FIG. 17 is a view showing a modification of the 
power semiconductor device according to the first preferred 
embodiment. 
0033 FIG. 18 is a view showing part of the power semi 
conductor device according to a second preferred embodi 
ment. 

0034 FIG. 19 is a view showing part of the power semi 
conductor device according to the second preferred embodi 
ment. 

0035 FIG. 20 is a view showing part of the power semi 
conductor device according to the second preferred embodi 
ment. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

First Preferred Embodiment 

0036. This preferred embodiment provides a power semi 
conductor device which is an SiC power device including: an 
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electrode formed on a semiconductor region or on an insula 
tion film overlying a semiconductor region; a first metal layer 
formed on the electrode and containing at least one selected 
from the group consisting of Pt, Ti, Mo, W and Ta; a second 
metal layer formed on the first metal layer and containing at 
least one selected from the group consisting of Mo, W and Cu; 
and a third metal layer formed on the second metal layer and 
containing at least one selected from the group consisting of 
Pt, Mo and W. 
0037 FIG. 1 is a view showing part of the power semicon 
ductor device according to the first preferred embodiment. 
FIG. 1 shows a section of the smallest unit (referred to here 
inafter as a device unit structure) of the device structure of the 
SiC power device (as an example, an n-channel SiC MOS 
FET). The power semiconductor device according to the first 
preferred embodiment is structured to have a plurality of such 
device unit structures arranged in Succession leftwardly and 
rightwardly as seen in FIG. 1 so that adjacent ones of the 
device unit structures are mirror images of each other. 
0038. As shown in FIG. 1, an n-type SiC drift layer 2 
serving as a semiconductor layer for holding a breakdown 
Voltage is formed by epitaxial growth on a Surface of an 
n-type low-resistance SiC Substrate 1 serving as a semicon 
ductor substrate. The n-type SiC drift layer 2 has a thickness 
of the order of 3 to 20 Jum, and has a doping concentration of 
the order of 1x10' to 15x10/cm. 
0039. A p-type SiC region 13 and an n-type SiC depletion 
region 6 are formed on a surface of the n-type SiC drift layer 
2. The p-type SiC region 13 includes a p-type SiC base region 
3 and a p-type SiC contact region 5. The n-type SiC depletion 
region 6 is adjacent to the p-type SiC base region 3. The 
p-type SiC contact region 5 is a portion of the p-type SiC 
region 13 which is in contact with a source electrode to be 
described later. An n-type SiC Source region 4 Serving as a 
semiconductor region which is separated from the n-type SiC 
depletion region 6 and is adjacent to the p-type SiC contact 
region 5 is formed on a surface of the p-type SiC base region 
3 

0040. The p-type SiC region 13 and the n-type SiC source 
region 4 are selectively formed by performing ion implanta 
tion into the n-type SiC drift layer 2 and activation heat 
treatment thereof. In other words, the p-type SiC region 13 
and the n-type SiC source region 4 Serving as semiconductor 
regions are formed in the n-type SiC drift layer 2 so as to be 
exposed at a portion of the surface of the n-type SiC drift layer 
2 serving as the semiconductor layer. 
0041. The p-type SiC region 13 has a thickness of the order 
of 0.5 to 2 um, and has a doping concentration of the order of 
3x10" to 20x10''/cm. The n-type SiC source region 4 has a 
thickness of the order of 0.3 to 1 um, and has a doping 
concentration of the order of 5x10' to 50x10/cm. The 
p-type contact region 5 Serving as a portion of the p-type SiC 
region 13 which is in contact with the source electrode is 
formed by additionally performing selective ion implantation 
so as to have a doping concentration of the order of 5x10" to 
50x10"/cm which is higher than that of the other portion 
(the p-type SiC base region 3). 
0042. An n-type region in the n-type SiC drift layer 2 
where the p-type SiC region 13 is not formed is the n-type SiC 
depletion region 6. The doping concentration of the n-type 
SiC depletion region 6 may remain equal to that of the n-type 
SiC drift layer 2. Alternatively, the doping concentration of 
the n-type SiC depletion region 6 may be increased to of the 
order of 3x10' to 30x10"/cm by additionally performing 
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ion implantation or by changing a doping profile as the n-type 
SiC drift layer 2 grows. Increasing the doping concentration 
in this manner achieves the reduction in device resistance. 
0043. A source electrode 11 electrically connected to the 
n-type SiC source region 4 is formed on the n-type SiC source 
region 4 and the p-type SiC contact region5. A drain electrode 
12 is formed on a lower surface of the n-type low-resistance 
SiC Substrate 1. A multi-layer structure having a gate insula 
tion film 8 which is a silicon oxide film, a silicon oxy-nitride 
film or the like and a gate electrode 9 which is a polysilicon 
film, a metal film or the like is formed on a portion of the 
p-type SiC base region 3 which lies between the n-type SiC 
Source region 4 and the n-type SiC depletion region 6, on the 
n-type SiC depletion region 6 and on a portion of the n-type 
SiC source region 4. The gate insulation film 8 has a thick 
ness, for example, of the order of 10 to 100 nm. 
0044 An interlayer insulation film 10 which is a silicon 
oxide film or the like is formed on the multi-layer structure 
having the gate insulation film 8 and the gate electrode 9 and 
on the n-type SiC Source region 4. The interlayer insulation 
film 10 is formed over the entire surface of the n-type SiC drift 
layer 2 after the multi-layer structure having the gate insula 
tion film 8 and the gate electrode 9 is formed. Thereafter, a 
portion of the interlayer insulation film 10 in which the source 
electrode 11 is to be formed is removed. In the removed 
portion, the source electrode 11 is formed. In other words, the 
interlayer insulation film 10 is present in a region which is on 
the surface of the n-type SiC drift layer 2 and which is other 
than the region where the source electrode 11 is formed. The 
source electrode 11 and the drain electrode 12 are metal layers 
made of Nior containing Ni. As shown in FIG. 1, first to third 
metal layers 14 to 16 extend over the interlayer insulation film 
10. 

0045. The first metal layer 14 is formed on the source 
electrode 11. The second metal layer 15 is formed on the first 
metal layer 14. The third metal layer 16 is formed on the 
second metal layer 15. The first to third metal layers 14 to 16 
are combined with each other to function as an interconnect 
metal layer. 
0046. The second metal layer 15 is a portion responsible 
for a principal function as an interconnect line. The second 
metal layer 15 is formed by a metal film containing at least 
one selected from the group consisting of Cu (copper), Mo 
(molybdenum) and W (tungsten) which are low in reactivity 
and high in electrical conductivity. The second metal layer 15 
may be a single-layer film made of one of these metals or a 
multi-layer film or an alloy film containing at least one 
selected from the group consisting of these three metals. The 
second metal layer 15 has a thickness, for example, of the 
order of 100 to 700 nm. 
0047. The first metal layer 14 has the function of prevent 
ing the second metal layer 15 Serving as the interconnect line 
from reacting with the interlayer insulation film 10 (made of 
silicon oxide) and the source electrode 11 (made of Ni-based 
metal) during high-temperature operation, which in turn 
gives rise to the degradation of device characteristics. The 
first metal layer 14 also has the function of preventing the 
second metal layer 15 from reacting with polysilicon which is 
the material of the gate electrode 9. 
0048. The first metal layer 14 contains at least one of the 
following five metals: three metals, i.e. Ti (titanium), Pt 
(platinum) and Ta (tantalum), which are low in reactivity; and 
two metals, i.e. Mo (molybdenum, which has a thermal 
expansion coefficient of 5.1x10' K') and W (tungsten, 
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which has a thermal expansion coefficient of 4.5x10' K'), 
which are close in thermal expansion coefficient to a semi 
conductor material Such as Si and SiC. Specifically, a single 
layer film made of each of the above-mentioned five metals, 
an alloy film containing any one of the five metals, or a 
multi-layer film including a single-layer film made of any one 
of the five metals may be used as the first metal layer 14. 
0049. Examples of the alloy film may include nitrides such 
as TiN, WN, WSiN and TaN in addition to an alloy film of 
metals such as Tiw and WSi. Examples of the multi-layer 
film may include such a structure as Pt/Ti/Pt/Ti . . . Pt/Ti 
which is obtained by stacking a multi-layer structure having 
Pt and Ti over many cycles. Additionally, a multi-layer struc 
ture including the above-mentioned alloy film or nitride and 
the metal film, such as Ti/TiN and TaN/Ta structures, may be 
used. 
0050. The first metal layer 14 has a thickness, for example, 
of the order of 5 to 100 nm when the first metal layer 14 is a 
single-layer film, and has a thickness of the order of 10 to 200 
nm when the first metal layer 14 has a multi-layer structure. 
The first metal layer 14 may be relatively large in thickness 
when the chief component of the first metal layer 14 is Mo or 
W which are close in thermal expansion coefficient to a semi 
conductor material such as Si and SiC. 
0051. A multi-layer structure combination of the second 
metal layer 15 and the first metal layer 14 may be various 
structures such as, for example, Cu/Ti/TiN, Cu/WSiN. 
Cu/WSi, Cu/TaN/Ta, Cu/Pt/Ti, W/WN, W/Pt/Ti, W/TiN, 
Mo/TiN, Mo/Pt/Ti and the like. 
0052. When the chief component of the second metal layer 
15 responsible for the principal function as the interconnect 
line is Cu, it is desirable that the first metal layer 14 used 
herein is an alloy film containing W or a multi-layer film in 
which a thin film having a thickness of the order of 5 to 20 nm 
and containing Tihaving lower reactivity is used as a bottom 
layer film in contact with the source electrode 11 in consid 
eration for the difference in thermal expansion coefficient 
between SiC and the second metal layer 15. On the other 
hand, when the chief component of the second metal layer 15 
responsible for the principal function as the interconnect line 
is Mo or W, the first metal layer 14 may beformed by appro 
priately combining a single-layer film and an alloy film which 
contain Ti, Pt and Tahaving low reactivity because there is a 
small difference in thermal expansion coefficient between 
SiC and the second metal layer 15. Examples of the alloy film 
containing Winclude TiW, WSi, WN and WSiN. Examples of 
the multi-layer film in which the thin film having the thick 
ness of the order of 5 to 20 nm and containing Tihaving lower 
reactivity is used as the bottom-layer film in contact with the 
source electrode 11 include TiN/Ti (in which Ti has a thick 
ness of 5 to 20 nm), Ti/TiN (in which TiN has a thickness of 
5 to 20 nm), and Pt/Ti (in which Ti has a thickness of 5 to 20 
nm). Pt/Timay have a multi-layer structure obtained by stack 
ing Pt/Ti each having a thickness of 5 to 20 nm over many 
cycles to thereby prevent a reaction during high-temperature 
operation. Examples of the combination of the single-layer 
film and the alloy film which contain Ti, Pt and Tahaving low 
reactivity include TiN/Ti, Ti/TiN, Pt/Ti, TaN/Ta and Ta/TaN. 
0053. The interlayer insulation film 10 has a width of 3 to 
10 um as seen in FIG. 1, and a thickness of the order of 1 to 3 
um. Since the interlayer insulation film 10 is greater in width 
and thickness than the Source electrode 11, it is necessary to 
take into consideration the reaction between the interlayer 
insulation film 10 and the first metal layer 14 and stresses 
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thereof. From this point of view, it is desirable that the first 
metal layer 14 used herein is an alloy film containing W or a 
multi-layer film in which a thin film having a thickness of the 
order of 5 to 20 nm and containing Ti having lower reactivity 
is used as a bottom-layer film in contact with the Source 
electrode 11, when the chief component of the second metal 
layer 15 responsible for the principal function as the inter 
connect line is Cu. When the chief component of the second 
metal layer 15 responsible for the principal function as the 
interconnect line is Mo or W and the first metal layer 14 is 
formed by appropriately combining a single-layer film and an 
alloy film which contain Ti, Pt and Tahaving low reactivity, it 
is desirable that the first metal layer 14 used herein is a 
multi-layer film in which a thin film having a thickness of the 
order of 5 to 20 nm is used as a bottom-layer film in contact 
with the interlayer insulation film 10. 
0054 The third metal layer 16 has the function of prevent 
ing the surface of the second metal layer 15 from oxidizing 
during high-temperature operation when the second metal 
layer 15 serving as the interconnect line contains Cu. The 
third metal layer 16 is a metal film containing at least one 
selected from the group consisting of Pt, Mo and W. The use 
of such a film prevents the oxidation of the surface of the 
second metal layer 15. Examples of the third metal layer 16 
may include an alloy film of Tiw and WN and a multi-layer 
film such as Pt/Ti in addition to a single layer film of Mo, W 
and Pt. 
0055. The n-type SiC drift layer 2, the p-type SiC base 
region 3, the n-type SiC depletion region 6, the n-type SiC 
Source region 4, the p-type SiC contact region 5, the Source 
electrode 11, the multi-layer structure having the gate insu 
lation film 8 and the gate electrode 9, the interlayer insulation 
film 10, the first to third metal layers 14 to 16, and a metal 
interconnect layer formed on the gate electrode 9 constitute a 
single device unit structure. 
0056. A method of manufacturing the power semiconduc 
tor device of FIG. 1 will be described below. FIGS. 2 to 13 are 
views showing steps in the process of manufacturing the 
power semiconductor device according to the first preferred 
embodiment. 
0057 First, as shown in FIG. 2, the n-type SiC drift layer 
2 is formed on the n-type low-resistance SiC substrate 1 by an 
epitaxial growth technique. Next, as shown in FIG. 3, impu 
rity ion implantation into the surface of the n-type SiC drift 
layer 2 and activation heat treatment thereofare performed to 
selectively form the p-type SiC region 13. The p-type SiC 
region 13 may be controlled to have a thickness of the order of 
0.5 to 2 um, and to have a doping concentration of the order of 
3x107 to 2x10/cm. 
0058 Next, as shown in FIG.4, impurity ion implantation 
into the surface of p-type SiC region 13 and activation heat 
treatment thereofare performed to form the n-type SiC source 
region 4. Subsequently, selective ion implantation is per 
formed to form the p-type SiC contact region 5, as shown in 
FIG.S. 

0059 Next, when the doping concentration of the n-type 
SiC depletion region 6 is to be made different from that of the 
n-type SiC drift layer 2, for example, selective ion implanta 
tion is performed to form the n-type SiC depletion region 6, as 
shown in FIG. 6. 

0060 Next, as shown in FIG. 7, the gate insulation film 8 
(e.g., a silicon oxide film or a silicon oxy-nitride film) is 
formed on a portion of the n-type SiC source region 4 and on 
the surfaces of the p-type SiC base region3 and the n-type SiC 
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depletion region 6 by a thermal oxidation process or a CVD 
(Chemical Vapor Deposition) process. 
0061 Next, as shown in FIG. 8, the gate electrode 9 (e.g., 
a polysilicon film) is formed on the gate insulation film 8 by 
a CVD process and the like. Subsequently, as shown in FIG. 
9, the interlayer insulation film 10, such as a silicon oxide film 
and the like, is formed. A portion of the interlayer insulation 
film 10 in which the source electrode 11 is to be formed is 
removed, as mentioned above. Thereafter, as shown in FIG. 
10, metal layers made of Nior containing Ni are formed as the 
source electrode 11 and the drain electrode 12 by a metal 
deposition process and the like. 
0062 Next, as shown in FIG. 11, the first metal layer 14 is 
formed on the source electrode 11 and the interlayer insula 
tion film 10 by a metal vapor deposition process and the like. 
Next, as shown in FIG. 12, the second metal layer 15 is 
formed on the first metal layer 14 by a metal vapor deposition 
process and the like. Then, as shown in FIG. 13, the third 
metal layer 16 is formed on the second metal layer 15 by a 
metal vapor deposition process and the like. 
0063. The activation heat treatments of implantedion spe 
cies in the respective layers may be performed collectively 
prior to the formation of the gate insulation film 8 and the gate 
electrode 9 or be performed as occasion arises. 
0064. The power semiconductor device according to the 

first preferred embodiment includes the first metal layer 14 
containing at least one selected from the group consisting of 
Pt, Ti, Mo, W and Ta, and the second metal layer 15 contain 
ing at least one selected from the group consisting of Mo, W 
and Cu. The use of any one of Mo, W and Cu which are 
materials having low reactivity for the second metal layer 15 
makes a reaction between the source electrode 11 formed on 
the n-type SiC Source region 4 Serving as the semiconductor 
region and the second metal layer 15 less prone to occur even 
during high-temperature operation when the second metal 
layer 15 is used as the interconnect metal. The provision of the 
first metal layer 14 containing at least one selected from the 
group consisting of Pt, Ti, Mo, Wand Ta which are materials 
having lower reactivity between the source electrode 11 and 
the second metal layer 15 prevents the phenomenon of the 
incorporation of other metal species into the source electrode 
11 even during high-temperature operation. When a metal 
layer containing Cu is used as the second metal layer 15, the 
provision of the first metal layer 14 between the n-type SiC 
Source region 4 Serving as the semiconductor region and the 
second metal layer 15 reduces a strain resulting from the 
difference in thermal expansion coefficient between the 
n-type SiC source region 4 and the second metal layer 15. 
This achieves the power semiconductor device less prone to 
cause a reaction between the metal material for interconnec 
tion and the electrode connected to the semiconductor region 
and the like during the high-temperature operation thereof 
and less prone to be strained during the high-temperature 
operation thereof. 
0065. Additionally, the power semiconductor device 
according to the first preferred embodiment further includes 
the third metal layer 16 formed on the second metal layer 15 
and containing at least one selected from the group consisting 
of Pt, Mo and W. The formation of the third metal layer 16 
containing at least one selected from the group consisting of 
Pt, Mo and W which are materials having low reactivity on the 
surface of the second metal layer 15 prevents the degradation 
of the surface of the second metal layer 15 resulting from 
oxidation and the like during high-temperature operation. 



US 2012/0074508 A1 

0066. In this manner, the provision of the first metal layer 
14, the second metal layer 15 and the third metal layer 16 on 
the source electrode 11 and on the interlayer insulation film 
10 prevents the reactions of the second metal layer 15 func 
tioning as the interconnect line with the source electrode 11, 
the source region 4, the p-type SiC region 13 and the inter 
layer insulation film 10 during high-temperature operation 
and the occurrence of stresses, and also prevents the oxidation 
of the surfaces of the metal layers. 
0067 Further, the power semiconductor device according 

to the first preferred embodiment further includes the inter 
layer insulation film 10 formed in a region which is on the 
surface of the n-type SiC drift layer 2 serving as the semicon 
ductor layer and which is other than the region where the 
source electrode 11 is formed. The first and second metal 
layers 14 and 15 extend over the interlayer insulation film 10. 
This makes the reactions of the second metal layer 15 with the 
gate insulation film 8 formed on the surface of the n-type SiC 
drift layer 2 and the various films (e.g., the gate electrode 9) 
under the interlayer insulation film 10 less prone to occur 
even during high-temperature operation when the second 
metal layer 15 is used as the interconnect metal. 
0068. The first to third metal layers 14 to 16 are described 
above as formed on the source electrode 11. A structure may 
be employed in which a second group of first to third metal 
layers are formed on the gate electrode 9 independently of or 
in addition to the above-mentioned first to third metal layers 
14 to 16. In such a case, the structure is as follows: the gate 
insulation film 8 serving as a first insulation film is formed on 
the p-type SiC base region 3 Serving as the semiconductor 
region; the gate electrode 9 is formed on the gate insulation 
film 8; and the second group of first to third metal layers are 
formed on the gate electrode 9. Then, the interlayer insulation 
film 10 functions as a second insulation film formed in a 
region which is on the surface of the n-type SiC drift layer 2 
and on the surface of the gate insulation film 8 and which is 
other than the region where the gate electrode 9 is formed. 
0069. The manufacturing method in this case may include 
the step of removing a portion of the interlayer insulation film 
10 where the interconnect lines (the second group of first to 
third metal layers) are to be formed on the gate electrode 9 
either during the partial removal of the interlayer insulation 
film 10 for the formation of the source electrode 11 or sepa 
rately. Thus, the MOSFET is manufactured by forming the 
first to third metal layers 14 to 16 on the source electrode 11 
and/or the gate electrode 9. In this course, when the removal 
of the portion of the interlayer insulation film 10 where the 
interconnect lines (the second group of first to third metal 
layers) are to be formed on the gate electrode 9 is carried out 
simultaneously with the partial removal of the interlayer insu 
lation film 10 for the formation of the source electrode 11, the 
material of the source electrode 11 and the first to third metal 
layers 14 to 1 to are formed on the gate electrode 9. On the 
other hand, when the removal of the portion of the interlayer 
insulation film 10 where the interconnect lines (the second 
group of first to third metal layers) are to beformed on the gate 
electrode 9 is carried out after the formation of the source 
electrode 11 separately from the partial removal of the inter 
layer insulation film 10 for the formation of the source elec 
trode 11, only the first to third metal layers 14 to 16 are formed 
in an interconnect line portion on the gate electrode 9. FIG. 14 
shows a structure of the present power semiconductor device 
in the case where the latter method is used to form the first to 
third metal layers 14 to 16 on the gate electrode 9. 
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0070. In the above-mentioned instance, a portion of the 
p-type SiC base region 3 lying near a contact Surface with the 
gate insulation film 8 serves as a channel region. However, 
additional ion implantation into a portion near this channel 
region may be performed to additionally form a channel layer. 
(0071 FIGS. 15 and 16 are views showing modifications of 
the power semiconductor device according to the first pre 
ferred embodiment. With reference to FIG. 15, a channel 
layer 7 is formed in the surface of the p-type SiC base region 
3, in the surface of a portion of the n-type SiC source region 
4 and in the surface of the n-type SiC depletion region 6 
continuously. This channel layer 7 may be formed by selec 
tively implanting ions into the surface of the n-type SiC drift 
layer 2 serving as the semiconductor layer prior to the forma 
tion of the gate insulation film 8. Except for this, the device 
construction and the manufacturing method thereof are iden 
tical with those of FIG. 1. 
(0072. With reference to FIG. 16, the channel layer 7 is 
formed on the surface of the p-type SiC base region 3, on the 
Surface of a portion of the n-type SiC Source region 4 and on 
the surface of the n-type SiC depletion region 6 continuously. 
This channel layer 7 may be formed by forming a semicon 
ductor film such as a silicon film and the like by epitaxial 
growth prior to the formation of the gate insulation film 8 and 
then performing a photolithographic technique so that the 
semiconductor film is in the same pattern as the gate insula 
tion film 8. Except for this, the device construction and the 
manufacturing method thereof are identical with those of 
FIG 1. 

(0073. The channel layer 7 may be dispensed with. The 
instance of FIG. 1 corresponds to an instance in which the 
channel layer 7 is dispensed with. When the channel layer 7 is 
provided as mentioned above, the conductivity type of the 
channel layer 7 may be eithern type orp type. To ameliorate 
Surface roughness resulting from the activation heat treatment 
of implanted ion species, it is desirable to form the channel 
layer 7 by epitaxial growth, which results in the structure 
shown in FIG. 16. If the surface roughness resulting from the 
activation heat treatment is slight, a structure in which the 
channel layer is formed by selective ion implantation as 
shown in FIG. 15 may be employed. 
0074 The n-type low-resistance SiC substrate 1, the 
n-type SiC drift layer 2, the p-type SiC region 13, the n-type 
SiC source region 4 and the like are made of SiC in this 
preferred embodiment. However, the elements constituting 
these parts are not necessarily limited to SiC. For example, 
other semiconductors such as Si and the like may be 
employed as the elements constituting these parts. 
(0075. The MOSFET is employed as an example of the 
power semiconductor device, and the interconnect metal to 
the Source electrode 11 of the MOSFET is described above. 
The power semiconductor device, however, is not limited to 
the MOSFET. The present invention may be similarly applied 
to interconnect metal to every electrode connected to a semi 
conductor region in a Switching device and a diode device. 
0076. The Ni-based electrode is described above as 
employed as the electrode material of the source electrode 11. 
The present invention, however, may be applied to the use of 
materials other than the Ni-based material such as Al, Ti, a 
polycrystalline silicon film and the like as the electrode mate 
rial. 

0077. The source electrode 11 is shown above as config 
ured to be in contact with the interlayer insulation film 10. 
However, if there is apprehension about the reaction between 
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the source electrode 11 and the interlayer insulation film 10 
during high-temperature operation depending on the species 
of the material of the source electrode 11, the present inven 
tion may be applied to a structure in which the first metal layer 
14 is present between the source electrode 11 and the inter 
layer insulation film 10 and the interlayer insulation film 10 
and the source electrode 11 are covered with the first metal 
layer 14 so that the source electrode 11 is not in contact with 
the interlayer insulation film 10, as shown in FIG. 17. 

Second Preferred Embodiment 

0078. A second preferred embodiment is a modification of 
the power semiconductor device according to the first pre 
ferred embodiment. The power semiconductor device 
according to the second preferred embodiment is structured 
such that the above-mentioned third metal film 16 shown with 
respect to the First Preferred Embodiment in FIGS. 1, 15 and 
16 is not present. 
0079 FIGS. 18, 19 and 20 are views showing the power 
semiconductor device according to the second preferred 
embodiment which is structured such that the third metal 
layer 16 is not present on the structure of the power semicon 
ductor device of FIGS. 1, 15 and 16, respectively. 
0080. In the first preferred embodiment, the instance in 
which the film containing Cuis employed as the second metal 
layer 15 is discussed, and the third metal layer 16 is provided 
to prevent the surface of the second metal layer 15 from 
degrading because of oxidation and the like during high 
temperature operation. However, when the second metal 
layer 15 contains at least one selected from the group con 
sisting of Mo and W and does not contain Cu, the structure in 
which the third metal layer 16 is dispensed with may be used, 
as shown in FIGS. 18 to 20. 

0081. The use of a Cu-free material for the second metal 
layer 15 allows the second metal layer 15 to be made of a 
material relatively close in thermal expansion coefficient to a 
semiconductor material, thereby preventing the occurrence of 
a strain during high-temperature operation. The use of Such a 
material for the interconnect metal layer enables the device to 
operate with stability without degradation starting from the 
metal portions of the electrode and of the interconnect portion 
even at a high temperature not less than 200° C. 
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1. A power semiconductor device comprising: 
a semiconductor layer having a Surface; 
a semiconductor region of a predetermined conductivity 

type, said semiconductor region being formed in said 
semiconductor layer so as to be exposed at least at a 
portion of said surface of said semiconductor layer, 

a first insulation film formed on said semiconductor region; 
an electrode formed on said semiconductor region Or on 

said first insulation film; 
a first metal layer formed on said electrode and containing 

at least one selected from the group consisting of Pt, Ti, 
Mo, W and Ta; 

a second metal layer formed on said first metal layer and 
containing Cu; 

a third metal layer formed on said second metal layer and 
containing at least one selected from the group consist 
ing of Pt, Mo, W.; and 

a second insulation film formed in a region which is on said 
Surface of said semiconductor layer and/or on a Surface 
of said first insulation film and which is other than a 
region where said electrode is formed, 

wherein said first metal layer functions to prevent said 
second metal layer from reacting with said second insu 
lation film and said electrode during high-temperature 
operation. 

2. The power semiconductor device according to claim 1, 
wherein the first metal layer is single-layer film and has a 
thickness of 5 to 100 nm. 

3. The power semiconductor device according to claim 1, 
wherein the first metal layer has a multi-layer structure and 
has a thickness between 10 nm and 200 nm. 

4. The power semiconductor device according to claim 1, 
wherein the second metal layer has a thickness between 100 
nm and 700 nm. 

5. The power semiconductor device according to claim 1, 
wherein the first metal layer is a multi-layer film in which a 
thin film having a thickness of 5 to 20 nm and containing Ti is 
used as a bottom-layer film in contact with the electrode. 

6. The power semiconductor device according to claim 1, 
wherein the first metal layer is an alloy film containing W. 

7. The power semiconductor device according to claim 1, 
wherein said second insulation layer is made of silicon oxide. 

8. The power semiconductor device according to claim 1, 
wherein said electrode is made of Ni-based metal. 
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