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regions surrounded by the grooves, at least a ?eld relaxation 
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FIG. 1 prior art 
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FIG. 2 prior art 
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FIG. 3 
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FIG. 4 
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FIG. 5A 
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FIG. 5B 
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FIG. 5C 
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FIG. 5D 
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FIG. 6 
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SEMICONDUCTOR DEVICE WITH IMPROVED 
UMOS-STRUCTURE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
device, and more particularly to a semiconductor device 
having an UMOS-structure, Wherein a gate is provided in a 
groove of a body of the semiconductor device. 

[0003] 2. Description of the Related Art 

[0004] The semiconductor device With the UMOS-struc 
ture has one or more parallel connections of plural unit cells 
Which comprise MOS ?eld effect transistors. The UMOS 
structure has U-grooves formed in the body of the semicon 
ductor device. The UMOS-structure also has channel layers 
formed in the U-grooves. In detail, the channel layers 
vertically extend on side Walls of the U-grooves, so as to 
increase the degree of integration of the unit cells. Namely, 
the UMOS-structure alloWs a higher degree of integration of 
the unit cells than the gate-planer type semiconductor 
device, Wherein channel layers horiZontally extend on a 
surface of the body of the semiconductor device. The 
UMOS-structure alloWs the increase in channel Width per a 
unit area. This reduces an ON-resistance of the device. 

[0005] The U-groove is so designed that its depth is ?xed 
but its Width is adjusted in accordance With the required 
source-drain Withstand voltage. The U-groove is formed by 
a selecting etching process using a mask pattern. The Width 
of the groove is de?ned by the mask pattern Width. For 
example, if the required source-drain Withstand voltage is in 
the range of 20-60 V, then the mask pattern Width may be 1 
micrometer. If the required source-drain Withstand voltage is 
in the range of 100-120 V, then the mask pattern Width may 
be 4 micrometers. If the required source-drain Withstand 
voltage is in the range of 200-250 V, then the mask pattern 
Width may be 8 micrometers. The increase in the Width of 
the groove increases the source-drain Withstand voltage. 

[0006] FIG. 1 is a fragmentary cross sectional elevation 
vieW of a conventional UMOS-structure of a semiconductor 
device, Wherein a groove Width is 1 micrometer. A semi 
conductor device 100 has a semiconductor body 1 Which 
comprises an n+-type silicon substrate 2 and an epitaxial 
layer 4 overlying the n+-type silicon substrate 2. The epi 
taxial layer 4 has a lattice-pattern in plan vieW of U-grooves 
3 Which have a U-shape in vertically cross sectional vieW. 
Each of the U-grooves 3 has a bottom Width of 1 micrometer. 
Gate insulting ?lms 5 extend on the side Walls and the 
bottom of the U-grooves 3 and also over peripheral top 
surface regions of the epitaxial layer, Wherein the peripheral 
top surface region is adjacent to and surrounds the U-groove 
3. Gate electrodes 6 are provided, Which extend on the gate 
insulting ?lms 5 so that a majority part of the gate electrode 
6 is positioned Within the U-groove 3. The gate electrodes 6 
comprise polysilicon ?lms. 

[0007] The epitaxial layer 4 includes an n—-type drain 
region 7, a p-type base region 8, p+-type back gate regions 
9, and n+-type source regions 10, The n—-type drain region 
7 overlies the n+-type silicon substrate 2. The p-type base 
region 8 overlies the n—-type drain region 7. The U-grooves 
3 penetrate the p-type base region 8 and reach the upper 
portions of the n—-type drain region 7. The p+-type back gate 
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regions 9 are selectively provided in the p-type base region 
8, so that each of the p+-type back gate regions 9 is separated 
by the p-type base region 8 from the adjunct U-grooves 3 
and also from the n—-type drain region 7. The n+-type source 
regions 10 are selectively provided in upper regions of the 
p-type base region 8 and the p+-type back gate regions 9. 
The n+-type source regions 10 are adjacent to the upper 
regions of the adjunct U-grooves 3. 

[0008] Inter-layer insulators 11 are selectively provided 
over the gate electrodes 6 and the gate insulating ?lms 5, so 
that the inter-layer insulators 11 cover the gate electrodes 6 
and the gate insulating ?lms 5. The inter-layer insulators 11 
do not overly parts of the n+-type source regions 10 and the 
p+-type back gate regions 9. A source electrode 12 is 
provided Which overlies the inter-layer insulators 11, the 
n+-type source regions 10 and the p+-type back gate regions 
9, so that the source electrode 12 has an ohmic contact With 
the n+-type source regions 10 and the p+-type back gate 
regions 9. Parts of the source electrode 12 over the unit cells 
also serve as source pads Which alloWs external electrical 
connections. 

[0009] FIG. 2 is a fragmentary cross sectional elevation 
vieW of another conventional UMOS-structure of a semi 
conductor device, Wherein a groove Width is 8 micrometer. 
A semiconductor device 200 has a semiconductor body 21 
Which comprises an n+-type silicon substrate 22 and an 
epitaxial layer 24 overlying the n+-type silicon substrate 22. 
The epitaxial layer 24 has a lattice-pattern in plan vieW of 
U-grooves 23 Which have a U-shape in vertically cross 
sectional vieW. Each of the U-grooves 23 has a bottom Width 
of 1 micrometer. Gate insulting ?lms 25 extend on the side 
Walls and the bottom of the U-grooves 23 and also over 
peripheral top surface regions of the epitaxial layer, Wherein 
the peripheral top surface region is adjacent to and surrounds 
the U-groove 23. Gate electrodes 26 are provided, Which 
extend on the gate insulting ?lms 25, so that a majority part 
of the gate electrode 26 is positioned Within the U-groove 
23. The gate electrodes 26 comprise polysilicon ?lms. 

[0010] The epitaxial layer 24 includes an n—-type drain 
region 27, a p-type base region 28, p+-type back gate regions 
29, and n+-type source regions 30. The n—-type drain region 
27 overlies the n+-type silicon substrate 22. The p-type base 
region 28 overlies the n—-type drain region 27. The 
U-grooves 23 penetrate the p-type base region 28 and reach 
the upper portions of the n--type drain region 27. The 
p+-type back gate regions 29 are selectively provided in the 
p-type base region 28, so that each of the p+-type back gate 
regions 29 is separated by the p-type base region 28 from the 
adjunct U-grooves 23 and also from the n—-type drain region 
27. The n+-type source regions 30 are selectively provided 
in upper regions of the p-type base region 28 and the p+-type 
back gate regions 29. The n+-type source regions 30 are 
adjacent to the upper regions of the adjunct U-grooves 23. 

[0011] Inter-layer insulators 31 are selectively provided 
over the gate electrodes 26 and the gate insulating ?lms 25, 
so that the inter-layer insulators 31 cover the gate electrodes 
26 and the gate insulating ?lms 25. The inter-layer insulators 
31 do not overly parts of the n+-type source regions 30 and 
the p+-type back gate regions 29. A source electrode 32 is 
provided Which overlies the inter-layer insulators 31, the 
n+-type source regions 30 and the p+-type back gate regions 
29, so that the source electrode 32 has an ohmic contact With 
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the n+-type source regions 30 and the p+-type back gate 
regions 29. Parts of the source electrode 32 over the unit 
cells also serve as source pads Which alloWs external elec 
trical connections, 

[0012] The semiconductor device 100 shoWn in FIG. 1 
ensures the source-drain Withstand voltage in the range of 
20-60 V, for Which purpose, the U-grooves 3 are designed so 
that the groove Width is 1 micrometer, and that a diffusion 
depth of the p-type base region 8 is shalloWer than a depth 
of the U-grooves 3. Further, since the U-grooves 3 are 
narroW, the source electrode 12 has a generally ?at top 
surface. 

[0013] The semiconductor device 200 shoWn in FIG. 2 
ensures the source-drain Withstand voltage in the range of 
200-250 V, for Which purpose, the U-grooves 23 are 
designed so that the groove Width is 8 micrometers, and that 
a diffusion depth of the p-type base region 28 is deeper than 
a depth of the U-grooves 23. Further, since the U-grooves 23 
are Wide, the source electrode 32 has a non-?at upper surface 
having depressions 33 Which are positioned over the 
U-grooves 23. Namely, the upper surface of the source pad 
is not ?at and has the depressions 33 Which are positioned 
over the U-grooves 23. If an Wiring layer is bonded to the 
non-?at upper surface of the source pad, then it is dif?cult to 
obtain a secure bonding of the Wiring layer to the non-?at 
upper surface. Since the U-grooves 23 are Wide, the area of 
the gate insulating ?lm 25 sandWiched betWeen the gate 
electrode 26 and the drain region 27 is large, for Which 
reason a gate-drain capacitance is large. Upon application of 
a source-drain bias, a space charge region is unlikely to 
extend entirely an inter-region directly under the bottom of 
the groove 23 and betWeen the adjacent unit cells because of 
the Wide Width of the groove 23. 

[0014] In the above circumstances, the development of a 
novel semiconductor device free from the above problems is 
desirable 

SUMMARY OF THE INVENTION 

[0015] Accordingly, it is an object of the present invention 
to provide a novel semiconductor device free from the above 
problems. 

[0016] It is a further object of the present invention to 
provide a novel semiconductor device having an improved 
UMOS-structure, Wherein a source electrode has a ?at upper 
surface. 

[0017] It is a still further object of the present invention to 
provide a novel semiconductor device having an improved 
UMOS-structure having a reduced gate-drain capacitance. 

[0018] It is yet a further object of the present invention to 
provide a novel semiconductor device having an improved 
UMOS-structure alloWing that upon application of a source 
drain bias, a space charge region is likely to extend entirely 
an inter-region directly under the bottom of the groove and 
betWeen the adjacent unit cells. 

[0019] The present invention provides a semiconductor 
device comprising: a semiconductor body having grooves, 
unit cell regions surrounded by the grooves, at least a ?eld 
relaxation region separated by the grooves from the unit cell 
regions; gate insulating ?lms extending Within the grooves 
and over the ?eld relaxation regions; gate electrodes extend 
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ing over the gate insulating ?lm; inter-layer insulators cov 
ering the gate electrodes; and a top electrode extending over 
the inter-layer insulators and in contact With parts of the unit 
cell regions, and the top electrode having a generally ?at 
upper surface. 

[0020] The above and other objects, features and advan 
tages of the present invention Will be apparent from the 
folloWing descriptions 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] Preferred embodiments according to the present 
invention Will be described in detail With reference to the 
accompanying draWings. 

[0022] FIG. 1 is a fragmentary cross sectional elevation 
vieW of a conventional UMOS-structure of a semiconductor 
device, Wherein a groove Width is 1 micrometer. 

[0023] FIG. 2 is a fragmentary cross sectional elevation 
vieW of another conventional UMOS-structure of a semi 
conductor device, Wherein a groove Width is 8 micrometer. 

[0024] FIG. 3 is a fragmentary cross sectional elevation 
vieW of a novel UMOS-structure of a semiconductor device 
in accordance With the ?rst embodiment of the present 
invention. 

[0025] FIG. 4 is a plan vieW of the novel UMOS-structure 
of FIG. 3. 

[0026] FIGS. 5A through 5D are fragmentary cross sec 
tional elevation vieWs of semiconductor devices in sequen 
tial steps involved in a novel fabrication method in this ?rst 
embodiment of the present invention, 

[0027] FIG. 6 is a fragmentary cross sectional elevation 
vieW of a modi?ed UMOS structure from the structure of 
FIG. 3. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0028] A ?rst aspect of the present invention is a semi 
conductor device comprising: a semiconductor body having 
grooves, unit cell regions surrounded by the grooves, at least 
a ?eld relaxation region separated by the grooves from the 
unit cell regions; gate insulating ?lms extending Within the 
grooves and over the ?eld relaxation regions; gate electrodes 
extending over the gate insulating ?lm; inter-layer insulators 
covering the gate electrodes; and a top electrode extending 
over the inter-layer insulators and in contact With parts of the 
unit cell regions, and the top electrode having a generally ?at 
upper surface. 

[0029] It is preferable that the ?eld relaxation region has 
a bottom level Which is slightly deeper than a bottom level 
of the grooves. 

[0030] It is also preferable that the ?eld relaxation region 
has a bottom level Which is slightly shalloWer than a bottom 
level of the grooves. 

[0031] It is also preferable that the ?eld relaxation region 
has a Width Wider than a Width of the groove,; 

[0032] It is also preferable that the ?eld relaxation region 
has a top level Which is substantially the same as a top level 
of the unit cell regions. 
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[0033] It is also preferable that the unit cell regions are 
aligned in matrix, and each of the grooves surrounds cor 
responding one of the unit cell regions, and the ?eld relax 
ation region surround the grooves and separates the grooves 
from each other. 

[0034] It is also preferable that each of the unit cell regions 
comprises a base region, a back gate region selectively 
extending in an upper region of the base region, and source 
regions selectively extending in upper regions of the base 
region and the back gate region. It is further preferable that 
the top electrode comprises a source electrode having ohmic 
contacts With the unit cell regions. 

[0035] First Embodiment 

[0036] A?rst embodiment according to the present inven 
tion Will be described in detail With reference to the draW 
ings. FIG. 3 is a fragmentary cross sectional elevation vieW 
of a novel UMOS-structure of a semiconductor device in 
accordance With the ?rst embodiment of the present inven 
tion. FIG. 4 is a plan vieW of the novel UMOS-structure of 
FIG. 3. A semiconductor device 300 is designed to have a 
source-drain Withstand voltage in the range of 200-250V 

[0037] The semiconductor device 300 has a semiconduc 
tor body 41 Which comprises an n+-type silicon substrate 42 
and an epitaxial layer 44 overlying the n+-type silicon 
substrate 42. The epitaxial layer 44 has a matrix array, in 
plan vieW, of U-grooves 43 Which have a U-shape in 
vertically cross sectional vieW and also extend in a form of 
square-loops in the plan vieW. The each square-loop of the 
U-groove 43 surrounds the each unit cell serving as a 
transistor. The each square-loop of the U-groove 43 further 
separates a square-shaped unit cell region from a peripheral 
region Which surrounds the each square-loop of the 
U-groove 43. Each of the U-grooves 43 extending in the 
form of square-loops has a bottom Width of 1 micrometer. 
The square-shaped unit cell region is de?ned by the square 
loop of the U-groove 43. Adistance of the adjunct tWo of the 
square-shaped unit cell regions is 8 micrometers. AWidth of 
the peripheral region is 6 micrometers. 

[0038] The epitaxial layer 44 includes an n—-type drain 
region 47, a p-type base region 48, a p-type ?eld relaxation 
region 48a, p+-type back gate regions 49, and n+-type 
source regions 50. The n—-type drain region 47 overlies the 
n+-type silicon substrate 42. The p-type base region 48 
overlies the n—-type drain region 47, Wherein the p-type base 
region 48 is present in the unit cell region. The p-type ?eld 
relaxation region 48a also overlies the n—-type drain region 
47, Wherein the p-type ?eld relaxation region 48a is present 
in the peripheral region. The p-type base region 48 is 
separated by the U-groove 43 from the p-type ?eld relax 
ation region 48a. The p-type base region 48 is surrounded by 
the square-loop of the U-groove 43, and the square-loop of 
the U-groove 43 is further surrounded by the p-type ?eld 
relaxation region 48a. 

[0039] As shoWn in FIG. 4, the p-type ?eld relaxation 
region 48a separates the U-grooves 43 from each other, 
Wherein the U-grooves 43 are aligned in matrix. Each of the 
U-grooves 43 extends in the form of square-loop, so that 
each of the U-grooves 43 surrounds the square-shaped unit 
cell region. The square-shaped unit cell region includes 
four-divided triangle-shaped n+-type source regions 50, and 
a cross-shaped region Which de?nes the four-divided tri 
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angle-shaped n+-type source regions 50, Wherein the cross 
shaped region further comprises the single p+-type back gate 
region 49 and the four p-type base regions 48. 

[0040] The U-grooves 43 reach the upper portions of the 
n—-type drain region 47. The p+-type back gate regions 49 
are selectively provided in the p-type base region 48, so that 
each of the p+-type back gate regions 49 is separated by the 
p-type base region 48 from the adjunct U-grooves 43 and 
also from the n—-type drain region 47. The n+-type source 
regions 50 are selectively provided in upper regions of the 
p-type base region 48 and the p+-type back gate regions 49. 
The n+-type source regions 50 are adjacent to the upper 
regions of the adjunct U-grooves 43. The bottoms of the 
p-type base region 48 and the p-type ?eld relaxation region 
48a are slightly deeper in level than the bottoms of the 
U-grooves 43. 

[0041] Gate insulting ?lms 45 extend on the side Walls and 
the bottom of the U-grooves 3 and also over parts of the 
n+-type source regions 50 as Well as extend over the p-type 
?eld relaxation region 48a as the peripheral regions of the 
epitaxial layer 44, so that the gate insulating ?lm 45 con 
tinuously extends betWeen the adjacent tWo of the 
U-grooves 43. Gate electrodes 46 are provided, Which 
extend on the gate insulting ?lms 45, so that a majority part 
of the gate electrode 46 is positioned over the p-type ?eld 
relaxation region 48a and a minority part thereof is posi 
tioned Within the U-groove 43. The gate electrodes 46 
comprise polysilicon ?lms. 

[0042] Inter-layer insulators 51 are selectively provided 
over the gate electrodes 46 and the gate insulating ?lms 45, 
so that the inter-layer insulators 51 cover the gate electrodes 
46 and the gate insulating ?lms 45. The inter-layer insulators 
51 do not overly parts of the n+-type source regions 50 and 
the p+-type back gate regions 49. A source electrode 52 is 
provided Which overlies the inter-layer insulators 51, the 
n+-type source regions 50 and the p+-type back gate regions 
49, so that the source electrode 52 has an ohmic contact With 
the n+-type source regions 50 and the p+-type back gate 
regions 49. Parts of the source electrode 52 over the unit 
cells also serve as source pads Which alloWs external elec 
trical connections. 

[0043] The Width of the U-grooves 43 is narroW, for 
example, 1 micrometer, for Which reason an upper surface of 
the source electrode 52 is generally ?at. Further, the ?eld 
realiZation region 48a is provided betWeen the adjacent tWo 
U-grooves 43, and the distance of 6 micrometers of the ?eld 
realiZation region 48a is so decided as to ensure a source 

drain Withstand voltage in the range of 200-250 V. Namely, 
the novel UMOS-structure provides the ?at upper surface of 
the source electrode 52 serving as the source pad and the 
high Withstand voltage. This ?at upper surface of the source 
pad alloWs a secure bonding to a Wiring layer of A1 of Au. 

[0044] Further, the gate insulating ?lm 54 is sandWiched 
by the gate electrode 46 and the drain region 47 but only on 
the narroW bottom region of the U-groove 23 Which extends 
in the form of the square-loop. This means that the area of 
the gate insulating ?lm 54 sandWiched by the gate electrode 
46 and the drain region 47 is de?ned by the area of the 
narroW bottom region of the U-groove 23. Namely, the area 
of the gate insulating ?lm 54 sandWiched by the gate 
electrode 46 and the drain region 47 is small, thereby 
providing a reduced gate-drain capacitance. 
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[0045] Furthermore, the ?eld relaxation region 48a pro 
vides a ?oating base effect, Wherein upon application of a 
source-drain bias, a space charge region extends ?at betWeen 
the adjacent unit cells. This alloWs the device to have a high 
Withstand voltage. 

[0046] FIGS. 5A through 5D are fragmentary cross sec 
tional elevation vieWs of semiconductor devices in sequen 
tial steps involved in a novel fabrication method in this ?rst 
embodiment of the present invention. 

[0047] With reference to FIG. 5A, an n—-type epitaxial 
layer 44 is formed on an n+-type silicon substrate 42, to form 
a semiconductor body 41, A surface of the n—-type epitaxial 
layer 44 is subjected to a thermal oxidation, to form a silicon 
oxide ?lm 53 having a thickness of about 500 angstroms on 
the surface of the n--type epitaxial layer 44. A chemical 
vapor deposition is carried out to deposit a silicon nitride 
?lm 54 having a thickness of about 900 angstroms on the 
silicon oxide ?lm 53. A resist ?lm is applied on the upper 
surface of the silicon nitride ?lm 54. Aresist ?lm is patterned 
by a lithography technique to form a resist pattern Which 
serves as an etching mask. An anisotropic etching is carried 
out by use of the resist pattern as a mask for selectively 
etching the silicon nitride ?lm 54, 10 the silicon oxide ?lm 
53 and the n—-type epitaxial layer 44, thereby forming 
original grooves 55 having a depth of 1.3 micrometers. The 
silicon oxide ?lm 53 Will serve as a buffer layer for a stress 
applied in a future local oxidation of silicon as LOCOS. The 
silicon nitride ?lm 54 Will serve as a mask for the selective 
oxidation process as LOCOS. 

[0048] With reference to FIG. 5B, a thermal oxidation 
process is carried out at a temperature of about 1140° C. by 
using the silicon nitride ?lm 54 as a mask for selectively 
oxidiZing the bottom and side Walls of each of the original 
grooves 55, thereby forming LOCOS oxide ?lms 56 having 
a thickness of 7000 angstroms on the bottom and side Walls 
of each of the original grooves 55. As a result, the original 
trench grooves 55 becomes U-grooves 43. The silicon 
nitride ?lm 54 and the silicon oxide ?lm 53 are removed by 
an isotropic etching process. A thermal oxidation is carried 
out to form a silicon oxide ?lm 57 having a thickness of 100 
angstroms. The LOCOS oxide ?lms 56 are used as masks for 
carrying out an ion-implantation of boron through the silicon 
oxide ?lm 57 into the epitaxial layer 44, thereby forming the 
p-type base regions 48 and the p-type ?eld relaxation region 
48a. Resist patterns are formed Which cover parts of the base 
region 48 and the entirety of the ?eld relaxation region 48a 
for carrying out an ion-implantation of B or BF2 into parts 
of the base region 48. The used resist patterns are removed. 
A heat treatment is then carried out for causing a thermal 
diffusion of B or BF2 to form p+-type back gate regions 49. 
Other resist patterns are selectively formed Which cover 
parts of the base region 48 and the back gate region 49 as 
Well as cover the entirety of the ?eld relaxation region 48a. 
An ion-implantation of arsenic or phosphorus is carried out 
by use of the resist patterns and the LOCOS oxide ?lms 56 
as masks for selectively introducing arsenic or phosphorus 
into parts of the back gate region 49 and the base region 48. 
The used resist patterns are then removed. A heat treatment 
is then carried out for thermally diffusing the arsenic or 
phosphorus to form n+-type source regions 50 in the parts of 
the back gate region 49 and the base region 48. The original 
part of the epitaxial layer 44 becomes the drain region 47. 
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[0049] With reference to FIG. 5C, the LOCOS oxide ?lms 
56 and the oxide ?lms 57 on the surface of the epitaxial layer 
44 are removed by an isotropic etching. A thermal oxidation 
is carried out to form a gate oxide ?lm 45 on the surface of 
the epitaxial layer 44 and the bottom and side Walls of each 
of the grooves 43. A chemical vapor deposition method is 
carried out to form a polysilicon ?lm having a thickness of 
about 4700 angstroms on the gate oxide ?lm 45. Resist 
patterns are selectively formed over the polysilicon ?lm. The 
polysilicon ?lm is selectively etched by an anisotropic 
etching process to form gate electrodes 46. 

[0050] With reference to FIG. 5D, a chemical vapor 
deposition is carried out to deposit an inter-layer insulator 51 
having a thickness of about 17000 angstroms Within the 
grooves 43 and over the epitaxial layer. Contact WindoWs are 
then formed in the inter-layer insulator 51 and the gate oxide 
?lm 45 so that parts of the source regions 50 and the back 
gate regions 49 are exposed. An aluminum ?lm is deposited 
by a sputtering method. the aluminum ?lm is then patterned 
by a lithography and dry etching process to form source 
electrodes 52 Which have ohmic contacts With the back gate 
region 49 and he source regions 50. Even illustration is 
omitted, gate pads are concurrently formed for external 
connection from the gate electrodes 46. Parts of the source 
electrodes 52 serve as source pads for external connection 
from the source electrodes 52. 

[0051] FIG. 6 is a fragmentary cross sectional elevation 
vieW of a modi?ed UMOS structure from the structure of 
FIG. 3. A modi?ed semiconductor device 400 has shalloW 
?eld relaxation regions 48b Which have a shalloWer bottom 
level than the bottoms of the U-grooves 43 to reduce an 
RjFET component. 

[0052] As another modi?cation, the ?eld relaxation 
regions 48a are connected to source electrodes. 

[0053] It is also possible to modify the patterns shoWn in 
FIG. 4. Source region patterns may be other unlooped 
patterns or looped patterns surrounding the back gate. 

[0054] It is also possible to modify the pattern of the 
U-grooves 43 so that the U-grooves 43 extend in a form of 
stripe. 

[0055] In accordance With the above descriptions, for 
forming the back gate region 49 and the source regions 50, 
the entire surfaces of the ?eld relaxation layers 48 are 
covered by the resist patterns to prevent ion-implantation 
into the ?eld relaxation layers 48. It is, hoWever, possible as 
a modi?cation that Without masking the entire surfaces of 
the ?eld relaxation layers 48, the ion-implantation into the 
?eld relaxation layers 48 is made to form back gate region 
and source regions in the ?eld relaxation region. 

[0056] If in case of n-channel MOSFET, the n+-type 
impurity layer is formed in the ?eld relaxation layer at the 
same time When the source region is formed, then the 
thickness of the gate oxide ?lm on the shoulder portions of 
the U-grooves are thicker than When the n+-type impurity 
layer is not formed, Whereby a high Withstand voltage can be 
obtained. 

[0057] If in case of p-channel MOSFET, the n+-type 
impurity layer is formed in the ?eld relaxation layer at the 
same time When the back gate is formed, then the thickness 
of the gate oxide ?lm on the shoulder portions of the 
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U-grooves are thicker than When the n+-type impurity layer 
is not formed, whereby a high Withstand voltage can be 
obtained. 

[0058] The above conductivity types are mere examples. 
Opposite conductivity types of the respective layers or 
regions may be available,. 

[0059] In accordance With the above descriptions, the 
semiconductor body 41 comprises the substrate 42 and the 
epitaxial layer 44. It is also possible as a modi?cation that 
the semiconductor body comprises a semiconductor sub 
strate only. In this case, an n-type high impurity concentra 
tion layer is formed on a bottom surface of the substrate. 

[0060] The Width of the U-grooves 43 is narroW, for 
example, 1 micrometer, for Which reason an upper surface of 
the source electrode 52 is generally ?at. Further, the ?eld 
realiZation region 48a is provided betWeen the adjacent tWo 
U-grooves 43, and the distance of 6 micrometers of the ?eld 
realiZation region 48a is so decided as to ensure a source 
drain Withstand voltage in the range of 200-250 V. Namely, 
the novel UMOS-structure provides the ?at upper surface of 
the source electrode 52 serving as the source pad and the 
high Withstand voltage. This ?at upper surface of the source 
pad alloWs a secure bonding to a Wiring layer of Al or Au. 

[0061] Further, the gate insulating ?lm 54 is sandWiched 
by the gate electrode 46 and the drain region 47 but only on 
the narroW bottom region of the U-groove 23 Which extends 
in the form of the square-loop. This means that the area of 
the gate insulating ?lm 54 sandWiched by the gate electrode 
46 and the drain region 47 is de?ned by the area of the 
narroW bottom region of the U-groove 23. Namely, the area 
of the gate insulating ?lm 54 sandWiched by the gate 
electrode 46 and the drain region 47 is small, thereby 
providing a reduced gate-drain capacitance, Furthermore, 
the ?eld relaxation region 48a provides a ?oating base 
effect, Wherein upon application of a source-drain bias, a 
space charge region extends ?at betWeen the adjacent unit 
cells. This alloWs the device to have a high Withstand 
voltage. 
[0062] Although the invention has been described above 
in connection With several preferred embodiments therefor, 
it Will be appreciated that those embodiments have been 
provided solely for illustrating the invention, and not in a 
limiting sense. Numerous modi?cations and substitutions of 
equivalent materials and techniques Will be readily apparent 
to those skilled in the art after reading the present applica 
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tion, and all such modi?cations and substitutions are 
expressly understood to fall Within the true scope and spirit 
of the appended claims. 

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

a semiconductor body having grooves, unit cell regions 
surrounded by said grooves, at least a ?eld relaxation 
region separated by said grooves from said unit cell 
regions; 

gate insulating ?lms extending Within said grooves and 
over said ?eld relaxation regions; 

gate electrodes extending over said gate insulating ?lm; 

inter-layer insulators covering said gate electrodes; and 

a top electrode extending over said inter-layer insulators 
and in contact With parts of said unit cell regions, and 
said top electrode having a generally ?at upper surface. 

2. The semiconductor device as claimed in claim 1, 
Wherein said ?eld relaxation region has a bottom level Which 
is slightly deeper than a bottom level of said grooves. 

3. The semiconductor device as claimed in claim 1, 
Wherein said ?eld relaxation region has a bottom level Which 
is slightly shalloWer than a bottom level of said grooves. 

4. The semiconductor device as claimed in claim 1, 
Wherein said ?eld relaxation region has a Width Wider than 
a Width of said grooves. 

5. The semiconductor device as claimed in claim 1, 
Wherein said ?eld relaxation region has a top level Which is 
substantially the same as a top level of said unit cell regions. 

6. The semiconductor device as claimed in claim 1, 
Wherein said unit cell regions are aligned in matrix, and each 
of said grooves surrounds corresponding one of said unit cell 
regions, and said ?eld relaxation region surround said 
grooves and separates said grooves from each other. 

7. The semiconductor device as claimed in claim 1, 
Wherein each of said unit cell regions comprises a base 
region, a back gate region selectively extending in an upper 
region of said base region, and source regions selectively 
extending in upper regions of the base region and the back 
gate region. 

8. The semiconductor device as claimed in claim 7, 
Wherein said top electrode comprises a source electrode 
having ohmic contacts With said unit cell regions. 

* * * * * 


