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(57) ABSTRACT 

In a vertical MOSFET comprises: a semiconductor layer (1, 
2, 9, 10) having first and Second Surfaces opposite to each 
other and trenches (6) formed on the first surface; trench 
gates (8) formed in the trenches; a unit cell formed in a 
region of the Semiconductor layer Surrounded by the trench 
gates, the unit cell comprising a base layer (9) and a Source 
layer (10) formed on the base layer and having the first 
Surface as a principal Semiconductor Surface, the unit cell 
having a contact hole (12) formed on a center of the 
principal Semiconductor Surface and extending from the 
principal Semiconductor Surface through the Source layer to 
an inside of the base layer; a contact (17) formed in the 
contact hole; a Source electrode (18) formed on the contact; 
and a drain electrode (19) formed on the second surface, the 
contact is formed to a depth different to a peak depth which 
is a position having a maximum impurity-concentration in a 
depth direction of the base layer. The unit call further 
comprises a base contact layer (14) formed within the base 
layer So as to enclose a bottom of the contact and to bring 
the base contact layer into contact with the bottom of the 
COntact. 

6 Claims, 11 Drawing Sheets 
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VERTICAL MOSFET REDUCED IN CELL 
SIZE AND METHOD OF PRODUCING THE 

SAME 

BACKGROUND OF THE INVENTION 

This invention relates to a vertical MOSFET (Metal 
Oxide Semiconductor Field Effect Transistor) reduced in 
cell size and, in particular, to a MOSFET (UMOSFET) with 
a gate electrode formed in a U-shaped trench and a method 
of producing the same. 
An orthogonal field effect transistor (MOSFET) is a 

device used in the field of power electronics. Depending 
upon an apparatus to which the vertical MOSFET is applied, 
a breakdown voltage (drain-Source breakdown voltage: 
BVdss) between several tens to several hundreds of volts 
(V) is required. In addition, there is technical trend towards 
low power consumption by reducing an on-resistance (Ron) 
during an on-period (during operation), high-speed opera 
tion by reducing a parasitic capacitance and a parasitic 
resistance, improvement of breakdown resistance in a Severe 
operation environment, and improvement of trade-off 
among these characteristics. 

In order to reduce the on-resistance while maintaining a 
breakdown Voltage of a required level, it is necessary to 
reduce each resistance component in a vertical MOSFET 
Structure. In case of an existing N-channel double-diffusion 
MOSFET (DMOSFET), resistance components of the 
on-resistance Ron are given by Equation (1) as described on 
page 368 in “Power Semiconductor Devices” (written by B. 
JAYANT BALIGA and published by PWS Publish 
Company, 1996). 

where R(N+) represents the resistance component in an N' 
Source layer, R(CH), in a channel region, R(A), in an 
accumulation layer, R(J), in a parasitic junction FET region, 
R(D), in a drain drift layer, and R(S), in a silicon substrate 
region. However, it is known that R(N+) and R(A) make 
Small contribution as compared with the remaining resis 
tance components. 

In recent years, a MOSFET (UMOSFET) with a gate 
electrode formed in a U-shaped trench is increasingly com 
mercialized because the on-resistance is further reduced as 
compared with the existing DMOSFET. In the UMOSFET, 
R(J) is not present in its structure. Equation (1) is rewritten 
into Equation (2) only with Significant terms. 

In fact, a Source Al (aluminum) resistance depending 
upon a chip layout and a bonding wire resistance upon 
mounting are present at a product level. However, in com 
parison of performance Standardized or normalized at a chip 
level, discussion is often made about those components in 
Equation (2). 

Description will now be made of techniques for reducing 
the respective resistance components. R(CH) can be reduced 
by miniaturizing MOSFET cells connected in parallel to 
improve a current density per unit area. R(D) can be reduced 
in the following manner. Generally, an epitaxial layer grown 
on a silicon Substrate is used as a drift layer. Therefore, R(D) 
can be reduced by reducing the thickness of the epitaxial 
layer or by increasing an impurity concentration. At the 
Same time, however, it is essential to provide a measure for 
maintaining a breakdown voltage. R(S) can be reduced by 
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2 
reducing the thickness of the Silicon Substrate or by increas 
ing the impurity concentration. In an application field rela 
tively high in working voltage (for example, 100V or more), 
the ratio of R(D) is very high. On the other hand, in an 
application field relatively low in working voltage (for 
example, 100V or less), R(CH) and R(D) are predominant. 
At a yet lower working voltage, the ratio of R(CH) is 
greateSt. 

Various structures and processes have been proposed for 
miniaturization of the cells, which is a technique for mainly 
reducing R(CH) among the above-mentioned resistance 
components. For example, a technique is proposed for 
realizing a cell pitch of 3 to 4 um (Satoshi Matsumoto et al., 
“A high-performance self-aligned UMOSFET with a verti 
cal trench constant structure', IEEE Transaction on Electron 
Devices, Vol. 41, No. 5, pages 814-818, May 1994). 
Specifically, in addition to a UMOSFET structure with a 
gate electrode formed in a trench, another trench is formed 
in a source diffusion layer and filled with W (tungsten) to 
provide a Source contact Structure. Description will herein 
after be made of one example of the UMOSFET structure 
utilizing the above-mentioned technique with reference to 
FIG. 1. 

Referring to FIG. 1, on one surface of an N-type silicon 
substrate 401, an N-type epitaxial layer 402 is formed. On 
a surface of the N-type epitaxial layer 402, a P-type base 
layer 409 and an N-type source layer 410 are successively 
formed. In each of trenches reaching the N-type epitaxial 
layer 402 through the P-type base layer 409, a gate oxide 
film 407 and a polysilicon 408 are filled. On the polysilicon 
408 to Serve as gate electrodes or trench gates, an oxide film 
411 is formed by local oxidization of silicon (LOCOS). 
Between the trench gates, a contact hole 412 is formed to 
reach the P-type base layer 409 through the N-type source 
layer 410. Directly under the contact hole 412, a P-type 
base contact layer 414 is formed. Inside the contact hole 412, 
W 417 is filled by local or selective CVD (chemical vapor 
deposition). On the oxide film 411 and W 417, a source 
electrode 418 of Al is formed. On the other Surface of the 
N"-type silicon substrate 401, a Cr-Ni-Ag (chromium 
nickel-silver) drain electrode 419 is formed. 
The above-mentioned Structure is advantageous in the 

following respects. A Source contact region can be deter 
mined by LOCOS self-alignment. Furthermore, the P-type 
base contact layer 414 can be formed by self-alignment with 
the contact region. Therefore, a photolithography process 
requiring two masking Steps is unnecessary. Thus, a Space 
between the trench gate and the contact can be designed 
without considering pattern displacement. As a 
consequence, it is possible to miniaturize the cell. It is also 
possible to narrow the contact width by filling W. On the 
other hand, the above-mentioned Structure is disadvanta 
geous in the following respects. Actually, the polysilicon and 
the gate oxide film in the trench have irregularities left on 
their Surfaces. It is therefore difficult to form the oxide film 
by LOCOS or to control the thickness of the oxide film, 
Generally, bird’s beak in LOCOS has a length substantially 
equivalent to the thickness. Therefore, restriction is imposed 
upon the Space between the trench gate and the contact. In 
addition, the local CVD of W requires an underlying pattern 
of Ti (titanium), Mo (molybdenum), or the like. In order to 
form the underlying pattern, the photolithography process is 
required. 
On the other hand, a structure is disclosed in which 

aluminum is filled by a high-temperature process (up to 500 
C.) in a source contact region of a UMOSFETsimilar to that 
mentioned above (Akihiko Osawa et al., “2.5V-driven Nch 
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3rd generation trench gate MOSFET,” Proceedings of Inter 
national Symposium on Power Semiconductor Devices and 
ICs, pages 209–212, 1999). In this structure, the cell pitch is 
reduced to /2 as compared with an existing structure. 
Furthermore, Japanese Unexamined Patent Publication No. 
2000-223708 (JP 2000-223708 A) discloses a UMOSFET 
Structure Similar to the above-mentioned Structure in which 
aluminum is filled and a method of producing the Same. The 
UMOSFET structure utilizing the above-mentioned tech 
nique will hereinafter be described with reference to FIG. 2. 

Referring to FIG. 2, on one surface of an N-type silicon 
substrate 501, an N-type epitaxial layer 502 is formed. On 
a surface of the N-type epitaxial layer 502, a P-type base 
layer 509 and an N-type source layer 510 are successively 
formed. In each of trenches reaching the N-type epitaxial 
layer 502 through the P-type base layer 509, a gate oxide 
film 507 and a polysilicon 508 are filled. On the polysilicon 
508 to Serve as gate electrodes or trench gates, an interlayer 
oxide film 511 is formed. Between the trench gates, a contact 
hole 512 is formed to reach the P-type base layer 509 
through the N-type source layer 510. Directly under the 
contact hole 512, a P"-type base contact layer 514 is formed. 
Inside the contact hole 512, TiVW (titanium tungsten) 56 is 
deposited to extend onto the interlayer oxide film 511. On 
the TW 516, a source electrode 518 of Al is formed, On the 
other surface of the N-type silicon Substrate 501, a drain 
electrode 519 is formed. 

The above-mentioned Structure is advantageous in the 
following respects. It is possible to obtain the contact with 
the N'-type source layer 510 at a side wall of the contact 
hole 512 and to obtain the contact with the P-type base 
contact layer 514, i.e., with the P-type base layer 509, at a 
bottom of the contact hole 512. Therefore, a photolithogra 
phy process of forming the P-type base contact layer 514 is 
unnecessary. However, the above-mentioned Structure is 
disadvantageous in the following respects. In case where the 
high-temperature process is used to form Al, a special 
proceSS is required. In addition, in case of typical Al Sput 
tering at a temperature of 100 to 300 C., the coverage is 
inferior. If a contact hole is Small, a Void is produced and the 
contact hole can not Sufficiently be filled. As a consequence, 
restriction is imposed upon a design of the contact width. 
Even if the contact hole is filled, a surface profile becomes 
irregular when the Al coverage is inferior. Therefore, a 
Source Al resistance depending upon the chip layout may 
possibly be increased. 
As described in the foregoing, the structures in FIGS. 1 

and 2 have Some advantages but yet have the above 
mentioned disadvantages. Furthermore, there is another dis 
advantage in common to both of the Structures. Specifically, 
when the P'-type contact layer is formed at the bottom of the 
contact hole, the impurity concentration in a channel region 
is increased by lateral or horizontal diffusion. Therefore, a 
threshold voltage (Vt) is increased. In order to prevent the 
increase of Vt, it is necessary to widen the Space between the 
trench gate and the contact. As a consequence, miniaturiza 
tion of the cell can not be achieved. Since the contact with 
the N'-type source layer is obtained at the side wall of the 
contact hole, the contact resistance may possibly be 
increased because the impurity concentration is lowered at 
the side wall than at the top. In other words, R(N+) small in 
contribution as compared with the remaining resistance 
components as described in conjunction with Equation (1) 
can not negligible. This results in an increase of Ron. 

SUMMARY OF THE INVENTION 

It is an object of this invention to provide a vertical 
MOSFET reduced in cell size without increasing Vt or a 
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4 
Source resistance in case where a trench contact structure 
with a trench formed in each of a Source layer and a base 
layer is used in a UMOSFET as the vertical MOSFET 

It is another object of this invention to provide a method 
of producing a vertical MOSFET reduced in cell size with 
out increasing Vt or a Source resistance in case where a 
trench contact structure with a trench formed in each of a 
Source layer and a base layer is used in a UMOSFET as the 
vertical MOSFET 

Vertical MOSFETs according to this invention and meth 
ods according to this invention are as follows: 

Structure 1. A vertical MOSFET (or a UMOSFET) com 
prising: a Semiconductor layer (1, 2, 9, 10) having first and 
Second Surfaces opposite to each other and a pair of trenches 
(6) formed on the first surface; a pair of trench gates (8) 
formed in the pair of trenches, a unit cell formed in a region 
of the Semiconductor layer Surrounded by the pair of trench 
gates, the unit cell comprising a base layer (9) and a Source 
layer (10) formed on the base layer and having the first 
Surface as a principal Semiconductor Surface, the unit cell 
having a contact hole (12) formed on a center of the 
principal Semiconductor Surface and extending from the 
principal Semiconductor Surface through the Source layer to 
an inside of the base layer; a contact (17) formed in the 
contact hole; a Source electrode (18) formed on the contact; 
and a drain electrode (19) formed on the second surface; 
wherein the contact is formed to a depth different to a peak 
depth which is a position having a maximum impurity 
concentration in a depth direction of the base layer, the unit 
call further comprising a base contact layer (14) formed 
within the base layer So as to enclose a bottom of the contact 
and to bring the base contact layer into contact with the 
bottom of the contact. 

Structure 2. A vertical MOSFET as described in Structure 
1, wherein d and Z have a relationship given by d-Z-0.1 um 
or d>Z+0.1 um, where d represents the depth of the contact 
from the principal Semiconductor Surface and where Z 
represents a the peak depth from the principal Semiconduc 
tor Surface. 

Structure 3. A vertical MOSFET as described in Structure 
1, wherein the base contact layer is formed within the base 
layer So as to enclose only the bottom of the contact and to 
bring the base contact layer into contact with only the 
bottom of the contact. 

Structure 4. A vertical MOSFET as described in Structure 
1, wherein the contact hole is with a metal which Serves as 
the contact and has a flattened Surface, the Source electrode 
being formed on the flattened Surface of the metal and 
having another flattened Surface. 

Structure 5. A vertical MOSFET as described in Structure 
1, wherein the unit cell further comprising a metal Silicide 
(15) formed between the bottom of the contact and the base 
contact layer, between a Side wall of the contact and the 
Source layer, and between the Side wall of the contact and the 
base layer. 

Structure 6. A vertical MOSFET as described in Structure 
1, wherein the contact hole has a tapered shape gradually 
decreased in aperture Size from the first Surface towards the 
Second Surface. 

Structure 7. A method of producing a vertical MOSFET 
(or a UMOSFET) comprising: a semiconductor layer (1, 2, 
9, 10) having first and second surfaces opposite to each other 
and a pair of trenches (6) formed on the first Surface; a pair 
of trench gates (8) formed in the pair of trenches; a unit cell 
formed in a region of the Semiconductor layer Surrounded by 
the pair of trench gates, the unit cell comprising a base layer 
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(9) and a source layer (10) formed on the base layer and 
having the first Surface as a principal Semiconductor Surface, 
the unit cell having a contact hole (12) formed on a center 
of the principal Semiconductor Surface and extending from 
the principal Semiconductor Surface through the Source layer 
to an inside of the base layer; a contact (17) formed in the 
contact hole; a Source electrode (18) formed on the contact; 
and a drain electrode (19) formed on the second surface; the 
unit call further comprising a base contact layer (14) formed 
within the base layer So as to enclose a bottom of the contact 
and to bring the base contact layer into contact with the 
bottom of the contact; wherein the method comprises the 
Steps of: 

forming the contact hole to a depth different to a peak 
depth which is a position having a maximum impurity 
concentration in a depth direction of the base layer; 

forming an oxide film (13) on a side Surface of the contact 
hole and on a bottom Surface of the contact hole; and 

forming the base contact layer by ion implantation of an 
impurity into the bottom Surface of the contact hole 
through the oxide film. 

Structure 8. A method as described in Structure 7, wherein 
the contact hole is formed to have a tapered shape gradually 
decreased in aperture Size from the first Surface towards the 
Second Surface. 

Structure 9. A method as described in Structure 8, wherein 
the ion implantation is carried out either in an orthogonal 
direction with respect to the bottom Surface of the contact 
hole or in a direction inclined by a predetermined angle from 
the orthogonal direction. 

Structure 10. A method as described in Structure 7, further 
comprising the Steps of: 

removing the oxide film to expose the contact hole; and 
forming a metal silicide (15) on the bottom surface of the 

contact hole and the Side Surface of the contact hole. 
Structure 11. A method as described in Structure 7, further 

comprising the Steps of: 
removing the oxide film to expose the contact hole; 
filling the contact hole with a metal which Serves as the 

contact and has a flattened Surface; and 
forming the Source electrode on the flattened Surface of 

the metal. 
According to this invention, the contact is formed to the 

depth different from the peak depth of the impurity concen 
tration of the base layer. Thus, it is possible to Suppress an 
influence upon a channel region by the impurity of the base 
contact layer formed at the bottom of the contact and to 
reduce the cell size without increasing Vt. Furthermore, 
Since the base contact layer is not present on the Side wall of 
the contact, a Source layer resistance is not increased. 
Furthermore, it is possible to flatten the surface of the source 
electrode and to decrease a bonding resistance. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a sectional view of a first conventional vertical 
MOSFET; 

FIG. 2 is a Sectional view of a Second conventional 
vertical MOSFET; 

FIGS. 3A and 3B are plan views showing cell layouts in 
a vertical MOSFET according to this invention; 

FIGS. 4A and 4B are plan views showing different cell 
layouts; 

FIG. 5A is a sectional view of a vertical MOSFET 
according to a first embodiment of this invention, taken 
along a line A-A in FIGS. 3A, 3B, 4A, and 4B; 
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6 
FIG. 5B shows an impurity concentration profile taken 

along a line X-X" in FIG. 5A; 
FIGS. 6A to 6D are sectional views for describing a first 

part of a method of producing the vertical MOSFET accord 
ing to the first embodiment; 

FIGS. 7A to 7D are sectional views for describing a 
Second part of the production process following the first 
part, 

FIGS. 8A to 8C are sectional views for describing a third 
part of the production process following the Second part; 

FIGS. 9A and 9B are schematic sectional views for 
describing ion implantation into a contact hole; 

FIG. 10 is a sectional view of a vertical MOSFET 
according to a Second embodiment of this invention, taken 
along a line A-A in FIGS. 3A, 3B, 4A, and 4B; and 

FIGS. 11A to 11D are sectional views for describing a 
method of producing the vertical MOSFET illustrated in 
FIG 10. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Now, description will be made of an embodiment of this 
invention with reference to the drawing. 

Referring to FIGS. 3A, 3B, 4A, and 4B, a UMOSFET 
chip may have various layouts of cells. In FIG. 3A, a 
plurality of Square cells are arranged in a matrix. In FIG.3B, 
the Square cells are arranged in a matrix and the cells in 
adjacent lines are offset in position from each other. In FIG. 
4A, a plurality of hexagonal cells are arranged. In FIG. 4B, 
a plurality of elongated cells are arranged in a column 
direction. As a matter of convenience, unit cells 101, 201, 
and 301 in each figure can be defined as structural units 
separated by trenches 106, 206, and 306 where gate elec 
trodes are to be formed. At the centers of the unit cells 101, 
201, and 301, contact holes 112, 212, and 312 are disposed, 
respectively. The contact holes may have any desired shape, 
Such as a Square shape, a hexagonal shape, an octagonal 
shape, and a circular shape. If the contact hole is Sufficiently 
Small, the contact hole has a generally circular shape without 
any angle, although depending upon the resolution of the 
photolithography. In each of the cells in these figures, a 
Sectional Structure taken along a line A-A is similar. The 
Sectional structure will be described in detail with reference 
to the drawing. 

Referring to FIG. 5A, a UMOSFET according to a first 
embodiment of this invention comprises an N-type silicon 
Substrate 1 and an N-type epitaxial layer 2 formed on one 
surface of the N-type silicon substrate 1. A P-type base 
layer 9 and an N-type source layer 10 are formed on a 
surface of the N-type epitaxial layer 2. A combination of the 
substrate 1 and the layers 2, 9, and 10 constitutes a silicon 
layer having Silicon Surface opposite to each other. In each 
of trenches 6 reaching the N-type epitaxial layer 2 through 
the P-type base layer 9, a gate oxide film 7 and a polysilicon 
8 are filled. On the polysilicon 8 to serve as a gate electrode 
or a trench gate, an interlayer oxide film 11 is formed. 
Between the trench gates adjacent to each other, a contact 
hole 12 having a predetermined depth is formed to reach the 
P-type base layer 9 through the N'-type source layer 10. 
Directly under the contact hole 12, a barrier metal 16 is 
deposited to extend onto the interlayer oxide film 11. The 
contact hole 12, within which the barrier metal 16 is formed, 
is filled with W 17. On the Surface of the W 17 and the 
barrier metal 16, a Source electrode 18 is formed. On the 
other surface of the N'-type silicon Substrate 1, a drain 
electrode 19 is formed. 
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The UMOSFET described above is operable in the fol 
lowing manner. If a gate electrode (not shown) connected to 
the polysilicon 8 is applied with a voltage not lower than Vt, 
a portion of the P-type base layer 9 adjacent to each of the 
side walls of the trenches 6 is inverted to form a channel 
through which a drain current flows. More in detail, a current 
path during an on period includes the Source electrode 18, 
the W 17, the barrier metal 16, the source layer 107 the 
above-mentioned channel region, the N-type epitaxial layer 
2, the N-type silicon Substrate 1, and the drain electrode 19. 
During an off period (in which the gate electrode is applied 
with no voltage), a high Voltage can be applied between the 
drain electrode 19 and the source electrode 18. Mainly at a 
PN junction between the N-type epitaxial layer 2 and the 
P-type base layer 9, a depletion layer is formed. Beyond a 
breakdown Voltage, breakdown is caused to occur and an 
avalanche current flows between the drain and the Source 
electrodes 18 and 19. 

Referring to FIGS. 6A-6D, 7A-7D, and 8A-8C, descrip 
tion will be made of a method of producing the MOSFET in 
FIG. 5A. At first referring to FIG. 6A, the N-type epitaxial 
layer 2 is grown on the one Surface of the N-type Silicon 
substrate 1. Preferably, the N'-type silicon Substrate 1 has a 
crystal surface (100) and is doped with AS (arsenic) to have 
a concentration of 1x10'/cm to 8x10'/cm. For example, 
the N'-type silicon substrate 1 has a thickness of 600-700 
tim in case of a 6-inch wafer. The thickneSS and the impurity 
concentration of the N-type epitaxial layer 2 must be 
determined depending upon the breakdown Voltage and the 
on-resistance characteristic of the MOSFET. For example, 
the N-type epitaxial layer has a thickness of about 5 um and 
is doped with P (phosphorus) to have a concentration of 
about 2x10'/cm. 

Next referring to FIG. 6B, an oxide film (SiO2)3 having 
a thickness of 10-50 nm is formed by thermal oxidation. 
Thereafter, a nitride film (SiN.) 4 having a thickness of 
100-200 nm and an oxide film 5 having a thickness of 
100-200 nm are deposited by CVD. A composite film of the 
oxide film 3, the nitride film 4, and the oxide film 5 is 
patterned by photolithography. Then, with the composite 
film used as a mask, Silicon etching is carried out to form the 
trenches 6 in the N-type epitaxial layer 2. The depth and the 
width of each trench 6 and the distance between the adjacent 
trenches 6 must be selected to optimum sizes because the 
breakdown Voltage and the on-resistance characteristic of 
the MOSFET depend thereupon. However, these sizes are 
also related to the state of formation of an impurity diffusion 
layer and have Some degrees of freedom. In a recent fine 
proceSS technique, it is possible to obtain the trench width 
not greater than 0.5 lim. Preferably, the trench depth is 
shallower than the thickness of the N-type epitaxial layer 2 
and deeper than the P-type base layer which will later be 
formed. For example, the trench depth is on the order of 
1-1.5 lum. Preferably, the side wall of the trench 6 has an 
angle (taper angle) of 90° or less with respect to the bottom 
of the trench 6. 

Next referring to FIG. 6C, after the composite film is 
removed by etching, corners of each trench 6 at the bottom 
are rounded. In this event, corners of each trench 6 at an 
opening portion may also be rounded. In order to round the 
corners, Japanese Unexamined Patent Publication No. H10 
223891 (JP10-223891A) discloses a method comprising the 
Steps of growing a Sacrificial oxide film on a Silicon Surface 
in an oxygen atmosphere at about 1100° C. and thereafter 
removing the Sacrificial oxide film by etching. Alternatively, 
another method of carrying out heat treatment in a hydrogen 
atmosphere at about 950 C. is used in order to round the 
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corners (Sang-Gi Kim et al., “Trench corner rounding tech 
nology using hydrogen annealing for highly reliable trench 
DMOSFETs, Proceedings of International Symposium on 
Power Semiconductor Device and ICs, pages 87-90, 2000). 

Next referring to FIG. 6D, the gate oxide film 7 having a 
thickness of 10-100 nm is formed by thermal oxidation on 
the Surface of the N-type epitaxial layer 2 and on inner 
surfaces of the trenches 6. Thereafter, the polysilicon 8 is 
deposited by CVD. In order to sufficiently fill the trenches 6 
with the polysilicon 8, the thickness of the polysilicon 8 
must be equal to or greater than an aperture width of the 
trenches 6. For example, in case where the trenches 6 have 
an aperture width of 0.35 um, the polysilicon 8 must have a 
thickness of 0.35–0.7 um, taken into account the fact that the 
aperture width may be increased as a result of the rounding 
operation of the trenches 6. The polysilicon 8 preferably has 
a low resistance because it is used as a gate electrode. After 
deposition, diffusion of P or AS is carried out to provide a 
high-concentration N-type structure. Alternatively, deposi 
tion is carried out while doping these impurities. 

Next referring to FIG. 7A, the polysilicon 8 is etched back 
to be left only in the interior of each of the trenches 6. It is 
noted here that, in a MOSFET chip structure, extraction of 
the gate electrode by the polysilicon 6 is required. Although 
not shown in the figure, patterning by photolithography is 
required in an area except a cell region. Subsequently, 
implantation of B (boron) or BF (boron fluoride) ions and 
heat treatment in an oxygen atmosphere or a nitrogen 
atmosphere are carried out to form the P-type base layer 9 
to the depth shallower than the trenches 6. For example, the 
B ions are implanted with the energy of 30-80 keV and at 
a dose of 5x10'/cm° to 5x10"/cm° and the heat treatment 
at 1100-1150 C. for several tens of minutes is carried out. 
As a result, the P-type base layer 9 having a depth on the 
order of 0.5-1.5 um is formed. Furthermore, the N-type 
Source layer 10 is formed on the surface of the P-type base 
layer 9 by implantation of AS ions and heat treatment in a 
nitrogen atmosphere. For example, the AS ions are implanted 
with the energy of 30–100 keV and at a dose of 1x10"/cm 
to 5x10'/cm and the heat treatment is carded out at 
800–900 C. for several minutes to several tens of minutes. 
Then, the N-type source layer 10 is formed to the depth on 
the order of 0.1-0.5 lim. Before implantation of the B or the 
AS ions, the gate oxide film 7 is left on the Silicon Surface. 
In conformity with the ion implanting condition, the oxide 
film may be reformed (for example, changed in thickness). 

Next referring to FIG. 7B, the interlayer oxide film 11 is 
deposited by CVD to the thickness of 0.5-1 lum. Generally, 
the interlayer oxide film comprises SiO or BPSG 
(borophosphosilicate glass) using a TEOS (tetra ethoxy 
Silane) gas. Next referring to FIG. 7C, patterning is carried 
out by photolithography and the interlayer oxide film 11 is 
etched. The silicon is etched to the depth reaching the P-type 
base layer 9 through the interlayer oxide film 11 and the 
N'-type source layer 10. Thus, the contact hole 12 is formed. 
Herein, a depth d from a Silicon Surface of a Silicon layer (1, 
2, 9, and 10) (that is, a top surface of the N"-type source 
layer 10) to the bottom of the contact hole 12 is preferably 
different from the peak depth Z in an impurity concentration 
profile of the p-type base layer 9 in FIG. 5B taken along the 
line X-X" in FIG. 5A. That is, the peak depth Z is defined as 
a position having a maximum impurity-concentration (or a 
peak impurity-concentration) in a depth direction of the 
p-type base layer 9. In particular, the depth d preferably falls 
within a range given by d-Z-0.1 um or ddZ+0.1 lim. 

Temporarily referring to FIG. 9A, in the contact hole 12, 
the top surface of the N-type source layer 10 as the silicon 
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Surface and the contact hole 12 form a taper angle 01 
preferably smaller than 90 (01<90). The bottom and the 
side wall of the contact hole 12 form a taper angle 02 
preferably smaller than 90 (02<90). The taper angles 
within the above-mentioned range are favorable taking into 
account the coverage when the Source electrode or a filling 
material connected thereto is filled later. AS the angles 01 
and 02 are Smaller, filling is easy. However, if the angles 01 
and 02 are excessively Small, a Void is produced in the filling 
material. Furthermore, a Space between the trench 6 and the 
contact hole 12 is narrowed So that gate-Source short cir 
cuiting will easily be caused to occur. In View of the above, 
the allowable ranges are 0.1280° and 02>80°. 

Next referring to FIG. 7D, an oxide film 13 is deposited 
by CVD to the thickness of 5-30 nm. Thereafter, implan 
tation of BF ions and activation by heat treatment in a 
nitrogen atmosphere are carried out to form a P-type base 
contact layer 14 under the bottom of the contact hole 12. At 
this time, if the heat treatment is excessive, the impurity 
diffuses in a lateral direction and a downward direction So 
that the P-type base contact layer is spread. Therefore, it is 
necessary to SuppreSS the heat treatment time and the heat 
treatment temperature to a shortest time and to a lowest 
temperature required to activate the ions. For example, the 
BF ions are implanted with the energy of 15-80 keV and at 
a dose of 5x10"/cm to 5x10"/cm. The heat treatment at 
800–900 C. for several minutes to several tens of minutes 
or RTA (Rapid Thermal Annealing) at 900–1050° C. for 
Several Seconds to Several tens of Seconds is carried out. 

After the oxide film 13 is removed, the barrier metal 16 
comprising Ti and TiN (titanium nitride) is deposited by 
sputtering as illustrated in FIG. 8A. Thereafter, the W17 is 
deposited by CVD. The thickness of the W17 is not smaller 
than the aperture width of the contact hole 12. Next referring 
to FIG. 8B, the W17 is etched back to be left in the contact 
hole 12 in a plug-like shape. Next referring to FIG. 8C, AlSi 
(aluminum Silicon) or AlSiCu (aluminum copper Silicon) is 
deposited by sputtering to form the source electrode 18. The 
Source electrode 18 is preferably as thick as possible in order 
to reduce the resistance component of AlSi or AlSiCu. 
Practically, the source electrode 18 has a thickness on the 
order of 4-6 lum. In the MOSFET chip structure, AlSi or 
AlSiCu is used not only as the source electrode 18 but also 
as a gate electrode connected to the polysilicon 8. Therefore, 
in an area except the cell region, patterning by photolithog 
raphy and etching are required (not shown). Subsequently, a 
covering material Such as PSG (phosphosilicate glass) or a 
nitride film is deposited as a Surface protection film. In order 
to form a bonding region, patterning by photolithography 
and etching are carried out (not shown). Finally, the other 
surface of the N-type silicon substrate 1 is ground by a 
desired thickness. Several kinds of metals are deposited by 
vapor deposition to form the drain electrode 19. 

According to the first embodiment, the depth d of the 
contact hole 12 from the first Surface of the semiconductor 
substrate is different from the peak depth Z of the impurity 
concentration of the P-type base layer 9 from the silicon 
surface of silicon layer (1, 2, 9, and 10). Specifically, the 
depth d and the impurity concentration peak depth Zhave the 
relationship given by d-Z-0.1 um or d>Z+0.1 um. Therefore, 
even if the impurity diffusion layer 14 for the base contact 
formed at the bottom of the contact hole 12 is spread by the 
heat treatment in the downward direction and the lateral 
direction, it is possible to reduce a Space between the trench 
6 as the gate electrode and the contact hole 12 without 
changing the impurity concentration peak in the channel 
region which has an influence upon Vt. Thus, it is possible 
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10 
to effectively reduce the cell size. According to the experi 
mental Study of the present inventor, it has been found out 
that, in the MOSFET having a particular breakdown voltage, 
a favorable result was obtained at d=Z-0.1 um or d=Z+0.1 
tim. Although the depth d is changed in case where the 
breakdown voltage of the MOSFET is different, a favorable 
result is obtained within the above-mentioned range. It is 
noted here that, if the depth d of the contact hole 12 is 
beyond the above-mentioned range with respect to the 
impurity concentration peak depth Z of the P-type base layer 
9, particularly in case where the space between the trench 6 
and the contact hole 12 is narrow, the impurity concentration 
peak becomes high due to the diffusion of the impurity 
diffusion layer 14 for the base contact, affecting the impurity 
concentration in the channel region to thereby increase Vt. 
The depth d of the contact hole 12 must be greater than the 

depth of the N-type source layer 10. In particular, the 
impurity concentration at the bottom of the source layer 10 
may be cancelled by the P-type base layer 9 having an 
inverted conductive type so that the Source resistance R(N+) 
is elevated. Therefore, the depth d of the contact hole 12 is 
preferably deeper than the depth of the source layer 10 plus 
0.1 um. The depth d can be increased to reach a junction 
between the P-type base layer 9 and the N-type epitaxial 
layer 2 at maximum. However, Since a Space between the 
junction and the bottom of the contact hole 12 is concerned 
with the Source-drain breakdown Voltage, the depth d is 
preferably shallower than the depth of the junction by about 
0.3 um. 

In the first embodiment, production is carried out So that 
the taper angle 02 of the contact hole 12, the thickness t of 
the oxide film formed when the impurities are ion implanted 
into the contact hole 12, and a range (Rp+ARp) of ions to be 
implanted Satisfy the relationship given by (Rp+ARp)<t/cos 
(02). Therefore, even in case where the contact hole 12 is 
formed in the P-type base layer 9 to a predetermined depth, 
the impurity diffusion layer 14 for the base contact is not 
present on the side wall of the contact hole 12. Thus, it is 
possible to Suppress the increase in Source-contact resistance 
and to Suppress the increase in on-resistance. In other words, 
if a part of the source diffusion layer 14 is diffused to the side 
wall of the contact hole 12, the Source-contact resistance is 
increased to result in an increase in on-resistance. The 
impurity diffused to the side wall of the contact hole 12 is 
further diffused to the channel region, resulting in an 
increase in Vt. 

In the first embodiment, the W 17 is filled in the contact 
hole 12 as a plug. On the W 17, the source electrode 18 is 
formed. Therefore, the source electrode 18 finally has a flat 
Surface. Accordingly, the resistance component of the Source 
electrode 18 can be reduced. In addition, the Source elec 
trode 18 having a flat Surface assures a wide contact area in 
wire bonding or clip bonding carried out for the Surface So 
that a total on-resistance after mounting can be reduced. 
Furthermore, it is possible to perform chip mounting by 
bump connection, which is difficult when the Source elec 
trode has an irregular Surface. 

In the first embodiment, it is assumed that the taper angle 
in the contact hole 12 formed in the step of FIG. 7C falls 
within a range of 90>02>80. Let the implantation angle of 
the BF ions be equal to 0. In this event, the thickness t of 
the oxide film 13 to be formed after the step of FIG.7C and 
the range (Rp+ARp) (including diffusion) of the ions with 
respect to the implanted energy must be selected to Satisfy 
the relationship given by (Rp+ARp)<t/cos(02). For example, 
if 02>80 and t=10 nm, the oxide film 13 on the side wall of 
the contact hole 12 has a thickness of about 57.6 nm at 
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maximum in the Orthogonal direction. Therefore, if the 
implanted energy is 45 keV, (Rp+ARp)s(36+17)=53 nm. As 
a consequence, ion implantation to the Side wall is not 
carried out. 

Referring to FIG. 10, a UMOSFET structure according to 
a second embodiment of this invention will be described. 
Similar parts are designated by like reference numerals and 
will not be described further. The second embodiment is 
different from the first embodiment in that a silicide layer 15 
is formed on the bottom and the side wall of the contact hole 
12, i.e., at a portion brought into contact with the P-type base 
layer 9 and the N'-type source layer 10. 

Referring to FIGS. 11A to 11D, description will be made 
of a method of producing the UMOSFET illustrated in FIG. 
10. The steps in FIGS. 6A through 7C in the first embodi 
ment are carried out. Then, as shown in FIG. 7D, AS ions are 
implanted through the oxide film 13 at a dose on the order 
of 1x10''/cm to 3x10'/cm. Thus, the surfaces of the 
N'-type source layer 10, the P-type base contact layer 14, 
and the P-type base layer 9 are amorphousized. Thereafter, 
the oxide film 13 is removed by etching. Herein, it is 
important to amorphousize not only the bottom of the 
contact hole 12 but also the side wall thereof. Referring to 
FIG. 9B, the taper angle 02 in the contact hole 12, the 
thickness t of the oxide film 13, and the implantation angle 
w of the AS ions are Selected So that the relationship 
(Rp+ARp)>t/sin(o) is satisfied. For example, if 02<90, t=10 
nm, and Wid10, the oxide film 13 on the side wall of the 
contact hole 12 has a thickness of about 57.6 nm at maxi 
mum in the orthogonal direction. Therefore, if the implanted 
energy is 100 keV, (Rp+ARp)-(47+15)=62 nm. Therefore, 
ion implantation of AS ions is carried out to the Side wall. In 
order to implant the AS ions throughout the side wall of the 
contact hole 12, implantation is carried out while rotating a 
Stage for holding a Semiconductor Structure having the 
contact hole 12. 

Next referring to FIG. 11A, Ti is deposited by sputtering. 
Silicide reaction between silicon and Ti is caused by RTA 
(rapid thermal annealing). An excessive Ti is removed by 
etching. Thus, the silicide (titanium silicide) 15 is formed. 
For example, a Series of Silicide-forming Steps can be 
implemented by a common technique used in an LSI proceSS 
having a design rule of 0.35 um. In order to improve the 
coverage of Ti, use may be made of CVD. Thereafter, the 
steps illustrated in FIGS. 11B to 11D are carried out to 
complete the UMOSFET. These steps are same as those 
illustrated in FIGS. 8A to 8C in the first embodiment and 
will not be described in detail. 

In the second embodiment, the silicide 15 is formed on the 
bottom and the side wall of the contact hole 12. Therefore, 
as compared with the first embodiment, an increase in Source 
contact resistance at the Side wall of the contact hole 12 can 
be suppressed by the Suicide 15. The depth d of the contact 
hole 12 is selected to be similar to that in the first embodi 
ment and the base contact layer 14 is not formed on the side 
wall of the contact hole 12. Furthermore, the Surface of the 
Source electrode 18 is flattened. Therefore, like in the first 
embodiment, it is possible to effectively reduce the cell size 
without affecting Vt, to reduce the total on-resistance after 
mounting by increasing the contact area in bonding for 
mounding, and to carry out chip mounting by bump con 
nection. 

In each of the first and the Second embodiments, descrip 
tion has been directed to the N-channel MOSFET structure. 
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However, by inverting the conductive type, this invention is 
also applicable to a P-channel MOSFET structure. In the 
UMOSFET of this invention, the trench need not have a U. 
shape but may be a V shape or a rectangular shape approxi 
mate thereto. 

As described above, the depth of the contact in the 
UMOSFET is different from the impurity concentration 
peak depth of the base layer. Thus, it is possible to SuppreSS 
the influence upon the channel region by the impurity of the 
base contact layer formed at the bottom of the contact and 
to reduce the cell size without increasing Vt. Furthermore, 
Since the base contact layer is not present on the Side wall of 
the contact, the Source layer resistance is never increased. In 
addition, the Surface of the Source electrode can be flattened 
So that the bonding resistance can be reduced. 
What is claimed is: 
1. A vertical MOSFET comprising: a semiconductor layer 

(1, 2, 9, 10) having first and Second Surfaces opposite to each 
other and a pair of trenches (6) formed on said first Surface; 
a pair of trench gates (8) formed in said pair of trenches; a 
unit cell formed in a region of Said Semiconductor layer 
Surrounded by Said pair of trench gates, Said unit cell 
comprising a base layer (9) and a source layer (10) formed 
on Said base layer and having Said first Surface as a principal 
Semiconductor Surface, Said unit cell having a contact hole 
(12) formed on a center of said principal Semiconductor 
Surface and extending from Said principal Semiconductor 
Surface through Said Source layer to an inside of Said base 
layer; a contact (17) formed in Said contact hole; a Source 
electrode (18) formed on said contact; and a drain electrode 
(19) formed on said Second Surface; wherein said contact is 
formed to a depth different to a peak depth which is a 
position having a maximum impurity-concentration in a 
depth direction of Said base layer, Said unit cell further 
comprising a base contact layer (14) formed within Said base 
layer So as to enclose a bottom of Said contact and to bring 
Said base contact layer into contact with the bottom of Said 
COntact. 

2. A vertical MOSFET as claimed in claim 1, whereind 
and Z have a relationship given by d-Z-0.1 um or d>Z+0.1 
tim, where d represents the depth of Said contact from Said 
principal Semiconductor Surface and where Z represents the 
peak depth from Said principal Semiconductor Surface. 

3. A vertical MOSFET as claimed in claim 1, wherein said 
base contact layer is formed within Said base layer So as to 
enclose only the bottom of Said contact and to bring Said 
base contact layer into contact with only the bottom of Said 
COntact. 

4. A vertical MOSFET as claimed in claim 1, wherein said 
contact hole is with a metal which Serves as Said contact and 
has a flattened Surface, Said Source electrode being formed 
on the flattened Surface of Said metal and having another 
flattened Surface. 

5. A vertical MOSFET as claimed in claim 1, wherein said 
unit cell further comprising a metal silicide (15) formed 
between the bottom of Said contact and Said base contact 
layer, between a Side wall of Said contact and Said Source 
layer, and between the Side wall of Said contact and Said base 
layer. 

6. A vertical MOSFET as claimed in claim 1, wherein said 
contact hole has a tapered shape gradually decreased in 
aperture size from Said first Surface towards Said Second 
Surface. 
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