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(54) SEMICONDUCTOR DEVICE AND POWER CONVERSION DEVICE

(57) Provided is a semiconductor device having a
high cutoff resistance capable of suppressing local cur-
rent/electric field concentration and current concentra-
tion at a chip termination portion due to an electric field
variation between IGBT cells due to a shape variation
and impurity variation during manufacturing. The semi-
conductor device is characterized by including an emitter
electrode formed on a front surface of a semiconductor
substrate via an interlayer insulating film, a collector elec-
trode formed on a back surface of the semiconductor
substrate, a first semiconductor layer of a first conduc-
tivity type in contact with the collector electrode and
formed on the back surface of the semiconductor sub-
strate, a second semiconductor layer of a second con-
ductivity type formed inside the first semiconductor layer,
a central area cell disposed along a front surface of the
semiconductor substrate, and an outer peripheral area
cell located outside the central area cell in a planar di-
rection of the semiconductor substrate and disposed be-
tween the central area cell and the chip termination guard

ring area.
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Description

Technical Field

[0001] The present invention relates to a structure of
a semiconductor device, and particularly to an effective
technique applied to an insulated gate bipolar transistor
(IGBT) mounted in a power conversion device.

Background Art

[0002] An insulated gate bipolar transistor module
(hereinafter referred to as IGBT), which is a main com-
ponent of a power converter such as an inverter, is re-
quired to be reduced in cost and size. Similarly, a power
device chip in a power module is also required to be re-
duced in cost and size, and a new technique for realizing
a high output current density of an IGBT chip is required.
[0003] When the high output current density is
reached, the loss per unit chip area of the power device
increases, and a chip temperature increases. For this
reason, it is necessary for the IGBT chip to expand a safe
operating area (Reverse Bias Safe Operating Area: here-
inafter referred to as RBSOA) at the time of turn-off at a
high output current. That is, it is necessary that the IGBT
is not broken even at a higher current, voltage, or tem-
perature, and has sufficient current cutoff resistance.
[0004] In such a background, as a technique for im-
proving the current cutoff capability, for example, PTL 1
proposes a technique of reducing hole injection of a p-
type collector layer of a peripheral guard ring portion of
an IGBT chip and suppressing current concentration in
a cell portion acting as an active area. As a result, a par-
asitic bipolar transistor operation of an IGBT cell due to
the current concentration can be suppressed, and the
current cutoff capability can be improved.
[0005] In addition, PTL 2 proposes a configuration in
which the avalanche resistance of a termination area is
higher than that of an IGBT cell by removing a trench
structure in the termination area of an IGBT chip and
making an opening area of a contact hole in the termi-
nation area equal to or smaller than a central portion.
Accordingly, it is possible to suppress electric field con-
centration at a termination portion, and to improve RB-
SOA without breaking the element even when a high
surge voltage is generated.
[0006] In addition, PTL 3 proposes a technique in
which an electric field concentration area formed by a
PN junction is provided in a central portion between
trenches of an IGBT cell, and electron injection by impact
ionization at the time of turn-off is uniformly generated
between cells, so that current concentration is sup-
pressed, and cutoff resistance is improved.

Citation List

Patent Literature

[0007]

PTL 1: JP-A-2003-133556 
PTL 2: JP-A-2011-100877 
PTL 3: JP-A-2016-012581 

Summary of Invention

Technical Problem

[0008] However, in the related art of PTL 1 and PTL 2,
when an electric field variation between a plurality of IG-
BT cells caused by a shape variation or impurity variation
during manufacturing of the IGBT cell occurs, the cur-
rent/electric field concentration may occur in a cell having
a strong electric field, and the cutoff resistance may de-
crease.
[0009] In addition, in the related art of PTL 3, a hall
current from the chip termination portion may be concen-
trated on a chip outer peripheral cell or a cell of a chip
corner portion, which may hinder improvement in the cut-
off resistance.
[0010] Therefore, an object of the invention is to pro-
vide a semiconductor device having a high cutoff resist-
ance capable of suppressing local current/electric field
concentration and current concentration at a chip termi-
nation portion due to an electric field variation between
IGBT cells due to a shape variation and impurity variation
during manufacturing and a power conversion device us-
ing the semiconductor device.

Solution to Problem

[0011] In order to solve the above problems, the inven-
tion provides a semiconductor device including: an emit-
ter electrode formed on a front surface of a semiconduc-
tor substrate via an interlayer insulating film; a collector
electrode formed on a back surface of the semiconductor
substrate; a first semiconductor layer of a first conduc-
tivity type in contact with the collector electrode and
formed on the back surface of the semiconductor sub-
strate; a second semiconductor layer of a second con-
ductivity type formed inside the first semiconductor layer;
a central area cell disposed along a front surface of the
semiconductor substrate; and an outer peripheral area
cell located outside the central area cell in a planar di-
rection of the semiconductor substrate and disposed be-
tween the central area cell and the chip termination guard
ring area, wherein the central area cell includes: a trench
formed between the emitter electrode and the semicon-
ductor substrate; a gate electrode formed inside the
trench via a gate insulating film and insulated from the
emitter electrode via the interlayer insulating film; a third
semiconductor layer of a second conductivity type

1 2 



EP 4 030 489 A1

3

5

10

15

20

25

30

35

40

45

50

55

formed in contact with the gate insulating film and having
a higher impurity concentration than the semiconductor
substrate; a fourth semiconductor layer of a first conduc-
tivity type formed in contact with a semiconductor sub-
strate side of the emitter electrode via an emitter contact
and having a higher impurity concentration than the first
semiconductor layer; a fifth semiconductor layer of a first
conductivity type in contact with the gate insulating film,
formed on the semiconductor substrate side of the sec-
ond semiconductor layer, and having a lower impurity
concentration than the fourth semiconductor layer; a sixth
semiconductor layer of a first conductivity type in contact
with a front surface of the fourth semiconductor layer on
the semiconductor substrate side, formed so as to project
from the fifth semiconductor layer toward the semicon-
ductor substrate side, and having a lower carrier concen-
tration than the fourth semiconductor layer; and a sev-
enth semiconductor layer of a second conductivity type
formed in contact with a front surface of the sixth semi-
conductor layer on a collector electrode side and having
a higher impurity concentration than the semiconductor
substrate; and the outer peripheral area cell includes the
trench, the gate electrode, the fourth semiconductor lay-
er, the fifth semiconductor layer, and the sixth semicon-
ductor layer, and the outer peripheral area cell does not
include at least one of the third semiconductor layer and
the seventh semiconductor layer.
[0012] In addition, the invention is characterized in that
a power conversion device including: a pair of DC termi-
nals; the same number of AC terminals as the number
of phases of AC; and a switching leg that is connected
between the pair of DC terminals and in which two parallel
circuits of a switching element and a diode of opposite
polarity are connected in series, wherein an interconnec-
tion point of parallel circuits constitutes the same number
of power conversion units as the number of phases of
AC connected to different AC terminals, and the switch-
ing element is the semiconductor device described
above.

Advantageous Effect

[0013] According to the invention, the semiconductor
device having a high cutoff resistance capable of sup-
pressing local current/electric field concentration and
current concentration at a chip termination portion due
to an electric field variation between IGBT cells due to a
shape variation and impurity variation during manufac-
turing and a power conversion device using the semicon-
ductor device can be realized.
[0014] Thereby, it is possible to increase the current
density of the IGBT chip, and to contribute to the minia-
turization of the power conversion device in which the
IGBT chip is mounted.
[0015] Problems, configurations and effects other than
those described above will be clarified by description of
the following embodiments.

Brief Description of Drawings

[0016]

[FIG. 1A] FIG. 1A is a top view of an IGBT semicon-
ductor chip according to a first embodiment of the
invention.
[FIG. 1B] FIG. 1B is an enlarged view of a cell ter-
mination area 105 of FIG. 1A.
[FIG. 2] FIG. 2 is a cross-sectional view taken along
a line A-A’ of FIG. 1B.
[FIG. 3] FIG. 3 is a cross-sectional view of an IGBT
semiconductor chip of the related art.
[FIG. 4] FIG. 4 is a diagram showing a manufacturing
process of the IGBT semiconductor chip according
to the first embodiment of the invention.
[FIG. 5] FIG. 5 is a diagram showing a turn-off wave-
form (a normal waveform) of the IGBT semiconduc-
tor chip.
[FIG. 6] FIG. 6 is a schematic view showing an in-
ternal state of the IGBT semiconductor chip of the
related art during turn-off.
[FIG. 7] FIG. 7 is a schematic view showing the in-
ternal state of the IGBT semiconductor chip of the
related art during turn-off.
[FIG. 8] FIG. 8 is a diagram showing changes in an
impact ionization coefficient α and an electric field
of the IGBT semiconductor chip during turn-off.
[FIG. 9] FIG. 9 is a schematic view showing an in-
ternal state of the IGBT semiconductor chip accord-
ing to the first embodiment during turn-off.
[FIG. 10] FIG. 10 is a cross-sectional view of an IGBT
semiconductor chip according to a second embodi-
ment of the invention.
[FIG. 11] FIG. 11 is a cross-sectional view of an IGBT
semiconductor chip according to a third embodiment
of the invention.
[FIG. 12] FIG. 12 is a cross-sectional view of an IGBT
semiconductor chip according to a fourth embodi-
ment of the invention.
[FIG. 13] FIG. 13 is a cross-sectional view of an IGBT
semiconductor chip according to a fifth embodiment
of the invention.
[FIG. 14] FIG. 14 is a top view of a cell termination
area of an IGBT semiconductor chip according to a
sixth embodiment of the invention.
[FIG. 15] FIG. 15 is a bird’s eye view of the IGBT
semiconductor chip according to the sixth embodi-
ment of the invention.
[FIG. 16] FIG. 16 is a bird’s eye view of an IGBT
semiconductor chip according to a seventh embod-
iment of the invention.
[FIG. 17] FIG. 17 is a bird’s eye view of an IGBT
semiconductor chip according to an eighth embodi-
ment of the invention.
[FIG. 18] FIG. 18 is a top view of a cell termination
area of an IGBT semiconductor chip according to a
ninth embodiment of the invention.
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[FIG. 19] FIG. 19 is a bird’s eye view of the IGBT
semiconductor chip according to the ninth embodi-
ment of the invention.
[FIG. 20] FIG. 20 is a circuit block diagram of a power
conversion device according to a tenth embodiment
of. the invention.

Description of Embodiments

[0017] Hereinafter, embodiments of the invention will
be described in detail with reference to the drawings. In
the drawings, those having the same reference numerals
indicate the same constituent elements or constituent el-
ements having similar functions. In addition, p-, p, and
p+ indicate that a conductive type of a semiconductor
layer is a p type, and relative impurity concentrations in-
crease in this order. Furthermore, n-, n, and n+ indicate
that a conductive type of the semiconductor layer is an
n type, and relative impurity concentrations increase in
this order.

First Embodiment

[0018] A semiconductor device of a first embodiment
of the invention and a manufacturing method thereof will
be described with reference to FIGS. 1A to 9. FIGS. 3,
6, and 7 are diagrams showing an IGBT semiconductor
chip of the related art shown as a comparative example
in order to make the invention easy to understand.
[0019] FIG. 1A is a top view of an IGBT semiconductor
chip 101. A cell area 103 in which a plurality of unit cells
of the IGBT are disposed is provided in the center of the
chip. In addition, a gate electrode PAD 104 for applying
a gate voltage of the IGBT is provided. In addition, a chip
termination guard ring area 102 is provided on an outer
periphery of the IGBT semiconductor chip 101.
[0020] FIG. 1B is an enlarged view of a cell termination
area 105 of the IGBT semiconductor chip 101, and is a
schematic view showing a surface structure without an
emitter electrode. In the cell area 103, a plurality of unit
cells in which a trench gate 204 is periodically disposed
are disposed, and an emitter contact 203 is provided in
a central portion of each unit cell. The unit cell is provided
with a central area cell 201 of the IGBT semiconductor
chip 101, and an outer peripheral area cell 202 located
outside the central area cell 201 in the planar direction
of the IGBT semiconductor chip 101 and between the
central area cell 201 arid the chip termination guard ring
area 102.
[0021] FIG. 2 is a cross-sectional view taken along a
line A-A’ of FIG. 1B. The central area cell 201 is formed
to include a trench (reference numeral 501 in FIG. 4 to
be described later) formed between an emitter electrode
301 and a semiconductor substrate 308, a gate electrode
(the trench gate 204) formed inside the trench and insu-
lated from the emitter electrode 301 via an insulating layer
(an interlayer insulating film 302), a gate insulating film
310 formed in the trench, a third semiconductor layer (an

n+ source layer) 303 of a second conductivity type formed
in contact with the gate insulating film 310 and having a
higher impurity concentration than the semiconductor
substrate 308, a fourth semiconductor layer (a shallow
p+ layer) 304 of a first conductivity type formed in contact
with the front surface of the emitter electrode 301 on the
semiconductor substrate 308 side via the emitter contact
203 and having the higher impurity concentration than a
first semiconductor layer (a p-type collector layer) 312,
a fifth semiconductor layer (a p base layer) 305 of a first
conductivity type in contact with the gate insulating film
310, formed on the semiconductor substrate 308 side of
the second semiconductor layer (an n-type buffer layer)
311, and having a lower impurity concentration than the
fourth semiconductor layer (the shallow p+ layer) 304, a
sixth semiconductor layer (a deep p+ layer) 306 of a first
conductivity type in contact with a front surface of the
fourth semiconductor layer (the shallow p+ layer) 304 on
the semiconductor substrate 308. side, formed so as to
project from the fifth semiconductor layer (the p base
layer) 305 toward the semiconductor substrate 308 side,
and having a lower carrier concentration than the fourth
semiconductor layer (shallow p+ layer) 304, and a sev-
enth semiconductor layer (a deep n layer) 307 of a sec-
ond conductivity type formed in contact with a front sur-
face of the sixth semiconductor layer (the deep p+ layer)
306 on a collector electrode 313 side and having a higher
impurity concentration than the semiconductor substrate
308.
[0022] The outer peripheral area cell 202 outside the
central area cell 201 in the plane direction of the IGBT
semiconductor chip 101 is formed with the trench (refer-
ence numeral 501 in FIG. 4 to be described later) formed
between the emitter electrode 301 and the semiconduc-
tor substrate 308, the gate electrode (the trench gate.
204) formed inside the trench and insulated from the emit-
ter electrode 301 via the insulating layer (the interlayer
insulating film 302), the gate insulating film 310 formed
in the trench, the third semiconductor layer (the n+ source
layer) 303 of a second conductivity type formed in contact
with the gate insulating film 310 and having a higher im-
purity concentration than the semiconductor substrate
308, the fourth semiconductor layer (the shallow p+ layer)
304 of a first conductivity type formed in contact with the
front surface of the emitter electrode 301 on the semi-
conductor substrate 308 side and having a higher impu-
rity concentration than the first semiconductor layer (the
p-type collector layer) 312, the fifth semiconductor layer
(the p base layer) 305 of a first conductivity type in contact
with the gate insulating film 310, formed on the semicon-
ductor substrate 308 side of the third semiconductor layer
(the n+ source layer) 303, and having a lower impurity
concentration than the fourth semiconductor layer (the
shallow p+ layer) 304, and the sixth semiconductor layer
(the deep p+ layer) 306 of a first conductivity type in con-
tact with the front surface of the fourth semiconductor
layer (the shallow p+ layer) 304 on the semiconductor
substrate 308 side, formed so as to project from the fifth
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semiconductor layer (the p base layer) 305 toward the
semiconductor substrate 308 side, and having a lower
carrier concentration than the fourth semiconductor layer
(the shallow p+ layer) 304.
[0023] FIG. 4 is a diagram showing a manufacturing
process of the IGBT semiconductor chip 101 of the
present embodiment (FIG. 2) .

<(a) Formation of Trench Gate>

[0024] First, an n- semiconductor substrate 308 (for
example, a semiconductor wafer such as a Si wafer) is
prepared.
[0025] Next, an insulating film (for example, SiO2)
formed on the n- semiconductor substrate 308 is pat-
terned for trench formation by photolithography.
[0026] Next, the trenches 501 are formed by anisotrop-
ic etching by using the patterned insulating film as a
mask.

<(b) Formation of P Base Layer and N+ Source Layer>

[0027] Next, a gate insulating film is formed, a polysil-
icon film is deposited, and after exposure by photolithog-
raphy, the trench gate 204 is processed and formed.
[0028] Next, by performing ion implantation of p-type
impurities by using a photoresist patterned for forming
the p base layer 305 as a mask, and further performing
heat treatment, the fifth semiconductor layer (the p base
layer) 305 is formed.
[0029] Subsequently, ion implantation of n-type impu-
rities is performed by using a photoresist patterned for
forming the n+ source layer 303 as a mask, and the third
semiconductor layer (n+ source layer) 303 is formed.

<(c) Formation of Contact>

[0030] Next, the interlayer insulating film 302 is depos-
ited on the entire surface of the n- semiconductor sub-
strate 308. Planarization is performed on the interlayer
insulating film 302. For the planarization, for example, a
planarization method such as reflow of a boron-phos-
phate glass (BPSG) film or chemical mechanical polish-
ing (CMP) is applied.
[0031] After the planarization of the interlayer insulat-
ing film 302, contact holes 502 are formed by photoli-
thography and anisotropic etching. In this case, the con-
tact holes 502 penetrate the interlayer insulating film 302
and further reach the fifth semiconductor layer (the p base
layer) 305. As a result, when the p base layer 305 is
viewed in cross section, a pair of n+ source layers are
formed, and a groove in contact with a contact metal layer
formed in the subsequent step is formed.

<(d) Formation of Shallow P Layer and Deep P Layer>

[0032] Subsequently, ion implantation of the shallow
p+ layer 304 and the deep p+ layer 306 is performed in

this order by using the interlayer insulating film 302 as a
mask, and the fourth semiconductor layer (the shallow
p+ layer) 304 and the sixth semiconductor layer (the deep
p+ layer) 306 are formed.

<(e) Formation of Deep N+ Layer>

[0033] Next, a resist 503 is applied to the entire surface
of the n- semiconductor substrate 308, the resist 503 is
opened only in the central area by photolithography, the
seventh semiconductor layer (the deep n layer) 307 is
formed by ion implantation, and after the resist is re-
moved, the p+ contact and the n+ source contact are
formed in self-alignment with respect to the contact hole
502 by performing heat treatment.

<(f) Formation of Emitter Electrode, Back Surface N Buff-
er, P Collector Layer, and Collector Electrode>

[0034] Next, the contact hole 502 is filled with a lami-
nated metal film made of a high melting point metal such
as Ti, TiN, and W and further planarized by etching or
CMP, thereby forming the contact metal layer (the emitter
contact 203). Thereafter, a metal layer made of aluminum
or the like is deposited, and the emitter electrode 301
and the gate electrode PAD 104 (not shown) are formed
by photolithography and etching. Thereafter, although
not shown, a surface protective film made of polyimide
or the like is formed and patterned.
[0035] The above steps are the processing of a front
surface side of the semiconductor substrate 308.
[0036] Then, by performing ion implantation of the n-
type and p-type impurities from a back surface side of
the semiconductor substrate 308 on the semiconductor
substrate 308 and further performing laser annealing, the
second semiconductor layer (the n-type buffer layer) 311
and the first semiconductor layer (the p-type collector
layer) 312 are formed.
[0037] By appropriately adjusting acceleration energy
at the time of ion implantation, the n-type buffer layer 311
and the p-type collector layer 312 having different depths
from the back surface of the semiconductor substrate
308 can be formed. Thereafter, a laminated metal layer,
for example, Al-Ti-Ni-Au is formed by sputtering on the
back surface side of the semiconductor substrate 308,
and the collector electrode 313 is formed.
[0038] The feature of the first embodiment is that in the
central area cell 201 in the planar direction of the IGBT
semiconductor chip 101, a pn junction in which the elec-
tric field is easily concentrated in the sixth semiconduc-
torlayer 306 and the seventh semiconductor layer 307 is
formed, and the cell (the outer peripheral area cell 202)
outside the planar direction of the central area cell 201
in the planar direction of the IGBT semiconductor chip
101 has a structure in which the seventh semiconductor
layer 307 is not included as compared with the central
cell area 201. This effect is that the cutoff resistance at
the time of turn-off is improved. The principle thereof will
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be described below.
[0039] FIG. 5 is an example of a turn-off waveform of
the IGBT semiconductor chip. At the time of turn-off of
the IGBT semiconductor chip, when the gate voltage be-
comes equal to or lower than a threshold voltage, active
electron injection from the trench gate disappears, and
thus the path of a hall current becomes unstable (easy
to move) . In this case, a portion where the electric field
is slightly strong is inevitably generated locally due to
variations in the dimension, shape, and the like of the
trench. In such a portion, since the electron injection by
the impact ionization is relatively large, the hall current
starts to be concentrated.
[0040] FIG. 8 shows a relation between the changes
in an impact ionization coefficient α and the electric field
during turn-off of the related art and that of the invention.
The impact ionization is strongly dependent on the elec-
tric field, and in the case of the related art shown in FIG.
3, there is no electric field concentration layer pn junction
formed by the sixth semiconductor layer (the deep p+
layer) 306 and the seventh semiconductor layer (the
deep n layer) 307 as in the present embodiment shown
in FIG. 2, the electric field is low during a turn-off period
t1 to t2, and thus the change in the impact ionization
coefficient during the period t1 to t2 is large.
[0041] That is, there are few carriers that impacts ion-
ize during turn-off. In such a case, as shown in FIG. 6,
even when the electric field is slightly uneven locally due
to the variations in the dimension, shape, and the like of
the trench, a difference occurs in the impact ionization,
and due to current concentration and local heat genera-
tion, latch-up occurs in which current flows through a par-
asitic thyristor (the n+ source/p base/n- substrate/p-type
collector layer) and cannot be turned off, leading to ther-
mal destruction and a decrease in the cutoff resistance
at the time of turn-off.
[0042] Since the hall current from the chip termination
guard ring area 102 is also added to the outer peripheral
area cell 202, the current is further concentrated, which
is a factor to reduce the cutoff resistance.
[0043] In the case of the IGBT semiconductor chip of
the related art shown in FIG. 7, when the electric field
concentrated pn junction is formed by the sixth semicon-
ductor layer (the deep p+ layer) and the seventh semi-
conductor layer (the deep n layer) in the IGBT cell, the
electric field during the turn-off period t1 to t2 is high, and
the change in the impact ionization coefficient during the
period t1 to t2 is small. Therefore, the electron injection
by the impact ionization occurs uniformly between the
cells, the hall current flows uniformly through the IGBT
cells, and the current concentration is suppressed. For
this reason, the cutoff resistance at the time of turn-off is
improved.
[0044] However, since the seventh semiconductor lay-
er (the deep n layer) is a barrier layer with respect to the
hole, it is difficult for the hall current to escape in the cell
with the seventh semiconductor layer (the deep n layer);
and since the hall current from the chip termination guard

ring area 102 is added to the outer peripheral area cell
202, the current concentration occurs, which further hin-
ders improvement of the cutoff resistance.
[0045] Therefore, as shown in FIG. 9, the present em-
bodiment has an effect that the central area cell 201 can
form an electric field concentration pn junction by the
sixth semiconductor layer (the deep p+ layer) and the
seventh semiconductor layer (the deep n layer), uniform-
ly generate electron injection by the impact ionization be-
tween the cells, equalize the hall current, and improve
the cutoff resistance.
[0046] Meanwhile, the present embodiment has an ef-
fect that since the outer peripheral area cell 202 has a
configuration in which the seventh semiconductor layer
(the deep n layer) is not included, the hall current added
from the chip termination guard ring area 102 can be
efficiently extracted in the outer peripheral area cell 202,
and thus the current concentration in the outer peripheral
area cell 202 can be suppressed. As a result, it is possible
to provide an IGBT semiconductor chip having excellent
cutoff resistance.

Second Embodiment

[0047] A semiconductor device of a second embodi-
ment of the invention will be described with reference to
FIG. 10. FIG. 10 is a cross-sectional view of an IGBT
semiconductor chip of the present embodiment, and cor-
responds to a modification of the first embodiment (FIG.
2).
[0048] The configuration of the central area cell 201 of
the present embodiment is the same as that of the first
embodiment (FIG. 2), and the repeated description will
be omitted.
[0049] Meanwhile, the outer peripheral area cell 202
of the present embodiment is different from the configu-
ration of the first embodiment (FIG. 2) in that the third
semiconductor layer (the n+ source layer) 303 is not
formed in the area between the emitter contact 203 and
the gate insulating film 310. Therefore, in the area be-
tween the emitter contact 203 and the gate insulating film
310, the interlayer insulating film 302 is formed in contact
with the front surface of the fifth semiconductor layer (the
p-base layer) 305.
[0050] In the present embodiment, the configuration of
the central area cell 201 is the same as that of the first
embodiment (FIG. 9), and the same effect can be ob-
tained.
[0051] Meanwhile, since the outer peripheral area cell
202 does not include the third semiconductor layer (the
n+ source layer) 303 as compared with the first embod-
iment (FIG. 9), there is no parasitic thyristor (the n+
source/p base/n-substrate/p-type collector layer) struc-
ture, and further the latch-up can be prevented in addition
to the effect of the first embodiment. As a result, it is
possible to provide an IGBT semiconductor chip having
excellent cutoff resistance.
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Third Embodiment

[0052] A semiconductor device of a third embodiment
of the invention will be described with reference to FIG.
11. FIG. 11 is a cross-sectional view of an IGBT semi-
conductor chip of the present embodiment, and corre-
sponds to a modification of the second embodiment (FIG.
10).
[0053] The configuration of the central area cell 201 of
the present embodiment is the same as that of the second
embodiment (FIG. 10), and the repeated description will
be omitted.
[0054] Meanwhile, as compared with the outer periph-
eral area cell 202 of the second embodiment (FIG. 10),
the outer peripheral area cell 202 of the present embod-
iment is different from the configuration of the second
embodiment (FIG. 10) in that the seventh semiconductor
layer (the deep n layer) 307 of the second conductivity
type formed in contact with a front surface of the sixth
semiconductor layer (the deep p+ layer) 306 on the col-
lector electrode 313 side and having a higher impurity
concentration than the semiconductor substrate 308 is
formed.
[0055] The present embodiment has an effect that the
central area cell 201 and the outer peripheral area cell
202 both can form an electric field concentration pn junc-
tion by the sixth semiconductor layer (the deep p+ layer)
306 and the seventh semiconductor layer (the deep n
layer) 307, uniformly generate electron injection by the
impact ionization between the cells, equalize the hall cur-
rent, and improve the cutoff resistance.
[0056] Meanwhile, since the outer peripheral area cell
202 does not include the third semiconductor layer (the
n+ source layer) 303 as in the second embodiment (FIG.
10), there is no parasitic thyristor (the n+ source/p base/n-
substrate/p-type collector layer) structure, and the latch-
up can be prevented.
[0057] Since the outer peripheral area cell 202 does
not include the third semiconductor layer (the n+ source
layer) 303, no electron injection is performed at the time
of turn-on, and a hole amount is smaller than that of the
central area cell 201. Therefore, a hole density at the
time of turn-off is also low, and the current concentration
and latch-up can be prevented. As a result, it is possible
to provide an IGBT semiconductor chip having excellent
cutoff resistance.

Fourth Embodiment

[0058] A semiconductor device of a fourth embodiment
of the invention will be described with reference to FIG.
12. FIG. 12 is a cross-sectional view of an IGBT semi-
conductor chip of the present embodiment, and corre-
sponds to a modification of the second embodiment (FIG.
10).
[0059] The configurations of the central area cell 201
and the outer peripheral area cell 202 of the present em-
bodiment are the same as that of the second embodiment

(FIG. 10), and the repeated description will be omitted.
[0060] Meanwhile, the present embodiment is different
from the configuration of the second embodiment (FIG.
10) in that an intermediate area cell 1201 is disposed at
an intermediate position in the planar direction between
the central area cell 201 and the outer peripheral area
cell 202 of the IGBT semiconductor chip 101.
[0061] The configuration of the intermediate area cell
1201 of the present embodiment is the same as the con-
figuration of the outer peripheral area cell 202 of the third
embodiment (FIG. 11). Therefore, in the intermediate ar-
ea cell 1201, the seventh semiconductor layer (the deep
n layer) 307 of the second conductivity type formed in
contact with the front surface of the sixth semiconductor
layer (the deep p+ layer) 306 on the collector electrode
313 side and having a higher impurity concentration than
the semiconductor substrate 308 is formed. In addition,
the third semiconductor layer (the n+ source layer) 303
is not formed in an area between the emitter contact 203
and the gate insulating film 310.
[0062] The present embodiment has an effect that the
central area cell 201 and the intermediate area cell 1201
both can form an electric field concentration pn junction
by the sixth semiconductor layer (the deep p+ layer) 306
and the seventh semiconductor layer (the deep n layer)
307, uniformly generate electron injection by the impact
ionization between the cells, equalize the hall current,
and improve the cutoff resistance.
[0063] In particular, the present embodiment has an
effect that since the intermediate area cell 1201 does not
include the third semiconductor layer (the n+ source lay-
er) 303, the impact ionized carrier is extracted in a struc-
ture without the parasitic thyristor (the n+ source/p
base/n- substrate/p-type collector layer), a difference in
the carrier density that occurs between the central area
cell 201 and the outer peripheral area cell 202 is allevi-
ated, and the local current concentration is suppressed.
[0064] In addition, the outer peripheral area cell 202
has a structure in which the hall current added from the
chip termination guard ring area 102 can be efficiently
extracted by eliminating the seventh semiconductor layer
(the deep n layer) 307, and there is an effect that the
current concentration in the outer peripheral area cell 202
can also be suppressed.
[0065] In addition, since the intermediate area cell
1201 and the outer peripheral area cell 202 both do not
include the third semiconductor layer (the n+ source lay-
er) 303, there is no parasitic thyristor (the n+ source/p
base/n- substrate/p-type collector layer), and the latch-
up can be prevented. As a result, it is possible to provide
an IGBT semiconductor chip having excellent cutoff re-
sistance.

Fifth Embodiment

[0066] A semiconductor device of a fifth embodiment
of the invention will be described with reference to FIG.
13. FIG. 13 is a cross-sectional view of an IGBT semi-
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conductor chip of the present embodiment, and corre-
sponds to a modification of the fourth embodiment (FIG.
12).
[0067] In the IGBT semiconductor chip of the present
embodiment, the basic configuration is the same as that
of the fourth embodiment (FIG. 12) in that the intermedi-
ate area cell 1201 is disposed at the intermediate position
in the planar direction between the central area cell 201
and the outer peripheral area cell 202 and the like, and
the repeated description will be omitted.
[0068] In the fourth embodiment (FIG. 12), the gate
electrode is formed by a trench structure (the trench gate
204 and the gate insulating film 310) in all the areas of
the central area cell 201, the outer peripheral area cell
202, and the intermediate area cell 1201, whereas in the
present embodiment (FIG. 13), the gate electrode is
formed by a side gate structure (a side gate 1301, a Poly-
Si field plate 1302, and the gate insulating film 310) in all
the areas of the central area cell 201, the outer peripheral
area cell 202, and the intermediate area cell 1201, which
is different from the configuration of the fourth embodi-
ment (FIG. 12).
[0069] As shown in FIG. 13, the gate electrode of the
present embodiment is configured with a trench formed
between the emitter electrode 301 and the semiconduc-
tor substrate 308, a gate electrode (the side gate 1301)
formed inside the trench and insulated from the emitter
electrode 301 via an insulating layer (the interlayer insu-
lating film 302), and the Poly-Si field plate 1302 formed
inside the trench and connected to the emitter electrode
301 via the emitter contact 203.
[0070] In the present embodiment, the IGBT cell is
formed by the side gate structure, the feedback capaci-
tance is small, and high switching and low loss can be
achieved.
[0071] In addition, the effect due to the fact that the
central area cell 201 and the intermediate area cell 1201
both form an electric field concentrated pn junction by
the sixth semiconductor layer (the deep p+ layer) 306
and the seventh semiconductor layer (the deep n layer)
307, the effect due to the fact that the seventh semicon-
ductor layer (the deep n layer) 307 is not included in the
outer peripheral area cell 202, and the effect due to the
fact that the third semiconductor layer (the n+ source
layer) 303 is not included in both the intermediate area
cell 1201 and the outer peripheral area cell 202 are the
same as in the fourth embodiment (FIG. 12).
[0072] The side gate structure of the present embodi-
ment can be similarly applied to all the embodiments in-
cluding sixth to tenth embodiments to be described later.

Sixth Embodiment

[0073] A semiconductor device of a sixth embodiment
of the invention will be described with reference to FIGS.
14 and 15. FIG. 14 is a top view of a cell termination area
(reference numeral 105 in FIG. 1A) of an IGBT semicon-
ductor chip of the present embodiment. Trench gates of

a unit cell of the IGBT are disposed in a stripe shape.
FIG. 15 is a bird’s eye view of the IGBT semiconductor
chip of the present embodiment.
[0074] In the present embodiment, as shown in FIG.
14, stripe-shaped trench gates 204 are arranged in a y
direction, and the outer peripheral area cell 202 is formed.
The central area cell 201 has the same structure as that
in the first embodiment (FIG. 2) and the fifth embodiment
(FIG. 13).
[0075] The outer peripheral area cell 202 has the same
structure as in the first embodiment (FIG. 2) and the sec-
ond embodiment (FIG. 10). Even when the IGBT cells
are disposed in a stripe shape, as shown in FIG. 15, the
present embodiment has an effect that since the central
area cell 201 and the outer peripheral area cell 202 are
disposed in a depth direction of the trench, an electric
field concentration pn junction can be formed by the sixth
semiconductor layer (the deep p+ layer) 306 and the sev-
enth semiconductor layer (the deep n layer) 307, the elec-
tron injection by the impact ionization can be uniformly
generated between the cells, the hall current can be
equalized, and the cutoff resistance can be improved.
[0076] In addition, the outer peripheral area cell 202
has a structure in which the hall current added from the
chip termination guard ring area 102 can be efficiently
extracted by eliminating the seventh semiconductor layer
(the deep n layer) 307, and there is an effect that the
current concentration in the outer peripheral area cell 202
can also be suppressed.
[0077] In addition, since the outer peripheral area cell
202 does not include the third semiconductor layer (the
n+ source layer) 303, there is no parasitic thyristor (the
n+ source/p base/n- substrate/p-type collector layer),
and the latch-up can be prevented. As a result, it is pos-
sible to provide an IGBT semiconductor chip having ex-
cellent cutoff resistance.

Seventh Embodiment

[0078] A semiconductor device of a seventh embodi-
ment of the invention will be described with reference to
FIG. 16. FIG. 16 is a bird’s eye view of an IGBT semi-
conductor chip of the present embodiment, and corre-
sponds to a modification of the sixth embodiment (FIG.
15). Trench gates of a unit cell of the IGBT are disposed
in a stripe shape.
[0079] In the present embodiment, as shown in FIG.
16, the outer peripheral area cell 202 similar to that of
the third embodiment (FIG. 11) is configured in the depth
direction of the trench. Even when the IGBT cells are
disposed in a stripe shape, the present embodiment has
an effect that the central area cell 201 and the outer pe-
ripheral area cell 202 both can form an electric field con-
centration pn junction by the sixth semiconductor layer
(the deep p+ layer) 306 and the seventh semiconductor
layer (the deep n layer) 307, uniformly generate electron
injection by the impact ionization between the cells,
equalize the hall current, and improve the cutoff resist-
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ance.
[0080] Meanwhile, since the outer peripheral area cell
202 does not include the third semiconductor layer (the
n+ source layer) 303 as in the third embodiment (FIG.
11), there is no parasitic thyristor (the n+ source/p base/n-
substrate/p-type collector layer) structure, and the latch-
up can be prevented.
[0081] Since the outer peripheral area cell 202 does
not include the third semiconductor layer (the n+ source
layer) 303, no electron injection is performed at the time
of turn-on, and the hole amount is smaller than that of
the central area cell 201. Therefore, the hole density at
the time of turn-off is also low, and the current concen-
tration and latch-up can be prevented. As a result, it is
possible to provide an IGBT semiconductor chip having
excellent cutoff resistance.

Eighth Embodiment

[0082] A semiconductor device of an eighth embodi-
ment of the invention will be described with reference to
FIG. 17. FIG. 17 is a bird’s eye view of an IGBT semi-
conductor chip of the present embodiment, and corre-
sponds to a modification of the seventh embodiment
(FIG. 16). Trench gates of a unit cell of the IGBT are
disposed in a stripe shape.
[0083] Even when the IGBT cells are disposed in a
stripe shape, the present embodiment has an effect that
as in the fourth embodiment (FIG. 12), in the depth di-
rection, the central area cell 201 and the intermediate
area cell 1201 both can form an electric field concentra-
tion pn junction by the sixth semiconductor layer (the
deep p+ layer) 306 and the seventh semiconductor layer
(the deep n layer) 307, uniformly generate electron in-
jection by the impact ionization between the cells, equal-
ize the hall current, and improve the cutoff resistance.
[0084] In particular, the present embodiment has an
effect that since the intermediate area cell 1201 does not
include the third semiconductor layer (the n+ source lay-
er) 303, the impact ionized carrier is extracted in a struc-
ture without the parasitic thyristor (the n+ source/p
base/n- substrate/p-type collector layer), the difference
in the carrier density that occurs between the central area
cell 201 and the outer peripheral area cell 202 is allevi-
ated, and the local current concentration is suppressed.
[0085] In addition, the outer peripheral area cell 202
has a structure in which the hall current added from the
chip termination guard ring area 102 can be efficiently
extracted by eliminating the seventh semiconductor layer
(the deep n layer) 307, and there is an effect that the
current concentration in the outer peripheral area cell 202
can also be suppressed.
[0086] In addition, since the intermediate area cell
1201 and the outer peripheral area cell 202 both do not
include the third semiconductor layer (the n+ source lay-
er) 303, there is no parasitic thyristor (the n+ source/p
base/n- substrate/p-type collector layer), and the latch-
up can be prevented. As a result, it is possible to provide

an IGBT semiconductor chip having excellent cutoff re-
sistance.

Ninth Embodiment

[0087] A semiconductor device of a ninth embodiment
of the invention will be described with reference to FIGS.
18 and 19. FIG. 18 is a top view of the cell termination
area (reference numeral 105 in FIG. 1A) of an IGBT sem-
iconductor chip of the present embodiment. Trench gates
of a unit cell of the IGBT are disposed in a stripe shape.
FIG. 19 is a bird’s eye view of the IGBT semiconductor
chip of the present embodiment.
[0088] Even when the IGBTs are disposed in a stripe
shape, the present embodiment has an effect that the
central area cell 201 and the outer peripheral area cell
202 are disposed in both the y direction and the x direc-
tion, and in the central area cell 201, an electric field
concentration pn junction can be formed by the sixth sem-
iconductor layer (the deep p+ layer) 306 and the seventh
semiconductor layer (the deep n layer) 307, electron in-
jection by the impact ionization can be uniformly gener-
ated between the cells, the hall current can be equalized,
and the cutoff resistance can be improved.
[0089] Meanwhile, the outer peripheral area cell 202
has a structure in which the hall current added from the
chip termination guard ring area 102 can be efficiently
extracted by eliminating the seventh semiconductor layer
(the deep n layer) 307, and there is an effect that the
current concentration in the outer peripheral area cell 202
can also be suppressed.
[0090] In addition, since the outer peripheral area cell
202 does not include the third semiconductor layer (the
n+ source layer) 303, there is no parasitic thyristor (the
n+ source/p base/n- substrate/p-type collector layer),
and the latch-up can be prevented. As a result, it is pos-
sible to provide an IGBT semiconductor chip having ex-
cellent cutoff resistance.

Tenth Embodiment

[0091] An example of an embodiment in which the
semiconductor device of the invention is applied to a pow-
er conversion device will be described with reference to
FIG. 20. FIG. 20 is a circuit block diagram showing a
power conversion device 600 that employs the semicon-
ductor devices according to the first to ninth embodi-
ments of the invention as components. FIG. 20 shows a
circuit configuration of the power conversion device 600
according to the present embodiment, and a relation of
connection between the DC power supply arid a three-
phase AC motor (AC load).
[0092] In the power conversion device 600 according
to the present embodiment, the semiconductor devices
according to the first to ninth embodiments are used as
power switching elements 601 to 606. The power switch-
ing elements 601 to 606 are, for example, IGBTs.
[0093] As shown in FIG. 20, the power conversion de-
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vice 600 of the present embodiment includes a P terminal
631 and an N terminal 632, which are a pair of DC ter-
minals, and a U terminal 633, a V terminal 634, and a W
terminal 635, which are the same number of AC terminals
as the number of phases of AC output.
[0094] A switching leg is provided in which a pair of
power switching elements 601, 602 are connected in se-
ries and the U terminal 633 connected to a series con-
nection point thereof is used as an output. Similarly to
the above, a switching leg is provided in which power
switching elements 603, 604 are connected in series and
the V terminal 634 connected to a series connection point
thereof is used as an output. In addition, similarly to the
above, a switching leg is provided in which power switch-
ing elements 605, 606 are connected in series and the
W terminal 635 connected to a series connection point
thereof is used as an output.
[0095] The three-phase switching legs composed of
the power switching elements 601 to 606 are connected
between the DC terminals of the P terminal 631 and the
N terminal 632, and is supplied with DC power from a
DC power supply (not shown) . The U terminal 633, V
terminal 634, and W terminal 635, which are three-phase
AC terminals of the power conversion device 600, are
connected to a three-phase AC motor (not shown) as a
three-phase AC power supply.
[0096] Diodes 621 to 626 are connected in antiparallel
to the power switching elements 601 to 606, respectively.
Gate input terminals of the power switching elements 601
to 606 composed of the IGBTs are respectively connect-
ed to gate drive circuits 611 to 616, and are respectively
driven and controlled by the gate drive circuits 611 to 616.
[0097] That is, the power conversion device 600 of the
present embodiment is a power conversion device that
inputs DC power from the outside, converts the input DC
power into AC power, and outputs the AC power. The
power conversion device 600 includes the pair of DC
terminals 631, 632 for inputting DC power, and the AC
terminals 633 to 635 that are AC terminals for outputting
AC power, the number of which is the same number as
the number of phases of AC related to the AC power. For
each of the AC terminals 633 to 635 corresponding to
the number of phases, between one terminal (the P ter-
minal 631) and the other terminal (the N terminal 632) of
the pair of DC terminals 631, 632, a series circuit (for
example, a series circuit of a parallel circuit of the power
switching element 601 and the diode 621 and a parallel
circuit of the power switching element 602 and the diode
622) with a configuration in which two parallel circuits (for
example, a parallel circuit of the power switching element
601 and the diode 621), in each of which a switching
element (for example, the power switching element 601)
and a diode (for example, the diode 621) having polarity
reverse to that of the switching element are connected
in parallel, are connected in series is connected, and an
interconnection point of the two parallel circuits config-
uring the series circuit is connected to the AC terminal
(for example, the U terminal 633) of the phase (for ex-

ample, U phase) corresponding to the series circuit.
[0098] According to the IGBT semiconductor chip 101
described in each of the above first to ninth embodiments,
the local current/electric field concentration and current
concentration at a chip termination portion due to an elec-
tric field variation between IGBT cells due to a shape
variation and impurity variation during manufacturing can
be suppressed, and the cutoff resistance can be im-
proved.
[0099] Therefore, the IGBT semiconductor chips 101
of each of the first to ninth embodiments make it possible
to increase the current density of the IGBT chip, and to
realize the miniaturization of the power conversion device
in which the IGBT chip is mounted.
[0100] The invention is not limited to the embodiments
described above and includes various modifications. For
example, the above embodiments have been described
in detail for easy understanding of the invention, and are
not necessarily limited to those including all the configu-
rations described above. A part of the configuration of
one embodiment can be replaced with the configuration
of another embodiment, and the configuration of one em-
bodiment can also be added to the configuration of an-
other embodiment. In addition, other configurations may
be added to, deleted from, or replaced with a part of the
configuration of each embodiment.

Reference Sign List

[0101] 101 ... IGBT semiconductor chip, 102 ... chip
termination guard ring area, 103 ... cell area, 104 ... gate
electrode PAD, 105 ... cell termination area, 201 ... cen-
tral area cell, 202 ... outer peripheral area cell, 203 ...
emitter contact, 204 ... trench gate, 301 ... emitter elec-
trode, 302 ... interlayer insulating film, 303 ... third sem-
iconductor layer (n+ source layer) , 304 ... fourth semi-
conductor layer (shallow p+ layer) , 305 ... fifth semicon-
ductor layer (p base layer) , 306 ... sixth semiconductor
layer (deep p+ layer), 307 ... seventh semiconductor lay-
er (deep n layer), 308 ... semiconductor substrate (n-
semiconductor substrate), 310 ... gate insulating film,
311 ... second semiconductor layer (n-type buffer layer),
312 ... first semiconductor layer (p-type collector layer) ,
313 ... collector electrode, 501 ... trench, 502 ... contact
hole, 503 ... resist, 600 ... power conversion device, 601
to 606 ... power switching device, 621 to 626 ... diode,
611 to 616 ... gate drive circuit, 631,. 632 ... DC terminal,
633 to 635 ... AC terminal, 1201 ... intermediate area cell,
1301 ... side gate, 1302 ... Poly-Si field plate

Claims

1. A semiconductor device, comprising:

an emitter electrode formed on a front surface
of a semiconductor substrate via an interlayer
insulating film;
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a collector electrode formed on a back surface
of the semiconductor substrate;
a first semiconductor layer of a first conductivity
type in contact with the collector electrode and
formed on the back surface of the semiconduc-
tor substrate;
a second semiconductor layer of a second con-
ductivity type formed inside the first semicon-
ductor layer;
a central area cell disposed along a front surface
of the semiconductor substrate; and
an outer peripheral area cell located outside the
central area cell in a planar direction of the sem-
iconductor substrate arid disposed between the
central area cell and the chip termination guard
ring area, wherein
the central area cell includes:

a trench formed between the emitter elec-
trode and the semiconductor substrate;
a gate electrode formed inside the trench
via a gate insulating film and insulated from
the emitter electrode via the interlayer insu-
lating film;
a third semiconductor layer of a second con-
ductivity type formed in contact with the gate
insulating film and having a higher impurity
concentration than the semiconductor sub-
strate;
a fourth semiconductor layer of a first con-
ductivity type formed in contact with a sem-
iconductor substrate side of the emitter
electrode via an emitter contact and having
a higher impurity concentration than the first
semiconductor layer;
a fifth semiconductor layer of a first conduc-
tivity type in contact with the gate insulating
film, formed on the semiconductor substrate
side of the second semiconductor layer, and
having a lower impurity concentration than
the fourth semiconductor layer;
a sixth semiconductor layer of a first con-
ductivity type in contact with a front surface
of the fourth semiconductor layer on the
semiconductor substrate side, formed so as
to project from the fifth semiconductor layer
toward the semiconductor substrate side,
and having a lower carrier concentration
than the fourth semiconductor layer; and
a seventh semiconductor layer of a second
conductivity type formed in contact with a
front surface of the sixth semiconductor lay-
er on a collector electrode side and having
a higher impurity concentration than the
semiconductor substrate, and

the outer peripheral area cell includes the
trench, the gate electrode, the fourth semicon-

ductor layer, the fifth semiconductor layer, and
the sixth semiconductor layer, and the outer pe-
ripheral area cell does not include at least one
of the third semiconductor layer and the seventh
semiconductor layer.

2. The semiconductor device according to Claim 1,
wherein
the outer peripheral area cell includes a third semi-
conductor layer of a second conductivity type formed
in contact with the gate insulating film and having a
higher impurity concentration than the semiconduc-
tor substrate.

3. The semiconductor device according to Claim 1,
wherein
the outer peripheral area cell includes a seventh
semiconductor layer of a second conductivity type
formed in contact with a front surface of the sixth
semiconductor layer on the collector electrode side
and having an higher impurity concentration than the
semiconductor substrate and a lower impurity con-
centration than the second semiconductor layer.

4. The semiconductor device according to Claim 1, fur-
ther comprising:

an intermediate area cell between the central
area cell and the outer peripheral area cell in a
planar direction of the semiconductor substrate,
wherein
the intermediate area cell includes the trench,
the gate electrode, the fourth semiconductor lay-
er, the fifth semiconductor layer, the sixth sem-
iconductor layer, and the seventh semiconduc-
tor layer, and does not include the third semi-
conductor layer.

5. The semiconductor device according to any one of
Claims 1 to 4, wherein
the gate electrode is a trench gate electrode formed
along a shape of the trench inside the trench.

6. The semiconductor device according to any one of
Claims 1 to 4, wherein

the gate electrode is a sidewall shaped side gate
electrode formed along a side wall of the trench
inside the trench, and
a Poly-Si field plate, connected to the emitter
electrode via an emitter contact inside the trench
is further provided.

7. The semiconductor device according to any one of
Claims 1 to 4, wherein
the gate electrode is disposed in a stripe shape in a
plane direction of the semiconductor substrate.
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8. A power conversion device, comprising:

a pair of DC terminals;
the same number of AC terminals as the number
of phases of AC; and
a switching leg that is connected between the
pair of DC terminals and in which two parallel
circuits of a switching element and a diode of
opposite polarity are connected in series,
wherein
an interconnection point of parallel circuits con-
stitutes the same number of power conversion
units as the number of phases of AC connected
to different AC terminals, and
the switching element is the semiconductor de-
vice according to any one of Claims 1 to 7.
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