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and the body portion (2) may be, for e L A L 4
example, a drain junction of a D-MOS

transistor or a collector junction of a //l.% O 74
bipolar transistor and is reverse-biased -

in at least a high voltage mode of
operation. In order to relieve the high
electric field at the corners of the
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polygonal regions (1), a plurality of T —] 7 1
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further regions (4) is distributed in each

area of the body portion (2} between

facing corners of three or more of the

polygonal regions (1). These further 4 2
regions (4) of the same conductivity 7 & 3 =4
type as the polygonal regions (1) are

located on at least one line from each of

these corners in a symmetrical

arrangement of the further regions (4)

within each area. The first such region

(4) on a series along each line may

overlay the corner of the polygonal

region (1).
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The drawing(s) originally filed was (were) informal and the print here reproduced is taken from a later filed formal copy.
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SPECIFICATION
High voltage semiconductor devices

This invention relates to high voltage semiconduc-
tor devices, particularly but not exclusively power
transistors of the insulated-gate field-effect type or
of the bipolar type.

High voltage semiconductor devices are known
comprising, at a major surface of a semiconductor
body, polygonal regions of one conductivity type
regularly arranged as a two-dimensional array in a
higher resistivity body portion of the opposite con-
ductivity type. Each of the polygonal regions forms
with the body portion a p-n junction which is re-
verse-biased in at least a high voltage mode of op-
eration of the device. Such devices may be
designed to handle high voitages in excess of, for
example, 100 volts and often very mugh higher. In
the case of a bipolar transistor, the body portion
may form part of the collector, the polygonal re-
gions may form the base, and an emitter region of
said opposite conductivity type may be provided in
the polygonal base regions. In the case of a field-
effect transistor (FET) of the so-called “D-MOS"
type, the body portion may form a drain drift re-
gion, and a source region of said opposite conduc-
tivity type may be provided in the polygonal
regions at the surface of which a channel is in-
duced in operation between the source region and
the drain drift region by a voltage applied to an
overlying gate. It is also possible to merge FETs
and bipolar transistors in the same device struc-
ture.

It has already been proposed to include further
regions of said one conductivity type in intermedi-
ate parts of the body portion between the polygo-
nal regions so as to improve the electrical field
distribution which occurs in the body portion, be-
tween facing corners of the polygonal regions.
Such a proposal is described at length in copend-
ing European Patent Application (EP) 84200828.6
{our reference PHN 10713) based on Netherlands
Patent Application 8302092, neither of which was
published before the priority date of the present
application. The whole contents of this copending
patent application are hereby incorporated as a ref-
erence in the present application. According to the
teaching in this copending patent application, the
field distribution is improved by providing only
one single further region of said one conductivity
type in each area of the intermediate parts which is
located between facing corners of three or more of
the polygonal regions. It is considered that in this
arrangement an acceptable compromise is ob-
tained between the series resistance in the inter-
mediate parts of the body portion and the
breakdown voltage which is dependant on the
electrical field distribution. A high voltage device
having a similar single further region between six
triangular power MOSFET regions in a two-dimen-
sional array is shown in the paper entitled 3D Nu-
merical Analysis of Power MOSTs" by the present
inventor et al in Proc. NASECODE II, Galway, June
1983, pages 102 to 106. Analysis by the present in-
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ventor indicates that the high electric field distribu-
tion at the corners of the polygonal regions is re-
duced by increasing the area occupied by the
single further region in the intermediate parts of
the body portion but that this increases the series
resistance by obstructing the current path in these
intermediate parts. Furthermore in power D-MOS
transistors having this construction the high fields
can not only reduce the breakdown voltage but
more importantly can reduce the punch-through
voltage of D-MOS transistors having low threshold
voltages. This punch-through occurs between the
drain drift region and the source region.

According to the present invention there is pro-
vided a high voltage semiconductor device com-
prising at a major surface of a semiconductor
body, polygonal regions of one conductivity type
regularly arranged as a two-dimensional array in a
higher resistivity body portion of the opposite con-
ductivity type, each of the polygonal regions form-
ing with the body portion a p-n junction which is
reverse-biased in at least a high voltage mode of
operation of thé device, and further regions of said
one conductivity type in intermediate parts of the
body portion between the polygonal regions, char-
acterised in that a plurality of further regions is
distributed in each area of the intermediate parts
which is located between facing corners of three or
more of the polygonal regions, said further regions
being located on at least one line from each of said
corners in a symmetrical arrangement of the fur-
ther regions within each area.

The present inventor has found that such a sym-
metrical arrangement of a plurality of said further
regions in said areas of the intermediate parts sur-
prisingly permits a better compromise to be ob-
tained between series resistance in the
intermediate parts of the body and the electrical
field distribution between facing corners of the po-
lygonal regions. Such a distribution of the further
regions in each area in accordance with the inven-
tion can function as a progressively stepped poten-
tial distributor between the facing corners of the
three or more polygonal regions without signifi-
cantly obstructing a current path through these in-
termediate parts. This permits a reduction in the
likelihood of punch-through induced by the high
field at the corners of D-MOS transistor regions,
even with transistors having low threshold volt-
ages. The punch-through voltage can be signifi-
cantly increased in this manner particularly when
the facing corners of the polygonal regions are ov-
erlapped by some of said further regions distrib-
uted within said areas.

When the polygonal regions are part of an insu-
lated-gate field-effect transistor, the insulated-gate
may even extend over these further regions in the
intermediate parts of the body portion, whereas in
the FETs described in both said copending Euro-
pean Patent Application 84200828.6 and in the NA-
SECODE Il paper the insulated gate has openings
over the single further region so as not to overlie
this region.

These and other features in accordance with the
invention will be iflustrated more specifically, by
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way of example, in embodiments of the invention
now to be described with reference to the accom-
panying diagrammatic drawing, in which:-

Figure 1 is a plan view of part of a semiconduc-
tor device in accordance with the invention, in
which the polygonal regions each have a rectangu-
lar outline;

Figure 2 is a cross-section on line II-Il of Figure 1
for a D-MOS transistor;

Figure 3 is a cross-section on line lIl-lll of Figure
1 for the D-MQOS transistor;

Figure 4 is a representation of surface potential
along the part of the line IlI-li of Figure 1 which
extends between the facing corners of the opposite
regions 1;

Figure 5 is a plan view of part of another semi-
conductor device in accordance with the invention,
in which the polygonal regions each have a trian-
gular outline;

Figure 6 is a plan view of part of yet another
semiconductor device in accordance with the in-
vention, in which the polygonal regions each have
an hexagenal outline, and

Figure 7 is a modification of the device of Figure
6, also in accordance with the present invention.

it should be noted that the Figures are diagram-
matic and not drawn to scale. The relative dimen-
sions and proportions of parts of these Figures
have been shown exaggerated or diminished for
the sake of clarity and convenience in the draw-
ings. The same reference signs as used in one em-
bodiment are generally used when referring to
corresponding or similar parts in other embodi-
ments.

Figures 1 to 3 iliustrate one example of a high
voltage semiconductor device in accordance with
the present invention. The device comprises a
semiconductor body 10 having an upper major
surface (shown in plan view in Figure 1) at which
polygonal regions 1 of one conductivity type (p
type in the example) are arranged as a two-dimen-
sional array in a higher resistivity body portion 2 of
the opposite conductivity type (n type in the exam-
ple). Only a central part of the array is illustrated in
the drawings. Each of the polygonal regions 1
forms with the body portion 2 a p-n junction 3
which is reverse-biased in at least a high voltage
mode of operation of the device. Further regions 4
of the same conductivity type (n type) as the po-
lygonal regions 1 are present in intermediate parts
of the body portion 2 between the regions 1. In the
example of Figure 1, the regions 1 each have a rec-
tangular outline at the major surface and are
aligned in a X-Y array.

In accordance with the present invention, a plu-
rality of the further regions 4 is distributed in each
area of the intermediate parts which is located be-
tween facing corners of four of the rectangular re-
gions 1. These regions 4 are located serially along
a line from each of said corners in a symmetrical
arrangement of the regions 4 within each area. In
the example of Figure 1 these lines extend as diag-
onals from the facing corners of the regions 1 to
the centre of the area and then through the centre
to the corner of the diagonally opposite region 1.
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Figure 1 illustrates nine regions 4 in each of the
areas, the centre of which is occupied by one of
the regions 4. Furthermore in the example shown
the first regions 4 of each line overlap the corner
of the region 1 from which they extend.

As the reverse-bias across the p-n junction 3 is
increased a depletion layer formed at each junction
3 spreads through the serial arrangements of these
further regions 4, progressively and symmetrically
from the corners of the polygonal regions 1. These
further regions 4 then float at potentials near that
of the adjacent polygonal regions 1 and act as a
progressively stepped potential distributor along
this surface area, thus relieving the field at the cor-
ners of the regions 1. This surface potential distri-
bution is illustrated in Figure 4 in which V(s) is the
surface potential and the horizontal axis represents
the position of different regions at the surface.

In Figure 4, line A represents the situation with
no additional regions 4, line B represents the situa-
tion with a single large region 4 such as suggested
in said copending European Patent Application
84200828.6 and in the NASECODE [l paper, and
line C represents the situation of Figure 1 having
the nine further regions 4, i.e. five along each line
between facing corners of diagonally opposite re-
gions 1.

In the absence of the further regions 4 (line A),
the reverse-biased p-n junctions 3 would have a
high electrostatic field occuring in the depletion
layer at the corners of the polygonal regions 1.
This high field can be reduced by decreasing the
spacing between the regions 1 but the device se-
ries resistance is then increased by pinching off the
current flow in the intermediate part between the
regions 1. The further regions 4 provide field-relief
by reducing the curvature of equipotential lines in
the depleted intermediate part of body portion 2 at
these corners. If only a singie region 4 is intro-
duced into each area between the corners (line B)
the current path in this area can be significantly re-
stricted when the single region 4 occupies a large
proportion of the area so as to provide significant
field-relief at the corners. As soon as the depletion
layer has punched through to such a single further
region 4, a single equi-potential 20 is established in
that area. A less serious restriction of the current
path results from providing a symmetrical serial
arrangement of the further regions 4 within each of
said areas, as illustrated by line C, and a progres-
sive potential distribution is obtained stepping
through equi-potentials 21, 22 and 23. By overlap-
ping the first of the regions 4 in each line with the
corner of the region 1, particularly effective field-
relief can be obtained at these corners. This is par-
ticularly useful for mitigating a reduction in the
punch-through voltage of D-MOS transistors hav-
ing low threshold voltages. Such an overlap does
not occur when there is only a singie further re-
gion 4 in each area between the corners, as is dis-
closed in said copending European Patent
Application 84200828.6 and said Proc. NASECODE
Il paper.

Each of the polygonal regions 1 in Figure 1 has a
contact zone 14 which is deeper than (see Figures
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2 and 3) and surrounded by the remaining active
portion of the region 1. The plurality of further re-
gions 4 can often be formed conveniently in the
same doping step as the contact zones 14, by
merely modifying the mask layout for this doping
step. In this way, the regions 4 may be formed
with substantially the same doping concentration
and depth as the contact zones 14. This is advanta-
geous since the effectiveness of the field-relief can
be improved by having such deeper further re-
gions 4.

Symmetrical serial arrangements of the further
regions 4 in accordance with the invention may be
used for field-relief with many different types of
high-voltage semiconductor devices. Thus, for ex-
ample, the p type polygonal regions 1 in Figure 1
may be anode regions of a power rectifier, or base
regions of a bipolar power transistor. In the case of
a bipolar transistor, n type emitter regions will be
provided inthe p type base regions 1. Figures 2
and 3 illustrate a particular device in which the po-
lygonal regions 1 form part of an insulated-gate
field effect transistor which is of the D-MOS type in
this specific example. By choosing the resistivity of
the body portion 2, semiconductor devices in ac-
cordance with the present invention can be de-
signed to handle voltages well in excess of 100
volts, for example voitages of 200 or 400 or even
1,000 volts applied between the device terminals to
reverse-bias the p-n junctions 3 between the polyg-
onal regions 1 and the body portion 2. Then, by
choosing the spacings, transverse dimensions and
depths of the further regions 4 between the polyg-
onal regions 1, the ON-resistance of the device can
be optimised.

The D-MOS transistor of Figure 1 to 3 is of con-
ventional form, apart from the provision of the
symmetrical serial arrangements of further regions
4 in accordance with the present invention. Thus, n
type source regions 5 are present in the polygonal
p type regions 1, and an insulated gate 6 on the
upper major surface of the body 10 extends over
the intermediate parts of the body portion 2 be-
tween the polygonal regions 1. In operation a con-
ductive channel is induced at the surface of the
polygonal regions 1 between the source regions 5
and these intermediate parts of the body portion 2,
by applying a voltage to the overlying gate 6.

In the cross-sections of Figures 2 and 3 the dif-
ferent parts of the insulating layer structure 7 at
the upper major surface of the body 10 are not dis-
tinguished with different reference signs, for the
sake of simplicity and clarity in the drawing. An
electrode layer 8 contacts the source regions 5 and
p type contact zones 14 at windows in the insulat-
ing layer structure 7 and provides the source ter-
minal connection of the transistor. A further
electrode layer {(not shown) which provides the
gate terminal correction is present at this same
surface of the device and contacts the insulated
gate 6 at one or more windows in the insulating
layer structure 7.

The body portion 2 forms the drain-drift region
of this D-MOS transistor and may be of epitaxially-
grown silicon on a highly conductive monocrystal-
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type (n type) which forms the drain region. This
drain region 11 may be contacted at the back ma-
jor surface of the body 10 by an electrode layer 9
which provides the drain terminal connection of
the transistor.

In the example illustrated in Figure 3 the insu-
lated gate 6 extends over the further regions 4 in
the intermediate parts of the body portion 2, and
may be in the form of a grid which covers the
whole of the intermediate area between the polyg-
onal regions 1 as well as the channel areas of the
regions 1. This device structure can be simpler to
manufacture, as compared with a similar D-MOS
transistor in which the regions 4 are present below
openings in the gate layer 6. Thus, the final gate
structure 6 may be formed after the contact zones
14 and regions 4 and may then be used as a mask
in the doping steps to provide the source regions 5
and active portions of regions 1. However, an insu-
lated-gate field-effect transistor in accordance with
the invention may have a gate layer 6 with open-
ings over the further regions 4, particularly for ex-
ample if the regions 4 are formed in the same
doping step as the active portions of the polygonal
regions; in this case the transistor may or may not
have deeper contact zones 14.

It will be evident that different symmetrical ar-
rangements of regions 4 in accordance with the in-
vention are possible. Figure 5 illustrates a
modification of Figure 1 having seven regions 4
distributed in each area of the intermediate body
parts 2 which is located between facing corners of
six regions 1 of triangular outline at the upper ma-
jor surface of the body 10. These regions 4 are lo-
cated serially along diagonal lines through the
centre of each of said areas. There is a central re-
gion 4 (as in Figure 1) which is common to the dif-
ferent lines, and this central region 4 in the
example of Figure 5 may be of hexagonal outline
so as to have sides which are parallel to those of
the other further regions 4. Figures 6 and 7 illus-
trate other modifications of symmetrical arrange-
ments of further regions 4 which are used with
polygonal regions 1 of hexagonal outline. For the
sake of simplicity in the drawing, additional re-
gions such as source regions 5 are not illustrated
in Figures 5 to 7.

In the arrangement of Figure 6 six regions 4 are
distributed in each of said areas between facing
corners, these regions 4 being located seriatly
along lines which extend from the corner of one
hexagonal region 1 to the adjacent corner of an
adjacent hexagonal region 1. These lines do not
extend through the centres of said areas. In the ar-
rangement of Figure 7 three regions 4 are distrib-
uted in each of said areas between facing corners,
each of these three regions 4 being located on a
line which extends from the facing corners of the
three hexagonal regions 1 to the centre of the area
between said corners. In this case, the regions 4 do
not extend serially in a straight line between cor-
ners of the adjacent hexagonal regions 1.
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CLAIMS

1. A high voltage semiconductor device com-
prising at a major surface of a semiconductor
body, polygonal regions of one conductivity type
regularly arranged as a two-dimensional array in a
higher resistivity body portion of the opposite con-
ductivity type, each of the polygonal regions form-
ing with the body portion a p-n junction which is
reverse-biased in at least a high voltage mode of
operation of the device, and further regions of said
one conductivity type in intermediate parts of the
body portion between the polygonal regions, char-
acterised in that a plurality of said further regions
is distributed in each area of the intermediate parts
which is located between facing corners of three or
more of the polygonal regions, said further regions
being located on at least one line from each of said
corners in a symmetrical arrangement of the fur-
ther regions within each area.

2. A device as claimed in Claim 1, further char-
acterised in that said further regions are located
serially along at least one line from each of said
corners.

3. A device as claimed in Claim 2, further char-
acterised in that the first of said further regions
along each line overlaps the corner of the polygo-
nal regions from which that line extends.

4. A device as claimed in any one of the pre-
ceding claims, further characterised in that the fur-
ther regions are located on lines which extend
from the facing corners of the three or more polyg-
onal regions to at least the centre of the area be-
tween said corners.

5. A device as claimed in any one of the pro-
ceeding Claims, further characterised in that the
further regions are located on lines which extend
from the corner of one of said three or more po-
lygonal regions to the corner of another of said
three or more polygonal regions.

6. A device as claimed in Claim 5 when appen-
dant to Claim 4, further characterised in that said
polygonal regions each have a rectangular outline
at said major surface.

7. A device as claimed in Claim 5 when appen-
dant to Claim 4, further characterised in that said
polygonal regions each have a triangular outline at
said major surface.

8. A device as claimed in Claim 5 or Claim 4,
further characterised in that said polygonal regions
each have an hexagonal outline at said major sur-
face.

9. A device as claimed in any one of the pre-
ceding claims, in which each of said polygonal re-
gions has a contact zone which is deeper than and
surrounded by an active portion of the region, and
further characterised in that said further regions
have substantially the same doping concentration
and depth as the contact zones.

10. A device as claimed in any one of the pre-
ceding Claims, further characterised in that said
polygonal regions form part of an insulated-gate
field-effect transistor, and in that an insulated gate
on the major surface of the body extends over the
intermediate parts of the body portion between the

70

polygonal regions.

11. A device as claimed in Claim 10, further
characterised in that the insulated gate extends
over said further regions in said intermediate parts.

12. A high voltage semiconductor device sub-
stantially as described with reference to Figures 1
and 4, or Figures 2 and 3, or any one of Figures 5
to 7 of the accompanying drawings.
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