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For its Complaint, plaintiff International Rectifier Corporation ("IR") avers as

follows:
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JURISDICTION AND VENUE

1. The claims alleged below are brought under the Patent Laws of the United States,
35 U.S.C. §§ 1 et seq. This Court has jurisdiction over these claims pursuant to 28 U.S.C..
§§ 1338(a). Venue is based on 28 U.S.C. §§ 1391(b), 1391(c), 1391(d) and 1400(b).

PARTIES

2. 1R is a corporation'duly organized and existing under the laws of the State of
Delaware, with its corporate headquarters and principal place of business within the Central

District of California at 233 Kansas Street, El Segundo, California 90245.

3. IR is informed and believes, and on that basis alleges, that defendant IXYS
Corporation (“IXYS”) is a corporation organized under the laws of the State of Delaware,
doing business in this District, inter alia, through its Sales Representative, Select '

Electronics, in Santa Ana, California.

4. The true names and/or culpabilities of defendant DOES 1-10 are unknown to IR
at this time. IR is informed and believes, and on that basis alleges, that DOES 1-10, as
more fuily alleged below, as well as the other defendants, are legally responsible for the
occurrences, acts and wrongs alleged herein and for the damages to IR proximately caused
thereby. In particular, IR is informed and believes, and on that basis alleges, that IXYS
relies on sales representatives and distributors, including DOES 1-10, to sell devices in this
District and elsewhere within the United States, where such devices practice one or more of
the claims (or are made by one or more of the claimed processes) of the patehts identified
below. Such sales are direct infringements of the patents in suit. IR will amend this
Complaint to correctly identify any DOE defendant whose identity and culpability is made
known to IR. '
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FIRST CLAIM FOR RELIEF
(Against All Defendants For Patent Infringement, U.S. Patent No. 4,959,699)

5. IR is and has been the owner by mesne assignment of United States Letters
Patent No. 4,959,699 (the "°699 patent"), which issued September 25, 1990 (Reexamination
Certificates issued October 12, 1993 and J. anuai'y 19,.1999), for HIGH POWER MOSFET
WITH LOW ON-RESISTANCE AND HIGH BREAKDOWN VOLTAGE. A copy of the

’699 patent, together with its reexamination certificates, is attached hereto as Exhibit A.

6. IR is informed and believes, and on that basis alleges, that (a) IXYS has made,
used,.sold or offered for sale in this District and elsewhere in the United States articles
(including, but not necessarily limited to, part numbers IXFX55N50, IXFH21NS50,
IXFH35N30, and IXTH24N50) infringing the *699 patent (including, but not limited to,
Claim 1 of the *699 patent) and (b) DOES 1-10 have in this District and elsewhere in the
United States sold and offered for sale such articles. IR is further informed and believes,
and on that basis alleges, that this infringement will continue unless and until enjoined by

this Court.

7. IR has notified IXYS of its infringement, which has been and continues to be
willful and deliberate. IR has been and continues to be damaged by the above-alleged
infringement and will suffer irreparable harm until such time as that infringement is

enjoined.

SECOND CLAIM FOR RELIEF

(Against All Defendants For Patent Infringement, U.S. Patent No. 5,008,725)

8. IR is and has been the owner by mesne assignment of United States Letters

Patent No. 5,008,725 (the 725 paténf") which issued April 16, 1991 (Reexamination

3
Complaint




.
€
Q)

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

- 28

se 2:00-cv-06756-RLCT Documenti Filed 06/22/00 PeeSof 76 Page ID #:933"

certificate issued January 12, 1993), for PLURAL POLYGON SOURCE PATTERN FOR
MOSFET. A copy of the *725 patent, together with its reexamination certificate, is
attached hereto as Exhibit B.

9. IR is informed and believes, and on that basis alleges, that (a) IXYS has made,
used, sold or offered for sale in this District and elsewhere in the United States articles
(including, but not necessarily limited to, part numbers IXFX55N50, IXFH21NS50,

IXF H35N30, and IXTH24N50) infringing the ’725 patent (including, but not limited to,
Claims 3, 7 and 8 of the *725 patent) and (b) DOES 1-10 have in this District and elsewhere
in the United States sold and offered for sale sﬁch articles. IR is further informed and |
believes, and on that basis alleges, that this infringement will continue unless and until

enjoined by this Court.

10.1R has notified IXYS of its infringement, which has been and continues to be
willful and deliberate. IR has been and continues to be damaged by the above-alleged
infringement and will suffer irreparable harm until such time as that infringement is

enjoined.

THIRD CLAIM FOR RELIEF

(Against All Defendants For Patent Infringement, U.S. Patent No. 5,130,767)

11.1R is and has been the owner by mesne assignment of United Stétes Letters
Patent No. 5,130,767 (the ">767 patent"), which issued July 14, 1992, for PLURAL
POLYGON SOURCE PATTERN FOR MOSFET. A copy of the 767 patent is attached
hereto as Exhibit C. |

12.1R is informed and believes, and on that basis alleges, that (a) IXYS has made,

used, sold or offered for sale in this District and elsewhere in the United States articles

4
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(including, but not necessarily limited to, part numbers IXFX55NS50, IXFHZ]NSO,
IXFH35N30, and IXTH24N50) infringing the *767 patent (including, but not limited to,
Claims 3, 5 and 7 of the *767 patent) and (b) DOES 1-10 have in this District and elsewhere
in the United States sold and offered for sale such articles. IR is further informed and
believes, and on that basis alleges, that this infringement will continue unless and until

enjoined by this Court.

13.IR has notified IXYS of its infringement, which has been and continues to be
willful and deliberate. IR has been and continues to be damaged by the above-alleged
infringement and will suffer irreparable harm until such time as that infringement is

enjoined.

FOURTH CLAIM FOR RELIEF
(Against All Defendants For Patent Infringement, U.S. Patent No. 4,642,666)

14.1R is and has been the owner by mesne assignment of United States Letters _
Patent No. 4,642,666 (the "’666 patent"), which issued February 10, 1987 (Reexémination
Certificate issued October 27, 1998), for HIGH POWER MOSFET WITH LOW ON-
RESISTANCE AND HIGH BREAKDOWN VOLTAGE. A copy of the ’666 patent,

together with its reexamination certificate, is attached hereto as Exhibit D.

15.1R is informed and believes, and on that basis alleges, that (a) IXYS has made,
useci,I sold or offered for sale in this District and elsewhere in the United States articles
(including, but not nec_essarily limited to, part numbers IXFX55N50, IXFH21NS50,
IXFH35N30, and IXTH24N50) infringing the *666 patent (including, but nbt limited to,
Claim 1 of the *666 patent) and (b) DOES 1-10 have in this District and elsewhere in the

United States sold and offered for sale such articles.
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16.IR no_tiﬁed IXYS of its infringement, which was willful and deliberate. IR has

been damaged by the above-alleged infringement.

FIFTH CLAIM FOR RELIEF

(Against All Defendants For Patent Infringement, U.S. Patent No. 4,705,759)

17.1R is and has been the owner by mesne aséignment of United States Letters

|- Patent No.. 4,705,759 (the 759 patent"), which issued November 10, 1987,

(Reexamination Certificate issued February 14, 1995), for HIGH POWER MOSFET WITH

'LOW ON-RESISTANCE AND HIGH BREAKDOWN VOLTAGE. A copy of the *759

patent, together with its reexamination certificate, is attached hereto as Exhibit E.

18.1R is informed and believes, and on that basis alleges, that (a) IXYS has made,
used, sold or offered for sale in this District and elsewhere in the United States articles
(including, but not necessarily limited to, part numbers IXFX55N50, IXFH21N50,
IXFH35N30, and IXTH24N50) infringing the ’759 patent (including, but not limited to,
Claim 1 of the *759 patent) and (b) DOES 1-10 have in this District and elsewhere in the
United States sold and offered for sale such anticles. IR is further informed and believes,
and on that basis alleges, that this infringement will continue unless and until enjoined by

this Court.

19.1R has notified IXYS of its infringement, which has been and continues to be
willful and deliberate. IR has been and continues to be damaged by the above-alleged
infringement and will suffer irreparable harm until such time as that infringement is -

enjoined.

Wherefore, International Rectifier prays for judgment as follows:
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1. For a preliminary and permanent injunction against infringement of the *699
patent; |

2. For an award of actual damages sustained by IR (but no less than a reasonable
royalty) as a result of infringement of the ’699 patent;

3. For a preliminary and permanent injunction against infringement of the ’725
patent; _ LT

4. For an award of actual damages sustained by IR (but no less than a reasonable

royalty) as a result of infringerhent of the >725 patent;

5. For a preliminary and permanent injunction against infringement of the 767

patent;

6. For an award of actual damages sustained by IR (but no less than a reasonable

royalty) as a result of infringement of the *767 patent;

7. For an award of actual damages sustained by IR (but no less than a reasonable

royalty) as a result of infringement of the *666 patent;

8. For a preliminary and permanent injunction against infringement of the *759

patent;

9. For an award of actual damages sustained by IR (but no less than a reasonable

royalty) as a result of infringement of the ’759 patent;

10.  For treble damages under 35 U.S.C. § 285;

f
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11.  For IR’s attorneys fees and costs incurred in prosecution of this action under,

inter alia, 35 U.S.C. § 285; and

12.  For such other and further relief as this Court may deem just and proper.

Dated: June 22, 2000 " COUDERT BROTHERS
' O’MELVENY & MYERS LLP
OSTROLENK, FABER, GERB & SOFFEN

Attorneys for Plaintiff International Rectifier
Corporation
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DEMAND FOR JURY TRIAL
Plaintiff International Rectifier Corporation hereby demands trial by jury.
Dat_ed: June 22, 2000 COUDERT BROTHERS
O’MELVENY & MYERS LLP
OSTROLENK, FABER, GERB & SOFFEN
By: ML{M . m—’
Attorneys for Plaintiff International Rectifier
Corporation
9
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HIGH POWER MOSFET WITH LOW
N-RESISTANCE AND HIGH BREAKDOWN
VOLTAGE.

This is a continuation of 2 Ser. No.
07/090,664 filed on Aug. 27, 1987, now. abandoned,
which is a division of application Ser. No. 456,813, filed
Jan. 10, 1983 now abandoned which in turn, is a division
of application Ser. No. 232,713, filed Feb. 9, 1981, now
U.S. Pat. No. 4,376,286, issued Mar. 8, 1983 which, in
turn, is a continuation of application Ser. No. 951.310
filed Oct. 13, 1978, now abandoned.

BACKGROUND OF THE INVENTION

. This invention relates to MOSFET devices and more
specifically relates to a novel structure for a MOSFET

.+ Case 2:00-cv-0675.6-Ri Document, 14’@'5%9@6/22/00 Pas
. 14

10

15

device which permits it to be used in high power appli- -

cations with a relatively high reverse voltage and with

an exceptionally low on-resistance. The major advan- 20

tage of the bipolar transistor over the MOSFET transis-
tor is that the bipolar transistor has a very low on-resist-
ance per unit conductive area. The MOSFET transistor
has numerous advantages over fhe bipolar transistor
including very high switching speed, very high gain and
lack of the secondary breakdown characteristics exhib-
ited by a minority carrier device. However, because the
MOSFET transistor has high on-resistance, its use in
high power switching applications has been limited.

BRIEF DESCRIPTION OF THE INVENTION

The present invention providés a novel high power
MOSFET device which has a low forward resistance so
that the device becomes more competitive with bipolar
devices in a switching type application while retaining
all of.the numerous advantages of the MOSFET over
the bipolar device. In particular, with the present inven-
tion, the forward resistance per unit area of the device
has been reduced by at least a factor of two, compared
to the limiting resistance per unit area previously exist-
ing in a MOSFET-type device.

"In one embodiment of the invention, two sources are
placed on the same surface of a semiconductor wafer
and are laterally spaced from one another. A gate elec-
trode, deposited on a conventional gate oxide, is dis-
posed between the sources. Two p-type conduction
channels are disposed beneath the gate and are spaced
from one another by an n-type bulk region. Current
from each source can flow through its respective chan-
nel (after the creation of the inversion layer defining the
channel), so that majority carrier conduction current
can flow through the bulk region and across the wafer
orchlptothedrunelectrode.Thednmelectmdemy
be on the opposite surface of the wafer or on a laterally
displaced surface region from the source electrodes.
This configuration is made using the desirable manufac-
turing techniques of the D-MOS device, which permits
precise alignment of the various electrodes and chan-
nels and permits use of extremely small channel lengths.
While the above configuration may have been previ-
ously described for 8 MOSFET signal-type device, the
structure is not that of the commonly used signal MOS-
FET.

The device is basically formed in an n(~) substrate
which has the relatively high resistivity which is neces-
sary to obtain the desired reverse voltage capability of
the device. For example, for a 400 voit device, the n(—)
region will have a resistivity of about 20 ochm-centime-

25

30

kL]

40

45

2
mHowever.thisameneemaryhighruisﬁvitychn-
acteristic has caused the on-resistance of the MOSFET

devwe.whenulednnpowermtch.toberehuvely.

high.

In accordance with the present invention, it has been
found that in the upper portion of the central bulk re-
gion to which the two inversion layers feed current in
the path to the drain electrode, the central region imme-
diately beneath the gate oxide can be a relatively low
resistivity material formed, for example, by an n(+)
diffusion in that channel region, without affecting the
reverse voltage characteristics of the device.

More specifically, and in accordance with the inven-

tion, this common channel will have an upper portion -

beneath the gate oxide and a lower bulk portion extend-

-ing: toward the drain-electrode. The lower portion has

the high resistivity desired to produce high reverse
voltage ability, and will have a depth dependent on the
desired reverse voltage for the device. Thus, for a 400
volt device, the lower n(—) region may have a depth of
about 35 microns, while for a 90 volt device it will have
a depth of about 8 microns. Other depths will be se-
lected, depending on the desired reverse voltage of the
device to provide the necessary thicker depletion re-
gion required to prevent punch-through during reverse
voltage conditions. The upper portion of the common
channel is made highly conductive (n+) to a depth of
from about 3 to about 6 microns. It has been found that
this does not interfere with the reverse voltage with-
stand ability of the device. However, it decreases the
on-resistance per unit area of the device by more than a
factor of two. The resulting.device becomes competi-
tive with conventional -high 'power bipolar. switching

-devices .since it retains all of .the advantages of the

MOSFET device over the bipolar déevice but now has
the relatively’ low forward .resistance which was the

- major characterizing advantage of the bipolar device.

:In"accordance:with. another feature of the present
invention, the p-type region which defines.the channel
beneath the gate oxide has a relatively deeply diffused
portion beneath the source so that the p-type diffusion
region will have a large radius of curvature in the n(—)
epitaxial layer forming the body of the device. This

deeperdiﬂusionordeeperjunctionhnbeent‘onndto .

improve the volnge gradient at the edge of the device
and thus permits the use of the device with higher re-
verse voltages.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a plan view of a high power MOSFET chip
which incorporates the present invention and particu-
larly illustrates the metalizing patterns of the two
sources and the gate.

FIG. 2 is a cross-sectional view of FIG. 1 taken
across the section line 2—2 in FIG. 1.

FIG. 3 is a croas-sectional view similar to FIG. 2
showing the initial step in the process of manufacture of
the chip of FIGS. 1 and 2 and particularly shows the
p(+) conductivity implant and diffusion step.

FIG. 4 shows the second step in the manufacturing
process and shows the n(+) implant and diffusion step.

FIG. 5 shows a further step in the process of manu-
facture of the chip of FIGS. 1 and 2 and shows the
channel implant and diffusion step.

FIG. 6 shows a further step in the process of manu-
facture and illustrates the source predeposition and
diffusion step. This precedes the last step in which the
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gate oxide is cut for the metalization step which pro-
duces the device of FIG. 2. .

FIG. 7 is a plan view of the metalizing pattern of a
second embodiment of the invention.

epitaxial layer which can have a relatively high resistiv-
ity. In the embodiment disclosed, the epitaxial layer has
a thickness of about 35 microns and a resistivity of about
20 ohm-centimeters. For a 90 volt device, epitaxial layer

FIG. 8 is a cross-sectional view of FIG. 7 taken 5 20 would be about 10 microns thick and would have a

across the section line 8—8 in FIG. 7.

FIG. 8a is a view similar to FIG. 2 and shows a modi-
fied source contact configuration.

FIG. 9 shows the shape of forward-current charac-
teristics of a device like that of FIG. 2 where the region
40 beneath the oxide is n(—).

FIG. 10 shows the shape of the characteristic of a
device identical to that of FIG. 2 where the region 40

10

resistivity of about 2.5 chm-centimeters. A channel
width of 50 centimeters is also used to provide the de-
sired current carrying capacity for the device.

In a preferred embodiment of the invention, there is
an clongated serpentine p(+) conductivity region be-
neath each of the source electrodes 22 and 23 which
thus extends around the serpentine path shown in FIG.
1. These p(-+) regions are shown in FIG. 2 as the p(+)

has high n(+4) conductivity. regions 30 and 31, respectively, and are similar to those
15 of the prior art except that the maximum p(+) region
DETAILED g%gON OF THE depth is greatly exaggerated in order to form a large

A first embodiment of the novel MOSFET device of
the present invention is shown in FIGS. 1 and 2 which

show a chip of monocrystalline silicon 20 (or some 20

other suitable material), with the device electrodes fol-
lowing the serpentine path 21 best shown in FIQ. 1 in
order to increase the current-carrying area of the de-
vice. Other geometries could be used. The device illus-
trated has a reverse voltage of about 400 volts and an
on-resistance less than about 0.4 ohm with a channel
width of 50 centimeters. Devices having reverse volt-
ages of from 90 to 400 volts have been made. The 400
volt devices have carried pulse currents of 30 amperes.
The 90 volt devices have had forward on-resistances of
about 0.1 ohm with a channel width of 50 centimeters
and have carried pulse currents up to about 100 am-
peres. Higher and lower voltage. devices can also be
made with varying channel widths.

Presently known MOSFET devices have much
higher on-resistances than the above. For example, a
400 volt MOSFET comparable to that described below
but made with prior art techniques would normally
have an on-resistance much greater than about 1.5
ohms, as compared to an on-resistance less than about
0.4 ohm in a device-made according to this invention.
Moreover, the MOSFET switching device of the pres-
ent invention will exhibit all of the desirable advantages
of the MOSFET device, since it operates as a majority
carrier device. These advantages include high switch-
ing speed, high gain and avoidance of the secondary

25
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breakdown characteristics which exist in minority car- -

rier devices. .

The device of FIGS. 1 and 2 has two source elec-
trodes 22 and-23 which are separated by a metalized
gate electrode 24 which is fixed to but spaced from the
semiconductor device surface by a silicon dioxide layer
25. The serpentine path followed by gate oxide 25 has a
length of 50 centimeters and has 667 undulations, but is
shown more simply in FIG. 1. Other channel widths
can be used. Source electrodes 22 and 23 can be later-
ally extended as shown to serve as field plates to help
spread the depletion region created during reverse volt-
age conditions. Each of source electrodes 22 and 23
supply current to a common drain electrode 26 which is
fixed to the bottom of the wafer. The relative dimen-
sions for the device, particularly in thickness, have been
grossly exaggerated in FIG. 2 for purposes of clarity.
The silicon chip or wafer 20 is formed on an a(+) sub-
strate which may have a thickness of about 14 mils. An
n(—) epitaxial layer is deposited on substrate 20 and will
have a thickness and resistivity depending on the de-
sired reverse voltage. All junctions are formed in this

- Exhibit A — Page )7

radius of curvature, This allows the device to withstand
higher reverse voltages. By way of example, the depth

of regions 30 and 31 is preferably about 4 microns at the

dimension X in FIG. 2 and about 3 microns at the di--
mension Y in FIG. 2.

By using D-MOS fabrication techniques, two n(+)
regions 32 and 33 are formed beneath source electrodes
22 and 23, respectively, and define, with the p(+) re-
gions 30 and 31, n-type channel regions 34 and 35, re-
spectively. Channel regions 34 and 35 are disposed
beneath the gate oxide 25 and can be inverted by the
appropriate application of a biasing signal to the gate 24
in order to permit conduction from the source 22 and
the source 23 through the inversion layers into the cen-
tral region disposed beneath the gate 24 and then to the
drain electrode 26. Channels 34 and 35 may each have a
length of about 1 :micron. .

It has previously -been-thought -necessary ‘that the .
central n(—) region between channels 34 and 35 (and
between p(+) regions 30 and 31) should have a high
resistivity in order ‘to’ permit the device to withstand
high reverse voltages. ‘However, the relatively high
resistivity n(—) material is-also a significant contribut-
ing factor to the high forward on-resistance of the de-
vice. :

In accordance with the significant feature of the pres-
ent invention, a significant portion of this central con-
ducting region is made relatively highly conductive and
consists of an n(+) region 40 disposed immediately
beneath the gate oxide 25. The n(+) region 40 has a
depth of about 4 microns and could range from about 3

" microns to about 6 microns. While its exact conductiv-

35
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ity is not known, and varies with depth, it is high rela-
tive to the n(—) region beneath it. More particularly,
region 40 has a high conductivity which would be de-
termined by a total ion implanted dose of from about
1% 1012 to 1X 10 phosphorus atoms/cm? at 50 kV
followed by a diffusion drive at from 1150° C. to 1250°
C. for from 30 minutes to 240 minutes. It has been found
that by making this region 40 relatively highly conduc-
tive n(+) material through a diffusion or other opera-
tion, the device characteristics are significantly im-
proved and the forward on-resistance of the device is
reduced by a factor greater than two. Moreover, it has
been found that the provision of the high conductivity
region 40 does not interfere with the reverse voltage

. characteristics of the device. Accordingly, by making

the region beneath the gate oxide 25 and between chan-
nels 34 and 35 more highly conductive, the forward
on-resistance of the ultimate high power switching de-
vice has been significantly reduced and the MOSFET
device becomes far more competitive with an equiva-
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Fig
lent junction-type device W] sullremnmgallofthe
advantages of the MOSFET majority carrier operation.

In the above description of FIGS. 1 and 2, it has been
assumed that the conduction channels 34 and 38 are of
p(+) material and are, accordingly, inverted to an n-
type conductivity to provide a majority carrier conduc-
tion channel from sources 22 and 23 to the central re-
gion 40 upon the application of an appropriate gate
voltage. Clearly, however, all of these conductivity
types could be reversed so that the device could work
as a p-channel device rather than an n-channel device as
disclosed.

OneproeeubywhxchthedevweofFIGS 1and 2
could be constructed is shown in FIGS. 3 to 6. Refer-
ring to FIG. 3, the base wafer 20 is shown as an n(+)
material having an n(—) epitaxially deposited region on
top thereof. A thick oxide layer 50 is formed on wafer
- 20 and windows 51 and 52 are opened therein. The open
windows 51 and 52 -are exposed to a beam of boron
atoms in an ion implanting apparatus to form p(+)
regions. Thereafter the implanted boron atoms are
caused to diffuse deeper into the wafer to form the
rounded p(+) concentration region shown in FIG. 3
which might have a depth of about 4 microns. During
thudlﬂ'unonopenhon.shﬂlowondehymﬂmd“

grow over the windows 51 and 52.

" As is next shown in FIG. 4, windows 61 and 62 are
cut in the oxide layer 50 and an n(+4) implant takes
- place to implant the n(+) regions 63 and 64 into the
n(—) epitaxial layer. This n(+4-) implantation can be
carried out with a phosphorus beam. Thereafter, the
implanted regions are subjected to a diffusion step to
cause the regions 63 and 64 to.expand and deepen to a
depth of about 3} microns with a concentration deter-
mined by an implantation dose of 11012 to 1x 104
phosphorus atoms/cm? followed by a-drive for 30 min-
utes to 4 hours at from 1150° C. to 1250° C. As will be
hterseen,repom&md“produeethenoveln(+)
region which substantially reduces the on-resistance of
the device.

20
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It should be noted that the n(+) regions 63 and 64

could, if desired, be epitaxially deposited and need not
be diffused. Similarly, the resulting device being de-
scribed herein could be manufactured by any desired
process as would be apparent to those skilled in the art.
The next step in the process is shown in FIG. S and is
the channel implantation and diffusion step in which the
p(+) regions 71 and 72 are formed through the same
windows 61 and 62 that were used for the n(+) implan-
tation for regions 63 and 64. The p(+) regions 71 and 72
are formed by implanting with & boron beam to a dose
of about 5% 1013 to 51014 atoms/cm? followed by a
diffusion drive for 30 to 120 minutes at 1150° C. to0 1250°
C. .
Thereafter, and as shown in FIG. 6, steps are carried
out for the source predeposition and the diffusion of the
source regions 32 and 33. This is carried out by a con-
ventional and non-critical phosphorus diffusion step
where the diffusion proceeds through the windows 61
mdSZsothnthesoureereglomuand&uemwm
cally aligned relative to the other preformed regions.
Thus, the wafer is placed in a furnace and exposed to
POCI; suspended in a carrier gas for from 10 minutes to
50 minutes at a temperature of from 850° C. to 1000°.
When this step is completed, the basic junction con-
figuration required in FIG. 2 is formed with short p(+)
regions disposed beneath the oxide 50 to serve as the
conducting channel for the ultimately constructed de-

45
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vice and with an n(+) region filling the area between
the channels 34 and 35 and between p(+) regions 30
and 31. The manufacturing process then continues from
the step of FIG. 6 to the device shown in FIG. 2
wherein the oxide surfaces on top of the chip are suit-
ably stripped and the metalizing patterns for contacts
22, 23 and 24 are formed to establish electrical contacts
to the device. The drain contact 26 is applied to the
device in a subsequent metalizing operation. Thereafter,
the entire device may be appropriately coated with a
suitable passivation coating and wire leads are con-
nected to the source electrodes 22 and 23 and the gate
24. The device is then mounted within a suitable protec-
tive housing, with the drain electrode fixed to the hous-
ing or other conductive support which serves as a drain

connection.

The device shown in FIGS. 1 and 2 utilizes a serpen-
tine path for each of the source regions and gate regions
and a drain on the surface of the wafer opposite to the
source electrodes. Other configurations can be used.
FIGS. 7 and 8 illustrate a planar configuration which is
a simple rectangular arrangement having a ring-shaped
gate 80 which is disposed between a first source elec-
trode 81 of ring shape and a central source 82, The
device as shown in FIG. 8 is contained within a base
wafer of p(—) monocrystalline silicon 83 which may
have a buried n(+) region 84 to reduce the lateral resis-
tance of the various current paths of the device leading
to the laterally displaced drain electrode 85 which sur-
rounds source 81.

A ring-shaped n(4-) region 86 is formed within the
device as shown in FIG. 8 and, in accordance with the
‘present.invention, the ring-shaped:region 86 is of much
higher conductivity than the n(—) epitaxially deposited
region 87 which contains all .the junctions of the device.

The ring-shaped region :86. extends from the region
-beneath’ the gate oxide 88 and. adjoins the ends of the

. two- conducting : channéls .formed between the ring-
:haped p(+) region 89 and the central p(+) region 91
dupo.edbenenththenng-shnpedsourceumdcentral
source 82, respectively.

It will also be noted in FIG. 8 that the outer periph-
ery 90 of the p(+) ring 89 has a large radius to assist the
device in withstanding high reverse voltages.

An n(+) region 95 in FIG. 8 is provided to ensure
good contact to drain electrode 85. Drain electrode 85
is widely laterally spaced from source 81 (by greater
than about 90 microns). The drain contact 85 is sur-
rounded by a p(+) isolation diffusion 96 to isolate the
device from other devices on the same chip or wafer.

In the arrangement of FIG. 8, like that of FIG. 2,
current flow from sources 81 and 82 goes through the
width of epitaxial region 87, through the region 86. The
current then flows laterally outward and then up to the
drain contact 88. As in the embodiment of FIG. 2, de-
vice resistance is greatly reduced by the relatively
highly conductive region 86.

In carrying out the above: invention, it should be
noted that any type of contact material can be used to
make the source and gate contacts. By way of example,
aluminum could be used for the source electrodes while
a polysilicon material can be used for the conductive
gate 80 in FIG. 8 or the conductive gate 24 in FIG. 2.

Numerousothergeometnesanbeusedtomnkethe
device of the invention, including a plurality of pairs of -
straight, parallel source elements with respectively in-

terposed gates and the like,

ExhlbltA Page &
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The source electrodes 22 and 23 have been shown as
separate electrodes which can be connected to separate
leads. Clearly, the sources 22 and 23 could be directly
connected as shown in FIG. 8¢ where components
similar to those of FIG. 2 have been given similar identi- 5
fying numerals. In FIG. 8q, however, the gate electrode
is a polysilicon layer 101 (in place of aluminum) depos-
ited atop gate oxide 25. The gate 101 is then covered
with oxide layer 102 and a conductive layer 103 con-

nects the two sources 22 and 23 together to form a 10

single source conductor which is insulated from gate
101. Connection is made to the gate at some suitable
edge portion of the wafer.

FIGS. 9 and 10 show the shape of measured curves

which demonstrate the reduction in forward resistance 13
- duction region-is relatively-highly doped compared to -

when the region 40 is made highly conductive (n+). In -
FIG. 9, the device tested had a region 40 which had the
n(—) resistivity of the epitaxial region. Thus, the ‘for--
ward resistance is charactensncally high at dlfferent
gate biases as shown in FIG. 9.

In the device of the invention where region 40 is of
n(+) conductivity, there is a dramatic decrease in the
on-resistance as shown in FIG. 10 for all gate voltages
before velocity saturation of the electrons occurs.

Although the present invention has been described in
connection with a preferred embodiment thereof, many
variations and modifications will now become apparent
to those skilled in the art. It is preferred, therefore, that

25

gate electrode means on said gate insulation layer
means and overlying said first and second channel
regions;

a drain conductive region remote from said common
region and sepamed therefrom by said relatively
lightly doped major body portion;

a drain electrode coupled to said drain conducuve
region; and

at least said first base region bemg a cellular polygo-
nal region; said ceflular polygonal region being
surrounded by said common conduction region;
said first source region having the shape of an an-
nular ring disposed within said cellular polygonal
first base region.

2. The device of claim 1 wherein said common con-

said relatively highly doped major body portion and

- extends- from- said given first semiconductor surface

location to a depth greater than the depth of said source

20 region, but less than said first depth of said first and

second spaced base regions, whereby resistance to cur-

- rent flow at the junctures between said first and second

surface channel regions and said common conduction
region and between said common conduction region
and said relatively lightly doped major body portion is
reduced.

3. The device of claim 1 wherein said source elec-
trode means comprises a single sheet of conductive

the present invention be limited not by the specific 30 material disposed over and contacting each of said

disclosure herein, but only by the appended claims.
What is claimed is:
1. A high power metal oxide silicon fi eld effect tran-
sistor device exhibiting relatively low on-resistance and

source regions.

4. A high power metal oxide silicon field effect tran-
sistor device exhibiting relatively low on-resistance and
relatively high:breakdown :voltage;- said -device com-

relatxvely high breakdown voltage; said device com- 3 prising:

prising:
a wafer of semiconductor material having first and
second opposing semiconductor surfaces; said
wafer of semiconductor material having a rela-

tively lightly doped major body portion for receiv- 4

ing junctions'and being doped with impurities of
one conductivity type;.

- at lease first and secorid spaced base regions of the
opposite conductivity type to said one conductiv-

ity type formed in said wafer and extending from 4

said first semiconductor surface to a first depth
beneath said first semiconductor surface; the space
between said-at least first and second base regions
defining a common conduction region of one con-
‘ductivity type at a given first semiconductor sur-
face location;

first and second source regions of said one conductiv-
ity type formed in each pair of said at least first and
second base regions respectively at first and second
first surface location to a depth less than said first
depth; the outer rim of each of said first and second
source regions being laterally spaced along said
first semiconductor surface from the lateral outer
periphery of its said base region to define first and
second channel regions along said first semicon-
ductor surface between each pair of said first and
second source reglons, respectively, and said com-
mon conduction region;

source electrode means connected to said source
regions;

gate insulation layer means on said first surface, dis-
posed at least on said first and second channel re-
gions;

,-____.

a wafer of semiconductor material having first and
second ‘opposing semiconductor ‘surfaces; said

wafer of semiconductor ‘material having. a rela- .

tively lightly doped major. body portion for receiv-
ing junctions and being. doped .with impurities of
one conductivity type;

at least first and second spaced base regions of the
opposite conductivity type to said one conductiv-
ity type formed in said wafer and extending from
said first semiconductor surface to a first depth
beneath said first semjconductor surface; the space
between said at least first and second base regions
defining a common conduction region of one con-
ductivity type at a given first semiconductor sur-

50 face location;

first and second source regions of said one conductiv-
ity type formed in each pair of said at least first and
second base regions respectively at first and second
first surface locations and extending from said first

ss . and second first surface locations to a depth less

than said first depth; the outer rim of each of said
first and second source regions being laterally
spaced along said first semiconductor surface from
the lateral outer periphery of its said base region to

6  define first and second channel regions along said
first semiconductor surface between each pair of .

said first and second source regions, respectively,
and said common conduction region;
-source electrode means connected to said source

65 regions;
gate insulation layer means on said first surface, dis-

posed at least on said first and second channel re-
gions;

'ExhlbltA Page li
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material disposed over and contacting each of said
source regions.

15. The device of claim 8, wherein said common
conduction region is relatively highly doped compared
to said relatively lightly doped major body portion and
extends from said given first semiconductor surface
location to a depth greater than the depth of said source
region but less than said depth of said first and second
base regions, whereby resistance to current flow at the
junctures between said first and second surface channel
regions and said common conduction region and be-
tween said common conduction region and said rela-
tively lightly doped major body portion is reduced.

16. The device of claim 7 wherein said source elec-
trode means makes electrical contact to the surface of
said cellular .polygonal region and the surface of said
annular ring-shaped region. ’

17. The device of claim 8 wherein said source elec-
trode means makes electrical contact to the surface of
said- cellular polygonal region and the surface of said
annular ring-shaped ring.

18. The device of claim 15 wherein said source elec-
trode means makes electrical contact to the surface of
said cellular polygonal region and the surface of said
annular ring-shaped ring.

19. A high power metal oxide silicon field effect tran-

-sistor device exhibiting relatively low on-resistance;

said device comprising;:

a wafer of semiconductor material having first and
second opposing semiconductor surfaces; said
wafer of semiconductor material having a rela-
tively lightly doped major body portion for receiv-
ing junctions and being doped with impurities of
one conductivity type;

at least first and second spaced base reglons of the
opposite conductivity type to said one-conductiv-
ity type formed in said wafer and extending from
said first semiconductor surface to a first depth

beneath said first semiconductor surface; the space’

between said at least first and second base regions
defining a common conduction region of one con-
ductivity type at a given first semiconductor sur-
face location;

first and second source regions of said one conductiv-
ity type formed in each pair of said at least first and
second base regions respectively at first and second
first surface locations and extending from said first
and second first surface locations to a depth less
than said first depth; the outer rim of each of said
first and second source regions being laterally
spaced along said first semiconductor surface from
the lateral outer periphery of its said base region to
define first and second channel regions along said
first semiconductor surface between each pair of

 Exhibit A — Page 2
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said first and second source regions, respectively,
and said common conduction region;

source electrode means connected to said source
regions;

gate insulation layer means on said first surface, dis-
posed at least on said first and second channel re-
gions;

gate electrode means on said gate insulation layer
means and overlying said first and second channel
regions;

said wafer including a further region of opposite
conductivity type adjoining said lightly doped
major body portion; and

an electrode coupled to said further region.

20. The device of claim 19 wherein at least said first

‘base region comprises a cellular polygonal region; said

cellular polygonal region being surrounded by said
common conduction region; said first source region
having the shape of an annular nng disposed within said
cellular polygonal first base region.

21. The device of claim 19 wherein said common
conduction region is relatively highly doped compared
to said relatively lightly doped major body portion and
wherein said common conduction region extends from
said given first semiconductor surface location to a
depth greater than the depth of said source region but
less than said depth of said first and second base regions,
whereby resistance to current flow in the path between
said first and second surface channel regions and said
common conduction region and between said common
conduction region and said relatively lightly doped
major body portion is reduced.

22. The device of claim 19 wherein said source elec-
trode means ;comprises a single sheet of conductive
material disposed over and' contacting each of said
source regions.

23. The device of claim 19 wherein said source elec-
trode means :makes electrical contact.to the surface of
said- cellular polygonal base.region and the. surface of
said annular ring-shaped source region.

24. The device of claim 19 wherein each of said at
least first and second spaced base regions of said oppo- -
site conductivity type have respective profiles which
include relatively shallow depth regions extending from
said common conduction region and underlying their
said respective first and-second source regions, and -
respective relatively deep, relatively large radius re-
gions extending from said shallow depth regions which
are laterally spaced from beneath said respective source
regions on the side of said source regions which is away
from said common conduction region; said shallow base
regxom partially underlying their respective source
regions.

— e e e e . L.
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gate electrode means on said gate insulation layer
munsmdovetlymgmdﬁnundseeondchnnd
regions;

a drain conductive region remote from said common

region and separated therefrom by said relatively $

lightly doped major body portion; and

a drain electrode coupled to said drain conductive
region;

said common conduction region being relatively

highly doped compared to said relatively lightly 10

dopedmjorbodyponionmdextending&omuid
given first semiconductor surface location to a
depth greater than the depth of said source region
butlcuthanwdﬁmdep(hofmdﬁmmdlecond

spaced base regions, whereby resistance to current 15

flow at the junctures between said first and second
surface channel regions and said common conduc-
tion region and between said common conduction
reglonnndmdrehuvely lightly doped major body

10

gate electrode means on said gate insulation layer
means, overlying said first and second channel
regions and comprising a second terminal;

admncondncnveregonremoveﬁommdcommon
region and separated therefrom by said relatively
lightly doped major body portion;

a drain electrode coupled to said drain conductive
region and comprising a third terminal;

each of said at least first and second spaced base re-
gions of said opposite conductivity type having
respective profiles which include relatively shal-
low depth regions extending from said common
region and underlying their said respective first
and second source regions, and respective rela-
tively deep, relatively large radius regions extend-
-ing from- said shallow--depth regions which are
laterally spaced from beneath said respective

’ lourceregtomontheudeofsndsonrceregxons .
which is away from said common region;

portion is reduced, wherein said source electrode 20 gt least said first base region being a cellular polygo-

menucompmuaunglesheetofconducﬁvemte-
rial duposed over and contacting each of. md
source regions.

5. The device of claim 2 wherein said source elec-
trode means comprises a single sheet of conductive
material dnposed over and contacting each of said
source regions.

&mdwweofclnmlwhmwdwumeelee-
trode means makes electrical contact to the surface of
said cellular polygonal region and the-surface of said
annular region-shaped ring.

7. A three-terminal power metal oxide silicon field
effect transistor device comprising:

25

awnferofsemeonductormntemlhavmgﬁntmd”
second opposing semiconductor surfaces; said
wafer of semiconductor material having a rela-
tively lightlydopedmjor body portion for receiv-
ing junctions and being doped with impurities of
one conductivity type;

atlentﬁm:ndseoondspwedhauregomofthc
opposite conductivity type to said ‘one conductiv-
ity type formed in said wafer and extending from
said first semiconductor surface to a depth beneath
said first semiconductor surface; the space between 45
said at least first and second base regions defining a
common conduction region of one conductivity
type at a given first semiconductor surface loca-

. tion;

first and second source regions of said one conductiv-
ity type formed in each pair of said at least first and
second base regions respectively at first and second .
first surface locations and extending from said first
and second first surface locations to a depth less
than said depth of said base regions; said first and
secand source regions being laterally spaced along
said first semiconductor surface from the facing
respective edges of said common conduction re-
gion thereby to define first and second channel
regions along said first semiconductor surface be-
tween each pair of said first and second source
regions, respectively and said common conduction
region;

source electrode means connected to said source
regions and comprising a first terminal;

gate insulation layer means on said first surface, dis-
posed at least on said first and second channel re-
gions;

55
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nal region; said cellular polygonal region being
surrounded by said common conduction region;
said first source region having the shape of an an-
nular ring disposed within said cellular polygonal
first base region; said relatively shallow depth re-
gion of said first base region surrounding the outer
periphery of said relatively deep portion of said

first base region.
8. Thcdevweofchm1wheremmdshallowhue
regions partially underlic their respective source re-

gions.
9. The device of claim 7 wherein said common con-
. duction region:is relatively highly doped compared to
said relatively lightly doped- major: body portion and
.extends' from. said given -first' semiconductor surface
location to a depth greater than the depth of said source
region but:less than said depth .of said first and second
base regions, whereby resistance to current flow at the
4p Jjunctures between said first and second surface channel
regions and said common conduction region and be-
tween said common conduction region and said rela-
tively lightly doped major body portion is reduced.

10. The device of clsim 8 wherein said common con-
duction region is relatively highly doped compared to '
said relatively lightly doped major body portion and
extends from said given first semiconductor surface
location to a depth greater than the depth of said source
region but less than said dept.h of said first and second
.base regions, whereby resistance to current flow at the
juncturel between said first and second surface channel
regions and said common conduction region and be-
tween said common conduction region and said rela-
tively lightly doped major body portion is reduced.

11. The device of claim 7 wherein said source elec-
trode means comprises a single sheet of conductive
material duposed over and eonuctmg each of said
source regions.

12. The device of claim 8 wherein said source elec-
trode means comprises a single sheet of conductive
material disposed over and contacting each of said
source regions.

13. The device of claim 9 wherein said source elec--
trode means comprises a single sheet of conductive
mmnnlduposedovermdconnchngeachofsud
source regions.

14. The device of claim 10 wherein said source elec-
trode means comprises a single sheet of conductive

3
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{5711 ABSTRACT

A high power MOSFET is disclosed in which two
laterally spaced sources each supply current through
respective channels in one surface of a semiconductor
chip' which are controlled by the:same gate. The chan-
nels lead from the source-elecirodes to a relatively Jow
resistivity region and from there to-a relatively high
resistivity .epitaxially formed region which is deposited
on a high conductivity substrate. The drain electrode
may be either-on the opposite surface of the chip or
laterally displaced from and on the same side as the
source regions. The epitaxially deposited semiconduc-
tor material immediately adjacent and benesth the gate
and in the path from the sources 1o the drain has a rela-
tively high conductivity, thereby to substantially re-
duce the on-resistance of the device without effecting
the breakdown voltage of the device. The breakdown
voltage of the devite is substantially increased by form-
ing a relatively deep p-type diffusion with a large radius
in the n-type epitaxial layer beneath each of the sources.
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REEXAMINATION CERTIFICATE at least said first basc region being a cellular polygonal
ISSUED UNDER 35 US.C. 307 region; said cellular polygonal region being surrounded

_ by said common conduction region; said first source
THE PATENT IS HEREBY AMENDED AS region having thc shape of an annular ring disposed
INDICATED BELOW. s

within said cellular polygonal first base region.
7. A three-termi ide sili
Matter enclosed in heavy brackets [ ] appeared in the ec-terminal power metal oxide silicon field effect
patent, but has been deleted and is no longer a part of the

transistor device comprising:
patent; matter printed in italics indicates additions made a wafer of semiconductor matezial having first and second
fo the patent. '

opposing semiconductor surfaces; said wafer of semi-
10 conductor material having a relatively lightly doped
major body partion for receiving junctions and being
doped with impurities of onc conductivity type;
at least first and second spaced base regions of the
opposite condudtivity typc to said onc conductivity
15 type formed in said wafer and extending from said first
semiconductor surface to a depth bencath said first
scmiconductor surface; the space between said at least -
first and second base regions defining a vertical com-
mon conduction region of one conductivity type at a
given first semiconductor surface location; the concen-
tration of carriers of said one conductivity type in said
common conduction region at said first semiconductor
surface being less than the conceniration of carriers of
said opposite conductivity type of said first and second
base regions at said first semiconductor surface;
first and second source regions of said one conductivity
type formed in each pair of said at least first and second
base regions respectively at first and sccond first sur-
face locations and extending from said first and second
- first surface locations to a depth less than said depth of
said base regions; said first and second source regions
being laterally spaced along said first semconductor
surface from the facing respective edges of said com-
mon conduction region -thereby to define first and
-second channel regions-along said first semiconductor
surface between.cach pair of said first and second
semiconductor surface; the space between said at least source regions, respectively, and said common conduc-
first and scoond base regions defining a vertical com- tion region;

" mon conduction region of onc conductivity type at a « source clectrode means connected to said s regions
given first semiconductor surface location; zhe concen- and comprising a first terminal;

fration of carriers of said one conductivity type in said . .
gate insulation layermeans on said first surface, disposed
common conduction region at said first semiconductor at least on said first and second channel regions;

surface being less than the concentration of carriers of i . X
said opposite conductivity type of said first and second gate clectrode means on said gatc insulation layer mcans,
45 overlying said first and second channe]l regions and

base regions at said first semiconductor surface; - A
first and second source regions of said onc conductivity comprising a second terminal;
a drain conductive region remote from said common

type farmed in each pair of said at least first and second , a X
basc regions respectivcly at first and sccond first sur- region and separated therefrom by said relatively

AS A RESULT OF REEXAMINATION, IT HAS BEEN
DETERMINED THAT:

Claim 4 was previously cancelled.

Claims 1.7, 19 and 24 arc determined to be paténtable as
amended.

Claims 2. 3. S. 6, 8-18 and 20-23, dependent on an
amended claim. are determined to be patentable. 20

New claims 25-28 and 29 arc addcd and determined to be
patentable.

1. A high power metal oxide silicon field effect transistor 25
device exhibiting relatively low on-resistance and relatively .
high breakdown voltage; said device comprising:

a wafer of semiconductor material having first and second
opposing scmiconductor sutfaces; said wafer of scmi-
conductor material having a relatively lightly doped 30
major body portion for receiving junctions and being
doped with impurities of one conductivity type;

at least first and second spaced base regions of the
opposite conductivity typc to said .onc conductivity
type formed in said wafer and extending from said first-
semiconductor surface to a first depth beneath said first

as

face location to a depth less than said first dcpth, the lightly doped major body portion;
outer rim of each of said first and second source regions a drain electrode coupled to said drain conductive n:gnon
being laterally spaced along said first semiconductor and comprising a third terminal; :

surface from the lateral outer periphery of its said base each of said at Jeast first and second spaced base regions

region to define first and second channel regions along
said first semiconductor surface between cach pair of
said first and second source regions, respectively, and
said common conduction region;

sourcc electrode means connected to said source regions;

gate insulation layer means on said first surface, disposed
at least on said first and second channel regions;

gate electrode means on said gate insulation layer means
_and overlying said first and sccond channe] regions;

a drain conductive region remote from said common
region and separated therefrom by said relatively
lighdy doped majar body portion;

" a drain electrode coupled to said drain conductive region;

and
-

- of said oppositc conductivity type having rcspective

profiles which include, to allow the device to withstand
relatively high breakdown voltages, rclatively shallow
depth regions having a relatively small radius of cur-
vature cxtending from said common segion and under-
lying their said respective first and second source
regions, and respective relatively deep, relatively large
radius regions extending from said shallow depth
regions which are laterally spaced from bencath said
respective source regions on the side of said source
regions which is away from said common region;

at least said first basc region being a cellular polygonal

region; said cellular polygonal region being surrounded
_ by said common conduchon region; said first source-

Exhlblt A- Page X
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region having the shape of an annular ring disposed

within said cellular polygonal first base region; said .

rclatively shaliow depth region of said first base region
surrounding the outer periphery of said relatively deep
portion of said first base region.

19. A high power metal oxide silicon ficld effect transistar
device exhibiting relatively Jow on-resistance; said device
comprising:

a wafer of semiconductor material having first and second
opposing semiconductor surfaces; said wafer of semi-
conductor material having a relatively lightly doped
major body portion for receiving junctions and being
doped with impurities of one conductivity type;

at least first and second spaced basc repions of the
opposite conductivity type to said one conductivity
typc formed in said wafer and extending from said first
semiconductor surface to a first depth beneath said first
semiconductor surface; the space between said at least
first and sccond base regions defining a verfical com-
mon conduction region of one conductivity type at
given first semiconductor surface location; the concen-
tration of carviers of said one conductivity type in said
common conduction region at said first semiconductor
surface being less than the concentration of carriers of
said oppaosite conductivity type of said first and second
base regions at said first semiconductor surface;

first.and second source regions of said onc conductivity
type formedin each pair of sald at least first and second
base regions respectively at first and second first sur-
face locations and extending from said. first and second
first surface locations to a depth less than said first
depth; the outer rim. of each of said first and second
source regions being laterally spaced along said first
semiconductor surface from the lateral outer periphery
of its said base region to define first and second channel

10

25

4

source electrode means connected to said source regions;
gate insulation layer means on said first surface, disposcd
at least on said first and second channel regions;
gate electrode means on said gate insulation layer means
and overlying said first and second channel regions;
said wafer including a further region of opposite conduc-
tivity typc adjoining said lightly doped major budy
portion; and

an electrode coupled to said further region.

24. The device of claim 19 wherein each of said at least
first and second spaced base regions of said opposite con-
ductivity typc have respective profiles which include, fo
allow the device to withstand relatively high breakdown
voltages, relatively shallow depth regions having a relatively
small radius of curvature cxtending from said common
conduction region and underlying their said respective first
and second source regions, and respective relatively deep.
relatively large radius regions extending from said shallow
depth regions which are laterally spaced from beneath said
respective source regions on the side of said source regions
which is awsy from said common conduction region; said
shallow basc regions partially underlying their respective
source regions. .

25. The device of claim 1 wherein said verticul common
conduction region is disposed beneath said gate insulation

) layer means on said first surface.

30

35

regions along said first semiconductor surface between -

cach pair of said first and sccond source regions,
respectively, and said common conduclion region;

_————— n
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- 26. The device of claim 7 wherein said vertical common
conduction region is disposed beneath said gate insulation
layer means on said first surface. .

27. The device of claim 19 wherein said vertical common
conduction region is disposed beneath said gate insulation
layer means on said first surface.

28. The device of claim 1 wherein said common conduc-
tion region is continuous and uninterrupted.

29. The device of claim 7 wherein said.common conduc-
tion region is continuous and uninterrupted.
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[57] ABSTRACT

A high-power MOSFET has a plurality of closely
packed polygonal sources spaced from one another on
one surface of a semiconductor body. An elongated
gate electrode is exposed in the spacing between the
polygonal sources and cooperates with two channels,
one for each adjacent source electrode, to control con-
duction from the source electrode through the channel
and them to a drain electrode on the opposite surface of
the semiconductor body. The conductive region adja-
cent the channel and between adjacent sources is rela-
tively highly conductive in the section of the channel
adjacent to the surface containing the sources. The
polygonal shaped solirce members are preferably hex-

- agonal so that the distances between adjacent sources is

relatively constant throughout the device. Each polyg-
onal region has a relatively deep central portion and a
shallow outer shelf portion. The shelf portion generally
underlies an annular source region. The deep central
portion underlies an aluminum conductive electrode
and is sufficiently deep that it will not be fully pene-
trated by aluminum spiking.

14 Claims, 3 Drawing Sheets
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PLURAL POLYGON SOURCE PATTERN FOR
MOSFET

This application is a continuation of application Ser. §
No. 243,544, filed Mar. 13, 1981, now abandoned,
which was a continuation of application Ser. No.
038,662, filed May 14, 1979, now abandoned.

RELATED APPLICATIONS 0

This application is related to application Ser. No.
951,310, filed Oct. 13, 1978, now abandoned and refiled
as continuation application Ser. No. 232,713, filed Feb.
9, 1981, now U.S. Pat. No. 4,376,286, entitled HIGH

POWER MOSFET WITH LOW ON-RESISTANCE 15

AND HIGH BREAKDOWN VOLTAGE, in the
names of Alexander Lidow: and Thomas Herman, and
assigned to the assignee of the present invention.

BACKGROUND OF THE INVENTION | 20

This invention relates to MOSFET devices, and more
specifically relates to a novel source pattern for a MOS-
FET device of the type disclosed in above-mentioned
U.S. Pat. No. 4,376,286 wherein a plurality of polygon-

al-shaped source elements are disposed over the surface 25

of a semiconductor body and are spaced from one an-
other by a closely controlled dimension.

High power MOSFETS having low on-resistance
and high breakdown voltage are known and are shown

in the above-noted U.S. Pat. No. 4,376,286. In the above 30

application, the source electrodes are spaced, interdigi-
tated source regions spaced -from one another by two
parallel channel regions covered by a common gate.
The device has exceptionally low on-résistance along

with the usual advantages of the MOSFET device over 35

the bi-polar device particularly by virtue of a relatively
high conductivity region disposed between the two
adjacent channels and leading to a common drain elec-
trode.

It has been found that an interdigitated structure has 40

a relatively low packing density. Moreover, the inter-
digitated arrangement disclosed in the above U.S. Pat.
No. 4,376,286 requires relatively complicated masks
and has a relatively high capacitance.

BRIEF DESCRIPTION OF THE INVENTION

The present invention provides a novel high power
MOSFET device with low forward resistance where a
very high packing density is available and which can be

made with relatively simple masks. The device further 50

has relatively low capacitance. Typically,. the device
may be made through the use of phosphorus implanta-
tion and D-MOS fabrication techniques but any desired
technique can be used.

Each of the individual spnced source reg:ons. in ac- 55

cordance with the invention, is polygonal in configura-
tion and is preferably hexagonal to ensure a constant
spacing along the major lengths of the sources disposed
over the surface of the body. An extremely large num-

ber of small hexagonal source elements may be formed 60

in the same surface of the semiconductor body for a
given device. By way of example, 6,600 hexagonal
source regions can be formed in a chip area having a
dimension of about 100 by 140 mils to produce an effec-

tive channel width of about 22,000 mils, thus permitting 65

very high current capacity for the device.
The space between the adjacent sources may contain
a polysilicon gate or any other gate structure where the

,o- - -
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gate structure is contacted over the surface of the de-

" vice by elongated gate contact fingers which ensure

good contact over the full surface of the device.

Each of the polygonal source regions is contacted by
a uniform conductive layer which engages the individ-
ual polygonal sources through openings in an insulation
layer covering the source regions, which openings can
be formed by conventional D-MOS photolithographic
techniques. A source pad connection region is then
provxded for the source conductor and a gate pad con-
nection region is provxded for the elongated gate fingers
and a drain connection region is made to the reverse
surface of the semiconductor device.

A plurality of such devices can be formed from a
single semiconductor wafer and the individual elements
can be separated from one another by scribing or any
other suitable method.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of a completed element on a
semiconductor wafer prior to the separation of the ele-
ment away from the remainder of the wafer. ‘

FIG. 2 is an enlarged detail of the gate pad to illus-
trate the relatlonslup of the gate contact and the source
polygons in the region of the gate pad.

FIG. 3 is a detailed plan view of a small portion of the
source region during one stage of the manufacturing
process of the device.

FIG. 4 is a cross-sectional view of FIG. 3 taken
across the section line 4—4 in FIG. 3.

FIG. § is similar to FIG. 4 and shows the addition of
a polysilicon:gate,:a.source:electrode means and drain
electrode to.the.wafer.

" '‘DETAILED-DESCRIPTION OF THE
DRAWINGS

- The polygon:configuration: of the source regions of
the present invention is best shown in FIGS. 3,4 and §
which are first described.

Referring first to FIGS. 3 and 4, the device is shown
prior to the application of the gate, source and drain
electrodes. The manufacturing process can be of any
desired type. The manufacturing process described in .
U.S. Pat. No. 4,376,286, referred to above, which is
incorporated herein by reference, can be used whereby
D-MOS fabrication techniques and ion implantation
techniques can be advantageously employed for the
formation of the junction and placement of the elec-
trode in the most advantageous way.

The device is described as an N channel enhancement
type device. It will be apparent that the invention will
also apply to P channe] devices and to depletion mode
devices.

The device of FIGS. 3 and 4 has a plurality of polyg-
onal source regions on one surface of the device, where
these polygonal regions are preferably hexagonal in
shape. Other shapes such as squares could have been
used but the hexagonal shape provides better uniformity
of spacing between adjacent source region perimeters.

In FIGS. 3 and 4, the hexagonal source regions are
formed in a basic semiconductor body or wafer which
can be an N type wafer 20 of monocrystallme silicon
which has a thin N—epnaxml region 21 dcposlted
thereon as best shown in FIG. 4. All junctions are
formed in epitaxial region 21. By using suitable masks, a
plurality of P type base regions such as regions 22 and
23 in FIGS. 3 and 4 are formed in one surface of the
semiconductor wafer region 21, where these regions are

; Exhibit B — Page 2_3_ |
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generally polygonal in configuration and, preferably,
are hexagonal.

A very large number of such polygonal regions are
formed. For example, in a device having a surface di-
mension of 100 by 140 mils, approximately 6600 polygo-
nal regions are formed to produce a total channel width
of about 22,000 mils. Each of the polygonal regions may
have a width measured perpendicular to two opposing
sides of the polygon of about 1 mil or less. The regions
are spaced from one another by a distance of about 0.6
mil when measured perpendicularly between the adja-
cent straight sides of adjacent polygonal regions.

The P+ regions 22 and 23 will have a depth d which
is preferably about 5 microns to produce a high and
reliable field characteristic. Each of the P.regions has an
outer shelf region shown as shelf regions 24 and 25 for

10

15.

P regions 22 and 23, respectively, having a depth s of -

about 1.5 microns. This depth should be as small as’

possible to reduce the capacitance of the device.
Each of the polygon regions including polygonal
regions 22 and 23 receive N+ polygonal ring regions 26
- and 27, respectively. Shelves 24 and 25 are located
beneath regions 26 and 27, respectively. N+ régions 26
and 27 cooperate with a relatively conductive N+
region 28 which is the N+ region disposed between
"adjacent P type polygons to define the various channels
between the source regions and a drain contact which
will be later described.

The highly conductive N+ regions 28 are formed in
the manner described in U.S. Pat. No. 4,376,286, re-
ferred to above, and are the subject of that application
and produce a very low forward resistance for the de-
vice,

In FIGS. 3 and 4, it will. be noted that the entire
surface of the wafer is covered with an oxide layer or
combined conventional oxide and-nitride layers which
are produced for the formation of the various junctions.
This layer is shown as the insulation layer 30. The insu-
lation layer 30 is provided with polygonal shaped open-
ings such as openings 31 and 32 immediately above
polygonal regions 22 and 23, Openings 31 and 32 have
boundaries overlying the N+ type source rings 26 and

20

25

30

35

40

27 for the regions 22 and 23, respectively. The oxide .

" strips 30, which remain after the formation of the polyg-
onal shaped openings, define the gate oxide for the
device.

Electrodes may then be applied to the device as
shown in FIG. 5. These include a polysilicon grid
which includes polysilicon sections 40, 41 and 42 which
overlie the oxide sections 30.

A silicon dioxide coating is then deposited atop the
polysilicon grid 40 shown as coating sections 45, 46 and
47 in FIG. § which insulates the polysilicon control
electrode and the source electrode which is subse-

- quently deposited over the entire upper surface of the
wafer. In FIG. § the source electrode is shown as con-
ductive coating 50 which may be of any desired mate-
rial, such as aluminum. A drain electrode 51 is also
applied to the device, -

The resulting device of FIG. 5 is an N channel type
device wherein channel regions are formed between
each of the individual sources and the body of the semi-
conductor material which ultimately leads to the drain
electrode 51. Thus, a channel region 60 is formed be-
tween the source ring 26, which is connected to source

.electrode 50, and the N+ region 28 which ultimately
leads to the drain electrode 51. Channel 60 is inverted to
N type conductivity upon the application of a suitable

45

55

65
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control voltage to the gate 40. In a similar manner,
channels 61 and 62 are formed between the source re-
gion 26, which is connected to the conductor 50, and
the surrounding N + region 28 which leads to the drain
51. Thus, upon application of a suitable control voltage
to the polysilicon gate (including finger 41 in FIG. 5),
channels 61 and 62 become conductive to permit major-
ity carrier conduction from the source electrode 50 to
the drain 51. Note that channels labeled 60 and 61 of
FIG. § are the same annular channel which is formed
within the region 22. Similarly, channels 62 and 63 are
the same annular channel formed in the region 23.

Each of the sources form parallel conduction paths
where, for example, channels 63 and 64 beneath gate
element 42 permit.conduction from the source ring 27
and an N type source strip 70 to the N4 region 28 and
then to the drain electrode 51.

1t is to'be noted that FIGS. 4 and § illustrate an end
P type region 71 which encloses the edge of the wafer.

The contact 50 of FIG. § is preferably an aluminum
contact. It will be noted that the contact region for the
contact 50 lies entirely over and in alignment with the

deeper portion of the P type region 22. This is done

since it was found that aluminum used for the electrode
50 might spike through very thin regions of the P type
material. Thus, one feature of the present invention is to
ensure that the contact 50 lies principally over the
deeper portions of the P regions such as P regions 22
and 23. This then permits the active channel regions
defined by the annular shelves 24 and 25 to be as thin as
desired in order to substantially reduce the device ca-
pacitance. )

FIG. 1 illustrates ‘one ‘completed:device using the
polygonal source. pattern. of FIG.. §." The .completed
device shown in-FIG. 1'is contained within the scribe
regions 80, 81, 82 and 83 which enable the breaking out
of a plurality of. unitary devices.each having a dimen-
sion of 100 by 140 mils from the body of the wafer.

The polygonal regions described are contained in a
plurality of columns and rows. By way of example, the
dimension A contains 65 columns of polygonal regions
and may be about 83 mils. The dimension B may contain
100 rows of polygonal regions and may be about 148
mils. Dimension C, which is disposed between a source
connection pad 90 and a gate connection pad 91, may
contain 82 rows of polygonal elements.

The source pad 90 is a relatively heavy metal section
which is directly connected to the aluminum source
electrode 50 and permits convenient lead connection
for the source.

The gate connection pad 91 is electrically connected
to a plurality of extending fingers 92, 93, 94 and 95
which extend symmetrically over the outer surface of
the area containing the polygonal regions and make
electrical connection to the polysilicon gate as will be
described in connection with FIG. 2.

Finally the outer circumference of the device con-
tains the P+ (shown as “P” in the drawings) deep diffu-
sion ring 71 which may be connected to a field plate 101
shown in FIG. 1.

" FIG. 2 shows a portion of the gate pad 91 and the
gate fingers 94 and 95. It is desirable to make a plurality
of contacts to the polysilicon gate in order to reduce the
R-C delay constant of the device. The polysilicon gate
has a plurality of regions including regions 110, 111, 112

and the like which extend outwardly and receive exten--

sions of the gate pad and the gate pad elements 94 and
95. The polysilicon gate regions may be left exposed
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during the formation of the oxide coating 45-46-47 in
FIG. 5 and are not coated by the source electrode 50.
Note that in FIG. 2 the axis 120 is the axis of symmetry
120 which is that shown in FIG. 1. )

Although the present invention has been described in
connection with a preferred embodiment thereof, many
variations and modifications will now become apparent
to those skilled in the art. It is preferred, therefore, that
the present invention be limited not by the specific
disclosure herein, but only by the appended claims.

What is claimed is: ]

1. A high power MOSFET device having more than
1000 parallel-connected individual FET devices closely
packed into a relatively smalil area comprising:

a thin wafer of semiconductor material having first

and second spaced, parallel planar surfaces; at least
a first portion of the thickness of said wafer which

extends from said first planar surface consisting of

- an epitaxially deposited region of a first conductiv-
ity type;

a plurality of symmetrically disposed laterally distrib-
uted hexagonal base regions each having a second
c':onducnvny type formed in said epitaxially depos-
ited region and extending for a given depth beneath
said first planar surface,

said hexagonal base regions spaced at said first sur-
face from surrounding ones by a symmetric hexag-
onal lattice of semiconductor material of said first

. conductivity type;

each side of each of said hexagonal base regions being
parallel to an nd_]aeent side of another of said hex-
agonal base regions;

a hexagonal annular source region of saxd first con-
ductivity type formed in an outer peripheral region
of each of said hexagonal base regions and extend-
ing downwardly from.said first planar surface to a
depth less than the depth of said base regions;

an outer rim of each of said annular source regions
being radially inwardly spaced from an outer pe-
riphery of its respective hexagonal base region to
form an annular channel between each of said outer
rims of said annular source regions and said sym-
metric hexagonal lattice of semiconductor material
of said first portion of said wafer;

a common source electrode formed on said first pla-
nar surface and connected to a plurality of said
annular source regions and to interiorly adjacent
surface areas of their said respective hexagonal
base regions;

a drain electrode connected to said second planar
surface of said wafer;

an insulation layer means on said first planar surface
and overlying at least said annular channels; and

a polysilicon gate electrode atop said insulation layer
means and operable to invert said annular channels.

2. The MOSFET device of claim 1, wherein the’

~ material of said lattice of said first conductivity type has

a relatively high impurity concentration region com-
pared to the concentration of the remainder of said first
portion of said wafer; said relatively high concentration
region havmg a depth greater than the depth of said
source reglons and less than the depths of sald plurality
of base regions.

3. A high power MOSFET device having more than
1000 parallel-connected individual FET devices closely
packed into a relatively small area comprising:

a thin wafer of semiconductor material having first

and second spaced, parallel planar surfaces; at least

5
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a first portion of the thickness of said wafer which
extends from said first planar’surface consisting of
an epitaxially deposited region of a first conductiv-
ity type;

a plurality of symrnetncally disposed laterally distrib-
uted polygonal base regions each having a second
conductivity type formed in said lightly doped
region and extending for given depth beneath said
first planar semiconductor surface;

said polygonal base regions spaced at said first sur-
face from surrounding ones by a symmetric polyg-
onal lattice of semiconductor material of said first
conductivity type;

each side of each of said polygonal base regions being
parallel to an adjacent side of another of said po-
lygonal base regions;

..a polygonal annular source reglon of said first con-

ductivity type formed in an outer peripheral region

" of each of said polygonal base regions and extend-

ing downwardly from said first planar surface to a
depth less than the depth of said base regions;

an outer rim of each of said annular source regions
being radially inwardly spaced from an outer pe-
riphery of its respective polygonal base region to
_form an annular channel between each of said outer
rims of said annular source regions and said sym-
metric polygonal lattice of semiconductor material
of said first portion of said wafer;

a common source electrode formed on said first pla-
nar surface and connected to a plurality of said
annular source regions and to interiorly adjacent
surface :areas “of theu- -said - respective polygonal
_base regions;

a drain.electrode connected to: said second planar
semiconductor surface of said wafer;

an insulation layer.means on said first planar surface
and overlying at least said annular channels; and

a polysilicon gate electrode atop said insulation layer
means and operable to invert said annular channels.

4. The MOSFET device of claim 1 or 3, wherein each
of said base regions occupies a total lateral area having
a diameter less than about 1 mil and are spaced from
adjacent base regions by about 0.6 mil.

- 5. The device of claim 1 or 3, wherein said 40M, is an
N type conductivity, said base reglons are a P type
conductivity and said source regions are an N type
conductivity.

6. The MOSFET device of claim 3, wherem the
material of said lattice of said first conductivity type has
a relatively high impurity concentration region com-
pared to the concentration of the remainder of said first
portion of said wafer; said relatively high concentration
region having a depth greater than the depth of said
source regions and less than the depths of said plurality

-of base regions.

7. A vertical conduction high power MOSFET de-
vice exhibiting relatively low on-resistance and rela-
tively high breakdown voltage; said device comprising:

a wafer of semiconductor material having planar first

and second opposing semiconductor surfaces; said
wafer of semiconductor material havmg a rela-
nvely lightly doped major body pomon for receiv-
ing junctions and being doped with impurities of a
first conductivity type;

a plurality of highly packed, equally spaced symmet-

rically disposed identical polygonal base regions of
a second conductivity type formed in said wafer,
each extending from said first planar semiconduc-

ExhlbltB Page 35

N

B ——



o Case'2:00-cv-06756-R-8 Documentl Filed 06/22/00 Pa$37 of 76 Page ID #:965

5,008,725
7

tor surface to a first depth beneath said first planar
semiconductor surface; said polygonal base regions
spaced from surrounding ones by a symmetric po-
lygonal lattice of semiconductor material of said
first conductivity type; the space between adjacent 5
ones of said polygonal base regions defining a com-
mon conduction region of said first conductivity
type extending downwardly from said first planar
semiconductor surface;

a respective polygonal annular source region of said
first conductivity type formed within each of said
polygonal base regions and extending downwardly
from said first planar semiconductor surface to a
depth less than said first depth; each of said polygo-
‘nal annular source regions being laterally spaced

_ along said first planar semiconductor surface from
the facing respecnve edges of said common con-
duction region thereby to define respective copla-
nar annular channel regions along said first planar
semiconductor surface between the polygonal sides 20
of each of said polygonal annular source regions
and said common conduction region;

a common source electrode means connected to said
polygonal annular source regions and their respec-

. tive base regions;

gate insulation layer means on said first planar semi-
conductor surface, disposed at least on said copla-
nar channel regions;

gate electrode means on said gate insulation layer
means .and overlying said coplanar channel re- 30
gions;

a drain conductive region remote from said common -
conduction region and separated therefrom by said
relatively lightly ‘doped major body portion and
extending. to said second' semiconductor surface; 35
and

a drain electrode. coupled to said drain conducuve
region. :

8. A high power MOSFET device exhibiting rela-

tively low on-resistance and relatively high breakdown 40

voltage; said device comprising:

a wafer of semiconductor material having planar first
and second.opposing semiconductor surfaces; said
wafer of semiconductor material having a rela-
tively lightly doped major body portion for receiv- 45
ing junctions and being doped with impurities of a
first conductivity type;

at least first and second spaced base regions of a sec-

. ond conductivity type formed in said wafer and
extending downwardly from said first planar semi-
conductor surface to a first depth beneath said first
planar semiconductor surface; the space between
said at least first and second spaced base regions
defining a common conduction region of a first
conductivity type at a given first planar semicon-
ductor surface location; said common conduction
region extending downwardly from said first pla-
nar semiconductor surface;

first and second annular source regions of said first
conductivity type formed in said first and second 60
spaced base regions respectively at said first planar
semiconductor surface locations to a depth less

15
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than said first depth; said first and second annular
source regions being laterally spaced along said
first planar semiconductor surface from the facing
respective edges of said common conduction re-
gion thereby to define first and second channel
regions along said first planar semiconductor sur-
face between each pair of said first and second
annular source regions, respectively, and said com-
mon conduction region; each of said first and sec-
ond channel regions being coplmr with one an-
other;

a common source electrode means connected to said
first and second annular source regions and their
respective first and second base regions;

gate-insulation layer means on said first planar semi-
conductor surface, disposed at least on said first
and second channel regions;

gate electrode means on said gate insulation layer
means and overlying said first and second channel
regions;

a drain conductive region remote from said common
conduction region and separated therefrom by said
relatively lightly doped major body portion and:
extending to said second semiconductor surface;

a drain electrode coupled to said drain conductive
region; and

each of said at least first and second spaced base re-
gions having a polygonal configuration; each of
said first and second annular source regions having
a polygonal. configuration conforming to that of

. . their respective base region.

9. The MOSFET device of claims.7 or 8 wherein said

common conduction region is.relatively highly doped,

‘compared to said:relatively .lightly.doped major body

portion and extends downwardly from said first planar
semiconductor surface to a depth-greater than the depth
of said -source-regions, whereby .resistance’ to current
flow at the boundaries between said channel regions
and said common conduction region and between said-
common conduction region and said relatively lightly
doped major body portion is reduced without reducing

‘breakdown voltage.

10. The MOSFET device of claim 9, wherein the
depth of said common conduction region is less than
said first depth of said base regions.

11. The MOSFET device of claim 1, 3, 35 or 36,
wherein each of said base regions has a deepened cen-
tral region and a shallower outer peripheral region, said
deepened central region extending laterally under only
a portion of its associated source region.

12. The MOSFET device of claim 11, wherein said
deepened central region has a depth of appro:umately 5
microns and said shallower outer peripheral region has
a depth of greater than approximately 1.5 microns.

13. The device of claim 32, 35 or 36, wherein there
are in excess of about 1000 source regions each having
a width of about 1 mil.

14. The device of claim 7 or 8, wherein said lightly
doped wafer portion is an N type conductivity, said
base regions are a P type conductivity and said source

regions are an N type conductmty
» [ ]
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[57) - ABSTRACT

A high power MOSFET has .a -plurality of closely
packed polygonal sources spaced from one another on

" one sutface of a semiconductor body. An elongated

gate electrode is exposed in the spacing between the
polygonal sources and cooperates with two channels,
one for each adjacent source electrode, to control con-
duction from the source electrode through the channel
and then to a drain electrode on the opposite surface of
the semiconductor body. The conductive region adja-
cent the channe] and between adjacernit sources is rela-
tively highly conductive in the section of the channe}
adjacent to the surface containing the sources. The
polygona) shaped soiirce members are preferably hex-
agonal 50 that the distances between adjacent sources is
relatively constant throughout the device. Each polyg-
onal region has 2 relatively deep central portion and a
shallow outer shelf portion. The shelf portion generally
underlies an annular source region. The deep central
portion underlies an aluminum conductive electrode
and is sufficiently decp that it will not be fully pene-
trated by aluminum spiking.
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REEXAMINATION CERTIFICATE
ISSUED UNDER 35 US.C. 307

THI: PATENT IS HEREBY AMENDED AS
INDICATED BELOW.

Mautier enclosed in heavy brackets [ sppeared in the
petent, but has been deleted and is no longer a part of the
pstent; matter printed in italics indicates additions made
to the patent. ’ i

. AS A RESULT OR REEXAMINATION, IT HAS
RIEEN DETERMINED THAT:

Claims 1, 3, 7 and 8 are determined to be patentableé as
amended,

Claims 2, 4 10 6, and 9 to 14, dependent on sn
amended claim, are determined to be patentable.

1. A high power MOSFET device having more than
1000 parallel-connected individual FET devices closely
packed into a relatively small area comprising:

a thin wafer of semiconductor material having first

and sccond spaced, parallel planar surfaces; at least
a first portion of the thickness of said wafer which

extends from said first planar surface consisting of
30

an cpitaxially deposited region of a first conductiv-
ity type;

- a plurality of symmetrically disposed laterally distrib-
wed idensical hexagonal base regions each having a
second conductivity type formed in said epitaxially
deposited region and extending for a -given depth
beneath said first planar surface;

said hexagonal base regions spaced at said first sur-
face from surrounding ones by a symmetric hexag-
onal lattice of semiconductor material of said first
conductivity type;

seid lattice being continuous and uninterrupted;

cach side of each of said hexagonal base regions being
parallel to an adjacent side of another of said hex-
agonal base regions;

a hexagonal annular source region of said first con-
ductivity type formed in an outer peripheral region
of cach of said. hexagonal base regions and extend-
inp downwardly from said first planar surface to a
depth less than the depth of said base regions;,

an outer rim of cach of said annular source regions
being radially inwardly spaced from an outer pe-
riphery of its respective hexagonal base region to
form an annular channe) between each of said outer
rims of said annular source regions and said sym-
metric hexagonal lattice of semiconductor material
of said first portion of said wafer;

a common source electrode formed on said first pla-
nar surface and connected to a plurality of said
annular source regions and to interiorly adjacent
surface areas of their said respective hexagonal
base regions; .

a drain electrode connected to said second planar
surface of said wafer;

an insulation layer means on said first planar surface
and overlying at least said annular channels; and

a polysilicon gate electrode atop said insulation layer
neans and operable to invert said annular channels.

—
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2
3. A high power MOSFET device having more than °
1000 parallel-connected individual FET devices closely
packed into a relatively smal) area comprising:

a thin wafer of semiconductor material having first
and second spaced, paralle] planar surfaces; at least
a first portion of the thickness of said wafer which
extends from said first planar surface consisting of
an epitaxially depasited region of a first conductiv-
ity type;, = .

a plurality of symmetrically disposed-laterally distrib-
uted identical polygonal base regions each having a
sccond conductivity type formed in said lightly
doped -region and extending for given depth be-
neath said first planar semiconductor surface;

-said polygonal base regions spaced at said first sur-
_face from surrounding ones.by a symmetric polyg-
onal lattice of semiconductor material of said first
conductivity type;

said latiice being continuous and uninterrupited;

each side of each of said polygona) base regions being
parallel to an adjacent side of another of said po-
lygonal base regions;

a polygonal annular source region of said first con-
ductivity type formed in an outer peripheral region
of each of said polygonal base regions and extend-
ing downwardly from said first planar surface to a
depth less than the depth of said base regions;

an outer rim of each of said annular source regions
being radially inwardly spaced from an outer pe-
riphery of its respective -polygonal base region to
form.an annular channel between.each of said outer
rims of said annular-source regions and said sym-
metric polygonal lattice of semiconductor material
of said first portion of said wafer;

a common source electrode formed on said first pla-
nar surface and connected. to a plurality of said
annular source ‘regions 'and 1o interiosly adjacent
surface areas of their said- respective polygonal
base regions;

a drain electrode connected to said second planar
semiconductor surface of said wafer;

an insulation layer means on said first planar surface
and overlying at least said annular channels; and

a polysilicon gate electrode.atop said insulation layer
means and operable to invert said annular channels.

7. A vertica! conduction high power MOSFET de-

vice exhibiting relatively low on-resistance and rels-
tively high breakdown voltage; said device comprising:

a wafer of semiconductor material having planar first

and sccond opposing semiconductor surfaces; said
wafer of semiconductor material having a relatively
lightly doped major body portion for receiving junc-
tions and being doped with impurities of a first conduc-
tivity type;

a plurality of highly packed, equally spaced symmet-
rically disposed identical polygonal base regions of
a second conductivity type formed in said wafer,
each extending from said first planar semiconduc-
tor surface to & first depth beneath said first planar
semiconductor surface; said polygonal base regions
spaced from surrounding ones by a symmetric po-
lygonal lattice of semiconductor material of said
first conductivity type;

said lattice being continuous and uninterrupted; the
space between adjacent ones of said polygonal base
regions defining 2 commonconduction region of
said first conductivity type extending downwardly
from said first planar semiconductor surface;

I Y

' Exhibit B — Page_38 .

Ay



' Case 2:00-’cv¥06756-R-8 Document.1 Filed 06/22/00 Paa40 of 76 Page ID #:968 °

B1 5,008,725

3

a respective polygonal annular source region of said
first conductivity type formed within each of said
polygonal base regions and extending downwardly
from said first planar semiconductor surface to a
depth less than said first depth; each of said polygo-
nal annular source regions being laterally spaced
along said first planar semiconductor surface from
the facing respective edges of said common con-
duction region thereby to define respective copla-
nar annular channel regions along said first planar
semiconductor surface between the polygonal sides

5

of each of said polygonal annular source regions

and said common conduction region;

a common source electrode means connected to said
polygonal annular source regions and their respec-
tive base regions;

-gate insulation layer means on sald ﬁrst planar semi- .

conductor surface, disposed at least on said copla-
nar channel regions;

gate electrode means on said gate insulation layer
means and overlying said coplanar channel re-
gions;

a drain conductive region remote from said common
conduction region and separated therefrom by said
relatively lightly doped major body portion and
extending to said second scmlconduclor surface;
and

a drain clectrode coupled to said drain conductive
region.

8. A high power MOSFET device exhibiting rela-
tively low on-resistance and relatively high breakdown
voltage; said device comprising:

a wafer of semiconductor material having planar first
and second opposing.scmiconductor surfaces; said
wafer of semiconductor. material having a rela-
tively lightly doped major body portion for receiv-
ing junctions and being doped with impurities of a
first conductivity type;

at least first and second spaced base regions of a sec-
ond conductivity type formed in said wafer and
extending downwardly from said first planar semi-
conductor surface 10 a first depth beneath said first
planar semiconductor surface; the: space between
said at least first and second spaced base regions
defining 8 common conduction region of a first

20

25

L

4

conductivity type at a given first planar semicon-
ductor surface location; said common conduction
region extending downwardly from said first pla-
nar semiconductor surface;

the surface of soid common conduction region being
continuous and uninlerrupled and of said first con-
ductivity type;

first and second annular source regions of said first
conductivity type formed in said first and second
spaced base regions respectively at said first planar
semiconductor surface locations to a depth less
than said first depth; said first and second annular
source regions being laterally spaced along said
first planar semiconductor surface from the facing
respective edges of said common conduction re-
gion thereby to define first and second channel
regions along said first planar semiconductor sur-
face between each pair of said first and second

. annular sonrce regions, respectively, and said com-
mon conduction region; each of said first and sec-
ond channel regions being coplanar with one an-
other;

a common source elecirode means connected to said
first and second annular source regions and their
respective first and second base regions;

gate insulation layer means on said first planar semi-
conductor surface, disposed at least on said first
and second channel regions;

gate electrode means on said .gate msulauon layer
means:and:overlying+said. first and second channel
regions;

.a-drain conductive reglon rrcmotc from said common

conductionregion and scparated.therefrom by said
relatively ‘lightly- doped :major body - portion and
- extending 10-said:second semiconductor surface;

* . .a -drain.electrode couplcd to said. drain. conductive

45

50

55

65

region; and
each of said at least first and second spaced base re-
gions having [a polygonal configuration] identi-
cal polygonal configurations; each of said first and
second annular source regions having a polygonai
configuration conforming to that of their respec-
tive base region..
[ ] [ ] » . L]
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PLURAL POLYGON SOURCE PATTERN FOR
MOSFET

This is a continuation of application Ser. No. §

07/291,423, filed Dec. 23, 1988, now U.S. Pat. No.
5,008,725, which, in turn, is a continuation of applica-
tion Ser. No. 06/243,544, filed Mar. 13, 1981 (now aban-
doned) which, in turn, is a continuation of application
Ser. No. 06/038, 662 filed May 14, 1979 (now aban-
doned).

RELATED APPLICATIONS

This application is related to application Ser. No.
951,310, filed Oct. 13, 1978, now abandoned and refiled
as continuation application Ser. No. 232,713, filed Feb.
9, 1981, now U.S. Pat. No. 4,376,286, entitled HIGH
POWER MOSFET WITH LOW ON-RESISTANCE
AND HIGH BREAKDOWN VOLTAGE, in the

names of Alexander Lidow and Thomas Herman, and 20

assigned to the assignee of the present invention.

BACKGROUND OF THE INVENTION
This invention relates to MOSFET devices, and more

specifically relates to a novel source pattern for a MOS- 2

FET device of the type disclosed in above-mentioned
U.S. Pat. No. 4,376,286 wherein a plurality of polygon-
al-shaped source elements are disposed over the surface
" of a semiconductor body and are spaced from one an-
other by a closely controlied dimension.

High power MOSFETS having low on-resistance
and high breakdown voltage are known and are shown
in the above-noted U.S. Pat. No. 4,376,286. In the above

application, the source electrodes are spaced, interdigi- 3¢

tated source regions spaced from one another by two
parallel channe] regions covered by a common gate.
_ The device has exceptionsally low on-resistance along
with the usual advantages of the MOSFET device over

the bi-polar device particularly.by virtue of a relatively 4,

high conductivity region disposed between the two
adjacent channels and leading to a common drain elec-
trode.

It has been found that an interdigitated structure has

a relatively Jow packing density. Moreover, the inter- 45

digitated arrangement disclosed in the above U.S. Pat.
No. 4,376,286 requires relatively complicated masks
and has a relatively high capacitance.

BRIEF DESCRIPTION OF THE INVENTION

The present invention provides a novel high power
MOSFET device with low forward resistance where, a
very high packing density is available and which can be
made with relatively simple masks. The device further

has relatively low capacitance. Typically, the device ss

may be made through the use of phosphorus implanta-
tion and D-MOS fabrication techniques but any desired
technique can be used.

Each of the individual spaced source regions, in ac-

cordance with the invention, is polygonal in configura- 60

tion and is preferably hexagonal to ensure a constant
spacing along the major lengths of the sources disposed
over the surface of the body. An extremely large num-
ber of small hexagonal source elements may be formed

in the same surface of the semiconductor body for a 65

given device. By way of example, 6,600 hexagonal
source regions can be formed in a chip area having a
dimension of about 100 by 140 mils to produce an effec-

| Exhibit C — Page 45 '
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tive channel width of about 22,000 mils, thus permitting
very high current capacity for the device.

The space between the adjacent sources may contain
a polysilicon gate or any other gate structure where the
gate structure is contacted over the surface of the de-
vice by elongated gate contact fingers which ensure
good contact over the full surface of the device.

Each of the polygonal source regions is contacted by
a uniform conductive layer which engages the individ-
ual polygonal sources through openings in an insulation
layer covering the source regions, which openings can
be formed by conventional D-MOS photolithographic
techniques. A source pad connection segion is then
provided for the source conductor and a gate pad con-
nection region is provided for the elongated gate fingers

-and-a-drain connection region is made to the reverse

surface of the semiconductor device.

A plurality of such devices can be formed from a
single semiconductor wafer and the individual elements
can be separated from one another by scribing or any
other suitable method.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of a completed element on a
semiconductor wafer prior to the separation of the ele-
ment away from the remainder of the wafer.

FIG. 2 is an enlarged detail of the gate pad to illus-

trate the relationship of the gate contact and the source
polygons in the region of the gate pad.

-FIG. 3 is a detailed plan view of a small portion of the
source region during one stage of the manufacturing
process of the device.

- FIG. 4 is a .cross-sectional .view of FIG. 3 .taken
across the section line 4—4 in FIG. 3.

FIG. §.is similar-to FIG. 4 and shows the addition of
a polysilicon gate, a source electrode means and drain
electrode to the wafer.

"DETAILED DESCRIPTION OF THE
DRAWINGS :

The polygon configuration of the source regions of
the present invention is best shown in FIGS. 3,4 and §
which are first described.

Referring first to FIGS. 3 and 4, the device is shown
prior to the application of the gate, source and drain
electrodes. The manufacturing process can be of any
desired type: The manufacturing process described in

- U.S. Pat. No. 4,376,286, referred to above, which is

incorporated herein by reference, can be used whereby

50 D-MOS fabrication techniques and ion implantation

techniques can be advantageously employed for the
formation of the junction and placement of the elec-
trode in the most advantageous way.

The device is described as an N channel enhancement
type device. It will be apparent that the invention will
also apply to P channel devices and to depletion mode
devices.

The device of FIGS. 3 and 4 has a plurality of polyg-
onal source regions on one surface of the device, where
these polygonal regions are: preferably hexagonal in
shape. Other shapes such as squares could have been
used but the hexagonal shape provides better uniformity
of spacing between adjacent source region perimeters.

In FIGS. 3 and 4, the hexagonal source regions are
formed in a basic semiconductor body or wafer which
can be an N type wafer 20 of monocrystatline silicon
which has a thin N-epitaxial region 21 deposited
thereon as best shown in FIG. 4. All junctions are

-
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formed in epitaxial region 21. By using suitable masks, a
plurality of P type regions such as regions 22 and 23 in
FIGS. 3 and 4 are formed in one surface of the semicon-
ductor wafer region 21, where these regions are gener-
ally polygonsl in configuration and, preferably, are
hexagonal.

A very large number of such polygonal regions are
formed. For example, in a device having a surface di-
mension of 100 by 140 mils, approximately 6600 polygo-
nal regions are formed to produce a total channel width
of about 22,000 mils. Each of the polygonal regions may
have a width measured perpendicular to two opposing

sides of the polygon of about 1 mil or less. The regions -

are spaced from one another by a distance of about 0.6
mil when measured perpendicularly between the adja-
. cent straight sides of adjacent polygonal regions.

The P+ regions 22 and 23 will have a depth d which
is preferably about 5 microns to produce a high and
reliable field characteristic. Each of the P regions has an
outer shelf region shown as shelf regions 24 and 28 for
P regions 22 and 23, respectively, having a depth s of
about 1.5 microns. This depth should be as small as
possible to reduce the capacitance of the device.

Each of the polygon regions including polygonal
regions 22 and 23 receive N+ polygonal ring regions 26
and 27, respectively. Shelves 24 and 25 are located
beneath regions 26 and 27, respectively. N+ regions 26
and 27 cooperate with a relatively conductive N+
region 28 which is the N+ region disposed between

‘adjacent P type polygons to define the various channels
between the source regions and a drain contact which
will be later described.

The highly conductive N+ regions 28 are  formed in
the manner described in U.S. Pat. No. 4,376,286, re-
ferred to above, and are the subject of that application
and produce a very low forward resistance for the de-
vice.

In FIGS. 3 and 4, it will be noted that the entire
surface of the wafer is covered with-an oxide layer or

tween the source ring 23™%hich is connected to source
electrode 50, and the N+ region 28 which ultimately
Jeads to the drain electrode 51. Channel 60 is inverted to
N type conductivity upon the application of a suitable
control voltage to the gate 40. In a similar manner,
channels 61 and 62 are formed between the source re-
gion 26, which is connected to the conductor 50, and
the surrounding N+ region 28 which leads to the drain
$1. Thus, upon application of a suitable control voltage

10 to the polysilicon gate (including finger 41 in FIG. 5),

channels 61 and 62 become conductive to permit major-
ity carrier conduction from the source electrode 50 to
the drain 51. Note that channels labeled 60 and 61 of
FIG. S are the same annular channel which is formed

15 within the region 22. Similarly, channels 62 and 63 are

the same annular channel formed in the region 23.
Each of the sources form parallel conduction paths
where, for example, channels 63 and 64 beneath gate

element 42 permit conduction from the source ring 27
20 and an N type source strip 70 to the N+ region 28 and

. then to the drain electrode 51.
It is to be noted that FIGS. 4 and § illustrate an end
P type region 71 which encloses the edge of the wafer.
The contact 50 of F1G. 8 is preferably an aluminum

25 contact. It will be noted that the contact region for the

contact 50 lics entirely over and in alignment with the
deeper portion of the P type region 22. This is done
since it was found that aluminum used for the electrode
50 might spike through very thin regions of the P type

30 material. Thus, one feature of the present invention is to

ensure that the contact 50 lies principally over the
deeper portions of the P regions such as P regions 22
and 23. This then. permits. the:active channel regions
defined by.the-annular-shelves 24 and. 25 to be as thin as

35 desired in order :to substantially reduce the device ca-

pacitance.

FIG. 1 illustrates .one‘completed device using the
polygonal :source ‘pattern of FIG..5. The completed
- device shown.in .FIG. .1.is. contained" within the scribe

combined conventional. oxide and nitride layers which 40 regions 80, 81,:82 and 83 which enable the breaking out

are produced-for the formation of the various junctions.
This layer is shown as the insulation layer 30. The insu-
lation layer 30 is provided with polygonal shaped open-
ing such as openings 31 and 32 immediately above po-

of a plurality of unitary devices each having a dimen-

sion of 100 by 140 mils from the body of the wafer.
The polygonal regions described are contained in a

plurality of columns and rows. By way of example, the

lygonal regions 22 and 23. Openings 31 and 32 have 45 dimension A contains 65 columns of polygonal regions

boundaries overlying the N+ type source rings 26 and

27 for the regions 22 and 23, respectively. The oxide

strips 30, which remain after the formation of the polyg-

onal shaped openings, define the gate oxide for the
" device.

Electrodes may then be applied to the device as
shown in FIG. §. These include a polysilicon grid
which includes polysilicon sections 40, 41 and 42 which
overlie the oxide sections 30.

A silicon dioxide coating is then deposited atop the
polysilicon grid 40 shown as coating sections 45, 46 and
47 in FIG. § which insulates the polysilicon control
electrode and the source electrode which is subse-
quently deposited over the entire upper surface of the
wafer. In FIG. § the source electrode is shown as con-
ductive coating 50 which may be of any desired mate-
rial, such as aluminum. A drain electrode 51 is also
applied to the device.

The resulting device of FIG. § is an N channel type
device wherein channel regions are formed between
each of the individual sources and the body of the semi-
conductor material which ultimately leads to the drain
electrode 51. Thus, a channel region 60 is formed be-

and may be about 83 mils. The dimension B may contain
100 rows of polygonal regions and may be about 148
mils. Dimension C, which is disposed between a source
connection pad 90 and a gate connection pad 91, may

50 contain 82 rows of polygonal elements.

The source pad 90 is a relatively heavy metal section
which is directly connected to the aluminum source
electrode 50 and permits convenient lead connection
for the source.

S5 The gate connection pad 91 is electrically connected

to a plurslity of extending fingers 92, 93, 94 and 95
which extend symmetrically over the outer surface of
the area containing the polygonal regions and make
electrical connection to the polysilicon gate as will be

60 described in connection with FIG. 2.

Finally the outer circumference of the device con-
tains the P+ (shown as “P" in the drawings) deep diffu-
sion ring 71 which may be connected to a field plate 101
shown in FIG. 1,

65 FIG. 2 shows a portion of the gate pad 91 and the

gate fingers 94 and 95. It is desirable to make a plurality
of contacts to the polysilicon gate in order to reduce the
R-C delay constant of the device. The polysilicon gate

N Y ____\
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hasa plunllty of regions mcludmg regions 110, 111, 112
and the like which extend outwardly and receive exten-
sions of the gate pad and the gate pad elements 94 and
95. The polysilicon gate regions may be left exposed
during the formation of the oxide coating 45-46-47 in
FIG. § and are not coated by the source electrode 50.
Note that in FIG. 2 the axis 120 is the axis of symmetry
120 which is that shown in FIG. 1.

Although the present invention has been described in
connection with a preferred embodiment thereof, many
variations and modifications will now become apparent
to those skilled in the art. It is preferred, therefore, that
the present invention be limited not by the specific
-disclosure herein, but only by the appended claims.

What is claimed is:

1. A high power MOSFET device having more than
1000 parallel-connected individual FET devices closely
packed into a relatively small area comprising;

. a thin wafer of semiconductor material having first
and second spaced, parallel planar surfaces; at least
a first portion of the thickness of said wafer which
extends from said first planar surface consisting of
an epitaxially deposited region of a first conductiv-
ity type;

a plurality of symmetrically disposed laterally distrib-
uted hexagonal base regions each having a second
conductivity type formed in said epitaxially depos-
ited region and extending for a given depth beneath
said first planar surface;

said hexagonal base regions spaced at said first sur-
face from surrounding ones by a symmetric hexag-
onal lattice of semiconductor material of said first
conductivity type;

‘each side of each of said hexagonal base regions being
parallel to an adjacem side of another of said hex-
agonal base regions;

a hexagonal- annular source region of said first con-
ductivity type formed in an outer peripheral region
of each of said hexagonal base regions and extend-
ing downwardly from said first planar surface to a
depth less than the depth of said base regions;

10

15

20 .

25

35

40

an outer rim of each of said annular source regions

being radially inwardly spaced from an outer pe-
riphery of its respective hexagonal base region to
form an annular channel between each of said outer
rims of said annular source regions and said sym-
metric hexagonal lattice of semiconductor material
of said first portion of said wafer;

s common source electrode formed on said first pla-
nar surface and connected to a plurality of said
annular source regions and to interiorly adjacent
surface arcas of their said respective hexagonal
base regions;

a drain electrode eonnecwd to said second planar
surface of said wafer;

an insulation layer means on said first planar surface
and overlying at least said annular channels;

a polysilicon gate electrode atop said insulation layer
means and operable to invert said annular channels;
and

55

a gate pad electrode section on the surface of said '

device and at least one finger extending from said
gate pad; said at least one finger electrically con-

2. The device of claim 1 wherein said annular chan-
nels have at least one leg in longitudinal alignment with
other legs of other of said annular channels; said plural- .
ity of spaced locstions disposed along a line defined by
said legs of said annular channels which are in Jongitudi-
nal alignment.

3. A high power MOSFET device having more than
1000 parallel-connected individual FET devices closely
packed into a relatively small area comprising:

a thin wafer of semiconductor material having first
and second spaced, parallel planar surfaces; at least
a first portion of the thickness of said wafer which
extends from said first planar surface consisting of
an epitaxially deposited region of a first conductiv-
ity type;

a plurality of symmetncally disposed laterally distrib-
uted polygonal base reg:ons each having a second
conducuvny type formed in said epitaxially depos-
ited region and extending for given depth beneath
said first planar semiconductor surface;

said polygonal base regions spaced at said first sur-
face from surrounding ones by a symmetric polyg-
onal lattice of semiconductor material of said first
conductivity type;

each side of each of said polygonal base regions being
parallel to an adjacent side of another of said po-
lygonal base regions; )

a polygonal annular source region of said first con-
ductivity type formed in an outer peripheral region
of each of said polygonal base regions and extend-
ing downwardly from said first planar surface to a
depth less than the-depth of said. base regions;

an outerrim of each of'said ‘annular source regions

- 'being radially inwardly:spaced .from :an outer pe-
riphery: of :its ‘respective polygonal base region to
form an annular channel between each of said outer

.rims of.said annular-source: regions and said' sym-

.- metric:polygonal lattice of semiconductor material
of said first portion of said wafer;

a common source electrode formed on said first pla-
nar surface and connected to a plurality of said

annular source regions and to interiorly adjacent
surface areas of their sald respective polygonal
base regions;

a drain electrode connected to said second planar
semiconductor surface of said wafer;

an insulation layer means on said first planar surface
and overlying at least said annular channels;

a polysilicon gate electrode atop said insulation layer
means and operable to invert said annular channels;
and

a gate pad electrode section on the surface of said
device and at least one finger extending from said
gate pad; said at least one finger electrically con-
tacting said polysilicon gate electrode at a plurality
of spaced locations over the surface of said polysili-
con gate electrode, thereby to reduce the R-C
delay constant of said device.

4. The device of claim 3 wherein said annular chan-

nels have at least one leg in longitudinal alignment with

other legs of other of said annular channels; said plural-
ity of spaced locations disposed along a line defined by

md legs of said annular channels which are in longitudi-

tacting said polysilicon gate electrode at a plurality 65 nal alignment.

of spaced locations over the surface of said polysili-
con gate electrode, thereby to reduce the R-C
_ delay constant of said device.

5. A vertical conduction high power MOSFET de-
vice exhibiting relatively low on-resistance and rela-
tively high breakdown voliage; said device comprising;

— —_
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a wafer of scmlconductor material having planar first
and second opposing semiconductor surface; said
wafer of semiconductor material having a rela-
twely hghtly doped major body pomon for receiv-
ing junctions and being doped with impurities of a 5
first conductivity type;

a plurality of highly packed, equally spwed symmet-

* rically disposed identical polygonal base regions of
a second conductivity type formed in said wafer,
each extending from said first planar semiconduc- 10
tor surface to a first depth beneath said first planar
semiconductor surface; said polygonal base regions
spaced from surrounding ones by & symmetric po-
lygonal lattice of semiconductor material of said
first conductivity type; the space between adjacent 15
ones of said polygonal base regions defining a com-
mon conduction region of said first conductivity
type extending downwardly from said first planar
semiconductor surface;

a respective polygonal annular source region of said 20

- _first conductivity type formed within each of said
polygonal base regions and extending downwardly
from said first planar semiconductor surface to a
depth less than said first depth; each of said polygo-
nal annular source regions beinglaterally spaced 25
along said first planar semiconductor surface from
the facing respective edges of said common con-
duction region thereby to define respective copla-
nar annular channel! regions along said first planar
semiconductor surface between the polygonal sides 30
of each of said polygonal annular source reg:ons
and said common conduction region;

a common source electrode means connected to said
polygonal annular source regions.and their respec-
tive base regions; 3s

gate insulation layer means on said first planar semi-
conductor surface, disposed at least on said copla-
nar channel.regions;

gate electrode means on said.gate msulmon layer
means and overlying said coplanar channel re- 40
gions;

a drain conductive region remote from said common
conduction region and separated therefrom by said
relatively lightly doped major body portion and
extending to said second semiconductor surface; 45

a drain electrode coupled to said drain conductive
region; and

a gate pad electrode section on the surface of said
device and at least one finger extending from said
gate pad; said at least one finger electrically con- 50
tacting said polysilicon gate electrode at a plurality
of spaced locations over the surface of said polysili-
con gate electrode, thereby to reduce the R-C
delay constant of said device.

6. The device of claim § wherein said annular chan- 55
nels have at Jeast one leg in longitudinal alignment with
other legs of other of said annular channels; said plural-
ity of spaced locations disposed along a line defined by
said legs of said annular channels which are in longitudi-

wafer of semiconductor material having a rela-
uvely lightly doped major body portion for receiv-
ing junctions and being doped with unpunus of a
first conductivity type;

at least first and second spaced base regions of a sec-
ond conductivity type formed in said wafer and
extending downwardly from said first planar semi-
conductor surface to a first depth beneath said first
planar semiconductor surface; the space between
said at Jeast first and second spaced base regions
defining a common conduction region of a first
conductivity type at a given first planar semicon-
ductor surface location; said common conduction
region extending downwardly from said first pla-
nar semiconductor surface;

first and second annular source regions of said first

conductivity type formed in said first and second
spaced base regions respectively at said first planar
semiconductor surface locations to a depth less
than said first depth; said first and second annular
source regions being Iaterally spaced along said
first planar semiconductor surface from the facing
respective edges of said common conduction re-
gion thereby to define first and second channel
regions along said first planar semiconductor sur-
face between each pair of said first and second
annular source regions, respectively, and said com-
mon conduction reg:on, each of said first and sec-
ond channel regions being coplanar with one an-
other;

a common source electrode means connected to said
first. and- second annular source reg:ons and their
respective first-and-second base regions;

gate insulation layer means on said first planar semi-
conductor-surface,. dnsposed at least on said first
and second channel regions; _

gate electrode means on. said gate .insulation layer
. means and overlying said first and second channel
regions;

a drain conductive region remote from said common
conduction region and separated therefrom by said
relatively lightly doped major body portion and
extending to said second semiconductor surface;

a drain electrode coupled to said drain conductive
region; -

each of said at least first and second spaced base re-
gions having a polygonal configuration; each of
said first and second annular source regions having
a polygonal configuration conforming to that of
their respective base region; and

a gate pad electrode section on the surface of said
device and at least one finger extending from said
gate pad; said at least one finger electrically con-
tacting said polysilicon gate electrode at a plurality
of spaced locations over the surface of said polysili-
con gate electrode, thereby to reduce the R-C
delay constant of said device.

8. The device of claim 7 wherein said annular chan-

_ nal alignment. 60 nels have at least one leg in longitudinal alignment with

7. A high power MOSFET device exhlbmng rela-  other legs of other of said annular channels; said plural-
tively low on-resistance and relatively high breakdown ity of spaced locations disposed along a line defined by

voltage; said device comprising: said legs of said annular channels which are in longitudi-
a wafer of semiconductor material having planar first  nal alignment.
and second opposing semiconductor surfaces; said 65 * e s s

,__
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571 ABSTRACT

A high power MOSFET is disclosed in which two
laterally spaced sources each supply current. through
respective channels in one surface of a semiconductor
chip which are controlled by the same gate. The chan-
nels lead from the source electrodes to a relatively low
resistivity region and from there to a relmvely high
resistivity epitaxially formed region which is deposited.
on a high conductivity substrate. The drain electrode
may be either an the opposite surface of the chip or
laterally dlsplaced from and on the same side as the
source regions. The epitaxially deposited semiconduc-

. tor material immediately adjacent and beneath the gate

and in the path from the sources to the drain has a rela-

" tively high conductivity, thereby to substantially re-
_ duce the on-resistance of the device without effecting

the breakdown voltage of the device. The breakdown
voltage of the device is substantially increased by form-
ing a relatively deep p-type diffusion with a large radius
in the n-type epitaxial layer beneath each of the sources.

10 Cigims, 11 Drawing Figures

\

\\\w;»»,,x\\\\\,w,ﬁ

AAILATELTRATANANNAEARAARNRRARRAN

s

" Exhibit D - Page 4 9 -

50 of 76 Page ID #:978 °



. Case 2:00-cv-06756-ReCT" Document,1 *Filed 06/22/00 Pae 51 of 76 P%gelo_#:gzg"
U.S. Patent #cb. 10,1987 Sheet 1of 5 @ 4,642,666

Zz
Sy /_
2z 24 25 2z

; AN\

'\_ X g2 2+ 72/ 75\

[ o ——— ~ J
B R o Aat et N

Jo : - /4

26

. Exhibit D - Page S0 |



Case 2:oo-¢v¢o'6?56-Fé- T Doc'un_iem 1 Filed 06/22/00 P ae 52 of 76 Page ID #:980 "
- U.S. Patent Web. 10,1987  Sheet2 of 5 4,642,666

__T =30 6, W 2

7
7 7T //%" P ylﬂm '
\ p* Z?tf ;_z;(*_: ﬁ*
S
I N Y

'/"/’ ’,,,,,,,,

/ \
\ pf /_Z* f\* f:.\\f"' Y,

iy R T s

S — — e - "

o & g0 62 27
Rtk Vil i i il | )

Exhibit D —Page 5] -



Case'2:-0(')-cv-:0_67'”56:--R T Document 1 Filed 06/22/00 Pie 53 of 76 PageID#98.1 E
- U.S. Patent @Feb. 10, 1987 Sheet3of5 4,642,666

NN

_r'.

s | - RN

| Z \\\\\\\
0 27
| //////////// /// K

\ ' _ . a
V /S

Fr = A

_Exhibit D — Page S\



. Case 2: 00- cv 06756 CT Document 1 Filed 06/22/00 6e 54 of 76 Pa e D #: 982
U.S. Patent eb 10,1987 Sheet4 of 5 4 642,66

fazé;:.g;;aam ) 20
A7 ' /

ALALALLATEIRIARALA NN RAA NN NRARRANY

.. DRAIN

T Sa

Exhibit D— Page 5.3



-Case."'z-:oo;.c\'/iomse.-. ;'-T._-"b.oéu;h.ént.l__ #i|ed 06/22/00 Page 55 of 76 Page ID #:983
- U.S. Patent @Feb. 10,1987 Sheet 5 of 5 3,6462,6?8

@ |

Y w

‘Q y GATEY =70
Y |

N ¢ |

N ? GA7TE V=60
314 o
| g : FATEV= 50
- N ¥ _ :
\*\ 3 GA7E V=~
é. 2 |
o

i A, e "

S W2 IO so0 5D

FRPWHRD VOLTAGE (WLTS)

'@ —FT =10

% T ' .

\‘n\x - r GATE V=59

t /- |

\ . _ )
N e GATE V=25

Lz -

g | € GATE VLD

X |5 .

N e

S 7 GATE V=25

Y 2 ATE V=30

e

§ T

FORWARD VoL TAFE (VOLTS)

. Exhibit D - Page §9



Case 2:00-cv-06756- R T Document 1 Filed 06/22/00 P
4,642,666

-1

" HIGH POWER MOSFET WITH LOW
"ON-RESISTANCE AND HIGH BREAKDOWN
VOLTAGE

This is a division of applicatioh Ser. No. 232,713, filed -

Feb. 9, 1981 which, in turn, is a continuation of applica-

tion Ser. No. 951,310, filed Oct. 13, 1978, now aban ;

doned.
BACKGROUND OF THE INVENTION

This invention relates to MOSFET devices and more
specifically relates to a novel structure for a MOSFET
device which permits it to be used in high power appli-
cations with a relatively high reverse voltage and with
an exceptionally low on-resistance. The major advan-
tage of the bipolar transistor over the MOSFET transis-
tor is that the bipolar transistor has a very low on-resist-

ance per unit conductive area. The MOSFET transistor .

has numerous advantages over the bipolar transistor
including very high switching speed, very high gain and

20

lack of the secondary breakdown characteristics exhib- -

ited by a minority carrier device. However, because the

MOSFET transistor has high on-resistance, its use in to .

high power switching applications has been limited.

-2
BRIEF DESCRIPTION OF THE INVENTION

The present invention provides a novel high power -

MOSFET device which has a low forward resistance so

that the device becomes more competitive with bipolar

devices in a switching type application while retaining

30

all of the numerous advantages of the MOSFET over

the bipolar device. In particular, with the present inven-
tion, the forward resistance per unit area of the device
has been reduced by at least a factor of two, compared
to the limiting resistance per unit area previously exist-
ing in a MOSFET-type device.

In one embodiment of the invention, two sources are
placed on the same surface of a semiconductor wafer

i% of 76 Page ID #:984 °

In accordance with the present invention, it has been

-found -that in the upper portion of the central bulk re- -

gion to which the two inversion layers feed current in
the path to the drain electrode, the central region imme-
diately beneath the gate oxide can be a relatively low
resistivity material formed, for example, by an n(+)
diffusion in that channel region, without effecting the
reverse voltage characteristics of the device.

More specifically, and in accordance with the inven-
tion, this common channel will have an upper portion
beneath the gate oxide and a lower bulk portion extend-
ing toward the drain electrode. The lower portion has
the high resistivity desired to produce high reverse
voltage ability, and will have a depth dependent on the
desired reverse voltage for the device. Thus, for a 400
volt devxce, the lower n(—) region may have a depth of
about 35 microns, while for a 90 volt device it will have
a depth of about 8 microns. Other depths will be se-
lected, depending on the desired reverse voltage of the
device to provide the. necessary thicker depletion re-
gion required to prevent punch-through during reverse
voltage conditions. The upper portion of the common
channel is made highly conductive (n+) to a depth of
from about 3 to about 6 microns. It has been found that
this does not interfere with the reverse voltage with-
stand ability of the device. However, it decreases the
on-resistance per unit area of the device by more than a
factor of two. The resulting device becomes competi-
tive with conventional high power bipolar switching "
devices since it retains all of the advantages of the
MOSFET device over the bipolar device but now has

- the-relatively. low - forward: resistance which was the

. major.characterizing:advantage of the bipolar device.

35
. invention, the p-type region- which defines the channel

and are laterally spaced from one another. A gate elec- 40

trode, deposited on a conventional gate oxide, is.dis-
posed between the sources. Two p-type conduction
channels are disposed beneath the gate and are spaced
from one another by an.n-type bulk region. Current
from each source can flow through its respective chan-

45 .

nel (after-the creation of the inversion layer defining the -

channel), so that majority carrier conduction current
can flow through the bulk region and across the wafer
or chip to the drain electrode. The drain electrode may
be on the opposite surface of the wafer or on a laterally
displaced surface region from the source electrodes.
This configuration is made using the desirable manufac-
turing techniques of the D-MOS .device, which permits
precise alignment of the various electrodes and chan-
nels and permits use of extremely small channel lengths.
While the above configuration may have been previ-
ously described for a MOSFET signal-type device, the
structure is not that of the commonly used signal MOS-
FET.

The device is basically formed in an n(—) substrate
which has the relatively high resistivity which is neces-
sary to obtain the desired reverse voltage capability of
the device. For example, for a 400 volt device, the n(—)
region will have a resistivity of about 20 chm-centime-
ters. However, this same necessary high resistivity char-
acteristic has caused the on-resistance of the MOSFET
device, when used as a power sw:tch to be relatively
hlgh '

50

55
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In accordance .with. another feature of the present

beneath the gate oxide has:a relatively deeply.diffused
portion-beneath the.source. so; that:the p-type diffusion
region.will have alarge radius of curvature in the n(—)
epitaxial layer forming the body of the device. This
deeper diffusion or deeper junction has been found to

"improve the voltage gradient at the edge of the device

and thus permits the use of the device with higher re-
verse voltages.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a plan view of a high power MOSFET chip
which incorporates the present invention and particu-
larly illustrates the metalizing patterns of the two
sources and the gate.

FIG. 2 is a cross-sectional view of FIG. 1 taken
across the section line 2—2 in FIG. 1.

FIG. 3 is a cross-sectional view similar to FIG. 2
showing the initial step in the process of manufacture of
the chip of FIGS. 1 and 2 and particularly shows the
p(+) conductivity implant and diffusion step. '

FIG. 4 shows the second step in the manufacturing
process and shows the n(+) implant and diffusion step.

FIG. 5 shows a further step in the process of manu-
facture of the chip of FIGS. 1 and 2 and shows' the
channel implant and diffusion step.

FIG. 6 shows a further step in the process of manu-
facture and illustrates the source predeposition and
diffusion step. This precedes the last step in which the
gate oxide is cut for the metalization step which pro-
duces the device of FIG. 2.

FIG. 7 is a plan view of the metalizing pattern of a
second embodiment of the invention.
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FIG. 8 is a cross-sectional view of FIG. 7 taken
across the section line 8—8 in FIG. 7.

FIG. 8a is a view similar to FIG. 2 and shows a modi-
fied source contact configuration.

FIG. 9 shows the shape of forward-current charac-
teristics of a device like that of FIG. 2 where the region
40 beneath the oxide is n(—).

FIG. 10 shows the shape of the characteristic of a
device identical to that of FIG. 2 where the region 40
has high n(+) conductivity.

DETAILED DESCRIPTION OF THE
DRAWINGS

A first embodiment of the novel MOSFET device of
the present invention is shown in FIGS. 1 and 2 which
show a chip of monocrystalline silicon 20 (or some
other suitable material), with the device electrodes fol-
- lowing the serperntine path 21 best shownin FIG. 1 in
order to increase the current-carrying area of the de-
vice. Other geometries could be used. The device illus-
trated has a reverse voltage of about 400 volts and an
on-resistance less than about 0.4 ohm with a channel
width of 50 centimeters. Devices having reverse volt-
ages of from 90 to 400 volts have been made. The 400

volt devices have carried pulse currents of 30 amperes. 25

The 90 volt devices have had forward on-resistances of
about 0.1 ohm with a channel width of 50 centimeters

and have carried pulse currents.up to about -100 am- .

peres. Higher and lower voltage devices can also be
made with varying channel widths.

Presently known MOSFET devices have much
higher on-resistances than the above. For example, a
400 volt MOSFET comparable to'that described below
but made with prior. art techniques would normally
have an on-resistance much greater than about. 1.5
ohms, as compared to an on-resistance less than about
0.4 ohm in a device made according to this invention.
Moreover, the MOSFET switching device of the pres-
ent invention will exhibit all of the desirable advantages

of the MOSFET device, since it operates as a majority 40

carrier device. These advantages include high switch-
ing speed, high gain and avoidance of the secondary
breakdown characteristics which exist in minority car-
rier devices,

The device of FIGS. 1 and 2 has two source elec-
trodes 22 and 23 which are separated by a metalized
gate electrode 24 which is fixed to but spaced from the
semiconductor device surface by a silicon dioxide layer
25. The serpentine path followed by gate oxide 25 has a
length of 50 centimeters and has 667 undulations, but is
shown more simply in FIG. 1. Other channel widths
can be used. Source electrodes 22 and 23 can be later-
ally extended as shown to serve as field plates to help
spread the depletion region created during reverse volt-
age conditions.- Each of source electrodes 22 and 23
supply current to a common drain electrode 26 which is
fixed to the bottom of the wafer. The relative dimen-
sions for the device, particularly in thickness, have been
grossly exaggerated in FIG. 2 for purposes of clarity.

The silicon chip or wafer 20 is formed on an n(+) sub- 60

strate which may have a thickness of about 14 mils. An
n(—) epitaxial layer is deposited on substrate 20 and will
have a thickness and resistivity depending on the de-
sired reverse voltage. All junctions are formed in this

epitaxial layer which can have a relatively high resistiv- 65

ity. In the embodiment disclosed, the epitaxial layer has
a thickness of about 35 microns and a resistivity of about
20 ohm-centimeters. For a 90 volt device, epitaxial layer

10
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20 would be about 10 microns thick and would have a
resistivity of about 2.5 ohm-centimeters. A channel
width of 50 centimeters is also used to provide the de-
sired current carrying capacity for the device.

In a preferred embodiment of the invention, there is
an elongated serpentine p(+) conductivity region be-
neath each of the source electrodes 22 and 23 which
thus extends around the serpentine path shown in FIG.
1. These p(+) regions are shown in FIG. 2 as the p(+)
regions 30 and 31, respectively, and are similar to those
of the prior art except that the maximum p(+) region
depth is greatly exaggerated in order to form a large
radius of curvature. This allows the device 1o withstand
higher reverse voltages. By way of example, the depth
of regions 30 and 31 is preferably about 4 microns at the
.dimension X in FIG. 2 and about 3 microns at the di-
mension Y in FIG. 2.

By using D-MOS fabrication techniques, two n(+)
regions 32 and 33 are formed beneath source electrodes
22 and 23, respectively, and define, with the p(+) re-
gions 30 and 31, n-type channel regions 34 and 35, re-
spectively. Channel regions 34 and 35 are .disposed
beneath the gate oxide 25 and can be inverted by the
appropriate application of a biasing signal to the gate 24
in order to permit conduction from the source 22 and
the source 23 through the inversion layers into the cen-
tral region disposed beneath the gate 24 and then to the
drain electrode 26. Channels 34 and 35 may each have a
length of about | micron.

It has previously been thought necessary that the
central n{—) region between channels 34 and 35 (and
- between p(+) regions 30 and.31) should have a high
resistivity :in. order “to: permit:the..device.to. withstand
high reverse. voltages.” However, :the . relatively high
.resistivity n(+ ) material.is. also-a significant.contribut-
ing factor to'the high forward -on-resistance of the de-

vice,

In-accordance with the significant feature of the pres-
ent invention, a:significant-portion of this central con-
ducting region is made relatively highly conductive and
consists of an n(+) region 40 disposed immediately
beneath the gate oxide 25. The n(+) region 40 has a
depth of about 4 microns and could range from about 3
microns to about 6 microns. While its exact conductiv-
ity is not known, and varies with depth, it is high rela-
tive to the n(—) region-beneath it. More particularly,
region 40 has a high conductivity which would be de-
termined by a total ion implanted dose of from about
1% 1012 to .1 104 phosphorus atoms/cm? at 50 kV
followed by a diffusion drive at from 1150° C. to 1250°
C. for from 30 minutes to 240 minutes. It has been found
that by making this region 40 relatively highly conduc-
tive n(-+) material through a diffusion or other opera-
tion, the device characteristics are significantly im-
proved and the forward on-resistance of the device is
reduced by a factor greater than two. Moreover, it has
been found that the provision of the high conductivity
region 40 does not interfere with the reverse voltage
characteristics of the device. Accordingly, by making
the region beneath the gate oxide 25 and between chan-
nels.34 and 35 more highly conductive, the forward
on-resistance of the ultimate high power switching de-
vice has been significantly reduced and the MOSFET
device becomes far 'more competitive with an equiva-
lent junction-type device while still retaining all of the

- advantages of the MOSFET majority carrier operation.

In the above description of FIGS. 1 and 2, it has been

assumed that the conduction channels 34 and 35 are of
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p(+) material and are, accordingly, inverted to an n-
type conductivity to provide a majority carrier conduc-
tion channel from sources 22 and 23 to the central re-
gion 40 upon the application of an appropriate gate
voltage. Clearly, however, all of these conductivity 5
types could be reversed so that the device could work
as a p-channel device rather than an n-channel device as
disclosed.

One process by which the device of FIGS. 1 and 2
could be constructed is shown in FIGS. 3 to 6. Refer- 10
ring to FIG. 3, the base wafer 20 is shown as an n(+) -
material having an n(—) epitaxially deposited region on
top thereof. A thick oxide layer 50 is formed on wafer
20 and windows 51 and 52 are opened therein. The open
windows 51 and 52 are exposed to a beam of boron 15
atoms in an ion implanting apparatus to form p(+)
regions. Thereafter the implanted boron atoms are
caused to diffuse deeper into the wafer to form the-

- rounded p(+) concentration region shown in FIG. 3

which might have a depth of about 4 microns. During 20
this diffusion operation, shallow oxide layers 53 and 54
grow over the windows 51 and 52. .
As is next shown in FIG. 4, windows 61 and 62 are
cut in the oxide layer 50 and an n(+) implant takes
place to implant the n(+) regions 63 and 64 into the 25
n(—) epitaxial layer. This n(+) implantation can be
carried out with a phosphorus beam. Thereafter, the
implanted regions are subjected to a diffusion step to
cause the regions 63 and 64 to expand and deepento a
depth of about 3} microns with a concentration deter- 30
mined by an implantation dose of 1X1012 to 11014
phosphorus atoms/cm? followed.bya drive for 30 min-
utes to 4 hours at from 1150° C. to 1250° C. As will be
later seen, regions 63 and 64 produce the novel n(+)
region which substantially reduces the on-res:stance of 35
the device.
It should be noted that the n(+) regions 63 and 64
could, if desired, be epitaxially deposited and need not
be diffused. Similarly, the resulting device being de-
scribed -herein could be manufactured by any desired 40
process as would be apparent to those skilled in the art.
The next step in the process is shown in FIG. Sand is
the channel implantation and diffusion step in which the
p(+) regions 71 and 72 are formed through the same
windows 61 and 62 that were used for the n(+) implan- 45
tation for regions 63 and 64. The p(+) regions 71 and 72
are formed by implanting with a boron beam to a dose
of about 5X 1013 t0 5% 1014 atoms/cm? followed by a
diffusion drive for 30 to'120 minutes at 1150° C. to 1250°
C. 50
Thereafter, and as shown in FIG. 6, steps are carried
out for the source predeposition and the diffusion of the
source regions 32 and 33. This is carried out by a con-
ventional and non-critical phosphorus diffusion step
where the diffusion proceeds through the windows 61 55
and 62 so that the source regions 32 and 33 are automati-
cally aligned relative to the other preformed regions.
Thus, the wafer is placed in a furnace and exposed to
POCI;3 suspended in a carrier gas for from 10 minutes to
50 minutes at a temperature of from 850° C. to 1000°. 60
When this step is completed the basic junction con-
figuration required in FIG. 2 is formed with short p(+)
regions disposed beneath the oxide 50 to serve as the |
conducting channel for the ultimately constructed de-
vice and with an n(+) region filling the area between 65
the channels 34 and 35 between p(+) regions 30 and 31.
The manufacturing process then continues from the
step of FIG. 6 to the device shown in FIG. 2 wherein
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the oxide surfaces on top of the chip are suitably

stripped and the metalizing patterns for contacts 22, 23
and 24 are formed to establish electrical contacts to the
device. The drain contact 26 is applied to the device in
a subsequent metalizing operation. Thereafter, the en-
tire device may be appropriately coated with a suitable

‘passivation coating and wire leads are connected to the

source electrodes 22 and 23 and the gate 24. The device
is then mounted -within a suitable protective housing,
with the drain electrode fixed to the housing or other
conductive support which serves as a drain connection.

The device shown in FIGS. 1 and 2 utilizes a serpen-
tine path for each of the source regions and gate regions
and a drain on the surface of the wafer opposite to the
source electrodes. Other configurations can be used.
FIGS. 7 and 8 illustrate a planar configuration which is
a simple rectangular arrangement having a ring-shaped

- gate 80 which is disposed between a first source elec-

trode 81 of ring shape and a central source-82. The
device as shown in FIG. 8 is contained within a base
wafer of p(—) monocrystalline silicon 83 which may
have a buried n(+) region 84 to reduce the lateral resis-
tance of the various current paths of the device leading
to the laterally displaced dram electrode 85 which sur-
rounds source 81.

A ring-shaped n(+) region 86 is formed within the

device as shown in FIG. 8 and, in accordance with the
present invention, the ring-shaped region 86 is of much
higher conductivity than the n(—) epitaxially deposited
region 87.which contains all the junctions of the device.
The ring-shaped region 86 extends from the region

. beneath the. gate oxide 88 and.adjoins the ends of the

two conducting ' channels formed -between the ring-
shaped p(+) region 89 and the central p(+) region 91
disposed beneath the ring-shaped .source 81 and central
source 82, respectively.

It -will also:be noted in FIG. 8 that the outer periph-

‘ery 90 of the p(+) ring 89 has a large radius to assist the

device in withstanding high reverse voltages.

An n(+) region 95 in FIG. 8 is provided to ensure
good contact to drain electrode 85. Drain electrode 85
is widely laterally spaced from source 81 (by greater
than about 90 microns). The drain contact 85 is sur-

_rounded by a p(+) isolation diffusion 96 to isolate the

device from other devijces on the same chip .or wafer.
In the arrangement of FIG. 8, like that of FIG. 2,
current flow from sources 81.and 82 goes through the
width of epitaxial region 87, through the region 86. The
current then flows laterally outward and then up to the
drain contact 85. As in the embodiment of FIG. 2, de-

vice resistance is greatly reduced by the relatively .

highly-conductive region 86.

In carrying out the above invention, it should be.

noted that any type of contact material can be used to
make the source and gate contacts. By way of example,
aluminum could be used for the source electrodes while

-a polysilicon material can be used for the conductive .

gate 80 in FIG. 8 or the conductive gate 24 in FIG. 2.

Numerous other geometries can be used to make the
device of the invention, including a plurality of pairs of
straight, parallel source elements with respectively in-
terposed gates and the like.

The source electrodes 22 and 23 have been shown as
separate electrodes which can be connected to separate
leads. Clearly, the sources 22 and 23 could be directly
connected as shown in FIG. 8a where components
similar to those of FIG. 2 have been given similar identi-
fying numerals. In FIG. 8g, however, the gate electrode

Exhlblt D- Page 5 7
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is a polysilicon layer 101 (in place of aluminum) depos-
ited atop gate oxide 25. The gate 101 is then covered
with oxide layer 102 and a conductive layer 103 con-
nects the two sources 22 and 23 together to form a
single source conductor which is insulated from gate
101. Connection is made to the gate at some suitable
edge portion of the wafer.

FIGS. 9 and 10 show the shape of measured curves
which demonstrate the reduction in forward resistance
when the region 40 is made highly conductive (n+). In
FIG. 9, the device tested had a region 40 which had the
n(—) resistivity of the epitaxial region. Thus, the for-
ward resistance is charactenstlcally high at dlfferent
gate biases as shown in FIG. 9.

In the device of the invention where region 40 is of

- n(+) conductivity, there is a dramatic decrease in the
on-resistance as shown in FIG. 10 for all gate voltages
before velocity saturation of the electrons occurs.

Although the present invention has been described in
connection with a preferred embodiment thereof, many

variations and modifications will now become apparent:

to those skilled in the art. It is preferred, therefore, that
the present invention be limited not by the specific
disclosure herein, but only by the appended claims.

What is claimed is:

1. A three-terminal power metal oxide silicon field

effect transistor device comprising:

a wafer .of semiconductor material having first and
second opposing semiconductor surfaces; said
wafer of semiconductor material having a rela-
tively lightly doped major body portion for receiv-
ing. junctions and-being doped with impurities of
one conductivity type;

at least first and second spaced base regions of the

- opposite conductivity type to said one conductiv-
ity type formed in said wafer and extending from
said first semiconductor surface to a depth beneath

15

20

25

30

said first semiconductor surface; the space between .

said at least first and second base regions defining a
common conduction region of one conductivity
type at a given first semiconductor surface loca-
tion;

first and second source regions of said one conductiv-
ity type formed in each pair of said at least first and
second base regions respectively at first and second
first surface locations and extending from said first
and second. first surface locations to a depth less
than said depth of said base regions; said first and
second source regions being laterally spaced along
said first semiconductor surface from the facing
respective edges of said common conduction re-
gion thereby to define first and second channel

45

50

55

60

65
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regions along said first semiconductor surface be-
tween each pair of -said first and second source
regions, respectively and said common conduction
region;

source electrode means connected to said source
regions and comprising a first terminal;

gate insulation layer means on said first surface, dis-
posed at least on said first and second channel re-
gions;

gate electrode means on said gate insulation layer
means, overlying said first and second channel
regions and comprising a second terminal;

a drain conductive region remote from said common
region and separated therefrom by said relatively
lightly doped major body portion;

a drain electrode coupled to said drain conductive
region and comprising a third terminal;

each of said at least first and second spaced base re-
-gions of said opposite conductivity type having
respective profiles which include relatively shal-
low depth regions extending from said common -
region and underlying their said respective first
and second source regions, and respective rela-
tively deep, relatively large radius regions extend-
ing from said shallow depth regions which are
laterally spaced from beneath said respective
source regions on the side of said source regions
which is away from said common region.

2. The high power metal oxide silicon field effect
transistor- device of claim 1 wherein said device is
formed by D-MOS manufacturing techniques.

-3. The device of claim 1 wherein.said drain electrode
is on said second:semiconductor:surface.

4. The device of claim 1 .wherein said drain electrode
is on said first.surface.

5. The device of claim 4 wherein said drain conduc-
tive region.contacts a second conductivity-type region
which extends from said drain conductive region to said
second ‘surface.

6. The device of claim 1 wherein said gate insulation
layer means is silicon dioxide.

7. The device of claim 1 wherein said one conductiv-
ity type is the n-type and wherein said opposite conduc-
tivity type is the p-type.

8. The device of claim 1 wherein said relatively deep
regions have a depth of ‘about 4 microns.

9. The device of claim 1 wherein said gate electrode
means is formed of polysilicon.

10. The device of claim 1 wherein sald relatively
lightly doped body portion has a resistivity greater than

about 2.5 ohm centimeters.

g e e
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' REEXAMINATION CERTIFICATE
ISSUED UNDER 35-U.S.C. 307

THE PATENT IS HEREBY AMENDED AS
INDICATED BELOW.

Matter enclosed in heavy brackets [ ] appeared in the
patent, but has been deleted and is no longer a part of the

patent; matter printed in italics indicates additions made
o the patent.

AS A RESULT OF REEXAMINATION. TI' HAS BEEN
DITERMINED THAT:

Claim 1 is detcrmined to be patentable as amended.

Claims 2. 3. 6. 7. 8. 9..4. 5 and 10. dependent on an
amended claim. are determined to be patentable. .

New claims 11 and 12 are added and determined to be

~ palentable.

1. A three-terminal power metal oxide silicon field effect

ransistor device comprising:

a wafer of semiconductor material having first and second
opposing semiconductor surfaces; said wafer of semi-
conductor material having a relatively lightly doped
major body portion for receiving junctions and being
doped with impurities of one conductivity type;

at least first and second spaced base regions of the
opposite conductivity type to said one conductivity
type formed in said wafer and extending from said first
scmiconductor surface to a depth bencath said first
semiconductor surface; the space between said at least
first and second base regions defining a vertical com-
mon conduction region of one conductivity type at a
given first semiconductor surface location;

first and second source regions of said one conductivity
type formed in each pair of said at least first and second
base regions respectively at first and second first sur-
face locations and extending from said first and second
first surface locations to a depth less than said depth of
said base regions; said first and second source regions

——— e
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being laterally spaced along said first semiconductor
surface from the facing respective edges of said com-
mon conduction region thereby to define first and
second channel regions along said first semiconductor
surface between cach pair of said first and sccond
source regions. respectively and said common conduc-
tion region; the concentration of carricrs of said onc
conductivity type in said common conduction region at
said first semiconductor surface being less than the
concentration of carriers of said opposite conductivity
type of said first and second base regions at said first
semiconductor surface;

source electrode means connected to said source regions
and comprising a first terminal;....

gate insulation layer means on said first surface. disposed
at least on said first and second channel regions;

gate clectrode means on said gate insulation layer means,
overlying said first and sccond channel regions.and
comprising a second terminal;

a drain conductive region remote from said common
region and scparated therefrom by said relatively
lightly doped major body portion;

. adrain electrode coupled to said drain conductive region
and comprising a third terminal;

cach of said at least first and second spaced base regions
of said opposite conductivity type having respective
profiles which include, fo allow the device to withstand
relatively high breakdown voltages, relatively shallow
depth regions-having a .relatively small radius of cur-
vature extending from said common region and under-
lying their "said respective first and second source
regions. and respective relatively deep. relatively large
radius. regions extending from said shallow depth
regions which are laterally -spaced from bencath said
respective source regions on the side of said source
regions which is away from said common region.

11. The device of claim ] wherein said vertical common

conduction region is disposed beneath said gate insulation

40 layer means on said first surface.

; Exhibit D

12. The device of claim | wherein said common conduc-
tion region is conti s and rrupted.
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'HIGH POWER MOSFET WITH LOW
ON-RESISTANCE AND HIGH BREAKDOWN
VOLTAGE -

This application is a division of application Ser. No.
232,713, filed Feb. 9, 1981, now U.S. Pat. No. 4,376,286,
issued Mar. 8, 1983, which, in turn, is 8 continuation of

application Ser. No. 951,310, filed Oct. 13, 1978, now )

abandoned.

BACKGROUND OF THE INVENTION

This invention relates to MOSFET devices and more
specifically relates to a novel structure for a MOSFET
device which permits it to be used in high power appli-
cations with a relatively high reverse voltage and with
" an exceptionally low on-resistance. The major advan-
tage of the bipolar transistor over the MOSFET transis-
tor is that the bipolar transistor has a very low on-resist-
ance per unit conductive area. The MOSFET transistor
has numerous advantages over the bipolar transistor

-Document 1 Filed 06/22/00 P
- 4,705,759
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including very high switching speed, very high gainand .

lack of the secondary breakdown characteristics exhib-
ited by a minority carrier device. However, because the
MOSFET transistor has high on-resistance, its use in
high power switching applications has been limited.

BRIEF DESCRIPTION OF THE INVENTION

The present invention provides a novel _high power
MOSFET device which has a low forward resistance so
that the device becomes more competitive with bxpolar
devices in a switching type application while retaining -
all of the numerous advantages-of the:-MOSFET over

25

the bipolar device. In particular, with the present inven- 35

tion, the forward resistance per unit area of the device
has been reduced by at least a factor. of two, compared
to the limiting resistance. per unit area previously exist-
ing in a MOSFET type device.

In one embodiment of the invention, two sources are
placed on the same surface of a semiconductor wafer
and are laterally spaced from one another. A gate elec-
trode, deposited on a conventional gate oxide, is dis-
posed between the. sources. Two p-type conduction
channels are disposed beneath the gate and are spaced
from one another by an n-type bulk region. Current
from each source can flow through its respective chan-
nel (after the creation of the inversion layer defining the
channel), so that majority carrier conduction current
can flow through the bulk region and across the wafer
or chip to the drain electrode. The drain electrode may
be on the opposite surface of the wafer or on a laterally
displaced surface region from the source clectrodes.
This configuration is made using the desirable manufac-
turing techniques of the D-MOS device, which permits
precise alignment of the various electrodes and chan-
nels and permits use of extremely small channel lengths.
While the above configuration may have been. previ-.
ously described for a MOSFET signal-type device, the
structure is not that of the commonly used signal MOS-
FET.

The device is basically formed in an n(—) substrate
which has the relatively high resistivity which is neces-
sary to obtain the desired reverse voltage capability of
the device. For example, for a 400 volt device, the n(—)
region will have a resistivity of about 20 ohm centime-
ters. However, this same necessary high resistivity char-
acteristic has caused the on-resistance of the MOSFET

40
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device, when used as a power switch, to be relatively

In accordance with the present invention, it has been
found that in the upper portion of the central bulk re-
gion to which the two inversion layers feed current in
the path to the drain electrode, the central region imme-
diately beneath the gate oxide can be a relatively low
resistivity material formed, for example, by an-n(+)
diffusion in that channel region, without affecting the

0 reverse voltage characteristics of the device.

More specifically, and in accordance with the inven-
tion, this common channel will have an upper portion
beneath the gate oxide and a lower bulk portion extend-
ing toward the drain electrode. The lower portion has
-the -high - resistivity desired to produce high reverse
voltage ability, and will have a depth dependent on the
desired reverse voitage for the device. Thus, for a 100
volt device, the Jower n(—) region may have a depth of
about 35 microns, while for a 90 volt device it will have
a depth of about 8 microns. Other depths will be se-
lected, depending on the desired reverse voltage of the
device to provide the necessary thicker depletion re-
gion required to prevent punch-through during reverse
voltage conditions. The upper portion of the common
channel is made highly conductive (n+) to a depth of
from about 3 to about 6 microns. It has been found that
this does not interfere with the reverse voltage with-
stand ability of the device. However, it decreases the
on-resistance per unit area of the device by more than a
factor of two. The resulting device becomes competi-
tive with conventional high power bipolar switching
devices since it -retains all -of ‘the- advantdges of the
MOSFET device over the'bipolar-device but now has
the relatively.low forward resistance ‘which was the
msjor characterizing advantage of the bipolar device.

In accordance with .another feature of the present
invention, the p-type.region which defines the channel
beneath the gate oxide has a relatively deeply diffused
porhon beneath the source so that the p-type diffusion
region will have a large radius of curvature in the n(~)
opitaxial layer forming the body of the device. This

‘deeper diffusion or deeper junction has been found to

improve the voltage gradient at the edge of the device
and thus permits the use-of the device with higher re-
verse voltages.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of a high power MOSFET chip
which incorporates the present invention and particu-
larly illustrates the metalizing patterns of the two
sources and the gate.

FIG. 2 is a cross-sectional view of FIG. 1 taken
across the section line 2—2 in FIG. 1. _

FIG. 3 is a cross-sectional view similar to FIG. 2
showing the initial step in the process of manufacture of
the chip of FIGS. 1 and 2 and particularly shows the
p(+) conductivity implant and diffusion step.

FIG. 4 shows the second step in the manufacturing

and shows the n(+) implant and diffusion step.

FIG. 5 shows a further step in the process of manu-
facture of the chip of FIGS. 1 and 2 and shows the

- channel implant and diffusion step.

FIG. 6 shows & further step in the process of manu-
facture and illustrates the source predeposition and
diffusion step. This precedes the last step in which the
gate oxide is cut for the metalization step which pro-

" duces the device of FIG. 2.
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FIG. 7 is a plan view of the metalizing pattern of a
second embodiment of the invention.

FIG. 8 is a cross-sectional view of FIG. 7 taken
across the section line 8—38 in FIG. 7.
~ FIG. 8ais a view similar to FIG. 2 and shows a modi-

fied source contact configuration.

FIG. 9 shows the shape of forward-current charac-
teristics of a device like that of FIG. 2 where the region
40 beneath the oxide is n(—).

FIG. 10 shows the shape of the characteristic of 2
device identical to that of FIG. 2 where the region 40
has high n(+) conductivity.

DETAILED DESCRIPTION OF THE
DRAWINGS

A first embodiment of the novel MOSFET device of
‘the present invention is shown in FIGS. 1 and. 2 which
show a chip of monocrystalline silicon 20 (or some

T Documentl Filed 06/22/00 P
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a thickness of about 35 microns and a resistivity of about
20 ohm-centimeters. For a 90 volt device, epitaxial layer
20 would be about 10 microns thick and would have a
resistivity of about 2.5 ohm-centimeters. A channel
width of 50 centimeters is also used to provide the de-
sired current carrying capacity for the device.

In a preferred embodiment of the invention, there is
an elongated serpentine p(+) conductivity region be-
neath each of the source electrodes 22 and 23 which
thus extends around the serpentine path shown in FIG.
1. These p(-+) regions are shown in FIG. 2 as the p(+)

_ regions 30 and 31, respectively, and are similar to those

15

other suitable material), with the device electrodes fol- -

lowing the serpentine path 21 best shown in FIG. 1 in
order to increase the current-carrying area of the de-
vice. Other geometries could be used. The device illus-
trated has a reverse voltage of about 400 volts and an
on-resistance less than about 0.4 ohm with a channel
width of 50 centimeters. Devices having reverse volt-
ages of from 90 to 400 volts have been made. The 400
volt devices have carried pulse currents of 30 amperes.
The 90 volt devices have had forward on-resistances of
about 0.1 ohm with a channel width of 50 centimeters

20

25

and have carried pulse currents up to about 100 am- 30

peres. Higher and lower voltage devices can also be
made with varying-channel widths.

Presently known MOSFET devices have much
higher on-resistances than the above. For example, a
400 volt MOSFET comparable to that described below
but made with prior art techniques would normally
have an on-resistance much greater than about 1.5
ohms, as compared to an on-resistance less than about
0.4 ohm in a device made according to this invention.

Moreover, the MOSFET switching device of the
present invention will exhibit all of the desirable advan-
tages of the MOSFET device, since it operates as a
majority carrier device. These advantages include high
switching speed, high gain and avoidance of the second-
ary breakdown characteristics whlch exist in minority
carrier devices.

The device of FIGS. 1 and 2 has two source elec-
trodes 22 and 23 which are separated by a metalized
gate electrode 24 which is fixed to but spaced from the
semiconductor device surface by a silicon dioxide layer
25. The serpentine path followed by gate oxide 25 has a
length of 50 centimeters and has 667 undulations, but is
shown more simply in FIG. 1. Other channel widths
can be used. Source electrodes 22 and 23 can be later-
ally extended as shown to serve as field plates.to help
spread the depletion region created during reverse volt-
age conditions. Each of source electrodes-22 and 23
supply current to a common drain electrode 26 which is
fixed to the bottom of the wafer. The relative dimen-
sions for the device, particularly in thickness, have been
grossly exaggerated in FIG. 2 for purposes of clarity.
The silicon chip or wafer 20 is formed on an n(+) sub-
strate which may have a thickness of about 14 mils. An
n(~) epitaxial layer is deposited on substrate 20 and will
have a thickness and resistivity depending on the de- 65
sired reverse voltage. All junctions are formed in this
epitaxial layer which can have a relatively high resistiv-
ity. In the embodiment disclosed, the epitaxial layer has

of the prior art except that the maximum p(+4) region
depth is greatly exaggerated in order to form a large
radius of curvature. This allows the device to withstand
higher reverse voltages. By way of example, the depth
of regions 30 and 31 is preferably about 4 microns at the -
dimension X in FIG. 2 and about 3 microns at the di-
mension Y in FIG. 2. | :

By using D-MOS fabrication techniques, two n(+)
regions 32 and 33 are formed beneath source electrodes
22 and 23, respectively, and define, with the p(+) re-
gions 30 and 31, n-type channel regions 34 and 35, re-
spectively. Channel regions 34 and 35 are disposed’
beneath the gate oxide 25 and can be inverted by the
appropriate application of a biasing signal to the gate 24
in order to permit conduction from the source 22 and
the source 23 through the inversion layers into the cen-
tral region disposed beneath the gate 24 and then to the
drain electrode 26. Channels 34 and 35 may each have a
length of about 1 micron.

It has: previously been thought .necessary that the

- central n(—) region' between channels 34 and 35 (and

35

40

45

50

55

60

between . p(+) regions 30-and 31) should have a high
resistivity in order to-permit. the device to withstand
high reverse ‘voltages.- However, the relatively high
resistivity n(—) material is also a significant contribut-
ing factor to-the high.forward on-resistance of the de-
vice.

In accordance with the significant feature of the pres-
ent invention, a significant portion of this central con-
ducting region is made relatively highly conductive and
consists of an n(+) region 40 disposed immediately
beneath the gate oxide 25. The n(+) region 40 has a
depth of about 4 micrens and could range from about 3
microns to about 6 microns. While its exact conductiv-
ity is not known, and varies with depth, it is high rela-
tive to the n(—) region beneath it. More particularly,
region 40 has a high conductivity which would be de-
termined by a total ion implanted dose of from about
1X 1012 to 1X10'4 phosphorus atoms/cm? at 50 KV
followed by a diffusion drive at from 1150° C. to 1250°
C. for from 30 minutes to 240 minutes. It has been found
that by making this region 40 relatively highly conduc-
tive n(+) material through a diffusion or other opera-
tion, the device characteristics are significantly im-
proved and the forward on-resistance of the device is
reduced by a factor greater than two. Moreover, it has
been found that the provision of the high conductivity
region 40 does not interfere with the reverse voltage
characteristics of the device. Accordingly, by making
the region beneath the gate oxide 25 and between chan-
nels 34 and 35 more highly conductive, the forward
on-resistance of the ultimate high power switching de-
vice has been significantly reduced and the MOSFET
device becomes far more competitive with an equiva-
lent junction-type device while still retaining all of the
advantages of the MOSFET majority carrier operation.

R
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In the above description of FIGS. 1 and 2, it has been
assumed that the conduction channels 34 and 35 are of
p(+) material and are, accordingly, inverted to an n-
type conductivity to provide a majority carrier conduc-
tion channel from sources 22 and 23 to the central re-
gion 40 upon the application of an appropriate gate
voltage. Clearly, however, all of these conductivity
types could be reversed so that the device could work
as a p-channel device rather than an n-channel device as
disclosed.

One process by which the device of FIGS. 1 and 2
could be constructed is shown in FIGS. 3 to 6. Refer-
ring to FIG. 3, the base wafer 20 is shown as an n(+)
material having an n(—) epitaxially deposlted region on
top thereof. A thick oxide layer 50 is formed on wafer
20 and windows 51 and 52 are opened therein. The open

T Document i1 Filed 06/22/00 P
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windows 51 and 52 are exposed to .a beam of boron ..

atoms in an jon implanting apparatus to form p(+).
regions. Thereafter the implanted boron atoms are

caused to diffuse deeper into the wafer to form the 20

rounded p(-+) concentration region shown in FIG. 3
which might have a depth of about 4 microns. During
this diffusion operation, shallow oxide layers 53 and 54
grow over the windows 51 and 52.

As is next shown in FIG. 4, windows 61 and 62 are
cut in the oxide layer 50 and an n(+) il'nplant takes
place to implant the n(+) regions 63 and 64 into the
n(—) epitaxial layer. This n(4) implantation can be
carried out with a phosphorus beam. Thereafter, the
implanted regions are subjected to a diffusion step to
causethcregionsﬁand“toexpandanddeepentoa
depth of about 33 microns with a concentration deter-

phosphorus atoms/cm? followed by a drive for 30 min-
utes to 4 hours at from 1150° C. to 1250° C. As ‘will be
later seen, regions 63 and 64 produce the novel n(+)
region which substantially reduces the on-resistance of .
the device.

It should be noted that the n(+) regions 63 and 64

25

30

. mined by an implantation dose of 1X1012 to 1104 -

and 31. The manufacturing process then continues from
the step of FIG. 6 to the device shown in FIG. 2
wherein the oxide surfaces on top of the chip are suit-
ably stripped and the metalizing patterns for contacts
22, 23 and 24 are formed to establish electrical contacts
to the device. The drain contact 26 is applied to the
device in a subsequent metalizing operation. Thereafter,
the entire device may be appropriately coated with a
suitable passivation coating and wire leads are con-
nected to the source electrodes 22 and 23 and the gate
24. The device is then mounted within a suitable protec-
tive housing, with the drain electrode fixed to the hous-
ing or other conductive support which serves as a drain .
connection.

The device shown in FIGS. 1 and 2 uullm a serpen-
tine path for each of the source regions and gate regions
and a drain on the surface of the wafer opposite to the
source clectrodes. Other configurations can be used.
FIGS. 7 and 8 illustrate a planar configuration which is
a simple rectangular arrangement having a ring-shaped
gate 80 which is disposed between a first source elec-

‘trode 81 of ring shape and a central source 82. The

device as shown in FIG. 8 is contained within a base
wafer of p(—) monocrystalline silicon 83 which may
have a buried n(+) region 84 to reduce the lateral resis-
tance of the various current paths of the device leading
to the laterally displaced drain electrode 85 which sur-
rounds source 81, °

A ring-shaped n(+) region 86 is formed within the
device as shown in FIG. 8 and, in accordance with the
present invention, the ring-shaped region 86 is of much
higher conductivity than the n(—) epitaxially deposited
region 87 which:contains all the junctions.of the device.

* The ring-shaped region.86 extends :from the region

35

could, if desired, be epitaxially deposited and need not 40

be diffused. Similarly, the resulting device being de-
scribed herein could be manufactured by any desired
process as would be apparent to those skilled in the art.

'I'henextstcpmtheprocess:sshowanlG Sandis

the channel implantation and diffusion step in which the 45

p(+) regions 71 and 72 are formed through the same
windows 61 and 62 that were used for the n(+) implan-
tation for regions 63 and 64. The p(+) regions 71 and 72
are formed by implanting with a boron beam to a dose
of about 5X 1013 to §X 1014 atoms/cm? followed by a
diffusion drive for 30 to 120 minutes at 1150° C. to 1250"
C. .
Thereafter, and as shown in FIG. 6, steps are carried
out for the source predeposition and the diffusion of the
source regions 32 and 33. This is carried out by a con-
ventional and non-critical phosphorus diffusion step
where the diffusion proceeds through the windows 61
and 62 so that the source regions 32 and 33 are automati-.
cally aligned relative to the other preformed regions.
Thus,thewaferlsplwedmafumaceandexposedto
pocls suspended in a carrier gas for from 10 minutes to
50 minutes at a temperature of from 850° C. to 1000° C.
When this step is completed, the basic junction con-

figuration required in FIG. 2 is formed with short p(+)
regions disposed beneath the oxide 50 to serve as the
conducting channel for the ultimately constructed de-
vice and with an n(<+) region filling the area between

the channels 34 and 35 and between p(+) regions 30

e . —————

55
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beneath the gate.oxide 88.and. adjoins the ends of the
two conducting. channels. formed between the ring-

- shaped p(+) region:89.and. the central p(+) region 91

disposed beneath:the ring-shaped source 81 and central '
source 82, respectively.

It will also be noted in FIG. 8 that the outer periph-
ery 90 of the p(+) ring 89 has a large radius to assist the
device in withstanding high reverse voltages.

An n(+) region 95 in FIG. 8 is provided to ensure
good contact to drain electrode 85. Drain electrode 85
is widely laterally spaced from source 81 (by greater
than about 90 microns). The drain contact 85 is sur-
rounded by a p(+) isolation diffusion 96 to isolate the
device from other devices on the same chip or wafer. -

In the arrangement of FIG. 8, like that of FIG. 2,
current flow from sources 81 and 82 goes through the
width of epitaxial region 87, through the region 86. The
current then flows laterally outward and then up to the
drain contact 85. As in the embodiment of FIG. 2, de-
vice resistance is greatly reduced by the relatively
highly conductive region 86. ’

In carrying out the above mventlon, it should be
noted that any type of contact material can be used to
make the source and gate contacts. By way of example,
aluminum could be used for the source electrodes while
a polysilicon material can be used for the conductive -
gate 80 in FIG. 8 or the conductive gate 24 in FIG. 2.

Numerous other geometries can be used to make the
device of the invention, including a plurality of pairs of
straight, parallel source elements with respectively in-
terposed gates and the like.

The source electrodes 22 and 23 have been shown as
separate electrodes which can be connected to separate
leads. Clearly, the sources 22 and 23 could be directly

Fa—4
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a
connected as shown in FIG. 8a where components
similar to those of FIG. 2 have been given similar identi-
fying numerals. In FIG. 83, however, the gate electrode
is a polysilicon layer 101 (in place of aluminum) depos-
ited atop gate oxide 25. The gate 101 is then covered $
with oxide layer 102 and a conductive layer 103 con-
nects the two sources 22 and 23 together to form a
single source conductor which is insulated from gate
101. Connection is made to the gate at some suitable
edge portion of the wafer. 10

FIGS. 9 and 10 show the shape of measured curves
which demonstrate the reduction in forward resistance
when the region 40 is made highly conductive (n+). In
FIG. 9, the device tested had a region 40 which had the
n(—) resistivity of the epitaxial region. Thus, the for- 15
ward resistance is characteristically high at different
gate biases as shown in FIG. 9.

In the device of the invention where region 40 is of
n(+) conductivity, there is a dramatic decrease in the
on-resistance as shown in FIG. 10 for all gate voltages 20
before velocity saturation of the electrons occurs.

Although the present invention has been described in
connection with a preferred embodiment thereof, many
variations and modifications will now become apparent
to those skilled in the art. It is preferred, therefore, that 25
the present invention be limited not by the specific
disclosure herein, but only by the appended claims. -

What is claimed is:

1. The method of manufacture of a high power MOS-
FET device which comprises the steps of: 30

(a) forming an insulation coating on the upper surface
of a flat chip of a monocrystalline semiconductor
of one of the conductivity types;

(b) opening at least first and second spaced windows
in said insulation coating which have at least first 35
respective portions thereof which are elongated
and parallel to one another;

(c) applying impurity carriers of a conductivity type
opposite said one conductivity: type to said upper
surface which is exposed by said first and second 40
windows and heating said chip to cause said carri-
ers to diffuse into said chip to form first and second
respective regions of said opposite conductivity
type in said chip which have a first depth;

(d) opening at least third and fourth spaced windows 45
in any insulation coating on said upper surface
which are coextensive with and adjacent to said
first and second windows; said third and fourth
windows being disposed inwardly of the space
between said first and second windows and being 50
laterally removed from atop said first and second
regions respectlvely,

(e) applying impurity carriers of said opposite con-
ductivity type to said upper surface which is ex-
posed by said third and fourth windows and heat- 55
ing said chip to cause said carriers to diffuse into
said chip to form third and- fourth respective re-
gions of said opposite conductivity type which are
continuous with the adjacent sides of said first and
second regions respectively but are shallower than 60
said first and second regions; the opposite edges of
parallel portions of said third and fourth regions
being laterally diffused until they are spaced from
one another by a given distance by'a common neck
region of said one conductivity type of said chip; 65

(f) applying impurity carriers of said one conductivity
type to said upper surface which is exposed by said
third and fourth windows and heating said chip to

cause said carriers from said one conductivity type
to diffuse into said third and fourth regions for only
a portion of the depth and width of said third and
fourth regions to define first and second source
regions; said first and second source regions having
facing edges which are spaced from said common
neck region, thereby to define first and second
channel regions in said third and fourth regions
respectively;

(g) and forming an insulated gate means atop said
upper surface and over said first and second chan-
nel regions, and forming source electrode means on
said source regions and drain electrode means on
the surface of said chip which is opposite said
upper surface,

2. The method of claim 1 wherein said impurity carri-

- ers of said opposite conductivity type which are applied

through said first and second windows, and said impu-

- rity carriers of said opposite conductivity type which

are applied through said third and fourth windows, are
- each applied by ion implantation.

3. The method of claim 1 wherein said chip has an -

epitaxial layer thereon which extends to said upper
surface and wherein all of said regions are contained
within said epitaxial layer.

4. The method of manufacture of a high power MOS-

FET device which comprises the steps of:

(a) forming an insulation coating on the upper surface
of a flat chip of a monocrystalline semiconductor
of one of the conductivity types;

(b) opening at least first and second spaced windows
.in said insulation coating. which have at least first
- respective: portions ‘thereof which are elongated
and parallel to one another,

(c) applying impurity-carriers of ‘a conductivity type
.opposite said one conductivity- type to said upper
surface which is exposed by said first and second
windows:and heating said chip to cause said carri-
ers to diffuse into said chip to form first and second
respective regions of said opposite conductivity
type in said chip which have a first depth;

(d) opening at least third and fourth spaced windows
in said insulation coating on said upper surface
which are coextensive with and adjacent to said
first and second-windows respectively; said third
and fourth windows being disposed inwardly of the -
space between said first and second windows and
being laterally removed from atop said first and
second regions respectively; )

() applying impurity carriers of said one conductiv-
ity type to said upper surface through said third
and fourth windows and heating said chip to cause
said impurity carriers of said one conductivity type
to diffuse into said chip to form relatively highly
doped regions of said one conductivity type which
spread laterally until they join one another in a
common neck region beneath said insulation coat-
ing which is between said thn'd and fourth win-
dows;

(f) applying impurity carriers of said opposxte con-
ductivity type to said upper surface which is ex-
posed by said third and fourth windows and heat-
ing said chip to cause said carriers to diffuse into
said chip to form third and fourth respective re-
gions of said opposite conductivity type which are
continuous with the adjacent sides of said first and
second regions respectively but are shallower than
said first and second regions; the opposite edges of
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parallel portions of said third and fourth regions
being laterally diffused until they are spaced from
one another by a given distance by said common

neck region of said one conductivity type of said -

chip;

(2) applying impurity carriers of said one conductiv-

ity type to said upper surface which is exposed by
said third and fourth windows and heating said
chip to cause said carriers from said one conductiv-

ity type to diffuse into said third and fourth regions

Document1: Filed 06/22/00 Pa
4,705,759

for only a portion of the depth and width of said -

third and fourth regions to define first and second
source regions; said first and second source regions
having facing edges which are spaced from said
common neck region, thereby to define first and
second channel regions in said third and fourth

regions respectively;

(h) and forming an insulated gnte means atop said

- upper surface and over said first and second chan-
nel regions, and forming source electrode means on
said source regions and drain electrode means on
the surface of said chip which is oppomte said
upper surface.

20

10

5. The method of claim 4 wherein said impurity carri-
ers of said opposite conductivity type which are applied
through said first and second windows, and said impu-
rity carriers of said opposite conductivity type which
are applied through said first and second windows, and
said impurity carriers of said opposite conductivity type
which are applied through said third and fourth win-
dows, are each applied to said upper surface. by ion
implanation.

6. The method of claim 4 wherein said chip has an
epitaxial layer thereon which extends to said upper
surface and wherein all of said regions are contained
within said epitaxial layer. '

7. The method of claim 1, 2 or 3 wherein, following
the step of forming said first and second regions of said
opposite conductivity type, impurity carriers of said

one conductivity type are applied to at Jeast selected

regions of said upper surface to cause impurities of said
one conductivity type to diffuse into said chip to form
relatively lightly doped regions of said one conductivity

" type which are disposed laterally within said common

25

5

45

55

65

neck region and which extend to said upper surface of . .

said chip.
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(571 ABSTRACT

A high power MOSFET is disclosed in which two
laterally spaced sources each supply current through
respective channels in one surface of a semiconductor
chip which are controlled by the same gate. The chan-

. nels lead from the source electrodes to a relatively low

resistivity region and'from there to a relatively high
resistivity epitaxially formed region which is deposited
on a high conductivity substrate. The drain electrode
may be either on the opposite surface of the chip or
laterally displaced from and on the same side as the
source regions. The epitaxially deposited semiconduc-
tor material immediately adjacent and beneath the gate
and in the path from the sources to the drain has a rela-
tively high conductivity, thercby to substantially re-
duce the on-resistance of the device without effecting
the breakdown voltage of the device. The breakdown
voltage of the device is substantially increased by form-
ing a relatively deep.p-type diffusion with a large radiues

in the n-type epitaxial layer beneath each of the sources.
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REEXAMINATION CERTIFICATE
ISSUED UNDER 35 U.S.C. 307

THE PATENT IS HEREBY AMENDED AS
INDICATED BELOW.

5

Matter enclosed in beavy brackets [] appeared in the
patent, but has been deleted and is no longer a part ofthe
pstent; matter printed in italics indicates additions mde
to the patent.

AS A RESULT OF REEXAMINATION, IT HAS
BEEN DETERMINED THAT: 15

The pawmabxluy of claims 4-6 Is confirmed.
Claun 1 is determined to be patentable as amended.

Claims 2, 3 and 7, dependent on an amended claim,
are determined to be patentable.

1. The method of manufacture of & high power MOS-
FET device which comprises the steps of: 25

(=) forming an insulation coating on the upper surface
of a flat chip of a monocrystalline semiconductor
of onc [of the] conductivity [types] bpe,

(b) opening at least first and.second spaced windows
in said insuiation coating which have at least first 30
respective portions thereof which are clongatcd
and parallel to one another;

(c) applying impurity carriers of a conductivity type
opposite said one conductivity type to said upper
surface which is exposed by said first and second 35
windows and heating said chip to cause said carri-
ers to diffuse into said chip to form first and second
respective regions of said opposite conductivity
type in said chip which have a first depth and a
relatively large radius of curvature 1 allow the device 40
to withstand higher reverse voltages;

45

50

55

65
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(d) opening at least third and fourth spaced windows
in any insulation coating on said upper surface
which are coextensive with and adjacent to said
first and second windows; said third and fourth
windows being disposed inwardly of the space
between said first and second windows and being
laterally removed from atop said first and second
regions respectively;

(¢) applying impurity carriers of said opposite con-
ductivity type to said upper surface which is ex-
posed by said third and fourth windows and heat-
ing said chip to cause said carriers to diffuse into
said chip to form third and fourth respective re-
gions of said opposite conductivity type which are .
continuous with the adjacent sides of said first and
second regions respectively but are shallower and
have a smaller radius of curvature than said first and
second regions; the opposite edges of paraliel por-
tions of said third and fourth regions being laterally .
diffused until they are spaced from one another by
a given distance by a common neck region of said
one conductivity type of said chip;

(f) applying impurity carriers of said one conductivity
type to said upper surface which is exposed by said
third and fourth windows and heating said chip to
cause said carriers from said one conductivity type
to diffuse into said third and fourth regions for only
a portion of the depth and width of said third and
fourth .regions to define first and second source
-regions; said first and‘second source regions having
facing -edges which .are spaced from said common
neck - region,thereby to define first and second
channel regions in-said third and fourth regions
respectively; and

(g) [and] forming an insulated gate means atop said

" upper surface and over:said-first and:second chan-

nel regions, and forming source electrode means on
said source regions and drain electrode means on
the surface of the chip which is opposite said upper
surface.

—_——— -
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