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New York, NY 10036 
tei: (212)382-0700 
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Attomeys for Plaintiff Intemational Rectifier Corporation 

UNITED STATES DISTRICT COURT 

CENTRAL DISTRICT OF CALIFORNIA ' 

INTERNATIONAL RECTIFIER 
C O R P O R A T I O N , 

PLAINTIFF, 

vs. 
IXYS CORPORATION, AIVD DOES 1-10, 

DEFENDANTS. 

Zi 
r 
m 
a 

Case Noip O -

0675 
COMPLAINT FOR DAMAGES AND 
INJUNCTIVE RELIEF (PATENT 
INFRINGEMENT); DEMAND FOR JURY 
TRIAL 

ENTERED ON ICMS 

JUN; 27 2000 
,4".:. 

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

follows: 
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JURISDICTION A N D V E N U E 

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. IR 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 Califomia at 233 Kansas Street, El Segundo, Califomia 90245. 

3. IR is informed and believes, and on that basis alleges, that defendant IXYS 

Corporation ("IXYS") is a corporation organized under the laws ofthe State of Delaware, 

doing business in this District, inter alia, through its Sales Representative, Select 

Electronics, in Santa Ana, Califomia. 

4. The tme 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 fiilly 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 ofthe claimed processes) of the patents identified 

below. Such sales are direct infringements ofthe patents in suit. IR will amend this 

Complaint to correctly identify any DOE defendant whose identity and culpability is made 

known to IR. 

Complaint 
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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 January 19,-1999), for HIGH POWER MOSFET 

WITH LOW O N - R E S I S T A N C E AND HIGH BREAKDOWN VOLTAGE. A copy ofthe 

'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, IXFH21N50, 

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 fiirther informed and believes, 

and on that basis alleges, that this infiingement 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 patent") which issued April 16, 1991 (Reexamination 
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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, IXFH21N50, 

IXFH35N30, and IXTH24N50) infiinging 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 such articles. IR is fiirther informed and 

believes, and on that basis alleges, that this infiingement will continue unless and until 

enjoined by this Court. 

10. IR has notified IXYS of its infiingement, which has been and continues to be 

willfiil 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 infiingement is 

enjoined. 

THIRD CLAIM FOR RELIEF 

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

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

Patent No. 5,130,767 (the "'767 patent"), which issued July 14, 1992, for PLURAL 

POLYGON SOURCE PATTERN FOR MOSFET. A copy ofthe '767 patent is attached 

hereto as Exhibit C. 

12. 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 

Complaint 
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(including, but not necessarily limited to, part numbers IXFX55N50, IXFH21N50, 

IXFH35N30, and IXTH24N50) infiinging 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 fiarther 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 pf 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. IR is and has been the owner by mesne assignment of United States Letters 

Patent No. 4,642,666 (the "'666 patent"), which issued Febmary 10, 1987 (Reexamination 

Certificate issued October 27, 1998), for HIGH POWER MOSFET WITH LOW ON-

RESISTANCE AND HIGH BREAKDOWN VOLTAGE. A copy ofthe '666 patent, 

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

15. 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, IXFH21N50, 

IXFH35N30, and IXTH24N50) infringing the '666 patent (including, but not 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 notified IXYS of its infringement, which was willfiil and deliberate. IR has 

been damaged by the above-alleged infiingement. 

FIFTH CLAIM FOR RELIEF 

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

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

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

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

LOW ON-RESISTANCE AND HIGH BREAKDOWN VOLTAGE. A copy ofthe '759 

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

18. 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, 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 articles. IR is fiirther informed and believes, 

and on that basis alleges, that this infringement will continue unless and until enjoined by 

this Court. 

19. 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. 

Wherefore, Intemational Rectifier prays for judgment as follows: 

Complaint 

Case 2:00-cv-06756-R-CT   Document 1   Filed 06/22/00   Page 7 of 76   Page ID #:935



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

1. For a preliminary and permanent injunction against infringement ofthe '699 

patent; 

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

royalty) as a result of infiingement ofthe '699 patent; 

3. For a preliminary and permanent injunction against infringement ofthe '725 

patent; 

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

royalty) as a result of infringement 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 ofthe '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; 
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11. For IR's attomeys 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 

By: 

Attomeys for Plaintiff Intemational Rectifier 
Corporation 

8 
Complaint 
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DEMAND FOR JURY TRIAL 

Plaintiff Intemational Rectifier Corporation hereby demands trial by jury. 

Dated: June 22, 2000 COUDERT BROTHERS 

O'MELVENY & MYERS LLP 

OSTROLENK, FABER, GERB & SOFFEN 

By: 

Attomeys for Plaintiff Intemational Rectifier 
Corporation 

Complaint 
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[57] ABSTRACT 
A high power MOSFET is disclosed in which two 
laterally spaced sources each supply current through 
respective chaiuiels in one surface of a semiconductor 
chip which are controlled by the same gate. The chan­
nels lead firom 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, 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 diilusion with a large radius 
in the n-type epitaadal layer beneath each of the sources. 

24 Claiau, 5 Drawing Sheets 
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This is a continuation of application Ser. Na 
07/090,664 filed on Aug. 27. 1987, now abandoned, 
which is a division of application Ser. No. 436.813, 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 
tum. is a continuation of application Ser. Na 931,310, 
filed Oct 13, 1978, now abandoned. 

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

specificaUy relates to a novel structure for a MOSFET 
device which permits it to be used in high power appli­
cations with a relativdy high reverse voltage and with 
an exceptionally low on-resistance. The major advan- 20 
tage of the bipolar transistor over the MOSFET tnuisia-
tor is that the Inpolar transistor has a very low on-resist­
ance per unit coniductive area. The MOSFET transistor 
has numerous advantages over fhe bipolar transistor 
including very high switching speed, very high gain and 23 
lack of the secondary breakdown characteristics exhib­
ited by a minority carrier device. However, because the 
MOSFET transistor has high on-resistance. its use m 
high power switching applications has been lunited. 

BRIEF DESCRIPTION OF THE INVENTION 
The present invention provides a novel high power 

MOSFET device wliich 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- 43 
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 reqiective chan­
nel (after the creation of the inversion layer defining the 30 
channel), so that majority carrier conduction cunent 
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 configiiration 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 fbr 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 revene voltage capability of 
the device. For example, for a 400 volt device, the ii(—) 
region will have a resistivity of aboiit 20 ohm-centime­

ters. However, this same necessary high resistivity char­
acteristic has caused the on-resistance of the MOSFET 
device, when used as a power switch, to be reUtively 
high. 

In accordance with the present invention, it has been 
found tfaat 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(-t-) 
difliision 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 33 microns, while for a 90 volt device it will have 
a depth of about 8 micrtms. 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 (a+) to a depth of 
firom 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 resultmg. device becomes competi­
tive with conventional high ipower 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. 

:In accordance .with another feature of the present 
40 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 
deeper diffusion or deeper junction has been found to 
improve the voltage gradient at the edge of the device 
and thus permia ̂ e use of the device with higher re­
verse voltages. 

33 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a phm view of a high power MOSFET chip 

which incorporates the present invention and particu­
larly illustrates the metalizing pattems 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. 

FIQ. 3 is a cross-sectional view similar to FIG. 2 
showing the initial step m the process of manufacture of 
the chip of FIGS. 1 and 2 and particularly shows the 

60 p(-i-) conductivity implant and diffusion step. 
FIG. 4 shows the second step m the manufacturing 

process and shows the n(-l-) imphmt and diffusion step. 
FIG. S 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. 

FIO. 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 

63 
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epitaxial layer which can have a relatively high resistiv­
ity. In the embodiment disclosed, the epitaxial layer has 
a thickness of about 33 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 2.3 ohm-centimeters. A channel 
width of 30 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(-t-) 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(-f-) 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 maximuin p(-|-) 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 

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. 

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 tiiat 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 tbat 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 20 dimension X in FIG. 2 and about 3 microns at the di-
other suitable material), with the device electrodes fol- mension Y in FIG. 2. 
lowing the serpentine path 21 best shown in FIG. 1 in By using D-MOS fabrication techniques, two 
order to increase the current-carrying area of the de- regions 32 and 33 are formed beneath source electrodes 
vice. Other geometries could be used. The device illus- 22 and 23, respectively, and define, with the p(+) re-
trated has a reverse voltage of about 400 volts and an 23 gions 30 and 31, n-type channel regions 34 and 35, re-
on-resistance less than about 0.4 ohm with a channel spectively. Channel regions 34 and 35 are disposed 
width of 30 centimeters. Devices having reverse vol^ bisneath the gate oxide 25 and can be inverted by the 
ages of from 90 to 400 volts have been made. The 400 appropriate application of a biasing signal to the gate 24 
volt devices have carried pulse currents of 30 amperes. in order to permit conduction from the source 22 and 
The 90 volt devices have faad forward on-resistances of 30 tfae source 23 tfarougfa tfae inversion layers into tfae cen-
about 0.1 ofam with a channel width of 30 centimeters tral region disposed beneath the gate 24 and then to the 
and have carried pulse currents up to about 100 am- drain electrode 26. Channels 34 and 35 may each have a 
peres. Higher, and lower voltage devices can also be length of about 1 :micron. 
made with varying channel widths. It has previously been' thought necessary that the 

Presently known MOSFET devices have much 33 central n(—) region between channels 34 and 35 (and 
higher on-resistances than the above. For example, a between p(-{-) regions 30 and 31) should have a high 
400 volt MOSFET comparable to that described below resistivity in order to' pemiit the device to withstand 
but made with prior art techniques would normally high reverse voltages. However, the relatively high 
have an on-resistance much greater than about 1.3 resistivity n(—) material is also a significant contribut-
ohms, as compared to an on-resistance less than about 40 ing factor to the high forward on-resistance of the de-
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 higfa switcfa­
ing speed, high gain and avoidance of the secondary 
breakdown characteristics whicfa exist in minority car­
rier devices. 

The device of FIGS. 1 and 2 has two source elec-

vice. 
In accordance with the significant feature of the pres­

ent invention, a significant portion of tfais central con­
ducting region is made relatively highly conductive and 

43 consists of an n(-f-) region 40 disposed immediately 
beneath the gate oxide 25. The n(-f-) 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-

trodes 22 and 23 which are separated by a m^MrfA so tive to the n(—) region beneath it More particularly. 
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 faas 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 

region 40 has a high conductivity which would be de­
termined by a total ion unplanted dose of from about 
1X1012 to IXlO'^ phospfaorus atoms/cmZ at SO kV 
followed by a diffusion drive at from 1130* C. to 1250* 

33 C f o r from 30 minutes to 240 minutes. It has been found 
that by making this region 40 relatively highly conduc­
tive n(-f) material through a diffusion or other opera­
tion, the device characteristics are significantiy im­
proved and the forward on-resistance of the device is 

supply current to a common drain electrode 26 which is 60 reduced by a factor greater than two. Moreover, it has 
fixed to the bottom of the wafer. The relative dimen- been found that the provision of the high conductivity 
sions for the device, particularly in thickness, have been region 40 does not interfere with tfae reverse voltage 
grossly exaggerated in FIG. 2 for purposes of clarity. . characteristics of the device. Accordingly, by making 
The silicon chip or wafer 20 is formed on an n(+} sub- the region beneath the gate oxide 25 and between chan-
strate which may have a thickness of about 14 miLt. An 63 nels 34 and 35 more highly conductive, the forward 
n(—) epitaxial layer is deposited on substrate 20 and will on-resistance of the ultimate higfa power switching de-
have a thickness and resistivity depending on the de- vice has been significantiy reduced and the MOSFET 
sired reverse voltage. All junctions are formed ui this device becomes far more competitive witfa an equiva-
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6 lent junction-type device whue still retaining all of tfae vice and with an n{+f region fillmg the area between 

advantages of the MOSFET majority canier operation. the channels 34 and 35 and between regions 30 
In the above description of FIGS. 1 aad 2, it has been and 31. The manufacturing process then continues from 

assumed that the oonductioa channels 34 and 35 are of the step of FIG: t to ^ device shown in FIG. 2 
p(+) material and are. accordingily, inverted to an n- S wherem the oxide surfaces on top of the chip are suit-
type conductivity to provide a majority carrier conduc- ably stripped and the metalizing pattems for contacts 
tion channel from sources 22 and 23 to tfae central re- 22.23 and 24 are fbnned to establish electrical contacts 
gion 40 upon tfae application of an appropriate gate to the device. The drain pontact 26 is applied to the 
voltage. Clearly, however, all of these conductivity device in a subsequent metalizmg operation. Thereafter, 
types could be reversed so tfaat the device could woric 10 the entire device may be appropriately coated witfa a 
as a p-cliannel device rather than an n-channd device as mntwhi* passivation coating and wire leads are con-
disclosed, nected to the source electrodes 22 and 23 and the gate 

One process by which die device of FIGS. 1 and 2 24w The device is then mounted witiim a suitable protec-
could be constructed is shown m FIGS. 3 to 6. Refer- v̂e housmg, with the drain electrode fixqd to the hous-
ring to FIG. 3. the base wafer 20 is shown aa an n(-|-) 13 j , ^ or other conductive support which serves as a drain 
material having an n(—) epitaxially deposited region on connection. 
top tiiereof. A diick oxide layer 50 is fonned on wafer The device shown m FIGS. 1 and 2 utilizes a serpen-
20 and wmdows 51 and 52 are opened fbmm. The open tme path fbr each of tiie source regions and gate regions 
wmdows 51 ud 52 are exposed to a beam of boron ^d a drain en tiie surface of tiie wafer opposite to the 
atoms m so ion unpbntmg ippantus to fonn p(-t-) 20 „ ^ electrodes. Otiier configurations can be used. 
regioM. Th««aft«r tiie impUnted boron atoms are pjog. 7 ami 8 iUustrate a planar configuration which is 
causrf to diffuse deepa >nU> tiie wafer to/onnthe , ^ ângular anangement faav^ a ring-shaped 
"rt"* ^utl /town m n o . 3 ^ ^ ^ j ^ disposedbetween a ftot sou^ el«-
whidi might have a deptii of about 4 nncrons. Dun^ r̂ode 81 of ring sh^nnd a central source 82. The 

«tevice as shoŵ  taFIG. 8 is contamed witiiin a base 
' T n x ? 3 . S ^ S ^ O . ' ? ^ o w . 6 1 a n d 6 2 a « «^er of p(-) monocrystjlh^ 
cut h. t S T o S ^ y l i 50 andrSSimptot take, tave.b««dn(-h)regionMtoredu«thetat^ 
pUce to miplant uT^-.-) regions C3 ami M mto die ^ f 5^,71?",'!!!!!^ device l«uhng 
n(-) epit»dal layer. TTiis 5+) imptantation can be 30 2 i L ^ " ^ ^ « 1 f ' ^ 
carried out witfa a phosphorus beam. Thereafter, the '"H"T """^ j ^ v • r ^ •._. ^ 
imphmted regions areniibje^ to a difiuaion step to , ^ nng-shaped n(+) region 86 is formed witiiin the 
c a ^ tiie re^ 63 and 64 to.expmui ami deepen to a ^ ^ ^ 9 ' "ccordam* witii tiie 
deptii of about 31 microns witii a concentration deter- invention, tiie^nng^hajwd r ^ ^ is of much 
mined by an implantation dose of 1x10" to 1X10«« 35 higher conductivity tiian tiie n(-) epitaxially deposited 
phosphorus atoma/cm2 followed by a drive for 30 mm- rtpon VJ which containa all tiie junctions of the device, 
utes to 4 hours at from 1150* C to 1230* CAa WiU be The rmg-shaped reponJ6 estrads frran tiw region 
later seen, regions 63 and 64 produce tiw novel n(-i-) beneatii tiw gate oxide 88 and adjoms tiw ends of tiie 
region whicfa substantially reduces tfae on-resistance of ' two>conductmg: channels .formed between the ring-
the device. 40 >haped p(-t-) region 89 and the central p(-t-) region 91 

It should be noted tiiat tiw n(-f) regions 63 and 64 disposed beneatii tiw ring-shaped source 81 and central 
could, if desired, be epitaxially deposited and need not source 82. respectively. 
be difnised. Simibrly. tiw resulting device being de- It wQl also be noted m FIG. 8 tiiat tiw outer periph-
scribed herem could be manufactured by any desired ery 90 ofthe p(-|-) ring 89 faas a large radius to assist tiie 
process as would be apparent to tiioae skilled m tiw art 45 device fai witiistandmg faigfa reverse voltages. 

The next step in tiw process is shown Ul FIO. 5 and is An n(-|-) region 95 m FIG. 8 is provided to ensure 
the channel unplanution and difliision step m whicfa tfae good contact to dnun electrode 85. Drain electinde 85 

regions 71 and 72 are formed tfarougfa the same widdy laterally spaced from source 81 (by greater 
windows 61 and 62 that were used for the n(+) impUn- iboiut 90 microns). The drain contact 85 is sur-
tation for regions 63 and 64. Tfae p(-|-) regions 71 and 72 SO rounded by a p(-|-) isolation diffusion 96 to isolate the 
are fonned by unphmtmg with a boron to a dose device from other devices on tfae same chip or wafer, 
of about 3X10" to 3 X1014 atoms/cm^ followed by a In the arrangjement of FIG. 8. like tfaat of FIG. 2, 
diffusion drive for 30 to 120 minutes at 1130* C to 1230* current flow from sources 81 and 82 goes tfarougfa tfae 
C. width of epitaxial region 87. through the region 86. The 

Thereafter, and as shown in FIG. 6, steps are carried 33 current then flows laterally outward and then up to the 
out for the source predeposition and the diffusion ofthe drain contact 85. As in the embodiment of FIG. 2, de-
source regions 32 and 33. This is canied out by a con- vice resistance is greatiy reduced by the relatively 
ventional and ncm-critical phosphorus diffuMon step highly conductive region 86. 
where tfae diffusion proceeds tfaiough tfae wuulowra 61 In carrynig out the above uivention. it should be 
and 62 so tfaat tfae source regions 32 and 33 are automati- 60 noted that any type of contact material can be used to 
cally aligned relative to the other preformed regions. make the source and gate contacts. By way of example. 
Thus, the wafer is placed ui a furnace and exposed to alummum could be used for the source electrodes while 
POCI3 suspended ma carrier gas for from lOminutesto a polysilicon material can be used for tfae conductive 
SO minutes at a temperature of from 830* C. to 1000*. gtte 80 ui FIG. 8 or tfae conductive gate 24 in FIG. 2. 

When this step is completed, the basic junction con- 63 Numerous other geometries can be used to make the 
figuration required m FIG. 2 is formed with short p(+) device of the mvention. uwluding a plurality of pairs of 
regions disposed beneath the oxide 50 to serve as the straight parallel source elements with respectively in-
conducting channel for the ultimately constructed de- terposed gates and the like. 
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The source electrodes 22 and 23 have been shown as 
separate electrodes which can be connected to separate 
leads. Qearly. the sources 22 and 23 could be directiy 
connected as shown in, FIG. 8a where components 
similar to those ofFIG. 2 faave been given sunilar identi- 5 
fying numerals. In FIG. 8a. faowever. tfae 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 togetfaer to form a 10 
single source conductor wfaich is insulated from gate 
101. Connection is made to the gate at some suitable 
edge portion of the wafer. 

FIGS. 9 and 10 sfaow 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 faad tiw 
n(—) resistivity of the epitaxial region. Thus, the for­
ward resistance is characteristically high at different -
gate biases as shown in FIG. 9. ^ 

In the device of the invention wfaere region 40 is of 
n(-f-) conductivity, tfaere is a dramatic decrease in tfae 
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 ui tfae art It is preferred, tfaerefore. tfaat 
the present invention be limited not by the specific JQ 
disclosure herein, but only by the appended claims. 

What is claimed is: 
1. A high power metal oxide silicon field effect tran­

sistor device exhibiting relatively low on-resistance and 
relatively high breakdown voltage; said device com-
prising: 

a wafer of semiconductor material having first and 
second opposing semiconductor surfaces; said 
wafer of semiconductor material having a relâ  
tively lightiy doped major body portion for receiv- 40 
ing junctions and being doped with impurities of 
one conductivity type; 

- at leaat first and second spaced base regions of the 
opposite conductivity type to said one conductiv­
ity type formed in said wafer and extending from 45 
said first semiconductor surface to a first depth 
beneatfa said first semiconductor sur&ce; tfae 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- so 
face location; 

first and second source regions of said one conductiv­
ity type formed in eacfa pau- of said at least fust and 
second base regions respectively at first and second 
first surface location to a deptfa less than said first 33 
depth; the outer rim of each of said first and second 
source regions being laterally spaced along said 
first semiconductor surface firom the lateral outer 
periphery of its said base region to define first and 
second channel regions along said first semicon- 60 
ductor surface between each pair of said first and 
second source regions, respectively, and said com­
mon conduction region; 

source electrode means connected to said source 
regions; 63 

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 uisulation layer 
nwans and overlying said first and second channel 
regions; 

a drafai conductive region remote firom said common 
region and separated therefirom by said relatively 
li^tiy doped major body portioî  

a drain electrode coupled to said drain conductive 
region; and 

at least said first base region being a cellular polygo­
nal regioi^ 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. 

2. The device of claim 1 wfaereui said cominon con­
duction region is relatively-highly doped compared to 
said relatively faigfaly doped major body portion and 
extends from said given first semiconductor surface 
location to a deptfa greater tfaan tfae deptfa of said source 
region, but less tfaan said first deptfa of said first and 
second spaced base regions, wfaereby 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 lightiy doped major body portion is 
reduced. 

3. Tfae device of claim 1 whereui said source elec­
trode means comprises a suigle sheet of conductive 
material disposed over and contacting each of said 
source regions. 

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

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

at least first and seccmd 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 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 eacfa pair of said at least first and 
seconid base regions respectively at first and second 
first surface locations and extending firom said first 

. and second first surface locations to a depth less 
than said first depth; the outer rim of each of said 
firat and second source regions beuig laterally 
spaced along said fint semiconductor surface from 
the lateral outer peripfaery of its said base region to 
define first and sectmd cfaannel regions along said 
first semiconductor surface between each pau: of , 
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 fint and second channel re­
gion̂  
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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 faigfaly doped compared 
to said relatively lightiy doped major body portion and 3 
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 firat and second 
base regions, whereby resistance to cunent flow at the 
junctures between said first and second surface cfaannel 10 
regions and said common conduction region and be­
tween said common conduction region and said rela­
tively lightiy doped major body portion is reduced. 

16. The device of claim 7 wherein said source eliec-
trode means makes electrical contact to the surface of 13 
said cellular polygonal region and the surface of said 
annular ring-shaped region. 

17. The device of cfaiim 8 wherein said source elec­
trode means makes electrical contact to the surface of 

said firat 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 fint and second channel re-

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

said wafer includuig 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 claun 19 whereui at least said firat 

base region comprises a cellular polygonal region; said 
cellular polygonal region bemg surrounded by said 
common conduction region; said fint source region 
having the sliape of an annular ring disposed witfain said 

said cellular polygonal region and tfae surface of said 20 cellular polygonal fint base region. 
annular ring-sliaped ring. 

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

19. A high power metal oxide silicoh field effect tran­
sistor device exhibiting relatively low on-resistanĉ  
said device comprisuig: 

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

at least fint and second spaced base regions of the 
opposite ctmductivity type to said one conductiv­
ity type formed in said wafer and extending from 
said fint semiconductor surface to a fint depth 
beneath said first semiconductor surface; the space 

21. The device of claim 19 wherein said common 
conduction region is relatively highly doped compared 
to said relatively ligfatiy doped major body portion and 
wherein said common conduction region extends from 

23 said given fint semiconductor sutftce location to a 
depth greater than the depth of said source region but 
less than said depth of said fint and second base regions, 
wfaereby resistance to current flow in tfae patfa between 
said fint and second surface cfaannel regions and said 
common conduction region and between said common 
conduction region and said relatively ligfatiy doped 
major body portion is reduced. 

22. Tfae device of claim 19 wfaerein said source elec­
trode means comprises a.single sfaeet 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 

30 

33 

between said at least fint and second base regions 40 said annular ring-shaped source region, 
defining a common conduction region of one con- 24. The device of claim 19 wherein each of said at 
ductivity type at a given fint semiconductor sur- least first and second spaced base regions of said oppo-
face location; site conductivity type have respective profiles which 

fint and second source regions of said one conductiv- uwlude relatively shallow deptfa regions extendmg from 
ity type formed in eacfa pair of said at least firat and 43 said common conduction region and underlying their 
seconid base regions respectively at first and second said respective firat and-second source regions, and 
fint surface locations and extending from said firat respective relatively deep, relatively large radius re-
and second firat sur&ce locations to a depth less gions extending from said shallow depth regions which 
than said firat depth; the outer rim of each of said are laterally spaced from beneath said respective source 
firat and second source regions being laterally 30 rejpons on tfae side of said source regions which is away 
spaced along said fint semiconductor surface from from said common conduction region; said shallow base 
thelateralouterperipfaery of its said base region to regions partially underlying their respective source 
define fint and second cfaannel regions along said regions. 
fint semiconductor surface between each pair of • • • • • 

35 

60 

63 
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gate electrode means on said gate uisulation layer 
means and overlying said fint and second channel 
regions; 

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

a drain electrode coupled to said drain conductive 
region; 

said common conduction region beuig relatively 
faigfaly doped compared to said relativdy lightiy 
doped major body portion and extending from said 
given fint semiconductor surface location to a 
depth greater than the depth of said source region 
but less than said first depth of said first and second 
spaced base regions, wherd)y resistance to current 
flow at the junctures between said first and second 
surface diannd regions and said common conduc­
tion region aad between said common conduction 
region and said rdativdy lightiy doped major body 
portion is reduced, wfaerein said source dectrode 
means comprises a siiigle sheet of conductive mate­
rial disposed over and contacting each of. said 
source regions. 

5. The device of claun 2 wfaerdn said source elec­
trode means comprises a single sfaeet of conductive 
materid disposed over and contacting each of said 
source regions. 

6. The device of claim 1 whereui said source dec­
trode means makes electricd contact to the surface of 
said cellular polygond region and the'surface of said 
annular region-shaped ring. 

7. A tfaree-termfaid power metd oxide silicon field 
effect transistor device comprisuig: 

10 

IS 

20 

25 

30 

gate electrode means on said gate uisulation layer 
means, overlying said first and second cfaaimel 
regions and comprisuig a second termind; 

a drain conductive region remove firom sud common 
region and separated therefrom by said relativdy 
lightiy 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 oppoAtt conductivity type having 
respective profiles which indude relativdy shd-
low depth regions extending from said common 
region and underlying thdr said respective fint 
and second souree regions, and respective reU-
tivdy deep, relatively large radius regions extend-
uig from said shallow depth regions which are 
laterdly spaced from beneath said respective 
source regions on the side of said source regions 
wfaicfa is aivay from said common region; 

at least said fint base region bdng a cellular polygo­
nd region; said cellular polygond region being 
surrounded by said common conduction region; 
said first source region faaving tfae sfaape of an an­
nular ring disposed wntfain said cellular polygond 
fint base region; said relatively shallow depth re­
gion of said first base region surrounding the outer 
periphery of said reUtivdy deep portion of sdd 
first base region. 

8. The device of daim 7 wherein said shallow base 
regions partially underlie thdr respective source re-

9. The device of claim 7 wherein said common con-
. duction region lis .relativdy' highly .dopied compared to 

a wafer of semiconductor materid. having first and 35 said rdatively lightiy doped̂ nuyor. body portion and 
extends'firom said given first semiconductor surface 
location to a depth greater, than the depth of sdd source 
region but.less.tfaan said depth of said fint and second 
base regions, wherdiy resistance to current flow at the 
junctures between said first and second surface channel 
regions and said common conduction region and be­
tween said conunon conduction region and said rda­
tivdy lightiy doped major body portion is reduced. 

10. The device of claim 8 wheidn said common con-

second oppoang semicoiiductor surfiKcs; said 
wafer of semiconductor materid having a rela­
tivdy ligfatiy doped major body portion for recdv­
ing junctions and bdng doped vntfa impuritiea of 
one conductivity type; 

at least first and. seccnd spaced base regions of tfae 
opponte conductivity type to said oiw conductiv­
ity type formed ui said.wafer and extending firom 
said fint semiconductor surface to a deptfa beneatfa 
said first semicoiuluctor surface the space between 43 duction region is relativdy faigfaly doped compared to 
said at least fint and second base regions defining a 
common conduction region of one conductivity 
type at a given fint semiconductor surftoe loca-

. tion; 
fint and second source regions of said one conductiv­

ity type fonned in each pair of said at least first and 
seconid base regions respectively at fint and second 
first surface locations uid extending from said first 
and second fint surface locations to a depth less 
than said depth of said base regions; said first and 
second source regions beuig faUerally spaced dong 
said firat semiconductor surface from the facfaig 
respective edges of said conunon conduction re­
gion thereby to defuw first and second chaimel 

50 

55 

said relativdy lightly doped major body portion and 
extends from said given fint semiconductor surface 
location to a deptfa greater tfaan tfae depth of sdd source 
region but less than said depth of said fint and second 
base regions, whereby resistance to current flow at the 
junctures between said fint and second surface channel 
regions and said common conduction region and be­
tween said common conduction region and said rela­
tively lightiy doped major body portion is reduced. 

11. Tbe device of daim 7 wherein said source elec­
trode means comprises a suigle sfaeet of conductive 
materid disposed over and contacting eacfa of sdd 
source regions. 

12. The device of claim 8 wfaerdn sdd source elec-
regions along said fint semiconductor surface be- 60 trode means comprises a single sfaeet of conductive 
tween eacfa pair of sdd first and second source 
regions, respectivdy and said common conduction 
region; 

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

gate insulation layer means on said first surfiue, dis­
posed at least on said fint and second channd re­
gions; 

65 

materid disposed over and contacting each of sdd 
source regions. 

13. The device of claim 9 wfaereui said source elec­
trode means comprises a single sfaeet of conductive 
materid disposed over and contacting eacfa of sdd 
source regions. 

14. The device of claim 10 whereui said source elec­
trode meana comprises a single sheet of conductive 
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REEXAMINATION CERTIFICATE 
ISSUED UNDER 35 U.S.C. 307 
THE PATENT IS HEREBY AMENDED AS 

INDICATED BEIXJW. 

Matter endosed in heavy brackets [ ] appeared in the 
pat ent, but has been deleted and is no longer a part of tfae 
paloit; matter printed in italics iidicates additions made 
1(1 the patent. 

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

Qaim 4 was previously cancelled. 

QaiiTui 1.7,19 and 24 arc determined to be patentable as 
amended. 

Ciaims 2. 3. 5. 6. 8-18 and 20-23, dependent on an 
amended claim, arc detemiined to be patentable. 

New claims 25-2X and 29 are added and determined to be 
l>alcntable. 

1. A high power metd oxide silicon field effect transistor 25 
device cxhiUling relativdy low on-reslstancc and rdativdy . 
high breakdown voltage; sdd device comprising: 

a wafer of semiconductor materid having first and second 
opposing semiconductor siufaces; said wafer of semi­
conductor materid having a rdatively 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 sdd .one conductivity 
type formed in said wder and extending from sdd first 
semiconductor surface to a first depth beneath sdd first 
semiconductor surface; the space between sdd at least 
first and second base re^ns defining a vertical oom-

' mon conductioB region of one cxxiductivily type at a 
given flrst semiconductor surfsce location; the concen­
tration of carriers of said one conductivity type in said 
common conduction region at said first semiconductor 
surface being tess lhan the concentration of carriers of 
said opposite conductivity type of saidfirst and second 
base regions at said first semiconductor surface; 

first and second source regions of said one conductivity 
type formed in each pair of sdd at least first and second 
base regions respectively at first and second first sur­
face location to a depth less than said first depth'; the 
outer rim of each of sud first and second source regions 
being laterally spaced dong sdd first semiconductor 
surface from the laterd outer periphny of its sdd base 
region to define first and second diannel regions dong 
sdd first seidoonductor surface between each pair of 
.sdd first and second source regions, respectively, and 
sdd common conduction region; 

source dectrode means connected to sdd source regions; 
gate insdation layer means on said first surface, disposed 

at least on sdd flrst and second channel regions; 
gate electrode means on said gate in.sulation layer means 

and ovcriying idd first and second channel regions; 
a drain conductive region remote from sdd common 

region and separated therefrom by sdd relativdy 
li^fly doped major body portion; 

a drdn electrode coupled to said drain conductive region; 
and 

35 
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at least said flrst base region being a celldar pdygond 
region; sdd cdldar pdygond region bdng suiiounded 
by sdd common conduction region; sdd first source 
region having the shq>e of an aimular ring disposed 
Within sdd celldar polygond first base region. 

7. A three-termind power metd oxide silicon fidd effect 
transistor device comprising: 

a wafer of seim'oonductor materid having first and second 
opposing semiconductor surfaces; sdd wder of semi­
conductor materid having a relativdy lightiy doped 
major body portion for recdving junctions and bdqg 
dttpci witti inqjurities of one conductivity type; 

at least first and second spaced ha.% regions of the 
opposite conductivity type to said one conductivity 
type formed in sdd wafer and extending from sdd first 
semiconductor surface to a depth beneath sdd first 
semiconductor surface; the space between sdd at least 
first and second base regions defidag a vertical com­
mon conduction region of one conductivity type at a 
given first semiconductor surface location; tite concen­
tration of carriers af said one conductivity type in said 
common conduction region at saidfirst semiconductor 
surface being less tium the concentration 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 sdd one conductivity 
type fonned in each pair of sdd at least first and second 
base regions respectivdy at first and second first sur­
face locations and extending from sdd first and second 
first surface locations to a depth less than said dq>th of 
sdd base regions; sdd first and second source regions 
being iateidly spaced dong sdd first semconductor 
surface from the fadng.respective edges of sdd com­
mon conduction region thereby to define first and 
•secoid channd regions dong sdd first semiconductor 
surface between each pair of sdd first and second 
soiree regions, respectivdy, and sdd common conduc­
tion region; 

source electrode means connected to sdd source regions 
and comprising a first termind: 

gate insulation layermeans on sdd first surface, disposed 
at least on sdd first and second channd regions; 

gate dectrode means on sdd gate insubtion layer means, 
overlying sdd first and second channel regions and 
ooniprising a second termind; 

a drdn conductive region lemote from sdd common 
region and separated therefrom by sdd rdativdy 
lightiy dopci major body portion; 

a drain dectrode coupled to sdd drain conductive region 
and oompiidng a third termind; 

eacfa of sdd at least first and second spaced base regions 
. of sdd opposite conductivity type having respective 
profiles wMdi indude; to allow Ihe device to withstand 
relatively high breakdown voltages, relativdy shallow 
depth legions having a relatively small radius of cur­
vature extending from sdd common region and imder-
lying their sdd respective first and second source 
regions, and respective rdativdy deep, rdativdy large 
radius regions extending from sdd shallow depth 
regions which are laterally spaced from beneath sdd 
respective soincc regions on the dde of sdd source 
regions whicfa is away from sdd common region; 

at least sdd first base region bdng a celldar polygond 
region; sdd celldar polygond region being surrounded 
by sdd common conduction region; sdd first source-
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region having the shape of an anndar ring disposed source dectrode means connected to sdd sowce regions; 
within said cellular polygonal first base region; sdd gate insulation layer means on sdd first surface, disposed 
relatively shallow depth region of sdd first base region at least on said flrst and second channel regions; 
surrounding the outer periphery of sdd rdativdy deep electrode means on sdd gate insulation layer means 
portion of said fu-st base region. 5 and overlying sdd first and second diannd regions; 

19. A high power metd oxide suicon field effect transistor . -j . r • i .J- K_I • t j . . . 1 , • . • J J • said wder ududing a further region of opposite conduc-devicc exhibiting rdatively low on-res»tancc; said device .. . . . j- . • -j ,• T.i J J , J 
. . , " tivity type adjoiiung said Lgbtly dojied niajor body 

rompnsing. poition; and 
a wder of semiconductormatmd having first and second ^ ^ ,^ 

opposing semiconductor surfaces; said wafer of semi- 10 ^ ^^.^^ ^ ^ „ ^^^.^ ^ 
conductor matenal havmg a relativdy hghUy doped ^ ^ ^ ^ .̂ ^̂  ^ 
major body portion for receiving junctions and bemg j;-^ respective profiles which indud,; to 
doped with unpuruies of one conductivity type; ^^^^ ^^^.^^ wiZlandRelatively high breakdown 

at least first and second spaced base regions of die vo/mg«ji rdativdy shaUow depth regions AaWng a relaftv«/y 
opposite conductivity type to sdd one conductivity radius of curvature extending from sdd common 
type formed in said wafer and extending from sdd first conduction region and underlying their sdd respective first 
semiconductor surface to a first depth beneath sdd first and second source regions, and respective relatively deep, 
semiconductor surface; the space between said at least rebtivdy large radius regions extcadtng fiom sdd shallow 
first and second base regions defining a vertical com- depth regions which are lateiaUy spaced from beneath sdd 
mon conduction region of one conductivity type at respective source regions on dte dde of sdd source regions 
given first semiconductor surface location; the concen- which is away from sdd common conduction region; said 
tration of carriers of said one emductivily type in said shallow base regions partially underlying their respective 
common conduction region at said first senuctmductor source regions. 
surface hang less than tiie concentration of carriers cf 25. The device cf claim 1 wherem said vertical common 
said opposite conductivity type of soid firsl and second conduction region is disposed beneatii said gate insulation 
base regions al said firsl semiconductor surface; layer means on said first surface. 

first .and second source regions of sdd one conductivity . 2d. The device af claim 7 wherein stud vertical common 
type formed in each pair of said at least first and second conduction region is disposed beneath said gale insulation 
base regions respectively at first and second first sur- ̂  layer means on said first-surface. 
face locations and extending from sdd first and second 27. The device of claim 19 wherein scad vertical common 
first surface locations to a depth less than sdd first conduction repon is disposed beneath said gale insulation 
depth: the outer lim.of each of said first and second layer nieans on said first surface. 
source regions being laterally spaced dong sdd first 2S. The device af claim 1 wherein said common conduc-
semlconductor surface from die lateral omer periphery lion region is continuous and uninterrupted 
of its sdd basercgion to define first and second channel 29. The.device of claim 7 wherein said conunon conduc-
regions dong sdd first semiconductor surface between ' tion region is continuous atul uninterrupted 
each pair of sdd first and second source regions, 
respectivdy, and sdd common conduction region; • « * « * 
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[57] ABSTRACT 
A high power MOSFET has a plurality of closdy 
packed polygond sources spaced from one another on 
one surface of a semiconductor body. An elongated 
gate electrode is exposed in the spacing between the 
polygond sources and cooperates with two channels, 
one for each adjacent source dectrode, to control con­
duction from the source electrode through the channel 
and them to a drain dectrode on the oppodte surface of 
the setniconductor body. The conductive region adja­
cent the channel and between adjacent sources is rela­
tively highly conductive in the sectitm of the channd 
adjacent to the surface containing the sources. The 
polygond shaped soiirce members are preferably hex-
agond so that the distances between adjacent sources is 
relatively constant throughout the device. Each polyg­
ond region has a relatively deep centrd portion and a 
shdlow outer shelf portion. The shelf portion generdly 
underlies an annular source region. The deep centrd 
portion underlies an duminum conductive electrode 
and is sufliciently deep that it will not be fully pene­
trated by aluminum spiking. 

14 Chdms, 3 Drawing Sheets 
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gate structure is contacted over the surface of the de-
PLURAL POLYGON SOURCE PATTERN FOR vice by elongated gate conUct Angers which ensure 

MOSFET good contact over the full surface of the device. 
Each of the polygond source regions is contacted by 

This application is a continuation of application Ser. 5 a imiform conductive layer which engages the individ-
No. 243,544, filed Mar. 13, 1981, now abandoned, ud polygond sources through openings in an insulation 
which was a continuation of application Ser. No. layer covering the source regions, which openings can 
038,662, filed May 14,1979, now abandoned. be formed by conventiond D-MOS photolithographic 

nisr A-ran A rmi rr̂ A-rjn-̂ io techniques. A source pad connection region is then 
RELATED APPUCATIONS ^ provided for the source conductor and a gate pad con-

This application is reUted to application Ser. No. nection region is provided for the elongated gate fmgers 
951,310, filed Oct 13, 1978, now abuidoned and refiled and a drain connection region is made to the reverse 
as contmuation application Ser. No. 232,713, filed Feb. surface of the semiconductor device. 
9, 1981, now U.S. Pat No. 4,376,286, entitled HIGH A plurality of such devices can be formed from a 
POWER MOSFET .WITH LOW ON-RESISTANCE IS smgle semiconductor wafer and the individud elements 
AND HIGH BREAKDOWN VOLTAGE, in the can be separated from one another by scribmg or any 
names of Alexander Lidow and Thomas Herman, and other suitable methtxl. 

assigned to the assignee of the present invention. ^^^^p DESCRIFnON OF THE DRAWINGS 

BACKGROUND OF THE INVENTION ^ FIG. 1 is a plan view of a completed element on a 
This mvention relates to MOSFET devices, and more semiconductor wafer prior to the separation of the ele-

specificdly rdates to a novd source pattem for a MOS- ment away from the remdnder of the wafer. 
FET device of the type disclosed in above-mentioned FIG. 2 is an enlarged detail of the gate pad to illus-
U.S. Pat No. 4,376,286 wherein a plurdity of polygon- trate the relationship of the gate contact and the source 
d-shaped source dements are disposed over the surface 25 polygons in the region of the gate pad. 
of a semiconductor body and are spaced from one an- FIG. 3 is a detailed plan view of a smdl portion of the 
other by a closdy controlled dimendon. source region during one stage of the manufacturing 

High power MOSFETS havmg low on-resistance process of the device, 
and Mgh breakdown voltage are known and are shown FIG. 4 is a cross-sectiond view of FIG. 3 taken 
in the above-noted U.S. Pat. No. 4,376,286. In the above 30 across the section lme 4—4 in FIG. 3. 
application, the source dectrodes are spaced, interdigi- FIG. 5 is similar to PIG. 4 and shows the addition of 
tated source regions spaced from one another by two a polysilicon'gate,:a>sourceidectrode means and drain 
pardlel channel regions covered by a common gate. dectrode to.the..wafer. 
The device has exceptiondly low on-resistance dong OETAILFD npscRlPTlON OF THF 
with the usud advantages of the MOSFET device over 35 n S w S r a s 
the bi-polar device particularly by virtue of a rdatively DRA INGS 
high conductivity region disposed between the two The polygon.iconfiguration. of the source regions of 
adjacent chaimels and leading to a common drain dec- the present invention is best shown in FIGS. 3,4 and 5 
trode. which are first described. 

It has been foimd that an interdigitated structure has 40 Referring first to FIGS. 3 and 4, the device is shown 
a relatively low packing density. Moreover, the inter- prior to the application of the gate, source and drain 
digitated arrangement disclosed m the above U.S. Pat dectrodes. The manufacturing process can be of any 
No. 4,376,286 requires rdativdy complicated masks desired type. The manufacturing process described in 
and has a relatively high capacitance. U.S. Pat No. 4,376,286, referred to above, which is 

BRIEF nESCRimON OF THE INVENTIOV "icorporated herein by reference, can be used whereby 
BRIEF DESCRIPTION OF THE INVENTION D-MOS fabrication techniques and ion implantation 
The present mvention provides a novd high power techniques can be advantageoudy employed for the 

MOSFET device with low forward resistance where a formation of the junction and placement of the dec-
very high packing density is available and which can be trode in the most advantageous way. 
made with relatively simple masks. The device further 50 The device is described as an N channel enhancement 
has rdatively low capaciunce. Typically, the device type device. It will be apparent that the invention will 
niay be made through the use of phosphorus implanta- dso apply to P chaiud devices and to depletion mode 
tion and D-MOS fabrication techniques but any desired devices. 
technique can be used. The device of FIGS. 3 and 4 has a plurdity of polyg-

Each of the mdividud spaced source regions, m ac- 55 ond source regions on one surface 6f the device, where 
cordance with the mvention, is polygond in configura- these polygond regions are preferably hexagond m 
tion and is preferably hexagcmal to ensure a constant shape. Other shapes such as squares could have been 
spacing dong the major lengths of the sources disposed used but the hexagond shape provides better uniformity 
over the surface of the body. An extremely large num- of spadng between adjacent source region perimeters, 
ber of smdl hexagond source elements may be formed 60 In FIGS. 3 and 4, the hexagond source regions are 
in the same surface of the semiconductor body for a formed in a basic semiconductor body or wafer which 
given device. By way of example, 6,600 hexagond can be an N type wafer 20 of monocrystalline silicon 
source regions can be formed in a chip area having a which has a thin N-epitaual region 21 deposited 
dimension of about 100 by 140 mils to produce an effec- thereon as best shown m FIG. 4. All junctions are 
tive channel width of about 22,000 mils, thus pennittmg 65 formed in epitaxial region 21. By using suitable masks, a 
very high current capacity for the device. plurdity of P type base regions such as regions 22 and 

The space between the adjacent sources may contain 23 in FIGS. 3 and 4 are formed in one surface of the 
a polysilicon gate or any other gate structure where the semiconductor wafer region 21, where these regions are 
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generdly polygond in configuration and, preferably, control voltage to the gate 40. In a similar manner, 
are hexagond. channels 61 and 62 are formed between the source re-

A very large number of such polygond legions are gion 26, which is connected to the conductor 50, and 
formed. For example, in a device having a surface di- the surrounding N-{- region 28 which leads to the drain 
mension of 100 by 140 mils, approximatdy 6600 polygo- S 51. Thus, upon application of a suitable control voltage 
nal regions are formed to produce a totd channd width to the polysilicon gate (induding finger 41 in FIG. 5), 
of about 22,000 mils. Each of the polygond regions may channels 61 and 62 become conductive to permit major-
have a width measured perpendicdar to two opposmg ity carrier conduction from the source electrode 50 to 
sides of the polygon of about 1 mil or less. The regions the drain 51. Note that channels labeled 60 and 61 of 
are spaced from one another by a distance of about 0.6 10 FIG. 5 are the same annular channel which is formed 
mil when measured perpendicularly between the adja- within the region 22. Similarly, channels 62 and 63 are 
cent strdght sides of adjacent polygond regions. the same annular channel formed in the region 23. 

The P-1- regions 22 and 23 will have a depth d which Each of the sources form pardld conduction paths 
is preferably about 5 microns to produce a high and where, for example, channels 63 and 64 beneath gate 
reliable fidd characteristic. Each of the P-regions has an 15 element 42 permit .conduction from the source ring 27 
outer shelf region shown as shelf regions 24 and 25 for and an N type source strip 70 to the N-|- region 28 and 
P regions 22 and 23, respectively, havmg a depth s of then to the drdn electrode 51. 
about 1.5 microns. This depth should be as small as It is to be noted that FIGS. 4 and 5 illustrate an end 
possible to reduce the capacitance of the device. P type region 71 which encloses the edge of the wafer. 

Each of the polygon regions including polygond 20 The contact 50 of FIG. 5 is preferably an duminum 
regions 22 and 23 receive N-|- polygond ring regions 26 contact It will be noted that the contact region for the 
and 27, respectively. Shelves 24 and 25 are located contact 50 lies entirely over and in alignment with the 
beneath regions 26 and 27, respectivdy. S+ regions 26 deeper portion of the P type region 22. This is done 
and 27 cooperate with a relatively conductive N+ since it was foimd that duminum used for the dectrode 
region 28 which is the N-{- region disposed between 25 50 might spike through very thm regions ofthe P type 
adjacent P type polygons to define the various channels materid. Thus, one feature of the present invention is to 
between the source regions and a drain contact which ensure that the contact 50 lies piindpdly over the 
will be later described. deeper portions of the P regions such as P regions 22 

The highly conductive N-l- regions 28 are formed in and 23. This then permits the active chaimel regions 
the manner described in U.S. Pat No. 4,376,286, re- 30 defined by the annular shelves 24 and 25 to be as thin as 
ferred to above, and are the subject of that application dedred in order to substantially reduce the device ca-
and produce a very low forward resistance for the de- pacitance. 
vice. FIG. 1 illustrates one completed :.device using the 

In FIGS. .3 and 4, it will.be noted that the entire polygond source , pattern, of FIG.. 5. The completed 
surface of the wafer is covered with an oxide layer or 35 device shown in FIG. I'is contdned within the. scribe 
combined conventiond oxide and'̂ nitride layers which regions 80,81,82.and 83 which enable the breaking out 
are produced for the formation ofthe various junctions. of a plurdity of. unitary devices each, having a dimen-
This layer is shown as the insulation layer 30. The insu- sion of 100 by 140 mils from, the body of the wafer, 
lation layer 30 is provided with polygond shaped open- The polygond regions described are contdned in a 
ings such as openings 31 and 32 immediately above 40 plurdity of columns and rows. By way of example, the 
polygond regions 22 and 23. Openings 31 and 32 have dimension A contains 65 columns of polygond regions 
boundaries overlying the N -f- type source rings 26 and and may be about 83 mils. The dimendon B may contain 
27 for the regions 22 and 23, respectively. The oxide 100 rows of polygond regions and may be about 148 
strips 30, which remdn after the formation of the polyg- mils. Dimension C, which is disposed between a source 
onal shaped openings, defme the gate oxide for the 45 connection pad 90 and a gate connection pad 91, may 
device. contdn 82 rows of polygonal elements. 

Electrodes may then be applied to the device as The source pad 90 is a relatively heavy metd section 
shown in FIG. 5. These include a polysilicon grid which is directly connected to the duminum source 
which includes polysilicon sections 40,41 and 42 which electrode 50 and permits convenient lead connection 
overlie the oxide sections 30. 50 for the source. 

A silicon dioxide coating is then deposited atop the The gate connection pad 91 is electricdly connected 
polysilicon grid 40 shown as coating sections 45,46 and to a plurdity of extending fingers 92, 93, 94 and 95 
47 in FIG. 5 which insulates the polysilicon control which extend symmetricdly over the outer surface of 
electrode and the source electrode which is subse- the area contdning the polygond regions and make 
quently deposited over the entire upper surface of the 55 electricd connection to the polysilicon gate as will be 
wafer. In FIG. 5 the source electrode is shown as con- described m connection with FIG. 2. 
ductive coating 50 which may be of any desired mate- Findly the outer circumference of the device con-
rid, such as aluminum. A drain electrode 51 is dso tarns the P-(- (shown as "P" in the drawings) deep diffu-
applied to the device. sion ring 71 which may be connected to a field plate 101 

The resulting device of FIG. 5 is an N channel type 60 shown in FIG. 1. 
device wherein channel regions are formed between FIG. 2 shows a portion of the gate pad 91 and the 
each of the individud sources and the body of the semi- gate fingers 94 atid 95. It is desirable to make a plurdity 
conductor materid which ultimately leads to the drdn of contacts to the polysilicon gate in order to reduce the 
electrode 51. Thus, a channel region 60 is formed be- R-C delay constant of the device. The polysilicon gate 
tween the source ring 26, which is connected to source 65 has a plurdity of regions includmg regions 110, 111, 112 

. dectrode 50, and the N-|- region 28 which ultimately and the like which extend outwardly and receive exten-
leads to the drdn electrode 51. Channel 60 is inverted to sions of the gate pad and the gate pad elements 94 and 
N type conductivity upon the application of a suitable 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 S 
connection with a preferred embodiment thereof, many 
variations and modifications will now become apparent 
to those skilled in the art. I.t is preferred, therefore, that 
the present invention be limited not by the spedfic 
disclosure herein, but only by the appended claims. 10 

What is claimed is: 
1. A high power MOSFET device having more than 

IOOO pardlel-connected individud FET devices closely 
packed into a relativdy smdl area comprising: 

a thin wafer of semiconductor materid having first IS 
and second spaced, pardld planar surfaces; at least 
a first portion of the thickness of sdd wafer which 
extends from sdd first planar surface consisting of 
an epitaxidly deposited region of a first conductiv­
ity type; 20 

a plurality of symmetricdly disposed laterally distrib­
uted hexagonal base regions each having a second 
conductivity type formed in sdd epitaddly depos­
ited region and extending for a given depth beneath 
sdd first planar surface; 25 

sdd hexagond base regions spaced at said first sur­
face from surrounding ones by a symmetric hexag­
onal lattice of semiconductor materid of sdd first 
conductivity type; 

each side of each of said hexagond base regions being 30 
pardlel to an adjacent side of another of said hex­
agond base regions; 

a hexagond annular source region of said first con­
ductivity type formed in an outer peripherd region 
of each of said hexagond base regions and extend- 35 
ing downwardly from said first planar surface to a 
depth less than the depth of sdd base regions; 

an outer rim of each of sdd annular source regions 
being radially inwardly spaced from an outer pe­
riphery of its respective hexagond base region to 40 
form an annular channel between each of sud outer 
rims of said annular source regions and said sym­
metric hexagond lattice of semiconductor materid 
of said first portion of sdd wafer; 

a common source electrode formed on sdd first pla- 43 
nar surface and connected to a plurality of sdd 
annular source regions and to interiorly adjacent 
surface areas of their sdd respective hexagond 
base regions; 

a drain electrode connected to sdd second planar SO 
surface of sdd wafer; 

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

a polysilicon gate electrode atop sdd insdation layer 
means and operable to invert sdd anndar channels. 55 

2. The MOSFET device of claim 1, wherem the' 
materid of said lattice of sdd first conductivity type has 
a relatively high impurity concentration region com­
pared to the concentration of the remainder of said first 
portion of sdd wafer; sdd rdativdy high concentration 60 
region having a depth greater thaii the depth of sdd 
source regions and less than the depths pf said plurdity 
of base regions. 

3. A high power MOSFET device having more than 
1000 parallel-connected individud FET devices closdy 65 
packed into a relatively smdl area comprising: 

a thin wafer of semiconductor materid having first 
and second spaced, pardld planar surfaces; at least 

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

a plurdity of symmetricdly disposed laterdly distrib­
uted polygond base regions each having a second 
conductivity type fonned in sdd lightly doped 
region ahd extending for given depth beneath sdd 
first planar semiconductor surface; 

add polygond base regions spaced at sdd first sur­
face from surrounding ones by a symmetric polyg­
ond lattice of semiconductor materid of sdd first 
ctmductivity type; 

each side ofeach of sdd polygond base regions being 
pardlel to an adjacent dde of another of said po­
lygonal base regions; 

a polygond anndar source region of sdd first con­
ductivity type formed in an outer peripherd region 
of each of said polygond base regions and extend­
ing downwardly from said first planar surface to a 
depth less than the depth of sdd base regions; 

an outer rim of each of sdd annular source regions 
being radidly inwardly spaced from an outer pe­
riphery of its respective polygond base region to 
form an annular channel between each of sdd outer 
rims of sdd aimular source regions and sdd sym­
metric polygonal lattice of semiconductor materid 
of said first portion of said wafer; 

a common source dectrode formed on sdd first pla­
nar surface and connected to a plurdity of said 
annular source regions and to interiorly adjacent 
surface areas of their: sdd respective polygond 
base regions; 

a drdn dectrode coimected to: sdd second planar 
semiconductor.surface of sdd wafer; 

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

a polysilicon gate electrode atop sdd insulation layer 
means and operable to invert sdd anndar channels. 

4. The MOSFET device of claim 1 or 3, wherein each 
of sdd base regions occupies a totd 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 sdd 40M, is an 

N type conductivity, "sdd base regions are a P type 
conductivity and sdd source regions are an N type 
conductivity. 

6. The MOSFET device of claim 3, wherein the 
materid 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 sdd wafer; sdd relatively high concentration 
region havmg a depth greater than the depth of said 
source regions and less than the depths of sdd plurdity 
of base regions. 

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

a wafer of semiconductor materid having planar first 
and second opposing semiconductor surfaces; sdd 
wafer of semiconductor materid having a rela­
tivdy lightly doped major body portion for receiv­
ing junctions and bdng doped with impurities of a 
first conductivity type; 

a plurdity of highly packed, equdly spaced symmet­
rically disposed identicd polygonal base regions of 
a second conductivity type formed in sdd wafer, 
each extending from sdd first planar semiconduc-
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tor surface tp a first depth beneath sdd first planar 
semiconductor surface; sdd polygond base regions 
spaced from surrounding ones by a symmetric po­
lygond lattice of semiconductor materid of sdd 
first conductivity type; the space between adjacent 5 
ones of sdd polygcmd base regions defining a com­
mon conduction region of sud first conductivity 
type extendmg downwardly from sdd first planar 
semiconductor surface; 

a respective polygond annular source region of sud 10 
first conductivity type formed within each of sdd 
polygond base regions and extending downwardly 
from sdd first planar semiconductor surface to a 
depth less than sdd first depth; each of sdd polygo­
nd annular source regions being laterally spaced 15 
dong sdd first planar semiconductor surface from 
the facing respective edges of sdd common con­
duction region thereby to define respective copla-
nar annular channel regions dong sdd first planar 
semiconductor surface between the polygond sides 20 
of each of sud polygond annular , source regions 
and said common conduction region; 

a common source electrode means connected to sud 
polygond annular source regions and their respec­
tive base regions; 25 

gate insdation layer means on sdd first planar semi­
conductor surface, disposed at least on sdd copla-
nar channd regions; 

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

a drain conductive region remote from sud common 
conduction region and separated therefrom by said 
relatively lightly doped major body portion and 
extending, to sdd second semiconductor surface; 35 
and 

a drain electrode, coupled to sdd drain conductive 
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; sud 
wafer of semiconductor materid having a rda­
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 sdd wafer and 
extending downwardly from sud first planar semi- 50 
conductor surface to a first depth beneath sud first 
planar semiconductor surface; the space between 
sdd at least first and second spaced base regions 
defining a conunon conduction region of a first 
conductivity type at a given first planar semicon- 55 
ductor surface location; sdd common conduction' 
region extending downwardly from sdd first pla­
nar semiconductor surface; 

first and second annular source regions of sdd first 
conductivity type fonned in sdd first and second 60 
spaced base regions respectivdy at sud first planar 
semiconductor surface locations to a depth less 

than said first depth; sdd first and second annular 
sotune regions being laterdly spaced dong sud 
first planar semiconductor surface from the facing 
respective edges of sud common conduction re­
gion thereby to defme first and second channel 
regions dong said first planar semiconductor sur­
face between each pair of sud first and second 
anndar source regions, respectivdy, and sud com­
mon conduction region; each of sud first and sec­
ond cfaannel regions being coplanar with one an­
other; 

a common source electrode means connected to sud 
first and second aimular source regions and their 
respective first and second base regions; 

gate-insulation layer means on sud first planar semi­
conductor surface, disposed at least on sdd first 
and second chaimel regions; 

gate dectrode means on said gate insulation layer 
means and overlying sud first and second channd 
regions; 

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

a dram electrode coupled to sdd drain conductive 
region; and 

each of sdd at least first and second spaced base re­
gions having a polygond configuration; each of. 
said first and second annular source regions having 
a polygond configuration conforming to that of 
thdr 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 sdd source iregions, whereby .resistance: to ciirrent 
flow at the boundaries between sdd channel regions 
and sud 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 sdd common conduction region is less than 
sdd first depth of sdd base regions. 

11. The MOSFET device of claim 1, 3, 35 or 36, 
wherein each of sdd base regions has a deepened cen­
trd region and a shdiower outer peripherd region, sdd 
deepened centrd region extending laterdly under only 
a portion of its associated source region. 

12. The MOSFET device of claun 11, wherein sdd 
deepened central region has a depth of approdmately 5 
microns and said shallower outer peripherd region has 
a depth of greater , than approximately 1.5 microns. 

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

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

65 
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[57] ABSTRACT 

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

' one surface of a semiconductor l>ody. An dongated 
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 dectrode through the channel 
and then to a drdn electrode on the opposite surface of 
the semiconductor body. The conductive rc^on adja­
cent the channel and between adjacent sources is rela­
tively highly conductive in the section of the channel 
adjacent to the surface contdning the sources. The 
polygond shaped soiirce members are preferably hex-
agonsl so that the distances between adjacent sources is 
relativdy constant throughout the device. Each polyg­
onal region has a rdatively deep ceiitral portion and a 
shdlow outer shelf portion. The shelf portion generdly 
underlies an annular source region. The deep central 
portion underlies an duminum conductive electrode 
and is sufliciently deep that it will not be fdly pene­
trated by duminum spiking. 
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Rl'EXAMINATION CERTIFICATE 
I.SSUED UNDER 35 VS.C. 307 

1 111: PATENT IS HEREBY AMENDED AS 
INDICATED BELOW. 

NlHttrr enclosed in heavy brackets [ ] appeared in tbe 
pclrtit, but has been deleted and is no longer a part of tfae 
(•Kiciit; iii»ti»r priated in italics indicates additions made 
III Ihr ptirnt. 

A.S A RHSULT OR REEXAMINATION, IT HAS 
ril ;F.N DETERMINED THAT: 

10 

IS 

CUiiiis 1, 3,7 and 8 are determined to be patentable as 

Cliiiiiis 2, 4 to 6, and 9 to 14, dependent on an 20 
iiniriidcd claim, are determined to he patentable. 

1. A high power MOSFET device having more than 
1(100 fwrallel-connected individual FET devices closely 
packc:d 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 
ill! r|)ilaiiially deposited region of a first conductlv-
iiy lype; 

a plurality of symmetrically disposed laterally distrib-
iiied identical hexagonal base regions each having a 
second conductivity type formed in said epitaxially 
de|Kisitcd region and extending for a given depth' 
licncath said first planar surface; 

said liexagonal base regions spaced al said first sur-
racr from surrounding ones by a symmetric hexag­
onal lattice of semiconductor material of sdd first 
mndiictivity type; 

soid laiiice being continuous and uninterrupted; 
r.ach side ofeach of said hexagonal base regions being 

parallel to an adjacent side of another of said hex-
agnnal base regions; 

a hexagonal annular source region of sdd first con­
ductivity lype formed in an outer peripheral region 
of C3ch of said, hexagonal base regions and extend­
ing, downwardly from said first planar surface to a 
dcptli 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 iLs respective hexagonal base region to 
rniin an annular channel between each of said outer 
rims of said annular source regions and said sym­
metric hexagond lattice of semiconductor material 
of s;iid first portion of said wafer; 

a common source electrode fonned 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 hexagond 
base regions; 

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

ail insulation layer means on said first planar surface 65 
and ovcriying at leasl said annular channels; and 

;i |)Cily.silicon gate electrode atop said insulation layer 
iiiraiis and operable lo invert said annular channels. 

25 

30 

35 

40 

45 

50 

55 

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

a thin wder of semiconductor material having first 
and second spaced, pardlel planar surfaces; at least 
a first portion ofthe 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 symmetricdly disposed laterdly distrib­
uted identical polygond base regions each having a 
second conductivity lype fonned in sdd lightly 
doped region and extendmg for given depth be­
neath said first planar semiconductor surface; 

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

said lattice being continuous and uninterrupted; 
each side of each of said polygonal base regions t>dng 

pardlel to an adjacent side of another of sdd po­
lygond base regions; 

a polygonal annular source region of sdd first con­
ductivity type formed in an outer peripheral region 
ofeach of sdd polygond base regions and extend­
ing downwardly from sdd first planar surface to a 
depth less than Ihe 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 sdd annular source regions and sdd sym­
metric polygonal lattice of semiconductor materid 
of sdd first portion of said wafer; 

a common source electrode fonned on sdd first pla­
nar surface and connected , to a' plurality of said 
annular source regions and to interiorly adjacent 
surface areas of their sdd - respective polygonal 
base regions; 

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

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

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

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

a wafer of semiconductor material having planar first 
and second opposing seidconductor surfaces; sdd 
wafer of semiconductor material having a relatively 
lightly doped major body portion for recdving junc­
tions and being doped with impurities of a first conduc­
tivity type; 

a plurdity of highly packed, equdly spaced symmet­
ricdly disposed identicd polygonal base regions of 
a second conductivity type formed in sdd wafer, 
each extending from sdd first planar semiconduc­
tor surface to a first depth beneath sdd first planar 
semiconductor surface; sdd polygond base regions 
spaced from surrounding ones by a sjrmmetric po­
lygonal lattice of semiconductor material of sdd 
first conductivity type; 

said lattice being continuous and uninterrupted; the 
space between adjacent ones of sdd polygond base 
regions defining a commonconduction region of 
said first conductivity type extending downwardly 
from said first planar semiconductor surface; 
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a respective polygond 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 dong said first planar 
semiconductor surface between the polygond sides 
of each of said polygonal aimular source regions 
and said common conduction region; 

a common source electrode means connected to sdd 
polygonal anndar 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 20 
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 25 
extending to said second semiconductor surface; 
and 

H drain electrode 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, 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 a 
first conductivity type; 

at least first and second spaced base regions of a sec­
ond conductivity type formed in said wafer and 40 
extending downwardly from said first planar semi­
conductor surface lo a first depth beneath sdd first 
planar semiconductor surface; the' space between 
said at least first and second spaced base regions 
defining a common conduction region of a first 45 

30 

35 

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

the surface of said common conduction region being 
continuous and uninterrupted and of said firsl con­
ductivity type; 

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

. annular source regions, respectively, and said com­
mon coiduction region; each of sdd 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 regions and their 
respective first and second base regions; 

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

gate electrode means on sdd :gate insulation layer 
means.-andi'overlying'said first and second channel 
regions; 

..a drain conductive region Tcmote from said common 
conduction-region and separated.therefrom by said 
rdatively .'lightiy. doped ;major body ponion and 

'•' extending .to said :sccond semiconductor surface; 
'.a drain electrode couplcd'to said.drdn. conductive 

region; and 
each of said at least first and second spaced base re­

gions having [a polygonal configuralion] identi­
cal polygonal configurations; each of said first and 
second annular source regions having a polygonal 
configuration conforming to that of their respec­
tive base region.-

50 

55 

60 

65 
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[57] ABSTRACT 
A high power MOSFET has a plurdity of dosdy 
packed polygond sources spaced from one another on 
one surface of a semiconductor body. An elongated 
gate electnxle is exposed in the spacing between the 
polygond sources and cooperates with.two chaimds, 
one for each adjacent source electrode, to control con­
duction from the source dectrode through the chaimel 
and then 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 
polygond shaped source members are preferably hex­
agonal so that the distance between adjacent sources is 
relatively constant throughout the device. Each polyg­
ond region has a relatively deep centrd portion and a 
shdlow outer shdf portion. Tlie shelf generdly under­
lies an anndar source region. The deep centrd portion 
underlies an duminum conductive electnxle and is suf­
ficiently deep that it will not be fdly penetrated by 
duminum spiking. 
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tive channel width of about 22,000 mils, thus pennitting 
PLURAL POLYGON SOURCE PATTERN FOR very high current capacity for the device. 

MOSFET The space between the adjacent sources may contain 
a polysilicon gate or any other gate structure where the 

This is a continuation of application Ser. No. 5 gate structure is contacted over the surface of the de-
07/291.423, filed Dec. 23, 1988. now U.S. Pat. No. vice by dongated gate contact fmgers which ensure 
5,008,725, which, in tum. is a continuation of applica- good contact over the full surface of the device, 
tion Ser. No. 06/243,544. fded Mar. 13,1981 (nowahan- Each of the polygond source regions is contacted by 
doned) which, in tum, is a continuation of application • uniform conductive layer which engages the Individ-
Ser. No. 06/038,662, filed May 14, 1979 (now aban- W ud polygond sources through openings in an insulation 
doned). Uyer covering the source regions, which openings can 

be formed by conventiond D-MOS photolithographic 
RELATED APPLICATIONS techniques. A source pad connection region is then 

This application is related to application Ser. No. provided for the source conductor and a gate pad con-
951,310, filed Oct. 13, 1978. now abandoned and refiled " nection region is provided for the elongated gate fmgers 
as continuation application Ser. No. 232,713. filed Feb. and a drdn connection region is made to the reverse 
9, 1981, now U.S. Pat. No. 4,376,286. entitled HIGH »u{ace of die semiconductor device. 
POWER MOSFET WITH LOW ON-RESISTANCE ^ plurdity of such devices can be formed from a 
AND HIGH BREAKDOWN VOLTAGE, m the smgle semiconductor wafer and the individud dements 
names of Alexander Lidow and Thomas Herman, and 2° cm be separated from one another by scribing or any 
assigned to the assignee of the present invention. method. 

BACKGROUND OF THE INVENTION DESCRIPTION OF THE DRAWINGS 
Thisinvention relates to MOSFET devices, and more „ FIG. 1 U a plan viev. of a completed element on a 

specificdly rdates to a novd source pattem for a MOS- « semiconductor wdfer pnor to the separation of the de-
FET devi« of the type disclosed in above-mentioned " ^ 'ff̂ HH'̂ -̂  r . ? ' ̂ f^" „ . •« 
U.S. Pat. No. 4,376,286 wherdn a plurdity of polygon- . ^ " "? Sf T.? ° 
d-shaped source elements are dispLd oJer thVsSace " f S l ^ t T t t ^ S ' ^ l T ^ ' " " ^ 
of a semiconductor body and are spaced from one an- „ ^ ^ ^ ^ ^ ^ ^ „ ^ ^ S ^ M r ^ r « . r . r t h . 
other by a closely controlled dimendon. " HG. 3 is a detaded plan view ofa smdl portion ofthe 
" ' • ' '^^r i^ l ir^ . . source region dunng one stage of the manufactunng 

High power MOSFETS havmg low on-resistance 
Md̂ high bredcdown voltage areJmovra imd are shown piQ. 4 is a cross-sectiomd view of FIG. 3 .taken 
m the above-noted U.S. Pal. No. 4,376.286. In the above .cross the section lme 4-4 m FIG. 3. 
apphcauon, the source dectrodes are spaced, mterdigi- 35 PJQ 5 U simihr to FIG. 4 and shows the addition of 
tated source regions spaced from one another by two , polysUicon gate, a source electrode means and drain 
pardlel channel regions covered by a commtm gate. dectrode to the wafer. 
The device has exceptionally low on-resistance dong 
with the usud advantages ofthe MOSFET device over DETAILED DESCRIPTION OF THE 
the bi-polar device panicdarly .by virtue of a rdatively ^ DRAWINGS 
high conductivity region disposed between the two He polygon configuration of the source regions of 
adjacent channels and leadmg to a common dram dec- the present mvention is best shown in FIGS. 3,4 and 5 
tTô -̂ which are first described. 

It has been found thd an interdigitated stracture has Referring first to RGS. 3 and 4, the device is diown 
a rdativdy low packing density. Moreover, the inter- 45 prfor to the application of the gate, source and drdn 
digitated arrangement disclosed m the above U.S. Pat. electrodes. The manufacturing process can be of any 
No. 4,376,286 requires relativdy complicated masks desired type; The manufacturing process described in 
and has a relativdy high capacitance. u.S. Pat. No. 4,376,286, referred to above, which is 

BRIEF DESCRIPTION OF THE INVENTION reference, cim be used whereby 
50 D-MOS fabncation techmques and ion implantaticm ' 

The present invention provides a novd high power techmques can be advantageously employed for the 
MOSFET device with low forward resistaniie where, a formation of the junction and placement of the dec-
very high packing density is available and which can be trode m the most advantageous way. 
made with relatively simple masks. The device further The device is described as an N channel enhancement 
has relatively low capacitance. Typicdly, the device S5 type device. It will be apparent that the invention will 
may be made through the use of phosphorus implanta- also apply to P channd devices and to depletion mode 
tion and D-MOS fabrication techniques but any desired devices. 
techmque can be used. The device of FIGS. 3 and 4 has a plurdity of polyg-

Each of the individud spaced source regions, in ac- ond source'regions on pne surface ofthe device, where 
cordance with the invention, is polygond in configura-i 60 these polygond regions are preferably hexagond in 
tion and is preferably hexagonal to ensure a constant diape. Other shapes such as squares could have been 
spacing dong the nujor lengths of the sources disposed used but the hexagond shape provides better uniformity 
over the surface of the body. An extremely large num- of spacmg between adjacent source region perimeters, 
ber of smdl hexagond source elements may be formed In FIGS. 3 and 4, the hexagond source regions are 
in the same surface of the semiconductor body for a 65 formed in a bade semiconductor body or wafer which 
given device. By way of example, 6,600 hexagonal can be an N type wafer 20 of monocrystdline silicon 
source regions can be formed in a chip area having a which has a thin N-epitadd region 21 deposited 
dimension of about IOO by 140 mils to produce an efiec- thereon as best shown in FIG. 4. All junctions are 

r ' ^ 
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formed in epitaxid region 21. Bluing suitable masks, a tween the source ring Za^hich is connected to source 
plurdity of P type regions such as regions 22 and 23 in electrode 50, and the N-t- region 21 which ultimately 
FIGS. 3 and 4 are formed in one surface of the semicon- leads to the drain dectrode 51. Channel 60 is invened to 
ductor wafer region 21, where these regions are gener- N type conductivity upon the application of a suitable 
diy polygond in configuration and, preferably, are 5 control voltage to the gate 40. In a sunilar numner, 
hexagond. chaimels 61 and 62 are formed between the source re-

A very large number of such polygond regions are gion 26, which is connected to the conductor 50, and 
formed. For example, in a device having a surface di- the surrounding N-f- region 28 which leads to the drain 
mension of 100 by 140 mils, approximately 6600 polygo- 51. Thus, upon application of a sdtable control voltage 
nd regions are formed to produce a totd chaimel width 10 to the polysilicon gate (including fmger 41 in FIG. 5), 
of about 22,000 mils. Each of the polygond regions may channels 61 and 62 become conductive to permit major-
have a width measured perpendicdar to two opposing ity carrier conduction from the source electrode 50 to 
sides ofthe polygon of about 1 mil or less. The regions the drain 51. Note that channels labeled 60 and 61 of 
are spaced from one another by a distance of about 0.6 FIG. 5 are the same anndar channel which is formed 
mil when measured perpendicularly between the adja- IS within the region 22. Siimlarly, channels 62 and 63 are 

. cent strdght sides of adjacent polygond regions. the same aimular chaimel formed in the region 23. 
The P+ regions 22 and 23 will have a depth d which Each of the sources form pardlel conduction paths 

is preferably about 5 microns to produce a high and where, for example, channels 63 and 64 beneath gate 
reliable field characteristic. Each of the P regions has an element 42 pennit conduction from the source ring 27 
outer shdf region shown as shdf regions 24 and 25 for 20 and an N type source strip 70 to the N-t- region 28 and 
P regions 22 and 23, respectively, havmg a depth s of . then to the drain electrode 51. 
about 1.5 microns. This depth should be as smdl as It is to be noted that FIGS. 4 and 5 illustrate an end 
possible to reduce the capacitance of the device. P type region 71 which endoses the edge of the wafer. 

Each of the polygon regions including polygond The contact 50 of FIG. 5 is preferably an duminum 
regions 22 and 23 receive N+ polygond ring regions 26 25 contact. It will be noted that the contact region for the 
and 27, respectively. Shdves 24 and 25 are located contact 50 lies entirely over and in alignment with the 
beneath regions 26 and 27, respectively. N-i- regions 26 deeper portion of the P type region 22. This is done 
and 27 cooperate with a relatively conductive N-{- since it was found that duminum used for the dectrode 
region 28 which is the N-i- region disposed between 50 might spike through very thm regions ofthe P type 
adjacent P type polygons to define the various channels 30 materid. llius, one feature of the present invention is to 
between the source regions and a drain contact which ensure that the contact 50 lies prindpdly over the 
will be later described. deeper pbnions of the P regions such as P regions 22 

The highly conductive N-)- regions 28 are formed in and 23. This .then, pennits the active channd regions 
the manner described in U.S. Pat. No. 4,376,286, re- defmed by.the anndar shelves 24 and 25 to be as thin as 
ferred to above, and are the subject of that application 35 desired in order :to substantidly reduce the device ca-
and produce a very low forward resistance for the de- padtance. 
vice. FIG. 1 illustrates one .completed device using the 

In FIGS. 3 and 4, it will be noted that the entire polygond source'pattern of FIG. . 5. .The completed 
surface of the wafer is covered with an odde layer or device shown, in . FIG. l̂ is contained within the scribe 
combined conventiondt odde and mtride layers which 40 regions 80,81,82 and 83 which enable the breaking out 
are produced for the formation of the various junctions. of a plurdity of imitary devices each having a dimen-
This layer is shown as the insulation layer 30. The msu- don of 100 by 140 mils from the body of the wafer, 
lation layer 30 is provided with polygond shaped open- The polygond regions described are contained in a 
ing such as openings 31 and 32 immediately above po- plurdity of columns and rows. By way of example, the 
lygond regions 22 and 23. Opemngs 31 and 32 have 45 dimension A contdns 65 columns of polygond regions 
boundaries overlying the N-t- type source rings 26 and and may be about 83 mik. The dimension B may contain 
27 for the regions 22 and 23, respectively. The odde 100 rows of polygond regions and may be about 148 
strips 30, which remain after the formation ofthe polyg- mils. Dimension C, which is disposed between a source 
onal shaped openings, defme the gate oxide for the connection pad 90 and a gate connection pad 91, may 
device. SO contdn 82 rows of polygond dementt. 

Electrodes nuy then be applied to the device as The source pad 90 is a relativdy heavy metd section 
shown in FIG. 5. These mclude a polysilicon grid which is directly connected to the duminum source 
which includes polysilicon sections 40,41 and 42 which electrode 50 and permits convement lead connection 
overlie the odde sections 30. for the source. 

A silicon diodde coating is then deposited atop the 55 The gate connecdon pad 91 is electricdly connected 
polysilicon grid 40 shown as coating sections 45.46 and to a plurdity of extending fingers 92, 93, 94 and 95 
47 in FIG. 5 which insulates the polysilicon control which extend symmetrically over the outer surface of 
electrode and the source electrode which is subse- the area containing the polygond regions and make 
quently deposited over the entire upper surface of the electricd connection to the polysilicon gate as will be 
wafer. In FIG. 5 the source electrode is shown as con- 60 described in connection with FIG. 2. 
ductive coating 50 which may be of any desired mate- Findly the outer circumference of the device con-
rid, such as duminum. A drain electrode 51 is dso tains the P-t- (shown as "P" in the drawings) deep diffu-
applied to the device. sion ring 71 which may be connected to a field plate 101 

The resulting device of FIG. 5 is an N channel type shown in FIG. 1. 
device wherein channel regions are formed between 65 FIG. 2 shows a portion of the gate pad 91 and the 
each of the individud sources and the body of the semi- gate fingers 94 and 95. It is desirable to make a plurdity 
conductor materid which ultimately leads to the drain of contacts to the polysilicon gate in order to reduce the 
electrode 51. Thus, a channel region 60 is formed be- R-C delay constant of the device. The polysilicon gate 
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has a plurdity of regions includmg regions 110, 111. 112 
and the like which extend outwardly and recdve 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 odde coating 454647 in 
FIG. 5 and are not coated by the source dectrode 50. 
Note that in FIG. 2 the axis 120 is the ads of symmetry 
120 which is that shown m 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 pardlel-connected individud FET devices closely 
packed into a relatively smdl area compridng; 

a thin wafer of semiconductor materid having first 
and second spaced, pardlel planar surfaces; at least 
a first portion of the thickness of sdd wafer which 
extends from sdd first planar surface consisting of 
an epitaxidly deposited region of a first conductiv­
ity type; 

a plurdity of symmetricdly disposed laterdly distrib­
uted hexagond base regions each having a second 
conductivity type formed in sdd epitaxidly depos­
ited region and extending for a given depth beneath 
sdd first planar surface; 

sdd hexagond base regions spaced at sdd first sur­
face from surroundmg ones by a symmetric hexag­
ond lattice of semiconductor materid of sdd first 
conductivity type; 

each side ofeach of sdd hexagond base regions being 33 
pardlel to an adjacent side of another of sdd hex­
agond base regions; 

a hexagond-annular source region of sdd first con­
ductivity type formed in an outer peripherd region 
ofeach of sdd hexagond base regions and extend- 40 
ing downwardly from sdd first planar surface to a 
depth less than the depth of sdd base regions; 

an outer rim of each of sdd annular source regicms 
being radidly inwardly spaced from an outer pe­
riphery of its respective hexagond base region to 43 
form an annular channel between each of sdd outer 
rims of sdd annular source regions and sdd sym­
metric hexagtmd lattice of semiconductor materid 
of sdd first ponion of sdd wafer; 

a common source electrode formed on sdd first pla- so 
nar surface and coimected to a plurdity of idd 
anndar source regions and to interiorly adjacent 
surface areas of their sdd respective hexagond 
base regions; 

a drain electrode connected to sdd second planar 35 
surface of tdd wafer; 

an insdation layer means on sdd first planar surface 
and overlying at least sdd anndar channels; 

a polysilicon gate electrode atop sdd insdaticm layer 
means and operable to invert sdd aimular ri»«»ni»i«. 
and 

a gate pad electrode section on the surface of sdd 
device and at least one finger extending from said 
gate pad; sdd at least one fmger dectricdly con-

2. The device of claim 1 wherein sdd annular chan­
nels have at least oat leg in longitudind dignment with 
other legs of other of sdd annular chaimels; sdd plurd­
ity of spaced locations disposed dong a line defined by 
said legs of sdd annular channels which are in longitudi­
nd dignment. 

3. A high power MOSFET device having more than 
1000 pardlel-connected individud FET devices closdy 
packed into a relatively smdl area comprising: 

a thin wafer of semiconductor materid having iirst 
and second spaced, paralld planar surfaces; at least 
a first portion of the thickness of sdd wafer which 
extends from sdd first planar surface consisting of 
an epitaxidly deposited region of a first conductiv­
ity type; 

a plurdity of symmetricdly disposed laterally distrib­
uted polygond base regicms each having a second 
conductivity type formed in sdd epitaxidly depos­
ited region and extending for given depth beneath 
sdd first planar semiconductor surface; 

sdd polygond base regions spaced at sdd first sur­
face from surrounding ones by a symmetric polyg­
ond lattice of semiconductor materid of sdd first 
conductivity type; 

each side of each of sdd polygond base regions being 
pardld to an adjacent side of another of sdd po­
lygond base regions; 

a polygond aimular source region of sdd first con­
ductivity type formed in an outer peripherd region 
of each of sdd polygond base regions and extend­
mg downwardly from said first planar surface to a 
depth less.than the depth ofsaid.base.regions; 

an outer.'tim of each of'sdd anndar source regions 
'being.radidly inwardly ispaced from an outer pe­
riphery; of its respective polygond base region to 
form an anndar chaimel between each of sdd outer 

. rims of .sdd anndar source regions and sdd sym* 
. metricpolygondlattice of semiconductor materid 

of sdd first portion of sdd wafer; 
a common source electrode formed on sdd first pla­

nar surface and connected to a plurdity of sdd 
annular source regions and to interiorly adjacent 
surface areas of their sdd respective polygond 
base regions; 

a drain electrode cibnnected to sdd second planar 
semiconductor surface of sdd wafer; 

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

a polysilicon gate dectrode atop sdd insulation layer 
means and operable to inven sdd annular channels; 
and 

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

4. The device of claim 3 wherein sdd annular chan­
nels have at least one leg in longitudind dignment with 
other legs of other of sdd annular channels; sdd plurd­
ity of spaced locations disposed dong a line defmed by 
sdd legs of sdd annular channels which are in longitudi-

tacting sdd polysilicim gate dectrode at a plurality 6S md alignment 
of spaced locations over the surface of sdd polysili- 5. A verticd conduction high power MOSFET de-
con gate electrode, thereby to reduce the R-C vice exhibiting relativdy low on-redstance and rela-
delay constant of sdd device. tively high breakdown voltage; sdd device comprising; 
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a wafer of semiconductor materid having planar first 
and second opposing semiconductor siuface; sdd 
wafer of semiconductor materid having a rela­
tively lightly doped major body ponion for receiv­
ing junctions and being doped with impurities of a 
first conductivity type; 

a plurdity of highly packed, equdly spaced symmet­
ricdly disposed identicd polygond base regions of 
a second conductivity type formed in sdd wafer, 
each extending from sdd first planar semiconduc­
tor surface to a first depth beneath sdd first planar 
semiconductor surface; sdd polygond base regions 
spaced from surrounding ones by a symmetric po­
lygond lattice of semiconductor materid of sdd 
first conductivity type; the space between adjacent 
ones of sdd polygond base regions defining a com­
mon conduction region of sdd first conductivity 
type extending downwardly from sdd first planar 
semiconductor surface; 

a respective polygond anndar source region of sdd 20 
first conductivity type formed within each of sdd 
polygond base regions and extending downwardly 
from sdd first planar semiconductor surface to a 
depth less than sdd first depth; each of sdd polygo­
nd annular source regions being laterdly spaced 25 
dong sdd first planar semiconductor surface from 
the facing respective edges of sdd common con­
duction region thereby to defme respective copla­
nar annular channel regions dong said first planar 
semiconductor surface between the polygond sides 30 
of each of sdd polygonal annular source regions 
and sdd common conduction region; 

a common source electrode means connected to sdd 
polygond annular source regions.and thdr respec­
tive base regions; 

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

gate electrode means on sdd gate insulation layer 
means and overlying sdd coplanar channel re- 40 
gions; 

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

a drain electrode coupled to sdd drain conductive 
region; and 

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

6. The device of claim 5 wherein sdd anndar chan- SS 
nels have at least one leg in longitudind dignment with 
other legs of other of sdd annular channels; sdd plurd­
ity of spaced locations disposed dong a line defined by 
sdd legs of sdd anndar channels which are in Icmgitudi-
nd dignment. 

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

a wafer of semiconductor material having planar first 
and second opposing semiconductor surfaces; sdd 65 

wafer of semiconductor materid havmg a rela­
tively lightly doped major body portion for receiv­
ing junctions and bdng doped with impurities of a 
first conductivity type; 

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

first and second anndar source .regions of sdd first 
conductivity type fonned in sdd first and second 
spaced base regions respectively at sdd first planar 
semiconductor surface Itxtations to a depth less 
than sdd first depth; sdd first and second anndar 
source regions being laterdly spaced dong sdd 
first planar semiconductor surface from the facing 
respective edges of sdd common conduction re­
gion thereby to defme first and second channel 
regions dong sdd first planar semiconductor sur­
face between each pair of sdd first and second 
annular source regions, respectively, and sdd com­
mon conduction region; each of sdd first and sec­
ond channel regions bemg coplanar with one an­
other; 

a common source dectrode means connected to sdd 
first and second annular source regions and their 
respective first.and second base .regions; 

gate insdation layer medis on sdd first planar semi-
conduclor':surface,. disposed at least on sdd first 
and second channel regions; 

gate electrode means on. sdd gate uisulation layer 
. means and overlying sdd first and second channel 
regions; 

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

a drdn electrode coupled to add drain conductive 
regitm; 

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

a gate pad dectrode section on the surface of sdd 
device and at least one finger extending from sdd 
gate pad; sdd at least one fmger dectrically con­
tacting sdd polysilicon gate dectrode at a plurdity 
of spaced locations over the surface of sdd polysili­
con gate electrode, thereby to reduce the R-C 
dday constant of sdd device. 

8. The device of claim 7 wherein said annular chan-
60 nels have at least one leg in longitudind aUgnment with 

other legs of other of sdd annular channels; sdd plurd­
ity of spaced locations disposed dong a line defmed by 
sdd legs of sdd annular channels which are in longitudi­
nd dignment. 

35 
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[57] ABSTRACT 
A high power MOSFET is disdosed in which two 
laterdly 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 
redstivity epitaxidly formed region which is deposited, 
on a high conductivity substrate. The drain electrode 
may be dther 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 materid immediately adjacent and beneath the gate 
and m the path from the sources to the dram has a rela­
tivdy high conductivity, thereby to substantidly 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 relativdy deep p-type diffudon with a large radius 
m the n-type epitaxial layer beneath each of the sources. 

10 Clafans, 11 Drawing Figures 
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HIGH POWER MOSFET WITH LOW 
ON-RESISTANCE AND HIGH BREAKDOWN 

VOLTAGE 

This is a division of application Ser. No. 232,713,.filed 
Feb. 9,1981 which, in tum, 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 ih high power appli­
cations with a relatively high reverse voltage and with 
an exceptiondly low on-resistance. The major advan­
tage of the bipolar trandstor over the MOSFET trands-
tor is that the bipolar trandstor has a very low on-resist­
ance per unit conductive area. The MOSFET transistor 

10 

IS 

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 centrd region imme­
diately beneath the gate oxide can be a relatively low 
resistivity materid 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 ponion 
beneath the gate oxide and a lower bulk portion extend­
ing toward the drain dectrtxle. 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 

has niimerous advantage over Uie bipolar transistor 20 ^^^-^ ^ ^^^^^^ the necessary thicker depletion re-

25 

including very high switchmg speed, very high gdn 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 tb 
high power switching applications has been limited. -

BRIEF DESCRIPTION OF THE INVENTION 
The present mvention provides a novd high power 

MOSFET device which has a low forward resistance so 
that the device becomes more ccmipetitive with bipolar 30 
devices in a switching type application while retdning 
all of the numerous advantages of the MOSFET over 
the bipolar device. In particular, with the present inven­
tion, the forward resistance per imit area of the device 
has been reduced by at least a factor of two, compared 35 
to the Umiting resistance per umt. area previoudy edst-
ing in a MOSFET-type device. 

In one embodiment of the inventitm, two sources are 
placed on the same surface of a semiconductor wafer 
and are laterdly spaced from one another. A gate dec­
trode, deposited on a conventiond 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 bdk region. Current 
from each source can flow through its respective chan- 45 BRIEF DESCRIPTION OF THE DRAWINGS 
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 dectrode. The drdn dectrode.may 
be on the opposite surface ofthe wafer or on a laterdly SO sources and the gate. 
dispUced surface region from the souroe dectrtdes. FIQ. 2 is a cross-sectiond view of FIG. 1 taken 
This configuration is made using the desirable manufac- across the section lme 2—2 m FIG. 1. 
turing techmques ofthe D-MOS.device, which permits FIG. 3 is a cross-sectiond view amilar to FIG. 2 
precise dignment of the various dectrtxles and chan- showing the mitid step in the process of manufacture of 
nds and permits use of extremdy small channd lengths. SS the chip of FIGS. 1 and 2 and particularly shows the 

gion required to prevent punch-through diiring reverse 
voltage conditions. The upper portion of the common 
channd is made highly conductive (n-h) 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 
tm-resistance per unit area ofthe device by more than a 
factor of two. The resultmg device becomes competi­
tive with conventiond high power bipolar switching 
devices since it retains dl of the advantages of the 
MOSFET device over the bipolar device but now has 
the relatively low forward; resistance which was the 
major.characteridng-iadvantage 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 rdatively deeply.diffused 
portion-beneath the<80urce. so; that.the. p-type diffusion 
region.will have a large radius of curvature in the n(—) 

40 epitaxid layer formmg the body of the device. This 
deeper diffusion or deeper junction has been found to 
unprove the voltage gradient at the edge of the device 
and thus pennits the use of the device with higher re­
verse voltages. 

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

While the above configuration may have been previ­
ously described for a MOSFET signd-type device, the 
structure is not that of the commody used signd MOS­
FET. 

The device is badcally formed in an n(—) substrate 60 
which has the relativdy high resistivity which is neces­
sary to obtaui 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 diar- 65 
acteristic has caused the on-resistance of the MOSFET 
device, when used as a power switeh, to be relativdy 
high. 

p(+) conductivity implant and diffudon 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 diffudon step. 

FIG. 6 shows a.further step m the process of manu­
facture and illustrates the source predeposition and 
diffudon step. This precedes the last step in which the 
gate odde is cut for the metdization step which pro­
duces the device of FIG. 2. 

FIG. 7 is a plan view of the metdizing pattem of a 
second embodiment of the invention. 
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FIG. 8 is a cross-sectional view of FIG. 7 taken 20 would be about 10 microns thick and would have a 
across the section line 8—8 in FIG. 7. resistivity of about' 2.5 ohm-centimeters. A channel 

FIG. 8a is a view similar to FIG. 2 and shows a modi- width of 50 centimeters is also used to provide the de­
fied source contact configuration. sired current carrying capacity for the device. 

FIG. 9 shows the shape bf forward-current charac- 5 In a preferred embodiment of the invention, there is 
teristics of a device like that of FIG. 2 where the region an elongated serpentine p(.+) conductivity region be-
40 beneath the oxide is n(—). neath each of the source electrodes 22 and 23 which 

FIG. 10 shows the shape of the characteristic of a thus extends around the serpentine path shown in FIG. 
device identical to that of FIG. 2 where the region 40 1. These p(-(-) regions are shown in FIG. 2 as the p(-l-) 
has high n(+) conductivity. 10 regions 30 and 31, respectively, and are similar to those 

nFTAiT F n nPcrBTPTinK nv T H F °^ P"° ' "'^^P* madmum p(-f) region DETAILED DKCRIPTION OF THE ^ ^ Q ^ g^g^yy exaggerated in order to form a large 
DRAWINGS radius of curvature. This allows the device to withstand 

A first embodiment of the hovel MOSFET device bf higher reverse voltages. By way of example, the depth 
the present invention is shown in FIGS. 1 and 2 which 15 of regions 30 and 31 is preferably about 4 microns at the 
show a chip of monocrystdline silicon 20 (or some dimension X in FIG. 2 and about 3 microns at the di-
other suitable material), with the device electrodes fol- mension Y in FIG. 2. 
lowing the serpentine path 21 best shown in FIG. 1 in By using D-MOS fabrication techniques, two n(-i-) 
order to increase the current-carrying area of tbe de- regions 32 and 33 are fonned beneath source electrodes 
vice. Other geometries could be used. The device illus- 20 22 and 23, respectively, and define, with the p(-l-) re-
trated has a reverse voltage of about 400 volts and an gions 30 and 31, n-type channel regions 34 and 35, re-
on-resistance less than about 0.4 ohm with a channd spectively. Channel regions 34 and 35 are disposed 
width of 50 centimeters. Devices having reverse volt- beneath the gate odde 25 and can be mverted by the 
ages of from 90 to 400 volts have been made. The 400 appropriate application of a biasing signd to the gate 24 
volt devices have carried pulse currents of 30 amperes. 25 in order to permit conduction from the source 22 and 
The 90 volt devices have had forward on-resistances of the source 23 through the inversion layers into the cen-
about 0.1 ohm with a channel width of 50 centimeters trd region disposed beneath the gate 24 and then to the 
and have carried pulse currents up to about 100 am- drain electrode 26. Channels 34 and 35 may each have a 
peres. Higher and lower voltage devices can also be length of about 1 micron. 
made with varying channel widths. 30 It has previously been thought necessary that the 

Presently known MOSFET devices have much central n(—) region between channels 34 and 35 (and 
higher on-resistances than the above. For example, a between p(-f-) regions 30 and .31) should have a high 
400 volt MOSFET comparable to that described below resistivity in. order to .permit .the. device: to withstand 
but made with prior art techniques would normally high reverse, voltages. However, the relatively high 
have an on-resistance much greater than about 1.5 35 resistivity n(-|-) niateridiis also a significant.contribut-
ohms, as compared to an on-resistance less than about ing factor to'the high forward on-resistance of the de-
0.4 ohm in a device made according to this invention. vice. 
Moreover, the MOSFET switching device of the pres- In accordance with.the significant feature.of the pres­
ent invention will exhibit dl of the desirable advantages ent invention, a: significant portion of this central con-
of the MOSFET device, since it operates as a majority 40 ducting region is made relatively highly conductive and 
carrier device. These advantages include high switch- consists of an n(-|-) region 40 disposed immediately 
ing speed, high gdn and avoidance of the secondary beneath the gate oxide 25. The n(-f) region 40 has a 
breakdown characteristics which edst in minority car- depth of about 4 microns and could range from about 3 
rier devices. microns to about 6 microns. While ite exact conductiv-

The device of FIGS. 1 and 2 has two source dec- 45 ity is hot known, and varies with depth, it is high rela-
trodes 22 and 23 which are separated by a metdized tive to the n(—) region-beneath it. More particularly, 
gate dectrode 24 which is fixed to but spaced from the region 40 has a high conductivity which would be de-
semiconductor device surface by a silicon diodde layer termined by a totd ion implanted dose of from about 
25. The serpentine path followed by gate onde 25 has a 1X 10̂ 2 to. 1X10)^ phosphoms atoms/cm^ at 50 kV 
length of SO centimeters and has 667 undulations, but is SO followed by a diffusion drive at from 1150* C. to 1250* 
shown more simply m FIG. 1. Other channd widths Cfor from 30 minutes to 240 minutes. It has been found 
can be used. Source electrodes 22 and 23 can be later- that by making this region 40 relatively highly conduc-
ally extended as shown to serve as field plates to help tive n(+) materid through a diffudon or other opera-
spread the depletion region created during reverse volt- tion, the device characteristics are significantly im­
age conditions. Each of source dectrodes 22 and 23 SS proved and the forward on-resistance of the device is 
supply current to a common drain electrode 26 which is reduced by a factor greater than two. Moreover, it has 
fixed to the bottom of the wafer. The relative dimen- been found that the provision of the high conductivity 
sions for the device, particularly in thickness, have been region 40 does not mterfere with the reverse voltage 
grossly exaggerated in FIG. 2 for purposes of clarity. characteristics of the device. Accordingly, by making 
The silicon chip or wafer 20 is formed on an n(-f-) sub- 60 the region beneath the gate odde 25 and between chan-
strate which may have a thickness of about 14 mils. An nels . 34 and 35 more highly conductive, the forward 
n(—) epitadd layer is deposited on substrate 20 and will on-resistance of the ultimate high power switching de-
have a thickness and resistivity depending on the de- vice has been significantiy reduced and the MOSFET 
sired reverse voltage. All junctions are formed in this device becomes far more competitive with an equiva-
epitaxial layer which can have a rdatively high resistiv- 65 lent junction-type device while still retaining all of the 
ity. In the embodunent disclosed, the epitadd layer has advantages of the MOSFET majority carrier operation, 
a thickness of about 35 microns and a resistivity of about In the above description of FIGS. 1 and 2, it has been 
20 ohm-centimeters. For a 90 volt device, epitaxid layer assumed that the conduction channels 34 and 35 are of 
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p(-l-) material and are, accordingly, inverted to an n- the oxide surfaces on top of the chip are suitably 
type conductivity to provide a majority carrier conduc- stripped and the metalidng pattems for contacte 22,23 
tion channel from soiirces 22 and 23 to the central re- and 24 are formed to establish electricd contacts to the 
gion 40 upon the application of an appropriate gate device. The drdn contact 26 is applied to the device in 
voltage. Clearly, however, dl of these conductivity 5 a subsequent metdidng operation. Thereafter, the en-
types could be reversed so that the device codd work tire device may be appropriately coated with a suitable 
as a p-channel device rather than an n-channd device as passivation coating and wire leads are connected to the 
disclosed. source electrodes 22 and 23 and the gate 24. The device 

One process by which the device of FIGS. 1 and 2 is then mounted within a suitable protective housing, 
could be constructed is shown in FIGS. 3 to 6. Refer- 10 with the drdn electrode fixed to the housing or other 
ring to FIG. 3, the base wafer 20 is shown as an n(-|-) conductive support which serves as a drain connection, 
material having an n(—) epitaxidly deptisited region on The device shown in FIGS. 1 and 2 utilizes a serpen-
top thereof. A thick odde layer 50 is formed on wafer tine path for each of the source regions and gate regions 
20 and windows 51 and 52 are opened therein. The open and a drain on the surface of the wafer opposite to the 
windows 51 and 52 are exposed to a beam of boron IS source electrodes. Other configurations can be used, 
atoms in an ion implanting apparatus to form p(.-l-) FIGS. 7 and 8 illustrate a planar configuration which is 
regions. Theredter the implanted boron atoms are a dmple rectangular arrangement having a ring-shaped 
caused to diffuse deeper into the wafer to form the gate 80 which is disposed between a first source elec-
rounded p(+) concentration region shown in FIG. 3 trode 81 of ring shape and a centrd source 82. The 
which might have a depth of about 4 microns. During 20 device as shown in FIG. 8 is contdned within a base 
this diffusion operation, shdlow odde layers 53 and 54 wafer of p(—) monocrystdUne silicon 83 which may 
grow over the windows 51 and 52. . have a buried n(-|-) region 84 to reduce the laterd resis-

As is next shown in FIG. 4, windows 61 and 62 are tance of the various current paths of the device leading 
cut in the oxide layer 50 and an n(-l-) implant takes to the laterdly displaced drain electrode 85 which sur-
place to implant the n(-(-) regions 63 and 64 into the 25 rounds source 81. 
n(—) epitaxid layer. This n(-t-) implantation can be A ring-shaped n(-t-) region 86 is formed within the 
carried out with a phosphorus beam. Thereafter, the device as shown ih FIG. 8 and, in accordance with the 
implanted regions are subjected to a diffusion step to present invention, the ring-shaped region 86 is of much 
cause the regions 63 and 64 to expand and deepen to a higher conductivity than the n(—) epitaxially deposited 
depth of about 3} microns with a concentration deter- 30 region 87, which contains dl the junctions of the device, 
mined by an implantation dose of 1X 10>2 to 1 x 10'̂  The ring-shaped region 86 extends from the region 
phosphorus atoms/cm^ followed by a drive for 30 min- . beneath the.gate odde 88. and.adjoins the ends of the 
utes to 4 hours at from 1150* C. to 1250* C. As will be two conducting channels .formed between the ring-
later seen, regions 63 and 64 produce the novd n(-l-) shaped p(-f-.)'region 89 and the.centrd p(-l-) region 91 
region which substantially reduces the ourredstance of 3S disposed beneath the ring-shaped .source 81 and central 
the device. source 82, respectively. 

It should be noted that the n(+) regions 63 and 64 It will also.be noted in FIG. 8 that the outer periph-
could, if desired, be epitaxially deposited and need not ery 90 ofthe p(-l-) ring 89 has a large radius to assist the 
be diffused. Similarly, the resulting device bdng de- device in withstanding high reverse voltages, 
scribed herein codd be manufactured by any desired 40 An n(-i-) region 95 in FIG. 8 is provided to ensure 
process as wodd be apparent to those skilled ih the art good contact to drdn electrode 85. Dram electrode 85 

The next step in the process is shown in FIG. 5 and is is widely laterdly spaced from source 81 (by greater 
the channel implantation and diffudon step in which the than about 90 microns). The drain contact 85 is sur-
p(+) regions 71 and 72 are formed through the same rounded by a p(-i-) isolation diffusion 96 to isolate the 
windows 61 and 62 that were used for the n(-l-) impldi- 45 device from other devices on the same chip or wafer, 
tation for regions 63 and 64. The p(-f) regions 71 and 72 In the arrangement of FIG. 8, like that of FIG. 2, 
are formed by unplanting with a boron beam to a dose current flow from sources 81 and 82 goes through the 
of about 5 X 10>3. to 5 X IO'* atoms/cm^ followed by a width of epitaxid region 87, through the region 86. The 
diffusion drive for 30 to 120 mmutes at 1150* C to 1250* current then flows laterdly outward and then up to the 
C. SO drdn contact 85. As m the embodiment of FIG. 2, de-

Thereafter, and as shown in FIG. 6, steps are carried vice resistance is greatly reduced by the relatively 
out for the source predeposition and the diffudon of the highly conductive region 86. 
source regions 32 and 33. This is carried out by a con- In carrymg out the above invention, it should be 
ventiond and non-criticd phosphorus diffudon step noted that any type of contact material can be used to 
where the diffusion proceeds through the windows 61 55 make the source uid gate contacts. By way of example, 
and 62 so that the source regions 32 and 33 are automati- duminum codd be used for the source dectrodes while 
cally digned rdative to the other preformed regions. a polysilicon materid can be used for the conductive. 
Thus, the wafer is placed m a fumace and exposed to gate 80 in FIG. 8 or the conductive gate 24 m FIG. 2. 
POCh suspended m a carrier gas for firom 10 mmutes to Numerous other geometries can be used to make the 
SO mmutes at a temperature of from 850* C. to 1000*. 60 device of the invention, indudmg a plurdity of pairs of 

When this step is completed, the basic junction con- strdght, paralld source elements with respectively in-
figuration required in FIG. 2 is formed with shon p(-l-) terposed gates and the like. 
regions disposed beneath the oxide 50 to serve as the The source dectrodes 22 and 23 have been shown as 
conducting channel for the dtimatdy ctmstructed de- separate dectrodes which can be connected to separate 
vice and with an n(-f) region filling the area between 65 leads. Clearly, the sources 22 and 23 could be directiy 
the chaimds 34 and 35.betweenp(-|-) regions 30 and 31. connected as shown in FIG. 8a where componente 
The manufacturing process then contmues from the sunilar to those ofFIG. 2 have been given similar identi-
step of FIG. 6 to the device shown in FIG. 2 wherein fymg numerals. In FIG. 8a, however, the gate electrode 
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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-
necte the two sources 22 and 23 together to form a 
single source conductor which is insulated from gate 5 
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 10 
FIG. 9, the device tested had a region 40 which had the 
n(—) resistivity of the epitadal region. Thus, the for­
ward resistance is characteristicdly high at different . 
gate biases as shown in FIC. 9. 

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

Although the present invention has been described in 
connection with a preferred embodiment thereof, many 20 
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 ddms. 

What is cldmed is: 
1. A three-termind power metd odde silicon field 

effect transistor device comprising: 
a wder of semiconductor materid having first and 

second opposing semiconductor surfaces; sdd 
wafer of semiconductor materid having a rela­
tivdy lightiy doped major body portion for recdv­
ing. junctions and bdng doped with impurities of 
one conductivity type; 

at least first and second spaced base regions of the 
opposite conductivity type to sdd one conductiv- 35 
ity type formed in sdd wafer and extending from 
sdd first semiconductor surface to a depth beneath 
said first semiconductor surface; the space between . 
sdd at least first and second base regions defining a 
common conduction region of one conductivity 40 
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 sdd at least first and 
second base regions respectively at first and second 45 
first surface locations and extending from sdd first 
and second first surface locations to a depth less 
than sdd depth of sdd base regions; sdd first and 
second source regions being laterdly spaced dong 
sdd first semiconductor surface from the fadng SO 
respective edges of sdd common conduction re­
gion thereby to define first and second chaimel 

25 

30 

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

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

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

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

2. The high power metd oxide silicon field effect 
transistor device of claim 1 wherdn sdd device is 
formed by D-MOS manufacturing techniques. 

3. The device of cldm 1 wherein.sdd.drain electrode 
is on sdd second; semiconductor'surface. 

4. The.device ofcldm 1.wherein sdd drdn electrode 
is on said first surface.. 

5. The device of ddm 4 wherein sdd drdn conduc­
tive region: contacte a second conductivity-type region 
which extends from said drdn conductive region to sdd 
second surface. 

6. The device of cldm 1 wherein said gate insulation 
layer means is silicon diodde. 

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

8. The device of claun 1 wherein sdd relatively deep 
regions have a depth orabout 4 microns. 

9. The device of cldm 1 wherein sdd gate electrode 
means is formed of polysilicon. 

10. The device of claim 1 wherein sdd relatively 
lightiy doped body portion has a resistivity greater than 
about 2.5 ohm centimeters. 
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|57] ABSTRACT 

A'high power MOSFET is disclosed in which, two laterally 
spaced sources each supply current.through respective chan­
nels in one'surface of a semiconductor chip which are 

.controlled'by the'.same gate., llic-channels lead from the 
source dectrodes to a relatively, low resistivity region and 
from there to a relativdy 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 semiconductor 
materid immediately^ adjacent and beneath the gate and in 
the path from the sources to the drdn has a relatively high 
conductivity, thereby to substantially reduce the 
on-resistance of the device without effecting the breakdown 
voltage of the device. The breakdown voltage of the device 
is substantiaUy increased by forming a relatively deep p-typc 
diffusion with a large radiu.<: in the n-type epitaxial layer 
beneath each of the sources. 
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Cl.-iim.'; 2. 3. 6. 7. 8. 9.. 4. 5 and 10. dependent on an 
mnv.ndcd claim, are determined to t>c patentable. 

New claims II and 12 are added and detennined to be 
Iiiiit'.ni^blc. 

1. A three-terminal power metal oxide silicon field effect 
b'Hnsi.'itor device comprising: 

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

.11 lea.sl first and second spaced base regions of the 
opposite conductivity type to sdd one conductivity 
type formed in sdd wder and extending from sdd first 
semiconductor surface to a depth beneath said first 
semiconductor surface; the space between sdd at leasl 
first and .<>ccond ba.sc regions defining a vertical com­
mon conduction region of one conductivity type at a 
given first semiconduaor surface location; 

first and second source regions of sdd 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 sdd first and second 
first surface locations to a depth less than sdd depth of 
said base regions; sdd first and second source regions 

being laterally spaced dong sdd first semiconductor 
surface from the fadng respective edges of sdd com­
mon conduction region thereby to define first and 
second channel regions along sdd first semiconductor 
surface between each pair of said first and second 
source regions, respectively and sdd common conduc­
tion region; the concentration of carriers of said one 
conductivity type in said common conduction region at 
said first semiconductor surface being less ttum the 
concentration of carriers of said opposite cotiductivily 
type of said first and second base regions al said firsl 
semicoruluctor surface; 

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

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

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

a drdn conductive region remote from sdd common 
region and separated therefrom by said relatively 
lightly doped major body poition; 

a drain dectrode coupled to sdd drain conductive region 

and con^rising a third terminal; 
each of sdd at least first and second spaced base regions 

of sdd opposite conductivity type having respective 
profiles which include, to allow the device to withstand 
reiativeiy high breakdown voltages, relatively shallow 
depth regions -having a .relatively small radius of cur­
vature extending from sdd common.region and under­
lying their' sdd respective first and second source 
regions, and respective relatively deep, relatively large 
radius < regions extending from sdd shallow depth 
regions which are laterally spaced from beneath sdd 
respective source regions on the side of sdd source 
regions which is away from sdd common region. 

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

40 layer means on said first surface. 
12. The device of claim I wherein said conunon conduc­

tion region is contirmous and uninterrupted. 
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[57] ABSTRACT 
A high power MOSFET is disdosed m which two 
laterally spaced sources each supply current through 
respective channds in one surface of a semiconductor 
chip which are controlled by the same gate. The chan­
nels lead from the source dectrodes to a relativdy low 
resistivity region and from there to a rdatively high 
resistivity epitaxially formed region which is depodted 
on a high conductivity substrate. The drdn dectrode 
may be dther on the oppodte sur&ce of the chip or 
latoally displaced from and on the same dde as the 
source regions. The epitaxidly depodted semiconduo 
tor materid immediatdy adjacent and beneath the gate 
and m the pdh from the sources to the drain has a rela­
tivdy high conductivity,, thereby to substantially re­
duce the on-resistance of the device without effecting 
the breakdovkm voltage of the device. The breakdown 
voltage of the device is substantially increased by. form­
ing a rdatively deep p-type diffudon with a large radius 
m the n-type epitadd layer beneatfa each ofthe sources. 

7 Chdms, 11 Drawuig Fignres 
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device, when used as a power switch, to be relativdy 
HIGH POWER MOSFET WITH LOW Mgfx. 

ON-RESISTANCE AND HIGH BREAKDOWN In accordance with the present invention, if lias been 
VOLTAGE found that in the upper portion of the centrd bulk re-

5 gion to which the two mversion layers feed current m 
This application is a division of application Ser. No. the path to the drain electrode, the centrd region imme-

232,713, fded Feb. 9,1981, now U.S. Pat No. 4,376;286, diatdy beneath the gate odde can be a rdatively low 
issued Mar. 8, 1983, which, in tum, is a continuation of resistivity materid formed, for example, by an n(+) 
application Ser. No. 951,310, filed Oct 13, 1978, now diffunon in that channd region, without affecting the 
abandoned. 10 reverse voltage characteristics of the device. 

HAncrTHOTlNn O F T H E INVENTION specificdly, and m accordance witii tiie mven-
BACKGROUND OF THE INVENTION ^j^^ ^ common channd will have an upper portion 

This invention rdates to MOSFET devices and more beneath the gate odde and a lower bulk portion extend-
specifically relates to a novd structure for a MOSFET mg toward the drain electrode. The lower portion has 
device which permits it to be used in high power appli- ' ' the-high resistivity desired to produce high reverse 
cations with a relativdy high reverse voltage and witfa voltage dnlity, and will faave a cteptfa dependent on the 
an exceptionally low on-resistance. The miyor advan- desired reverse voltage for thie device. Thus, for a 100 
tage of die bipolar transistor over tfae MOSFET transis- volt device, the lower n(—) region may have a depth of 
tor is that the bipolar transistor has a very low on-resist- about 35 microns, while for a 90 volt device it will have 
ance per umt conductive area. The MOSFET transistor ̂  a depth of about 8 microns. Other depths will be se-
has numerous advantages over the bipolar transistor lected, depending on the desired reverse voltage of the 
includingvery high switcfaing speed, very higfa gam and . device to provide tfae necessary thicker depletion re-
lack of the secondary breakdown characteristics exhib- gion required to prevent pimch-througfa during reverse 
ited by a minority carrier device. However, because tfae voltage conditions. Tfae upper portion of ttae common 
MOSFET transistor faas higfa on-redstance, ita use in cfaannd is made faigfaly conductive (n-|-) to a deptfa of 
high power switchmg applications has been limited. fiom about 3 to about 6 microns. It has been found that 

BRmPDESCWPnONOFTHEINVENnON S i - ' S C ^ ^ ^ ^ ^ ^ ^ ' ' t 
The present mvention provides a novd higfa power ^ on-resistance per unit area of tfae device by more tfaan a 

MOSFET device wfaicfa has a low forward resistance so factor of two. Tfae resdting device becomes competi-
that the device becomes more competitive witfa bipolar tive witfa ctmventiond faigfa power bipolar switching 
devices in a switching type applicatitm while retaming devices since- it retains all of the advantages of the 
all of the numerous advantages of tfae. MOSFET over MOSFET device over the bipolar device but now has 
thebipolardevice.Inparticular, with the present inven- 3 J the relativdy . low forward redstance which was the 
tion, the forward resistance per imit area of the device major characterizmg advantage of the bipolar device, 
has been reduced by at least a factor, of two, compared In accordance with anotfaer feature of the present 
to the lumting resistance, per imit area previoudy exist- invention, the p-type. region whicfa defines tfae channd 
ing in ai MOSFET type device. beneath the gate odde has a relatively deeply diffused 

In one embodiment of the invention, two sources are portion beneath the source so that tfae p-type diffusion 
placed on the sdne surface of a semiconductor wafer region will have a large radius of curvature in the n(—) 
and are laterally spaced from one another. A gate dec- opitaxid layer forming tfae body of the device. This 
trode, depodted on a conventiond gate odde, is dis- deeper diffudon or deeper junction has been found to 
posed between the. sources. Two p-type ccmduction unprove tfae voltage gradient at tfae edge of tfae device 
chaimds are disposed beneath the gate and are spaced 45 and tfaus permits the use-of the device with higher re-
from one another by an n-type bulk region. Current verse voltages. 
from «u:h source can flow through its resp«:tive dian- D E S C R I F H O N OF THE DRAWINGS 
nel (after the creation of the mversion layer definmg the M^M^^^I^^ * xx^ii•. M.^ 
channd), so that majority carrier conduction current FIG. 1 is a plan view of a higfa power MOSFET chip 
can flow through tfae bdk regitm and across the wafer 50 whicfa incorporates tfae present invention and particu-
or chip to the dram electrode. The dram dectrode may larly illustrates the miitdizmg patterns of tiie two 
be on the opposite surface of the wafer or on a laterally sources and tfae gate. 
displaced surface region from tfae source dectrodes. FIG. 2 is a cross-sectiond view of FIG. 1 taken 
This configuration is made udng the desuable manufac- across tfae section line 2—2 in FIG. 1. 
turing tedmiques of the D-MOS device, whicfa permits 55 FIG. 3 is a cross-sectiond view sunilar to FIG. 2 
precise alignment of the various dectrodes and chan- sfaowing tfae mitid step in the process of manufacture of 
nels and permits use of extremdy small channd lengths. tfae cfaip of FIGS. 1 and 2 and particularly sfaows the 
While the above configuration may have been previ- p(+) conductivity implant did diffunon step, 
ously described for a MOSFET signd-type device, tfae FIG. 4 shows the second step in the manufacturing 
structure is not that of tfae commody used dgnd MOS- 60 process and sfaows the n(-l-) implant and diffudon step. 
FET. FIG. 5 shows a furtfaer step in the process of manu-

The device is badcaUy formed in an n(—) substrate facture of tfae chip of FIGS. 1 and 2 and shows the 
which has the rdativdy high resistivity which is neces- channd unphmt and diffiidon step, 
sary to obtain the desired reverse voltage capability of FIG. 6 shows a further step m the process of manu-
the device. For example, for a 400 volt device, tfae n(—) 65 facture and illustrates tfae source predeposition and 
region will have a resistivity of about 20 ohm centime- diffusion step. This precedes the last step in which the 
ters. However, this same necessary high resistivity (diar- gate odde is cut for the metdization step which pro-
acteristic has caused the on-resistance of the MOSFET duces the device of FIG. 2. 
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FIG. 7 is a plan view of the metalidng piattein of a a thickness of about 35 microns and a resistivity of about 
second embodiment of the mvention. 20 ohm-centimeters. For a 90 volt device, epitaxid layer 

FIG. 8 is a cross-sectiond view of FIG. 7 taken 20 wodd be about 10 microns thick and would have a 
across the section line 8—S.m FIG. 7. resistivity of about 2.5 ohm-centimeters. A channel 

FIG. 8a is a view similar to FIG. 2 and shows a modi- S width of 50 centimeters is dso used to provide tfae de­
fied source contact configuration. sired current carrying capacity for tfae device. 

FIG. 9 shows the diape of forward-current charac- In a preferred embodiment of the invention, there is 
teristics of a device like dbat ofFIG. 2 where tfae region an dongated serpentine p(-l-) conductivity region be-
40 beneath the oxide is n(—). neath eacfa of the source electrodes 22 and 23 which 

FIG. 10 shows the shape of the characteristic of a 10 thus extends around tfae serpentine path shown in FIG. 
device identicd to that of FIG. 2 where the regitm 40 1. Tfaese p(-)-) regions are shown in FIG. 2 as the p(-f) 
has high n(+) conductivity. regions 30 and 31, respectively, and are sunilar to those 

DETAn.EDDg»n^ONOF™E ^ S ^ y ' ^ J l ' ^ ^KT^ 
15 radius of curvature. This dlows the device to withstand 

A first embodiment.of the novd MOSFET device of faigfaer reverse voltages. By way of example, the depth 
the present mvention is shown in FIGS. 1 and. 2 wfaich of regions 30 and 31 is preferably about 4 microns at the 
show a cfaip of monocrystdline silicon 20 (or some dunension X in FIG. 2 and about 3 microns at the di-
other sdtable materid), with the device dectrodes fol- menaon Y in FIG. 2. 
lowing the serpentine path 21 best shown m FIG. 1 in 20 By usmg D-MOS fabrication techniques, two n(+) 
order to increase the current-carrying area of the de- regions 32 and 33 are formed beneath source dectrodes 
vice. Other geometries codd be used. The device illus- 22 and 23, respectively, and define, with the p(-i-) re-
trated has a reverse voltage of about 400 volts and an gions 30 and 31, n-type channel regions 34 and 35, re-
on-resistance less than about 0.4 ohm witfa a cfaannd spectivdy. Channel regicms 34 and 35 are disposed 
width of 50 centimeters. Devices having reverse volt- 25 beneath the gate oxide 25 and can be inverted by the 
ages of from 90 to 400 volts have been made. Tfae 400 appropriate application of a biasmg signd to the gate 24 
volt devices have carried pulse currents of 30 amperes. m order to permit conduction from tfae source 22 and 
The 90 volt devices have faad forward on-resistances of tfae source 23 tfarougfa tfae mversion hiyers mto the cen-
about 0.1 ofam with a channel width of 50 centimeters trd region disposed beneath the gate 24 and then to the 
and have carried pulse currents up to about 100 am- 30 drain dectrode 26. Channels 34 and 35 may each faave a 
peres. Higher and lower voltage devices can also be length of about I micron. 
made.with varymg channel.widths. It has: previously been thought .necessary that the 

Presentiy known MOSFET devices faave mucfa centrd n(—).region'between cfaannds 34 and 35 (and 
higher on-resistances than the above. For example, a between, p(-i-) regions 30 and 31) diould have a high 
400 volt MOSFET comparable to that described bdow 35 resistivity in order to permit, the device to withstand 
but made with prior art techmques wodd normally high reverse voltages. However, the relatively high 
have an on-resistance much greater than about 1.5 resistivity n(—) materid is dso a sigmficant contribut-
ohms, as compared to an on-redstance less than about ing factor to the faigfa. forward on-resistance of the de-
0.4 ohm m a device made according to this invention. vice. 

Moreover, the MOSFET swit^ng device of tfae 40 In accordance with the dgnificant feature of tfae pres-
present invention will exhibit all of the desirable advan- ent mvention, a dgmficant portion of this centrd con-
tages of the MOSFET device, since it operates as a ducting region is made relativdy faigfaly conductive and 
majority carrier device. These advantages indude high consists of an n(-|-) region 40 disposed immediately 
switchmg speed, high gam and avoidance of the second- beneath the gate odde 25. The n(-(-) region 40 has a 
ary breakdown chuacteristics which exist in minority 45 depth of about 4 microns and could range from about 3 
carrier devices. microns to about 6 microns. Wfaile its exact conductiv-

The device of FIGS. 1 and 2 has two source dec- ity is not known, and varies with depth, it is high rela-
trodes 22 and 23 whicfa are separated by a metalized tive to the n(—) region beneath it More particdarly, 
gate dectrode 24 which is fixed to but spaced from the region 40 has a high conductivity which would be de-
semiconductor device surface by a silicon dioxide layer SO termined by a totd ion implanted dose of from about 
25. The serpentine path followed by gate oxide 25 has a 1X 10>2 to 1X lO'̂  phosphorus atoms/cm^ at 50 KV 
length of 50 centimeters and has 667 unddations, but is followed by a diffusion drive at from 1 ISO* C. to 1250* 
shown more sunply m FIG. 1. Other channd widths C. for from 30 mmutes to 240 mmutes. It has been found 
can be used. Source electrodes 22 and 23 can be later- that by making this region 40 rehitivdy highly conduc-
dly extended as shown to serve as fidd plates.to hdp SS tive n(-|-) materid tfarougfa a diffudon or other opera-
spread the depletion region created during reverse volt- tion, tfae device characteristics are significantiy im­
age conditions. Each of source dectrodes 22 and 23 proved and tfae forward on-resistance of the device is 
supply current to a common drdn electrode 26 which is reduced by a factor greater than two. Moreover, it has 
fixed to the bottom of tfae wafer. The relative dimen- been found that the provision of tfae faigfa conductivity 
sions for the device, particdarly in thickness, faave been 60 region 40 does not interfere with tfae reverse voltage 
grossly exaggerated m FIG. 2 for purposes of darity. characteristics of the device. Accordingly, by making 
The silicon chip or wafer 20 is formed on an n(-t-) sub- the region beneath tfae gate odde 25 and between cfaan-
strate which may have a thickness of about 14 mils. An nels 34 and 35 more faigfaly conductive, tfae forward 
n(—) epitaxid layer is deposited on substrate 20 and will on-resistance of the dtunate high power switching de-
have a thickness and resistivity dependmg on the de- 65 vice has been significantiy reduced and the MOSFET 
sired reverse voltage. All junctions are formed in this device becomes far more competitive with an equiva-
epitadd layer which can have a relativdy higfa resistiv- lent junction-type device while still retainmg dl of the 
ity. In the embodiment disclosed, the epitadd byer faas advantages of the MOSFET majority carrier operation. 
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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(+) materid and are, accordingly, inverted to an n-
type conductivity to provide a majority carrier conduc­
tion channd from sources 22 and 23 to the centrd re- 5 
gion 40 upon the application of an appr(>priate gate 
voltage. Clearly, however, dl of these conductivity 
types codd be reversed so that tfae device codd work 
as a p-channel device rather than an n-channd device as 
disclosed. 10 

One process by wfaich the device of FIGS. 1 and 2 
could be constructed is shown m FIGS: 3 to 6. Refer­
ring to FIG. 3, the base wafer 20 is shown as an n(-t-) 
material having an n(—) epitanally deposited region on 
top thereof. A thick oxide layer 50 is formed on wafer IS 
20 and wmdows 51 and 52 are opened therem. The open 
windows 51 and 52 are exposed to a beam of boron . 
atoms in an ion implanting apparatus to form p(+) 

and 31. Tfae manufacturing ptocess then continues from 
the step of FIG. 6 to the device diown m FIG. 2 
wherein the odde surfaces on top of tfae chip are suit­
ably stripped and the metalidng pattems for contacts 
22,23 and 24 are formed to establish dectricd contacts 
to the device. The drain contact 26 is applied to the 
device in a subsequent metalidng operation. Thereafter, 
the entire device may be appropriately coated with a 
sdtable passivation coating and wire leads are con­
nected to the source dectrodes 22 and 23 and the gate 
24. The device is then mounted within a sdtable protec­
tive faoiising, witfa tfae dram dectrode fixed to the hous­
ing or otfaer conductive support which serves as a drdn 
connectitm. 

Tfae device diown m FIGS. 1 and 2 utilizes a serpen­
tine path for each of the source regions and gate regions 
and a dram on the surfiace of tfae wafer opposite to the 
source dectrodes. Other configurations can be used. 
FIGS. 7 and 8 illustrate a planar configuration which is regions. Thereafter the implanted boron atoms are 

caused to diffuse deeper into the wafer to form the 20 a simple rectangular arrangement having a ring-shaped 
rounded p(-)-) concentration region shown in FIG. 3 gate 80 wfaich is disposed between a first source dec-
which might have a deptfa of dwut 4 microns. During trode 81 of ring sfaape and a centrd source 82. The 
this diffusion operation, shdlow odde layers S3 and 54 device as shown in FIG. 8 is contained within a base 
grow over the wmdows 51 and 52. wafer of p(—) monocrystallme silicon 83 which may 

As is next shown in FIG. 4, windows 61 and 62 are 25 have a buried n(+) region 84 to reduce the laterd resis-
cut in the odde layer 50 and an n{+) implant takes tance of the various cunent paths of tfae device leading 
place to implant tfae n(-|-) regions <K3 and 64 into the to tfae laterally displaced drain dectrode 85 wfaich sur-
n(—) epitaxid layer. This n(-l-) unplantation can be rounds source 81. 
carried out with a phospfaorus beam. Thereafter, the A ring-shaped n(-|-) region 86 is formed within the 
imphmted regions are subjected to a diffudon step to 30 device as shown in FIG. 8 and, in accordance with the 
cause the regions 63 and 64 to expand and deepen to a present invention, the ring-shaped region 86 is of much 
depth of about 3} microns with a concentration deter- faigher conductivity than.the n(—.).epitaxidly depodted 
mined by an unplantetion dose of IXlO'^to IX lO*̂  region 87. which contains dl the junctions.df the device, 
phosphorus atoms/cm? followed by a drive for 30 min- The ring-shaped region . 86 extends irom the region 
utes to 4 hours at from 1150* C. to 1250* C. As will be 35 beneath tfae gate , odde 88 and adjoms the ends of the 
later seen, regions 63 and 64. produce the novd n(-l-) 
region which substantially reduces the on-resistance of 
the device. 

It should be noted that tfae n(-|-) regions 63 and 64 
could, if desired, be epitaxidly deposited and need not 40 
be diffused. Smiilarly, tfae resulting device bdng de­
scribed herein could be manufactured by any desired 
process as wodd be apparent to tfaose dcilled in tfae art 

two conducting, channels, formed between the ring-
shaped p(-i-) region 89 .andr the centrd p(+) region 91 
disposed beneath.tfae ring-shaped source 81 and centrd 
source 82, respectivdy. 

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

An n(-{-) region 95. in FIG. 8 is provided to ensure 
good ctmtact to drain electrode 85. Drdn dectrode 85 The next step in the process is shown in FIG. 5 and is 

the channd implantaticm and diffhdon step in which tfae 45 is widdy laterally spaced from source 81 (by greater 
p(-l-) regions 71 and 72 are formed through the same than about 90 microns). The drain contact 85 is sur-
windows 61 and 62 that were used for the n(-i-) unplan- rounded by a p(-i-) isolation diffudon 96 to isolate tfae 
tation for regicms 63 and 64. The p(+) regions 71 and 72 devicx from other devices cin tfae same cfaip or wafer, 
are formed by unplanting with a boron beam to a dose . In the arrangement of FIG. 8, like that of FIG. 2, 
of about 5 X1013 to 5x 10'* atoms/cm^ followed by a SO current flow from sources 81 and 82 goes through the 
diffudon drive for 30 to 120 mmutes at 1150* C to 1250* 
C. 

Thereafter, and as diown in FIG. 6, steps are csamed 
out for the source predepodtion and the diffuncm of the 
source regions 32 and 33. This is carried out by a con­
ventional and ncm-criticd phosphorus diffudcm step 
where the diffudon proceeds tfarougfa tfae windows 61 
and 62 so that the source regicms 32 and 33 are automati-. 
cdly digned rdative to the other preformed regicms, 

width of epitaxid regicm 87, through the region 86. The 
current then flows laterdly outward and then up to the 
drain ccmtact 85. As m the embodiment of FIG. 2, de­
vice redstance is greatiy reduced by the relativdy 

55 highly ccmductive region 86. 
In carrying cmt the above invention, it should be 

noted that any type of contact materid can be used to 
make the source and gate ccmtacts. By way of example, 
duminum codd be used for tfae source dectrcxles wfaile 

Thus, the wafer is placed m a fiimace and exposed to 60 a polysilicon materid can be used for the conductive 
pocl3 suspended in a carrier gas for from 10 minutes to gate 80 in FIG. 8 or the conductive gate 24 m FIG. 2. 
50 mmutes at a temperature of from 850* C to 1000* C. Numerous other geometries can be used to make the 

When this step is cxmipleted, the bade junction ccm- device of the invention, including a plurdity of pairs of 
figuration required in FIG. 2 is formed with short p(.-l-) straight pardld source elements with respectively in-
regions disposed beneath the odde 50 to serve as the 65 terposed gates and the like. 
conducting chaimel for the dtimatdy ccmstrocted de- The source dectrodes 22 and 23 have been shown as 
vice and with an n(-l-) region fillmg the area between separate dectrodes whicfa can be connected to separate 
the channds 34 and 35 and between p(-(-) regions 30 leads. Clearly, the sources 22 and 23 codd be directiy 
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connected as sfaown in FIG. Sa wfaere compcments 
similar to tfaose of FIG. 2 faave been given sunilar identi­
fying numerds. In FIG. 84 faowever, the gate dectrode 
is a polysiliccm layer 101 (in place of duminum) depos­
ited atop gate oxide 25. The gate 101 is then covered 
with odde layer 102 and a conductive layer 103 ccm-
nects the two sources 22 and 23 together to fbrm a 
single source conductor which is msulated from gate 
101. Connecticm is made to tfae gate at scmie sdtable 
edge porticm of tfae wafer. 

FIGS. 9 and 10 sfaow tfae sfaape of measured curves 
which demonstrde the reduction m forward resistance 
when the region 40 is made highly conductive (n-H). In 
FIG. 9, the device tested had a region 40 wfaich had the 
n(—) resistivity of the epitaxid region. Thus, the for­
ward resistance is characteristically faigfa at different 
gate biases as shown in FIG. 9. 

In tfae device of tfae invention where regicm 40 is of 
n(-(-) conductivity, tfaere is a dramatic decrease in the 

8 

10 

IS 

cause sdd carriers from said one conductivity type 
to diffuse mto sdd third and fourth regions for only 
a porticm of the depth and width of sdd third and 
fourth regions to defme first and second source 
regions; sdd first and second source rejgions having 
facing edges which are spaced from said common 
neĉ  region, thereby to define first and second 
channd regions in sdd third and fourth regions 
respectivdy; 

(g) and forming an insulated gate means atop sdd 
upper surface and over sdd first and second chan­
nd regions, and forming source electrode means on 
sdd source regions and drdn electrode means on 
the surface of sdd chip which is opposite sdd 
upper suiface. 

2. llie metfaod of claim 1 wherdn sdd impurity carri­
ers of sdd oppodte conductivity type which are applied 
tfarougfa said first and second windows, and sdd impu­
rity carriers of sdd opposite conductivity type which 

on-resistance as shown in FIG. 10 for dl gate voltages 20 are applied through sdd tfaird and fourtfa windows, are 
before vdocity saturation of tfae dectrons occurs. each applied by ion implantation. 

Although the present invention faas been described in 3. The metfaod of claim 1 wfaerein said chip has an 
cxmnection with a preferred embodiment thereof, many epitaxid layer thereon whicfa extends to sdd upper 
variations and modificaticms will now beccmie apparent surface and wherein all of said regions are cxmtdned 
to those skilled in the art It is preferred, therefore, that 25 witfain sdd epitaxid layer. 
the present inventicm be lunited not by the specific 
disdosure faerdn, but cmly by tfae appended daims. 

Wfaat is claimed is: 
1. The method of manufacture of a high power MOS­

FET device which ccmiprises the steps bf: 30 
(a) forming an insdaticm coating on the upper surface 

of a flat chip of a mcmocrystalline semiccmductor 
of one of the ccmductivity types; 

(b) opening at least fust and second spaced windows 
m sdd insulaticm cxMting wfaich have at least first 35 
respective portions tfaereof wfaich are elongated 
and paralld to eme another; 

(c) applying impurity carriers of a conductivity type 
oppodte sdd one conductivity type to said upper 
surface which is exposed by sdd first and seccmd 40 
wmdows and beating sdd cfaip to cause sdd carri­
ers to diffuse into sdd chip to form first and seccmd 
respective regicms of sdd oppodte ctmductivity 
type m sdd chip which faave a first deptfa; 

(d) opening at least third and fourth spaced windows 45 
in any insulation coating cm sdd upper surface 
which are coextensive with and adjacent to sdd 
first and second wmdows; said third and fourth 
windows bemg disposed inwardly of the space 
between said fost and seccmd windows and bemg 
laterdly removed from atop said first and seccmd 
regions respectivdy; 

(e) applying ioipurity carriers of sdd oppodte ccm-
duĉ tivity type to sdd upper surface which is ex­
posed by sdd third and fourtfa windows and faeat-
ing sdd chip to cause sdd carriers to diffuse into 
sdd chip to form tfaird and fourtfa respective re­
gions of sdd opposite conductivity type wfaicfa are 
contmuous witii the adjacent sides of said fust and 
second regions respectivdy but are shallower tfaan 60 
sdd first and seccmd regicms; the oppodte edges of 
pardlel portions of sdd third and fourtfa regions 
being laterdly diffused until they are spaced from 
one another by a given distance by a common neck 
region of sdd one conducrtivity type of sdd chip; 65 

(0 applymg impurity carriers of sdd one ccmductivity 
type to sdd upper surface which is exposed by sdd 
tldrd and fourtii wmdows and heatmg sdd chip to 

SO 

55 

4. The metfaod of manufocture of a high power MOS­
FET device which comprises tfae steps of: 

(a) formmg an insulation coating on tfae upper surface 
of a flat cfaip of a monocrystalline semiconductor 
of one of the ccmductivity types; 

(b) opening at least first and seccmd spaced windows 
in sdd insdaticm coating.whicfa have at least first 
respective' portions thereof wfaicfa are dongated 
and paralld to one anotfaer; 

(c) applyuig .impurity carriers of a conductivity type 
opposite sdd one conductivity type to sdd upper 
surface which is exposed by sdil first and second 
windows'.and heating sdd chip to cause sdd carri­
ers to diffuse mto sdd chip to form first and second 
respective regions of sdd opposite conductivity 
type in sdd chip which have a first depth; 

(d) opemng at least third and fourtfa spaced windows 
in sdd insulation coating on sdd upper surface 
which are coextensive with and adjacent to sdd 
first and second-windows respectivdy; sdd thu-d 
and fourth windows bdng disposed inwardly of the 
space between sdd first and second windows and 
being laterdly removed from atop sdd first and 
seccmd regions respectively; 

(e) applymg impurity carriers of sdd one conductiv­
ity type to sdd upper surface tfarougfa sdd third 
and fourth windows and faeating sdd chip to cause 
sdd impurity carriers of sdd one conductivity type 
to diffuse into sdd 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 insdation coat­
ing wfaicfa is between sdd third and fourth win­
dows; 

(f) applying impurity carriers of sdd opposite con­
ductivity type to sdd upper surface wfaich is ex­
posed by sdd third and fourtfa wmdows and heat­
mg sdd chip to cause sdd carriers to diffuse into 
sdd chip to form third and fourth respective re­
gions of sdd opposite conductivity type which are 
contmuous with the adjacent sides of sdd first and 
second regions respectivdy but are shallower than 
sdd first and second regions; the opposite edges of 
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pardld portions of sdd third and fourth regions 5. The metfacd of cldm 4 wherein sdd impurity carri-
being laterdly diffused until they are spaced fiom ers of sdd opposite conductivity type whiidi are applied 
one another by a given distance by said common tfarougfa sdd first and second windows, and said impu-
neck region of sdd one conductivity type of sdd "ty carriers of sdd opposite conductivity type which 
Qliip. 5 are applied through sdd first and second windows, and 

(g) applying mipurity carriers of said one conductiv- ^ unpnrity carriers of sdd opposite conductivity type 
ity type to sdd upper surface which is exposed by IJ'"'* "« W""* ^ and fourth win-
sdd tiiird and fourtii wmdows and heating sdd ««* W ' " ' ̂  said upper suriace by ion 
chip to cause sdd carriers frcim sdd one conductiv- j r < • >• L • -J i.- u 
it., ŝfr..c. î tn »t,t»i ...I f̂ ,̂ v, 10 »• The method of daim 4 wherem said chip has an 
Ity type to d i f f i a e t h i r d and fourth regions j ^ 
for ody a porton of tiie dqiA and widA of smd and wherein dl of sdd regions are contdn^ 
tiurd and fourtii regions to define first and second witirin sdd epitiaid kyer. 
source regions; said first and second souroe regions 7, ̂  ^ ^ j , dahn 1, 2 or 3 wherein, followmg 
having facing edges which are spac«l from said „ t̂ e step of forming sdd first and second regions of sdd 
common neck region, ttiereby to define fust and oppodte conductivity type, unpurity carriers of sdd 
second channel regions m sdd tiiird and fourth one conductivity type are applied to at least sdected 
regicms respectivdy; regions of said upper surface to cause unpurities of sdd 

(h) and forming an msulated gate means atop sdd one conductivity type to diffuse into sdd cfaip to form 
' upper sur&ce and over sdd first and second chan- 20 rdativdy lightiy cioped regions of sdd one conductivity 

nel regicms, and forming source electnxle means on ' type which are disposed laterally within sdd common 
sdd source regions and dram dectrode means cm neck region and which extend to said upper surface of 
the surface of sdd chip whic:h is opposite sdd sdd chip. 
upper surfacre. • • • • « 
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(571 ABSTRACT 

A high power MOSFET is disdosed in whicdi two 
laterally spaced sources each supply current throngh 
respective channels in oae surface of a semiconductor 
chip which are controlled by the same gate. The chan­
nels lead from the source electrodes to a rdatively low 
resistivity region and 'from there to a rdatively high 
resistivity epitaxially formed region which is deposited 
cm a high conductivity substrate. The drain dec­trode 
may be dther on the opposite surface of the chip or 
laterally displaced firom and cm tfae same side as the 
source regions. The epitaddly deposited semiconduc­
tor materid immediatdy adjacent and beneath the gate 
and in the path frcmi the sources to the drain has a rda­
tively high ccmductivity, thereby to substantially re­
duce the cm-resistance ^ the device without eifecting 
the breakdown voltage of the device. The breakdown 
voltage of the device is sabstantially increased by form­
ing a rdativdy deep.p-type diffusion with a large radios 
in the n-type epitadd layer beneath each of the sources. 

i 
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REEXAIVIINATION CERTIFICATE 
ISSUED UlSDER 35 U.S.C. 307 

THE PATENT IS HEREBY AMENDED AS ' 
INDICATED BELOW. 

Matter endosed in bcavy brackets [ ] appeared in the 
pttent, but has been deleted and is no longer a part of the 
pttent; matter printed in italics indicates additions made 
to the patent 

AS A RESULT OF REEXAMINATION. IT HAS 
nPJEN DETERMINED THAT: 

The patentability of claims 4-6 is confirmed. 

Claim 1 is detennined to be patentable a; amended. 

Claims 2, 3 and 7, dependent on an amended cldm, 
are determined to be patentdile. 

IS 

20 

]. The method of manufacture of a high power MOS­
FET device whidi c»mprises tbe steps of: 25 

(a) forming an insulaticm existing on the upper surface 
of a flat chip of a monocrystalline semicxmductor 
of one [ofthe] oonduc:tivity [types] t^e;^ 

(b) opening at least first and.secxmd spaced windows 
in sdd insdation coating which have at least iirst 30 
respective portions thereof wfaich are elongated 
and parallel to eme another; 

(c) applying impurity carrieis of a conductivity type 
opposite sdd one conductivity type to sdd upper 
surface whid) is exposed by sdd first and second 35 
windows and heating sdd c^p to cause sdd carri­
ers to difluse into sdd chip to form first and second 
respective regicms of sdd opposite conductivity 
type in sdd chip whicdi have a first depth and a 
relatively large radius of curvature to allow the derice 40 
to withstand higher reverse voltages; 

(d) opening at least third and fourth spaced windows 
in any insdation coating cm sdd upper surface 
whicdi are coextensive with and adjacent to sud 
first and sec:ond windows; sdd third and fourth 
windows being disposed inwardly of the spaĉ e 
between sdd first and second windows and being 
laterdly removed frcmi atop sdd first and second 
regions respectively; 

(e) applying impurity carriers of sdd opposite con­
ductivity type to said upper surface which is ex­
posed by sdd third and fourth windows and heat­
ing sdd chip to cause sdd caniers to diffuse into 
sdd chip to form third and fourth respective re­
gions of said opposite conducdvity type which are 
continuons with the adjacrent sictes of said first and 
secxmd regions respectively but are shallower and 
have a smaller radius of curvature than said first and 
seĉ ond regions; the opposite edges of parallel por­
tions of sdd third and fourth regions bdng laterally . 
diffiised until they are spaced from one another by 
a given distance by a cximmon neck region of sdd 
one conductivity type of sdd chip; 

( f ) applying impurity carriers of sdd one conductivity 
type to sdd upper surface which is exposed by sdd 
third and fourtfa windows and heating sdd chip to 
cause sdd carriers from said one c^ndnctivity type 
to diffuse into saul third and fourth regions for ody 
a portion of the depth and width of sdd third and 
fourth regions to define first and second source 
regicms; said first and secx>nd source regions having 
facnng edges which.are spaced from sdd common 
neck' »gi(m,thereby to define first and seccmd 
channd regions in sdd third and fourth regions 
respec^tively; and 

(g) [and] fmrning an insdated gate means atop sdd 
upper surface and over said'fimt and:secc»d chan­
nd regions, and forming source electrode means on 
sdd source regions and drain electrode means oa 
the surface of the cAip which is oppodte sdd upper 
surfiice. 
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