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' COMPLETE SPECIFICATION

Semiconducior switching devices

We, RApio CORPORATION OF AMERICA, a
Corporation organized under the laws of the
State of Dclaware, United States of America,
of 30. Rockefeller Plaza, City and State of
New York. United States of America. do
hecreby declare the invention, for which we
pray that a patent may bc granted to us,
and the mecthod by which it is to be per-
formed, to be particularly described in and
by the following statement:—

This invention relates to improved scmi- -
.conductor devices, and more particularly. to

improved three-terminal semiconductor de-
vices which can be triggered to switch from
the non-conducting stating to the conducting
state by the application of a signal current
between the device ierminals, and which can
be blacking or conducting if cither dircction.

One typc of semiconductor device, such as
the typc disclosed in U.S. Patent 3.124,703
issued on March 10, 1964 to T. P. Sylvan is
made of a semiconductive body with four
zones or layers of alternately different con-

~ ductivity types in a, PNPN configuration;
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threc rectifying barricrs or PN junctions
between the four zones; and clectrodes
attached Lo threc of the four zones. Onc
device clectrade is attached to the outer N
type region, and may be called the device
cathode: another device clectrode is attached
to the auter P type region, and may be
termed the device anode: and the third de-
vice electrode, which may be denominated
the gale or control electrode, is attached to
the inner P type region adjacent the cathode.
Devices of this type are known as controlled
rectifiers, or as thyristors, and. by the appli-
cation of a lnw voltage. low current pulsc
between the gate and the cathode. can be
switched from nonconducting to conducling
between the anode and the* cathode in one
direction only. i.c., that direction in which

[Price 4s. 6d.] ‘

the anode is poled positive and the cathode
poled negative.

In order to provide. devices which can be
switched, by a signal current of either polar-
ity. from nonconducting to conducting in
cither direction, morec complex units have
becen made comprising a semiconductive
body or wafer with five zones or regions of
alternately different conductivity types in
an NPNPN configuration.
which may be termed bidircctional thyris-
tors, have four rectifying barriers or PN
junctions betwcen the five zones, and three
electrodes or terminals. Sce for example
Gentry et al “ BIDIRECTIONAL TRIODE
P-N-P-N SWITCHES ”, Proc. IEEE, April
1965, pp. 355-369. Although devices of
this typc have been fabricated, improvement
is desirable in several respects. For example,
one rtegion of the bidircctional thyrister
serves as a resistor to govern the trigger
current which is applied to the galc or
control electrode. In prior art bidircctional
thyristors, this resistance region is so located
that after it is formed in the semiconductive
body of the device, its electrical resistance
value (termed the shunt resistance) may be
affected by subscquent processing steps such
as cxposurc to etchants or to ambient atmo-
spheres.  Moreover, in prior art bidirectional
thvristors. four or more of the different con-
ductivity type regions of the device are ex-
posed at the edges of the semiconductor
body. making the device unduly sensitive to
surface lecakage currents. Furthermore. in
_prior art bidirectional thyristors the rela-
tively large semiconductive body which is
employed is not cfficiently utilized. In addi-
tion. in prior art units the gate current re-
quired to switch the device is higher in some
modes of operation than in other modes,
although it is desirable for ease in circuit
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design that the gate current required for
switching be substantially identical in all
modes of operation. :

The present invention will now be de-
scribed in conjunction with the accompany-
ing drawings, in which:

FIGURE 1 is a fragmentary, partly cross-
sectional view of a semiconductor device
according to a first embodiment of the in-
vention;

FIGURE 2 is a fragmentary, partly cross-
scctional view of a semiconductor device
according to a second embodiment;

FIGURE 3 is a fragmentary, partly cross-
scctional view of a semiconductor device
according to a third embodiment;

FIGURE 4 is a fragmentary, partly cross-
sectional view of a semiconductor device
according to a fourth embodiment;

FIGURE 5 is a cross-sectional view of a
semiconductor device according to a fifth
embediment;

FIGURES 6a and 6b are plan views of the
lower and upper races respectively of the
device of FIGURE 5 at onc stage in the
fabrication of the device;

FIGURE 6¢ is a plan view of the upper
face of the device of FIGURE 5 at a later
stage in the fabrication of the device;

FIGURES 7a-7d are schematic vicws of
an NPN transistor, a PNP transistor, a
thyristor, and a bidirectional thyristor re-
spectively according to the prior art;

FIGURE 8 is a plot of output current
against voltage for a bidirectional thyristor:
and.

FIGURE 9 is a cross-scctional view of a
prior art bidirectional thyristor.

The relation of prior art bidirectional
thyristors to prior art transistors and prior
art unidirectional thyristors, such as con-
trofled rectifiers, is shown in FIGURES
Ta-7d.

A conventional NPN transistor (FIGURE
74) has an N typc emitter region adjacent
onc end or surface of the device: an N type
collector region adjacent the opposite end
of surface of the device; and a central P type
base region. Emitier, base, and collector
clectrodes arc gencrally metallic masses
attached to the cmitter, base and collector
repions.  The emitter, base and collector
leads are electrical lcad wires attached to the
emitter. base and collector electrodes re-
spectively.

A conveniional PNP transistor (FIGURE
7b) has the conductivity types of the various
device regions reversed. so that the emitter
and collector regions of the PNP transistor
arc P type, while the base region between

them is N type.

65

The device known as the controlled recti-
ficr of thyristor (FIGURE 7¢) is. as men-
tioncd above. a single semiconductive body
with four differcnt conductivity type zones

and threec PN junctions belween the four
zoncs. However, the functioning of the
thyristor may be better understood by con-
sidering it as a combination of two trans-
istors, consisting of an NPN transistor con- 70
nected with a PNP transistor so that the P
typc base of the NPN unit is connccted to,

or in common with, the P type cmitter of
the PNP transistor, while the N type collec-
tor of the NPN transistor is connected to 7§
or in common with, the N type base of the
PNP transistor. This common N type por-
tion, which is a single zone or region in an
actual device. docs not have an clecirode
attached to it. and is known as the blocking go
layer of the device. The characteristic
switching action of the device takes place
when the sum of the alpha (current transfer
ratio) of the NPN transistor and the alpha

of the PNP transistor excceds unity. The g5
device then becomes conductive in the for-
ward direction only, that is, the direction in
which thc electrons flow from the N type
region labeled “cathode region” to the P
type region labeled “anode region ™, while g
the current flow is in the opposite direction.
The clectrical characleristics of a thyristor
are in some respects similar 10 that of a
thyratron, from which the name is derived.
For a discussion of the thyratron action of 95
a class of semiconductor devices called
thyristors, see C. W. Mueller and J. Hili-
brand, “THE THYRISTOR-A NEW
HIGH-SPEED SWITCHING TRANSIS-
TOR ”, IRE TRANSACTIONS ON ELEC- (g
TRON DEVICES. January 1958.

The bidirectional thyristor (FIGURE 7d)
is a single scmiconductive body with five
diffcrent conductivity type zones and four
PN junctions between the five zones. When 105
considering how it functions. it may be re-
garded as a combination of NPNP thyristor
with a PNPN thyristor, the combination
being made so that three zones of the first
thyristor arc in electrical connection (or in 1{0
common) with threec zones of the second
thyristor. The one zone of the dcvice which
docs not have any electrede attached s
known as the blocking layer.

In the devices of FIGURES T7a-7c. each |5
device clectrode is a metallic mass in con-
tact with a single region of one conductivity
iype. In centrast, in the bidirectional thyris-
tor (FIGURE 7d) each device electrode is a
metallic mass in contact with two adjoining {20
zones or regions of opposite conductivity
type. and hence may be termed a bipolar
electrode.

The clectrical characteristics of a bi- _
dircctional thvristor are illustrated bv the 125
current vs. voltage (1-V) curve in FIGURE
8. Consider the portion of the curve in the
upper right hand. or fi-st. quadrant. At
zero gate bias. the application of a voltage
across the power clectrodes of the device 130

.
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resulls in a very slow increase in outpil
current. as indicated by the shallow positive
slope ol the curve legended “A”. In this
“A™ portion of the curve. the device is in
the nonconducting state.  When the applicd
voltage rciaches a particular value known
as the breakover vollage V. there is a
transicnl negative resistance region in the
I-V curuve, which is shown as a dashed linc
legended “B”. The device then becomes
conducting, and the output current incrcascs
sharply with applied voltage, as shown by
the slcep positive slope of portion “C” of
the curve. The outpui current when the
device becomes conductive is known as the
helding current Iy, The device will remain
in the conduclive stalc as long as the oulput
currcnt is greater than the holding current,
but will switch to the nonconducting statc
il the output current drops below the value
of the holding current. The portion of the
curve in the lower left hand, or third. quad-
rant is gencrally symmetrical with respect tc
the partion in the first quadrant, the polarity
of the applicd voltage and the polarity of the
output current and the slopes of the com-
parable portions of the I-V curve being re-
versed. In both quadrants, the application
of a low voltage low current pulse of cither
polarity between the gate clectrode and the
first power clectrode switches the device
from the nonconducting statc to the conduct-
ing state in cither direction.

The structurc of a prior art bidirectional
thyristor is illustrated in FIGURE 9. Four
different conductivity zones or regions of the
device, together with three different rectify-
ing barriers between the four regions. arc
cxposed at the edges of the semiconductive

40 body, therc by undesirably increasing the
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surface lcakage currents of the unit. More-
over. the shunt resistance values of these
prior art devices are not as stable with time
or as uniform from dcvice to device as is
desirable.

EXAMPLE [

A semiconductive device 10 (FIGURE 1)
according 1o a first embediment of the in-
vention compriscs a crystalline semiconduc-
tive body 11 having two opposing major
faces 12 and 13, two zones 14 and 15 of

given conductivity type immediately ad-

jacent major faces 12 and 13 respectively.
and a zanc 16 of opposite conductivity type
intermediate said two given type zones. The
precise size. shape, composition and con-
ductivity of scmiconductive body 11 are not
critical.  Convenicntly. semiconductive body
11 consists of N type monocrystalline silicon,
has a resistivity of about 8 ohm-cm, and is
in the form of a disc about 130 mils in dia-
mcter, and about § mils thick. The two P
tvpe zones or regions 14 and 15 are formed
in wafer Il adjacent major faces 12 and 13
respectively by standard methods of the art,

for example by diflusing an acceplor such
as a boron compound, e.g.. boric oxide, into
the major wafer faces 12 and 13, Zones 14
and 15 are conveniently each about 2.0
mils thick.

Advantageously. a thin portion of cach
P type zone immedialely adjacent cach
major wafer face is more heavily doped than
the remainder of said P type zonc, and hence
has a low resistivity. Hereinafter. hecavily
doped low resistivity P type regions are
designated P+ regions, and heavily doped
low resistivity N type regions are designated
as N+ regions. Such heavily doped low
resistivity suriace portions of the two wafer
zones are readily formed by an additional
diffusion stcp. In this example, onc such

cavily doped low resistivity P4 typc por-
ticns [4° of P type zone 14 is formed
as an annular region immediately adjacent
wafer face 12, and close to, but spaced from,
the periphery of wafer face 12. Con-
veniently, the P4 rcgion 14° is about 0.8
mils thick, has an outer diameter of about
110 mils, and has an inner diameter of about
80 mils. At the same time, an annular P+
region 15’ is formed in zone 15 immediatcly
adjacent wafer face 13. The P+ region 15
is also about 0.8 mils thick; has an outer
diameter of about 80 mils: and has an inner
diameter of about 40 mils. Suitably, the
ouler diameter of P+ region or portion 15
is about equal to the inner diameter of the
P+ region 14’. The P+ portions 14" and

" 15" do not extend to the wafer cdges. and

arc cxposed only at the major wafer faces.

Devices according to the invention may be
fabricated without the P+ portions 14’ and
15° in the P type zones. but their presence
improves the electrical characteristics of the
device.

The remaining or central portion 16 of
wafer 11 consists of the original N type
silicon of the wafer. A rectifying barricer 17
is formed at the boundary between P type
zone 14 and the central N type portion or
zonc 16. Another rectifying barrier 18 is
formed at the bounary between the P type
zonc 15 and the central N type zonc 16.

Heavily doped given conductivity type
regions of low resistivity are now formed in
the opposite tyne surface zones 14 and 15
by standard techniques. In one method pre-
determined portions of major faces 12 and
13 are masked. for example by standard
photolithographic techniques of the art. The
silicon wafer 11 is then heated in the vapors
of a substance such as phosphorus penloxide.
which is a donor in the semiconductive body
11. A plurality of phosphorus-doped N+
tvne regions are thus formed in the boron-
doned P type 7ones 14 and 15 immediatcly
adjacent wafer faces 12 and 13 respectively.
A first N+ type diffused region 19 thus
formed is in the central portion of P type

70

75

80

85

90

95

100

105

110

115

120

125

130

T i s A S L pv——amm -t g g et



PN

4 1,141,103 14

zanes 15 immediately adjacent wafer face
13, A sceond N4 type diffused region 20
immediatelv adjacent wafer face 13 is formed
in P type zone 15 around the periphery of
S region 19 but spaced therefrom, and is
aniular in shape. The N+ region 20 may be
disposcd just outwardly of the P+ region
15°. Third and fourth diffused N+ type re-
gions 22 and 23 which are also annular in

10 shapc arc formed in P type zonc 14
immuediaiely adjacent wafer face 12. The
thickness of all these diffused regions is less
than the thickness of P type zones 14 and 15
and is conventionaly about 0.8 mils.

15 The N+ type regions 22 and 23 in zone
14 are conveniently {abricaled by first form-
ing a single wide annular N+ type region in
zcnc 14. Conventional masking and etching
methods of the art, such as photolithographic

20 techniques, are employed to form an annular

. groove or moat 2l into the aforesaid N+
.diffused region in face 12 of wafer 11. The
depth of moat 21 is made less than the
thickness of the P type zone 14, but greater

25 than the thickness of the N+ diffused region
in zone 14, and hence is dcep enough to
divide the N+ diffused region adjacent
waler face 12 into two annular or ring-
shaped regions; a smaller region 22 ncar the

30 center of wafer 11, and a larper region 23
which is around the outer periphery of re-
gion 22, but spaced therefrom by the moat
21. The moat 21 is immediately adjacent the
outcr periphery of region 22 and the inner

35 periphery of region 23. In this example,
moat 21 is about 5 mils wide and about 0.9
mils deep. c

Next, conductive clectrodes are formed
on the device. A mass of layer of a con-

40 ductive metal or alloy is deposited by any
convenicnt method, such as by cvaporation
or plating, on selected portions of major
wafer faces 12 and 13. Onec such metailic
mass 24 on the central portion of wafer

45 facc 12 cxtends to the outer periphery of
the annular N+ type region 22 and the
inner periphery of moat 21. The metallic
mass 24 serves as the gate clectrode. and is
in direct contact with both a P type wafer

50 rcgion (the center of P type zone 14) and
SE)N type wafer region (the annular region

Another metallic mass 25 is deposited as
an annulus on waler face 12 beiween the

55 outer periphery of moat 21 and the periphery
of wafer facc 12. The metallic mass 25
scrves as the first power clectrode of the de-
vice, and is in dircct contact with both the
annular N type region 23 and the peripheral

60 portion of the P type zone 14,

A third metallic mass or clectrode 26
covers wafer face 13. The metallic mass or
layer 26 is the second power electrade of the
device, and is in direct contact with the P

type zonc 15, as well as with the N+ type 65
diffused regions 19 and 20. )

T'o complete the device, an clectrical lcad
wirc 27 is attached to the first power clec-
trodec 25 by any convenicnt method. such as
thermocompression or ultrasonic bonding. 70
Another electrical lead wire 28 is similarly
attached to the gate electrode 24. The sub-
scquent steps of mounting the device with
the powcr electrode 26 down on a mectallic
header, and cncapsulating and casing the de- 75
vice, are accomplished by standard mcthods
of the art, and need not be described here.

When the device of this example is operat-
ing in the first quadrant of the 1-V graph
(FIGURE 8), the N+ type region 23 injects 80
clectrons toward the blocking layer 16. and
is known as the first quadrant N cmittér.
whilc that portion of P type zone 15 which
is between the N+ type regions 19 and 20
injects holes toward the blocking layer 16, 85
and is known as the first quadrant P emitter.
When the device is operating in the third
quadrant, then N+ type region 20 injects
electrons toward the blocking layer 16, and
is known as the third quadrant’ N emitter,
while that porticn of P type zone 14 which
is between N+ type region 23 and the
outer periphery of zone 14 injects holes
toward tite blocking layer 16, and is known
as the third quadrant P emitter. 95

In the opcration of the device with a
positive gate bias, the wafer region indicated
by the bracket 29, which consists of the por-
tion of the P type zone 14 under thé annular
N type region 23, serves as the shunt re- 100
sistance. When the device is opcrated with
a ncgative gate bias, the wafer region indi-
cated by the bracket 29°, which consists
of the partion of P type zone 14 under the
annular N+ type region 22, scrves as the 105
shunt resistance.

The physical significance of the shunt re-
sistance region of the wafer is presently ex-
plained as this: when the IR drop across
the region rcaches a particular value, the 110

‘emission of electrons from one of the N+

emijlters into the blocking layer begins, and
thus switches the device to the “ON™
or condugctive state. Since the shunt resistance
thus dclermines the value of gate current 115 .
at which switching of the device occurs, it is
important that the shunt resistance be stable
with time, and be uniform from device to
device. '
A feature of the device is that the shunt 120
resistance regions therein are not aflected by
subscquent processing steps, such as ex-
posure to etchants. Improved stability and
uniformity of clectrical paramecters are thus
obtained. 125
Another feature of the device is that only
threce different conductivity typc zones or
regions are exposcd at the edges of the
semiconductive wafer or body. The exposed
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zoncs at the wafer edges consist of a central
zene of given conductivity type, and {wo
opposite conductivity type zones adjoining
the two oppasing major [aces respectively
of the water. As a result of this structure,
the surface leakage currents which tend to
degrade device performance are minimized.
Cumparable prior art devices have four or
more different conductivity type regions ex-
posed at the edges of the scmiconductive
bady, and hence have more surface leak-
age currents than the device described
herein.

The devices of this example can be
swilched or triggered from the nonconduct-
ing state of the conducting statc by the
application of a low current, low vollage
pulsc of either polarity applied between the
first power clectrode and the gate or control
clectrode. The triggering voltage required
for this purposc may be as little as two to
three volts. In the devices of the following
cxamples, the trigeecring voltage required is
even less, being reduced to about 0.8 to 1.5
VOUts.

EXAMPLE 11

The bidircctional tayristor 30 (FIGURE
2) of this example compriscs a monocrystal-
linc scmiconductive body of water 31 hav-
ing two opposing major faces 32 and 33.
The precise size, shape and composition of
scmiconductive body 31 arc mot critical,
The semiconductive body 31 may be disc-
shaped, as in the previous example, and may
consist of N type silicon-germanium alloy.
Two P type zones or regions 34 and 35
arc f[ormed in body 31 immediately adjacent
major faces 32 and 33 respectively. Zones
34 and 35 may be formed by diffusion tech-
niques as in Example I, or by epitaxial
growth of P type semiconductlive layers on
ain N typc scmiconductive substratc. An
annular surface portion 34" of zonc 34 is
made P+ type, and an annular surface por-
tion 35" of zonc 35 is also made P+ type.
Convenicntly portions 34" and 35’ arc simul-

tanzously made P+ by an adidtional diffu-
s siun step:. The central portion or zone 36 of

wajer 31 which is intermediate zones 34
and 35, consists of the original N type
semiconductor. Rectifying barricrs 37 and
38 arc formed at the boundarics helween P
type zones 34 and 35 respectively and the
central N type zone 36.

Predetermined portions of major wafer
faces 32 and 33 are masked, for example by
a photoresist. and the masked wafer is then
treated in the vapors of a suitable donor to
form a plurality of N+ typc rcgiong in the
P type zoncs 34 and 35. A first annular
N-- type region 39 is formed close to the
center of P otype zone 35, and immediately
adjacent wafer face 33. A sccond annular
N+ type region 40 is formed in P type
zonc 35 immcdiately adjacent wafer face 33

(]

and around the outer periphery of region 39
but spaced therefrom. Region 40 is made
narrewer than region 39. A third diffused
N4 rogion 41 is formed in the P type
sone X% immediately adjacent wafer face
3. and in the central portion thercof. A
fourth diffused N+ type region 42 is formed
in P typc zone 34 around the outer peri-
phery of region 41 but spaced thercfrom, and
is annular in shape. As in example 1, the
diffused N+ rcgions 39-42 are thinner than
P typc zones 34 and 35. Convenicntly the

70

75

width of the various diffused regions is -

sclected so that the inner periphery of
annular region 39 is beneath the outer peri-
phery of region 415 the outer periphery of
rcgion 39 is bencath the inner periphery of
region 42; and the inner periphery of re-
gicn 40 is beneath the outer periphery of
region 42.

Standard photolithographic masking and
elching methods of the art arc employed to
cut a first annular moat or trough 43 into a
waler face 32 immedialely adjacent the peri-
phery ol N+ type region 41, and a sccond
anuular moat or trough 44 in wafer face
32 immediately adjacent the outer periphery
of region 42. The depth of moats 43 and
44 is made less than the thickness of P
type zonc 34, but more than the thickness
of the diffused regions 39-42. The exact

. width of moats 43 and 44 is not critical, and

may Jor example be about 5 mils in this
example.

A mass or layer of a conductive metal
or alloy is deposited by evaporation on
sclected areas of major wafer faces 32 and
33. One such metallic mass 45 on the central
portion of wafer facc 32 is over the central
N+ type region 41 within the moat 43. A
sccond metallic mass 46 on wafer face 32
is annular in shape, and extends from close
to the outer periphery of moat 43 to close
to the inner periphery of moat 44. The
mctallic mass 46, which scrves as the first
power clectrade of the device, is thus in
dircct contact with P type zone 34 and
N+ type region 42. A third metallic mass
47 on wafer face 32 is annular in shape. and
cxtends from close to the outer periphery
ol moat 44 to close to the auter periphery
of waler face 32,

Another metallic mass or layer 26 is de-
posited on wafer face 33. The metallic mass
206 is the sccond power electrode. of the de-
vice, and is in direct contact with the P type
layer 35, as well as with the N+ type re-
gions 39 and 40. The metallic electrodes 45-
47 and 26 may, for example, be deposited
by cvaporation, and may consist of alu-
minum or gold.

To compleie the device, an clectrical lead
wirc 27 is attached to the first power clec-
trode 46 by any convenient method. Another
electrical lead wire 48 is attached by means
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of a U-shaped terminal portion to both the
central clectrode 45 and the peripheral
electrude 47 on wafer lace 32. The sub-
scquent steps of mounting the device with
power clectrode 26 down on a metallic
hecader, and casing the device, are accom-
plished by standard methods of the art, and
nced not be described here.

In the operation of the device. the region
49, which consists of the portion of P type
zane 34 under the annular N+ type region
42, scrves as tae shunt resistance region for
either gate bias. The value of the shunt re-
sistancc is stable, and jis not affected by
the processing of the semiconductive wafer

31 alter the various regions are formed.

2

-

25

30

35

Nareover, only three different device rcgions
(zones 34 35 and 36) and only the two
rectifying barriers or PN junctions between
said three regions, are exposed at the cdges
of the semiconductive wafer 31, thus mini-
mizing suriace leakage currents.

The power electrodes 26 and 46 of this
example arc clearly bipolar clectrodes, since
cach is in direct contact with P type and N
type portions of the semiconductive wafer
31. Elcctrode 45 is in dircct contact with
only the N+ type region 41, and electrode
47 is in direct contact with only the P type
zone 34. but since clectrodes 45 and 47
arc connected by the single gate or control
lead 48, the gate lead is cllectively bipolar.

EXAMPLE 111

The device 50 (FIGURE 3) of this ex-
ample is in some respects similar 1o that
of Example 1, and compriscs a disc-shaped
monocrystalline  semiconductive body or

~ waler 11 having two major faces 12 and 13.

40)

45

50

55

60

65

The semiconductive wafer 11 has two P type
zones 14 and 15 immediatcly adjacent wafer
faces 12 and 13 respectively; two annular
P+ portions 14’ and 15 in zones 14 and
I5 respectively immediately adjacent wafer
face 12 and 13 respective'y; and a central
N type zone 16 between zones 14 and 15.
Two p-n junctions 17 and 18 arc formed at
the boundarics between the central N type
zone 16 and the two P type zones 14 and
15 respectively.

Standard  masking  and diffusing tech-
niques arc employed to form a plurality
of N-- ty ¢ regions in P type zones 14 and
I5. A first N4 type region 19 is formed in
the cenival portion of P type zone 15
immediately adjacent wafer face 13. A
szecond N-+ type regien 20 is formed in P
type zone 15 near the periphery thereof, and
is annular in shape. Region 20'is around the
periphery of region 15, but spaced therefrom.
A third N+ type region 51 is fermed in P
type 7on~ 14 adiacent wafer {ace 12 near the
center therof. A fourth N+ type region
52 is formed in 7one 14 near the periphery
thereof. Regions 51 and 52 are both annular
in shape, but repion 51 is wider than region

52. Photolithographic masking and ctching
techniques are employed to form in waler
facz 12 a first annular moat 53 around and
immediately adjacent the inner periphery

—

ol annular region 51, and a second annular 70

maoat 54 around and immediately adjaccnt
the inner periphery of N type annular re-
gion 52. Moat 54 is spaced {rom the outer
pzriphery of region 51. As in the previous
examples, the dépth of the moats (53 and 54)
is a little greater than the thickness of the
diffused regions (51 and 52), but less than
the thickness of the P type zonc 14.

A mass or layer of a conductive metal
such as aluminum or the like is deposited on
sclected portions of wafer faces 12 and 13.
A first metallic mass or layer 26 covers
major face 13, and is in direct contact with
P type zone 15, as well as N+ type regions
19 and 20. A sccond metallic mass or layer
35 covers a small central portion of wafer
face 12 within the moat 53, and is in dircct
contact with P type zone 14, A third metallic
mass 56 which serves as the first power
clectrede is in the form of an annulus
or ring on wafer face 12 between moats 53
and 54, and around the periphery of metallic
layer 55, but spaced therefrom by the moat
53. A fourth metallic mass 57 is in the form
cf an annulus or ring on wafer face 12
around the outer periphery of clectrode 56,
but spaced thercfrom by the moat 54.

To complete the device, an electrical lead
wire 27 is attached to the first power
clectrode 56 by any convenient mcthod. An-
other electrical lead wire 58 is attached
by means of a U-shaped terminal portion to
both the central electrode 55 and the peri-
pheral electrode 57 on wafer face 12, and
scrves as the gate lead. The subscquent
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steps of mounting the device with power

clectrode 26 down on a metallic header, and
casing the device, are accomplished by
standard methods of the art.

In the device 50 of this example, the shunt
resistance is the resistance of the portion
59 of zone 14 beneath the N+ diffused
rcgion 51, As in -the previous embodi-
ments, the shunt resistance  value is
stable, and is not affected by the processing
of the semiconductive wafer 11. "Morcover
only three different device regions are eX-
posed at the edges of the semiconductive
wafer 11, thus minimizing surface lcakage
currents.

EXAMPLE 1V

In the previous examples, the semicon-
ductive body employed was disc-shaped.
The precise shape of the semiconductive
body is not critical, and may, for example,
bc a parallelepiped. as in this example,

The bidirectional thyristor 60 (FIGURE
4) of this example comprises a given con-
ductivity type scmiconductive wafer 61 hav-
ing two opposing major faces 62 and 63,
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and two opposite conduclivity type zoncs 64
and 65 adjacent wafer faces 62 and 03 re-
spectively.  In this example, semiconduc-
sive wajer 61 is about 110 mils long, 70 mils
wide. and 9 mils thick. Waler 61 may con-
cist of a crystalline clemental semicomtuctor
such as germanium or silicon, or a crystal-
line compound semiconductor such as gal-
lium arsenide.

Waler 61 may be of cither conductivity
type. For convenicnce in comparing wafer
61 with the devices of previous cxamples,
it will be described in terms of an N type
body having a laycred structure, with two
P type zones 64 and 65 immediately ad-
jacent waler faces 62 and 63 respectively.
I'wo P+ regions 64° and 65 arc formed in
zones 634 and 65 respectively immediately
adjacent wafer faces 62 aund 63 respectively.
Zones 64 and 65 are scparated by a central
N type zone 66, which is the original N type
body of wafer 61, Two rectifying barriers
or PN junctions 67 and 68 are [ormed at

* the boundarics between N type central zone

25

30

35

40

43

50

66 and the two P type surface zones 64 and
65 respectively.

Four N+ type regions 69, 70, 71 and 72
are formed by masking portions of walcr
faces 62 and 63, and diffusing a suitable
danor into the unmasked portions thereof.
When the wafer consists of gallium arscnide
the donor may be sulfur, selenium. or tel-
lurium. The time and temperature of the
diffusion step is controlled so that the thick-
ness of cach of the four diffuscd regions is
fess than the thickness of P type zones 64
and 65. The precise size and shape of the
diffused regions 69-72 arc not critical.
Regions 69 and 70 in zonc 65 may for ex-
ample be rectangular, with the long axis of
cach region running parallel to the length
or long axis of s¢miconductive body 6l
Thus region 69 is adjacent and parallcl
to the first wafer side, but spaced therefrom,
while region 70 is adjacent and parallel (o
the second waler side, bul spaced therefrom.
One diffused region 69 is made wider than
the other diflfused region 70. In zone 64
two diifused regions 71 and 72 arc formed
immediatcly adjacent wafer face 62. The

. thickness of the diffused regions 71 and 72,

55

- bady 61.

60

65

which are N+ type in this example, is Icss
than the thickness of P type zone 64. The
shape of rcgions 71 and 72 may also be
rectangular, with the long axis of cach region
parallel to the long axis of semiconductor
Thus region 71 is.adjacent and
parallel to the first wafcr side but spaced
therefrom, while region 72 is adjacent and
parallel to the second wafer side but spaced
therefrom. The diffused regions 71 and 72
do not emerge at cither the end or the side

surfaces of the wafer 61, and onc diffused

region 72 is wider than the other diffused
region 71. The length of diffused regions

69 and 70 is made less than the length of
the wafcr, so that these regions do not inter-

cept cither the ends or the sides of semi-

conductive wafer 61. Conveniently the outer
cdge of tegion 69 is beneath the inner edge
of region 71; the inner edge of region 69 is
bencath the inner edge of region 72: and
the inncr edge of region 70 is bencath the
ouler edge of region 72,

Standard masking and etching techniques
arc used to cut two moats or troughs 73 and
74 in waler face 62. Suitably, moats 73 and
74 arc cach about 5 mils wide, and cxtend
along the entire length of semiconductive
wafer 61, The depth of moats 73 and 74
is a little more than the thickness of the
diffused regions 71 and 72, but less than
the thickness of P type zone 64, Moat 73
is immediately adjacent the inner edge of
the dJiffused region 71, and lics between
regrion 71 and the center of semiconductive
body 61. Moat 74 is immediately adjacent
the outer cdge of diffused region 72, i.c..
moat 74 is on the side of region 72 which
is remote from region 71.

Masses of a conductive metal or alloy are
deposited as a layer on selected portions of
wafer faces 62 and 63 to form the device
electrodes. One device electrode 75 is de-
positcd on wafer face 62 so as to cover only
the diffused region 71. Another device cice-
trode 76 is deposited on wafer face 62 so
as to cover only the portion of said face
between moats 73 and 74, Another device
electrode 77 is a metallic layer deposited on
wafer face 62 so as to cover only the por-
tion of said face between moat 74 and the
adjacent cdge of the semiconductive wafer
61. As in Examples 1I-1V, the two clec-
trodes which are attached to regions of only
one conductivity type, i.c.. clectrodes 75 and
77 in this embodiment, arc connccted by
means of an electrical lead wire 78 which
has a U-shaped terminal portion, one leg of
the U being attached to clectrode 75 and the
other leg to clectrode 77.  An electrical Jead
wire 27 is attached to electrode 76. which
scrves as the first power electrode of the
device. A metallic layer or mass 79 cover-
ing major waler face 63 serves as the seccond
power clectrode of the unit,

The device of this embodiment has several
of the features previously mentioned in con-
nection with the devices of FIGURES 1-3.
The shunt resistance region of the device,
which is the portion of P type zonc 64 be-
neath N+ diffused region 72, is not affected
by the processing steps, since very little of
this rcgion is e¢xposed to the action of am-
bicnts and ctchants. Morcover. the surface
leakage currents arc reduced. since only
three different adjacent zones or regions of
the device (and only the two PN junctions
between the three regions) intercept the
edges of the semiconductive body 61.
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EXAMPLE V

The device next described has all the ad-
vanlages of the previous units, including
stable shunt resistance values, low surface

5 leakage currents, and low (riggering volt-
ages. but in addition includes morc cllicient
utitization of the scmiconductive wafer, and
hence is the presently preferred embodi-
ment,

10 ‘The semiconductive bidirectional thyristor
80 (I-IGURE 5) of this example compriscs
a given conductivity lype scmiconductive
body or wafer 81 having two opposing major
faces 82 and 83. 'T'he precise size. shape,

15 and composition of semi-conductive waler
81 is not critical.  In this cxample. scmi-
conductive wafer 81 is disc-shaped. about
130 mils in diamcler, about 8 (o 10 mils
thick, and consists of N conductivity type

20 -nonocrystalline silicon having a resistivity
of about 8 ohm-cm.

Two opposite conductivily type surface
zones 84 and 85 (which arc P type in this
examplc) are formed in wafer 81 immedi-

25 atcly adjacent wafer faces 82 and 83 respec-
tively by diffusion of a conductivity modifier
such as boron into the major wafer faccs.
The P type zoncs 84 and 85 are scparated
by a central zone 86, which consists of the

30 original N type bulk of wafer 81. Advan-
tagcously. the concentration of the modificr
is made greater in the legended portions 84°
and 85" of zones 84 and 85 respectively by
mcans of an additional diffusion step, For

35 this rcason, portions 84’ and 85’ of zones
84 and 85 have been legended P+ in the
drawing, indicating heavy doping and high
P typc conductivity, while the remaining
portions of these zones are labeled P, indi-

40 cating lighter doping and lower P type con-

- ductivity in these remaining portions. Alter-
natively, P type zones 84 and 85 may be

. formed by cpitaxial growth on an N type
waler. In cither case, rectifying barricrs 87

45 and 88 are formed at the boundarics be-

tween the central N type zone 86 and the

P iypc surface zones 84 and 85 respectively.
Portions of major faces 82 and 83 arc
masked, and a conductivity modificr cap-
50 able of inducing the original conductivily
type of the wafer is diffused into the un-
masked portions of zones 84 and 85 to form
heavily doped low resistivity regions.  In
this example, since the original conductivity

55 typc of wafer 81 was N type. the conduc-
tivity modificr employed is a donor such as
phosphorus pentoxide. ‘The precise size and
shape of the N diffused  repions thus
formed immedintely adjacent wafer faces 87

S 60 and K3 is nol critical. but preferably the dif-

Tused repions are formed in the low con-
ductivily or P4 portion of each P type zone
84 and 85: and cach of the diffused regions
is asymmetric, that is may be described as
65 having a large arca cnd and a small arca

cnd, or as comprising a large portion or
lobe and a small portion or Iobe centrally
joined,

Onc phosphorus-diffused N+ type region
thus formed in wafer face 83 is shown in the
plan view of FIGURE 6a, and consists ol a
large area diffused region 89. which in this
cxample is a semicircle on a diamcter 110
mils long. and a small arca diflused region
90, which in this cxample is a scmiciccle
on a diameter of 50 mils. The two scmi-
circles have the same center and their dia-
meters the same straight linc, but are on
opposite sides of the linc. Regions 89 and
90 arc about 0.8 mils thick, and thus are
thinner than P type zonc 85, which is about
2 mils thick in this example.

The asymmetric phosphorus-diffused N+
region formed in the waler face 82 is shown
in plan view in FIGURE 6b. Thc region
consists of a large arca poriion 91 joined
to a small arca portion or rcgion 92. How-
cver, the large arca diffused region 91 in
waler face 82 lies over the small area dif-
fused region 90 in wafer face 83, while the
small area diffused region 92 in waler face
82 lies over the large area diffused region
89 in wafer face 83. In this example. the
large arca diffused region 91 is also a semi-
circle on a diameter 110 mils long. while
the small area region 92 is a semicircle on
a 38 mil diamecter. The two semicircles 91
and 92 have a common cenicr, and lic on
opposite sides of the same sirajght line.
Region 91 diflers from region 89 in that a
small central portion 93 of region 91. which
portion may convenicntly be wedge-shaped
as shown in FIGURE 6b, is masked during
the phosphorus diffusion step that forms
regions 91 and 92. When all the masks (not
shown) are removed after the diffusion step,
this central portion 93 remains as a P+
enclave within the N4 type region 91,
Regions 91 and 92 are about 0.8 mils thick,
and thus are thinner than P type zone 84,
which is about two mils thick in this em-
bodiment.

Prefcrably region 89 extends along wafer
facc 83 from beneath the outer periphery
of region 84’ to beneath the inner periphery
of region 91, and slightly overlaps the inner
periphery of region 91. This slight overlap
improves the sensitivity of the device to
triggering pulses when operating in the third
quadrant.

Standard masking and etching techniques
are now used to form an annular moat 94
in the central portion of wafler face 82, Moat
94 is conveniently about § mils wide, about
0.9 mils deep, and has an inner diameter
of about 30 mils, and an outer diameter of
about 40 mils. Moat 94 thus runs around
the periphery. of diffused region 92, and
around the periphery of portion 93 of the
first P type zone 84. Moat 94 serves to iso-
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fate region 92 from region 91. The moat
94 may advantagcously be non-uniform in
width. being wider in those portions of the
moat where the moat crosses the boundary
5 or junction between N4+ region 91 and P+
region 84”7 than in the remaining portions
of the moat. The non-uniform moat 94 im-
proves the sensitivity of the device in all
triggering modes by minimizing a uscless
10 portion of the shunt resistance.

A conductive metallic layer is deposited
on sclected portions of wafer face 82 to form
two device clectrodes. One electrode 95 is
an annular ring which extends from the

15 outer edge of moat 94 to the outer edge of
wafer face 82. Electrode 95 serves as the
first power electrode of the unit. A second
metallic clectrode covers the central portion

- of wafer face 82 within the area surrounded

20 by moat 94. Electrode 96 serves as the gate
electrode of the unit. FIGURE 6c¢ is a plan
view of the upper wafer face 82 after the
cutting of moat 94, and after the deposition

- of the first power electrode 95 and the gate

25 electrode 96.

A third clectrode is formed by a metallic
layer 97 which covers major wafer face 33.
Electrode 97 serves as the second power
electrode of the unit.

30 To complete the device, an electrical lead
wire 27 is bonded to electrode 95, and serves
as the first power lead. Another electrical
lead wire 28 is bonded to electrode 96, and
serves as the gate lead. The remaining steps

35 of mounting the unit with electrode 97 down
on a mectallic header, and encapsulating and
casing the device, are accomplished by stan-
dard methods of the art.

When the device of this embodiment is

40 given a positive gate bias, the shunt resist-
ance region which is effective in triggering
the unit is that portion of P typc zone 84
which is benecath the N+ region 91. When
the device is given a negative gate bias, the

45 shunt resistance region which is effective in
triggering the unit is the portion of P type
zone 84 which is beneath N+ region 92.
Whereas in the device of Example I the two
shunt resistance regions 29 and 297

50 (FIGURE 1) are electrically in scries, in
the device of this embodiment the two shunt
resistance regions are clectrically in parallel.
Accordingly, the gate voltage required to
trigger the device of this cmbodiment is de-

55 ercascd as compared to the device of

"~ Example I.

Onc important advantage of the device
of this embodiment is that the gate current
required for all triggering modes is more

60 ncarly constant, as well as {fower than, the
gate current required for comparable prior
art devices. The four modes of operation
of a bidircctional thyristor can be tabulated
as follows:

First Power Second Power  Gate
Electrode  Electrode  Electrode
Mode Polarity Polarity Polarity
1+ — + +
I- - + -
HIi+ + - +
- -+ — -

The I+ and 1— modes are in the first quad-
rant (FIGURE 8), with their gate currents
respectively positive and negative, while the
111+ and 1I1— modcs are in the third quad-
rant, with the gate currents respectively
positive and negative. In prior art units,
the gate currents required for operation in
the I— and III4+ modes are considerably
higher than the gate current required for
operation in the I+ and 111~ modes. In
contrast, in the device of this embodiment
the triggering current required for operation
in all four modes is nearly constant. More-
over, for a given size prior art silicon unit,
the triggering currcnt is about 100 milli-
amperes.  In contrast, for a comparable
size silicon device according to this embodi-
ment, the triggering current is about 50
milliamperes, and some bidirectional thyris-
tor units according to this embodiment ex-
hibited triggering currents as low as 20
milliamperes. Furthermore, the triggering
current required for devices according to
this embodiment increases only slightly
when the power handling capability of the
device is increased by scaling up the size of
the semiconductive wafer and its various
regions and electrodes.

Another important advantage of devices
according to this embodiment is their im-
proved blocking capability, ie., improved
ability to withstand high voltages across the
device power electrodes before breakover
into the “ON” or conducting state.  The
blocking capability of both wunidirectional
and bidirectional thyristors depends in part
on the thickness and material of the device
blocking layer. Conventional bidirectional
silicon thyristors of the prior art have ex-
hibited brcakover voltages of about 200
to 400 volts. In contrast, comparable silicon
units according to this embodiment have ex-
hibited the ability to block applied voltages
as high as 500 to 600 volts before breakover
into the conducting state. One reason for
this improved blocking capability is that in
the device of this embodiment. as in the pre-
vious examples, only three different conduc-
tivity type zones or regions intercept the
wofer edges. As mentioned above, the sur-
face leakage currents, i.e., the currents which
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dilfereng conductivity zones intercept  the
wafer edges.  An additional reason for the
improved blocking capability of the device
of this example is that the triggering current
of the device is fairly independent of the re-
sistivily of the blecking layer 86, since the
lateral” current paih through the blocking
layer during triggering ‘has been decrcased.

Siill another advantage of the device of
this embodiment is that it is more eflicient
than the units previously described in respect
to improved utilization of the emiticr area,
because the ratio of emitler arca to emiiter
perighery is higher in the device of this
embeodiment. It is well known that. in order
to oblain improved performance, the ratio
of emilter area to emitter periphery should
be low in a transistor. However, in a con-
trolled rectifier this situation is reversed.
The reason for this reversal of the desired
ratio of emitter area to emitler periphery is
that in a controlied rectifier the holes which
cross the central blocking layer of the de-
vice will escape to one of the power clec-
trodes if possible, rather than enter the N
emiticr regions. Hence, if a cantrolled recti-
fier or thyristor is made in which the ratio
of emiiter periphery to emitter area is high,
as in transistors, it becomes casicr for the
holes which cross the biocking layer to avoid
the N emitter regions. Thus improved effi-
ciency is obtained in a controlled rectifier
by making a unit in which the ratio of
emitier area to emitier periphery is high.

But another advantage of the device of
this embodiment is that it is more ellicient
than the devices of Examples [1-1V in re-
spect to utilization of the semiconductive
waler. The reason for this is thap the de-
vice of this embodiment has only one gate
contacl, and hence leaves more of the sur-
face arca of the wafler available for the
power electrodes.

Yetr another advantage of the device of
this embodimeny is that the shunt resistance
valucs are uniform from device to device
and stable with respect to time. A high yield
of bidircctional thyristors with controllably
low gale current can be obtained in accord-
ance with this embodiment because the
shunt resistance region is “buried™, as it
were, and is not affected by the processing
steps and ambienis subszquent te the forma-
tion of the device junctions.

The shape of the asymmetric difTused
regions in this embodiment can be varied as
desired.  If the semiconductive body utilized
is square or rectangular in shape, the asym-

‘metric region may for example consist of

a large square adjoining a small square.
Marcover. the asvmmetric regions nced not
have a regular geometric stape. and may be
irrerular in shape. ,

The above examples are by way of illus-
tration only, and not limitation. Other

crystalline semiconductive materials such as
indivin phosphide and silicon carbide may
be utilized, with appropriate acceptors and
donors for each material, The conductivity
types of the various regions shown may be
reversed, so that the central blocking layer
becomes P type instead of N type.

WHAT WE CLAIM IS:—

1. A semiconductor device comprising: a
semiconductive wafer having first and
second opposing major faces; first and
sccond zones of given conductivity type in
said wafer immediately adjacent said first
and sccond major faces respectively; an op-
posite conductivity type zone in said wafer
intermediate said first and second zorcs;
characterized by first and second regions of
¢did opposile conductivity type in said first
zone immediately adjacent said first major
wafer face; at least a third region of said
opposite  conducivity type in said second
zone immediately adjacent said sccond
major wafer face: a first electrode on said
first major face, said first electrode being in
direct contact with said first zone and with
said first region in said first zone; a second
electrode on said ficst major face, said
second electrode being in direct contact with
said first zone and with said second region
in said first zone; a third electrode on said
second major face, said third electrode being
in direct contact with said sccond zone and
with at least said third opposite conductivity
type region in said second zone; said oppo-
sitc conductivity type regions inlercepting
lhcl surface of said wafer at said major faces
only.

Device according to Claim 1 characterized
by a fourth region of opposite conductivity
type in said second zone immediately adja-
cent said second major wafer face. said third
electrode also being in direct contact with
said fourth region. '

3. Device according to Claim 2 charac-
terized in that said first region is of annular
configuration and is located close to the
center of said first major face, an annular
moat is located in said first major face im-
mediately adjacent the outer periphery of
said first region, said second region, is also
of annular configuration and is located
around the outer periphery of said annular
moat, said third region is located in the
central portion of ‘said second zonc and that
said fourth region is of annular conliuration
and located around but spaced from the
outer periphery of said third region.

4. Device according to Claim 3 charac-
terized in that tire depth of said moat is
greater than the thickness of said first and
sccond regions but less than the thickness of
said first zone,

5. Device according to Claim 2 charac-
terized in that said first region is located in
the centra] portion of said first major face,
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dillerenty conductivily zones intercept the
wafer edges.  An additional reason for the
improved blocking capability of the device
of this cxample is that the triggering current
of the device is fairly independent of the re-
sistivity of the blocking layer 86, since the
lateral current path through the blocking
layer during triggering has been deercased.

Still another advantage of the device of
this cmbodiment is that it is more efficient
than the units previously described in respect
to improved utilization of the cmitier arca,
because the ratio of emitier arca to emitter
periphery is higher in the device of this
embodiment. It is well known that. in order
to abtain improved performance, the ratio
of emilter area to emitter periphery should
be low in a transistor. However, in a con-
trolled rectifier this situation is reversed.
The reason for this reversal of the desired
ratio of emitler area to emitier periphery is
that in a controlled rectifier (the holes which
cross the central blacking layer of the de-
vice will escape to onc ol the power clec-
trodes if possible, rather than enter the N
emitler regions. Hence, if a controlled recti-
fier or thyristor is made in which the ratio
of emitter periphery to emitter area is high,
as in transistors, it becomes casicr for the
holes which cross the blocking layer 10 avoid
the N emitter regions. Thus improved cffi-
ciency is obtained in a controlled rectifier
by making a unit in which the ratio of
emilter arca to emitter periphery is high.

But another advantuge of the device of
this embodiment is that it is more cflicient
than the devices of Examples [1-1V in re-
spect to utilization of the semiconductive
wafer. The rcason for this is that the de-
vice of this embodiment has only one gate
contacl, and hence leaves more of the sur-
faco arca of the waler available for the
power clectrodcs.

Yet another advantage of the device of
this embodiment is that the shunt resistance
values are uniform from device to device
and stable with respect to time. A high yield
of bidirectional thyristors with controllably
low gate current can be obtained in accord-
ance with this embodiment because tho
shunt resistance region is “buried™, as it
were, and is not affected by the processing
steps and ambients subsequent to the forma-
tion of the device junctions,

The shape of the asymmetric diffused
regions in this embodiment can be varied as
desired. If the semiconductive body utilized
is square or rectangular in shape, the asym-

‘metric region may for example consist of

a large square adjoining a small square.
Moreover, the asymmetric regions need not
have a regular geometric shape. and may be
irregular in shape. )

The above examples are by way of illus-
tration only, and not limitation. Other

crystalline semiconductive materials such as
indium phosphide and silicon carbide may
be utilized, with appropriatc acceptors and
donors for each material. The conductivity
types of the various regions shown may be
reversed, so thay the central blocking layer
becomes P type instead of N type.

WHAT WE CLAIM IS:—

1. A semiconductor device comprising: a
semiconductive wafer having first and
sccond opposing major faces; first and
sccond zones of given conductivity type in
said wafer immediately adjacent said first
and sccond major faces respectively; an op-
posite conductivity type zone in said wafer
intermediate said first and second Zomcs;
characterized by first and second regions of
sdid opposile conductivity type in said first
zone immediately adjacent said first major
wafer face; at least a third region of said
opposite conducivity type in said sccond
zone immediately adjacent said sccond
major wafer face; a first electrode on said
first major face, said first clectrode being in
direct contact with said first zone and with
said first region in said first zone; a second
electrode on said first major face, said
second elecirode being in direct contact with
said first zone and with said second region
in said firsg zone; a third electrode on said
second major face, said third electrode being
in direct contact with said sccond zone and
with at least said third opposite conductivity
type region in said second zone; said oppo-
sitc conductivity type regions inicrcepting
thc] surface of said wafer at said major faces
only.

Device according to Claim 1 characterized
by a fourth region of opposite conductivity
type in said second zone immediately adja-
cent said second major wafer face, said third
electrode also being in direct contact with
said fourth region. :

3. Device according to Claim 2 charac-
terized in that said first region is of annular
configuration and is located close to the
center of said first major face, an annular
moat is located in said first major face im-
mediately adjacent the outer periphery of
said first region, said second region, is also
of annular configuration and is located
around the outer periphery of said annular
moat, said third region is Jlocated in the
central portion of said second zone and that
said fourth region is of annular confiuration
and located around but spaced from the
outer periphery of said third region.

4. Device according to Claim 3 charac-
terized in that the depth of said moat is
greater than the thickness of said first and
second regions but less than the thickness of
said first zone.

5. Device according to Claim 2 charac-
terized in that said first region is located in
the central portion of said first major face,
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a first annular moat is located in said first
major face immediately adjacent the outer
periphery of said first region, said second
region is also of annular configuration and
is located around the outer periphery ol said
first moat but spaced thercfrom, a second
annular moat is also located in said first
zone around the outer. periphery of said
second region, said third region is Jocated
close to the central portion of said sccond
zone, said fourth rcgion is of annular con-
figuration and located around but spaced
from the outer periphery of said third region
and that a connection is provided bciween
said first region and the portion of said first
major face Tocated between the outer peri-
phery of said sccond moat and the periphery
of said wafer.

6. Device according to Claim 2 charac-
terized in that said wafer also has first and
sccond opposing sides, said first region is
adjacent and paralle] to said first side but
spaced therefrom and has an inner and an
outer edge, said second region is adjacent
and parallel to said second side but spaced
therefrom and has an inner edge and an
outer edge, a first moat is located in said first

zone parallel to said first 4:&% and immedi-
ately adjacent to the inner edge of said first
region, a second moat is located: in said first
zong parallel to said second side and im-
mediately adjacent the outer cdge of said
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second region, said third region is located .

adjacent and parallel to said first side but
spaced thercfrom, and said fourth region is
located adjacent and_parallel to said second
sidz but spaced therefrom.

7. Device according to Claim 1 charac-
terized in that said sccond region is smaller
than said first region and spaced therefrom
by a portion of said first zone, an annular
moat is located in said first major face
around the periphery of said seccond region
and said portion of said first zone.

8. A semiconductor device substantially
as herein described with reference to any
one of Figures 1, 2, 3,4 or §.

MATTHEWS, HADDAN & CO.,

QOhartered Patent Agents,
31-32 Bedford Street,
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