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COMPLETE SPECIFICATION 

s~miconduc(or switching devices 

We, RADIO CORPORATION OF AMERICA, a 
Corporation organized under the laws of the 
State of Delaware, United States of America, 
of 30. Rockefeller Plaza. City and State of 

S New York. Uni,led States of America. do 
hereby clcclarc the invention, for which we 
pray that a pa1cnt may be granted 10 us. 
and the method by which it is to be per­
formed, to be particularly described in and 

10 by the following statemcnt:-

the anode is poled positive and the cathode 
poled negative. 

In order to provide. devices which can be 45 
switched, by a signal current of either polar-
ity. from nonconducting to conducting in 
either direction. more complex units have 
been made comprising a semiconductive 
body or wafer with five zones or regions of 50 
alternately different conductivity types in 

This invention relates to improved semi-·· 
·conductor devices, and more particularly. to 
improved three-terminal semiconductor de­
vices which can be triggered 10 switch from 

an NPNPN configuration. These devices, 
which may be termed bidirectional thyris­
tors, have four rectifying barriers or PN 
junctions between the five zones, and three SS 
electrodes or terminals. See for example 
Gentry ct al "nTDlRECTIONAL TRIODE 
P-N-P-N SWITCHES", Proc. IEEE, April 
1965, pp. 355-369. Although devices of 
this type have been fabricated, improvement 60 
is desirable in several respects. For example. 
one region of the bidirectional thyristcr 
serves as a resistor to govern the trigger 
current which is applied to the gate or 
control electrode. In prior art bidirectional 65 
thyris·tors, this resistance region is so located 
that after it is formed in the scmiconductive 
body of the device. its electrical resistance 
value (termed the shunt resistance) may be 
affected by subsequent processing steps such 70 
as exposure to ctchants or to ambient atmo­
spheres. Moreover, in prior art bidirectional 
thvristors. four or more of the different con­
ductivity type regions of the device arc ex­
p:-i~ed at the edges of the semiconductor 75 
body, making the device unduly sensitive to 
surface leakage currents. Furthermore. in 

15 the non-conducting stating to the conducting 
state by the application of a sir.naJ current 
be.fween the device terminals, and which can 
he blocking or conducting in either direction. 

One type of semiconductor device. such as 
20 the type disclosed in U.S. Patent 3.124.703 

issued on March JO, 1964 to T. P. Sylvan is 
made of a scmiconductive hody with four 
mncs or layers of alternately different con­
ductivity types in a. PNPN configuration; 

25 three rectifying barriers or PN junctions 
between the four zones; and electrodes 
attached Lo '1.hree of the four zones. One 
device elect rode is attached to 1he outer N 
type region, and may he called the device 

30 cathode: another device electrode is attached 
to the nufer 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 

35 the inner P type region adjacent the cathode. 
Devices of this type arc known as controlled 
rectifiers. or as thyristors. and, by the appli­
c<1tion of a lnw voltage. low current pulse 
between the gale and the cathode. can be 

40 switched from nonconducting to conducting 
between the anode and the• cathode in one 
direction only. i.e., that direction in which 

[Price 4s. 6d.) · 

·r·~ · ..•. ;,... ~ .,·,,. 

. prior art bidirectional thyristors the rela­
tively large semiconductive body which is 
employed is not efficiently utilized. In addi- 80 
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 subslantially identical in all 
modes of operation. 

The prcs1.:nt invention will now he de­
S ~ciih,·d in cnnjunction with the accompany­

ing drawings. in which: 
r:JGURE I is a fragmentary. partly cross­

scctiPnal view of a semiconductor device 
according to a first embodiment of the in­

IO vention; 
FIGURE 2 is a fragmentary, partly cross­

sectional view of a semiconductor device 
according to a second embo4iment; 

FIGURE 3 is a fragmentary, partly cross­
lS sectional 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; 

20 FIGURE 5 is a cross-sectional view of a 
semiconductor device according to a fifth 
embcdiment: 

FIGURES 6a and 6b are plan views of the 
lower and upper races respectively of the 

25 device of FIGURE 5 at one stage in the 
fabrication of the device: 

FIGURE 6c is a plan view of the upper 
face of the device of FIGURE 5 at a later 
stap:c in the fabrication of -the device; 

30 FIGURES 7a-7d arc schematic views 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 
35 against voltage ror a bidirectional thyristor: 

and. 
FIGURE 9 is a cross-sectional view of a 

prior art bidirectional thyristor. 
The relation of prior art bidirectional 

40 thyristors to prior art transistors and prior 
art unidirectional thyristors, such as con­
trolled rectifiers, is shown in flGURES 
7a-7d. 

A conventional NPN transistor (PJGURE 
45 7a) has an N type emitter region adjacent 

one 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 
ba<;c region. Emitter, base. and collector 

.SO electrodes arc generally metallic masses 
attached to the emitter. base and collector 
rePions. The emiller, base and collector 
Jc;1cls arc electrical lead wires attached to the 
emitter. base and collector electrodes re-

55 spectively. 
A conventional 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 

60 arc P tvne. while the base region between 
them is ·N type. 

The device known as the controlled recti­
fier or thyristor (FrGUR E 7c) is. as men­
tioned above. a single semicnnductive body 

6S with four different conductivity type zones 

and three PN junctions between the four 
zones. 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 transi~tor con- 70 
ncctcd with a PNP transistor so that the P 
type base of the NPN unit is connected to, 
or in common with. the P type emitter of 
the PNP transistor, while the N type collec-
tor of the NPN transistor is connected to 75 
or in common with, the N type ba~e of the 
PNP transistor. This common N type por­
tion, wh:ch is a single zone or region in an 
actual device. docs not have an electrode 
attached to it. and is known as the blocking 80 
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 exceeds unity. The 85 
device then becomes conductive in the for­
ward direction only, ithat is. the direction in 
which the electrons flow from the N type 
region labeled " cathode region " to the P 
type region labeled " anode region ". while 90 
the current flow is in the opposite direction. 
The electrical characteristics or a thyristor 
are in some respects similar to 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- lOO 
TRON DEVICES. January 1958. 

The bidirectional thyristor (FIGURE 7d) 
is a single scmiconductive body with five 
dilTcrent 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 I IO 
common) with three zones of the second 
thyristor. The one zone of the device which 
docs not have anv electrode attached is 
known as the blocking layer. 

Jn the devices of FIGURES 7a-7c. each 115 
device electrode is a metallic mass in con-
tact with a single region of one conductivity 
type. Jn contrast. in the bidirectional thyris-
tor (FIGURE 7d) each device electrode is a 
metallic mass in contact with two adjoining 120 
zones or regions of oppasitc conductivity 
type. and hence may be termed a bipolar 
electrode. 

The electrical characteristics of a bi­
directional thvristor arc illmtrated bv the 125 
current vs. volta.ve (T-V) c1rvc in FIGURE 
R. Consider the portion ".f the curve .in the 
upper right hand. or fi-st. qu:idrant. At 
zero ga·te bias. the ap111ic1tion of a voltage 
across the power electrodes of the device 130 
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rcsull ~ in a very slow increase in out rat 
current. as indicated hy lhc shallow pnsitivc 
slope or the curve lcgendcd "/\". In this 
",\ .. port ion or the curve. the device is in 

S the nonconducting slate. When the apj1lictl 
voltage reaches a particular value known 
as the brcakovcr voltage V 11 • there is a 
transient negative resistance region in the 
1-V curuvc. which is shown as a clashed line 

10 Jcgcnclcd "B". The device then becomes 
conducting. and the output current increases 
~harply with applied voltage. as shown by 
the ~tccp positive slope or portion "C' or 
the cu;vc. The output current when the 

15 devic~ becomes conductive is known as the 
holding current In. The device will remain 
in the conductive state as long as the output 
current is greater than the holding current, 
but will switch to the nonconducting state 

20 if 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 generally symmetrical with respect tc 
the portion in the first quadrant. the polarity 

25 of the applied voltage and the polarity or the 
output current and the slopes of 1he com­
para blc portions of the 1-V curve being re­
versed. In both quadrants. the application 
of a low voltage low current pulse of either 

30 polarity between the gate electrode and the 
first power electrode switches tl1e device 
from the nonconducting state to the conduct­
ing state in either direction. 

The structure of a prior art bidirecl ion al 
35 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 
ex.posed at the· edges of the scmiconductive 

40 body, there by undesirably increasing the 
surface leakage currents of the unit. More­
over. the shunt resistance values of ·1hese 
prior an devices are not as stable with time 
or as uniform from device to device as is 

45 desirable. 
EXAMPLE I 

A scmiconductivc device IO (FIGURE I) 
according to a first embodiment of the in­
vention comprises a crvstalline scmiconduc-

50 live body I I having "two opposing major 
faces 12 and 13. two Z<lncs 14 and 15 of 
_given cnncluctivity type immediately ad­
jacent ma_jor faces 12 and 13 respectively.' 
and a Z<lne Hi of opposite conductivity type 

55 intermediate ,<;aid two given type zones. The 
precise size. shape. composition and con­
ductivity or scmiconcluctive body 11 arc not 
critical. Conveniently. scrniconcluetive hncly 
11 consist~ of N tyJlC monocrystallinc silicon. 

60 has a resistivity of about 8 ohm-cm. and is 
in the form of a disc about 130 mils in dia­
meter. and about 8 mils thick. The two P 
tVJlC zones or regions 14 and 15 arc formed 
in wafer 11 adjacent ma_jor faces 12 and 13 

65 resJlCctively by standard methods of the art, 

for example by <.filrusing an acccplor such 
as a boron compound, e.g .. boric oxide, into 
the major wafer face<; 12 and 13. /.ones 14 
and 15 arc conveniently each ahout. '.:!.0 
mils thick. 70 

Advantageously. a thin p;lrtion or each 
P typ..:: zone immediately adjacent cad1 
majGr wafer face is more heavily doped than 
the remainder of said P type zone, and hence 
has a low resistivity. Hereinafter. heavily 75 
doped low resistivity P type regions are 
designated P+ regions, and heavily doped 
low resistivity N type regions arc designated 
as N + regions. Such heavily doped low 
rcsi~tivity surlacc portions of the Lwo warGr 80 
ZGnes are readily formed by an additional 
diffusion step. Jn this example, one such 
heavily doped low resistivity P+ type por­
tiGns 14' of P type zone 14 is formed 
as an annular region immediately adjacent 85 
wafer face I 2. and close to, but spaced rrom, 
the periphery of wafer face 12. Con­
veniently, the P+ region 14' is about 0.8 
mils thick, has an outer diameter of about 
110 mils, and has' an inner diameter of about 90 
80 mils. At the same time. an annular P+ 
region 15' is formed in zone 15 immediately 
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 95 
diameter of about 40 mils. Suitably. the 
outer diameter of P + region or portion 15' 
is about cqua 1 to the inner diameter of the 
P+ region 14'. The P+ portions 14' and · 
15' do not extend to the wafer edges. and 100 
arc exposed 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 lOS 
device. 

The remaining or central portion 16 of 
wafer 11 consists of the original N type 
silicon of ·the wafer. A rectifying barrier 17 
is formed at the boundary between P type 110 
zone 14 and the central N type portion or 
zone 16. Another rectifying barrier 18 is 
formed at the bounary between the P type 
zone 15 and the central N type zone 16. 

Heavily eloped given conductivity type 115 
regions of low resistivity arc now formed in 
the opposite tyre surface zones 14 and 15 
by standard techniques. Jn one method prc­
determ incd portions of major faces 12 and 
13 arc masked. for example by standard 120 
photolithographic techniques of the art. The 
silicon wafer 11 is then heated in the v:ipnrs 
of a substance such as phosphorus pcnloxidc. 
which is a donor in the semiconductivc body 
11. A plurality of phosphoru~-clopcd N + 125 
tvne regions arc thus formed in the boron­
doncd P type zones 14 and 15 immediately 
adjacent wafer faces 12 and 13 respectively. 
A first N + type diffused region 19 thus 
formed is in the central portion of P type 130 
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4 1,141,103 1 ;.1 
zon~s 15 immediately adjacent wafer face 
13. /\ second N + type diffused reginn 20 
imnwdiatclv adjacent wafer face 13 i:; formed 
in P type zone 15 around the periphery of 

S regiPn 19 but spaced therefrom, and is 
annular in shape. The N + region 20 may be 
disposed just outwardly of the P+ region 
J 5'. Third and fourth diffused N + type re­
gir.ns 22 and 23 which arc also annular in 

10 shape arc formed in P type zone 14 
immediately adjacent wafer lace 12. The 
thic.:krwss of all these diffused regions is less 
than the thickness of P type zones 14 and J 5 
and is convcntionaly about 0.8 mils. 

15 The N + type regions 22 and 23 in zone 
14 arc conveniently fabricated by first form­
ing a single wide annular N + type region in 
zunc I 4. Conventional masking and etching 
methods of the art, such a~ photolithographie 

20 techniques, are employed to form an annular 
groove or moat 21 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 deep enough to 
divide the N + diffused region adjacent 
wafer face 12 into two annular or ring­
shapcd regions; a smaller region 22 near the 

30 cen.tcr ?f wafer I I, and a larger region 23 
whrch 1s around the outer periphery of re­
gion 22, but spaced therefrom by the moat 
21. The moat 21 is immediately adjacent the 
outer periphery of region 22 and the inner 

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

Next, conductive electrodes are formed 
on Che device. A mass or layer of a con-

40 ductive_ metal or alloy is deposited by any 
convcm~nt method, such as by evaporation 
or plating, on selected portions of major 
wafer faces 12 and 13. One such metallic 
mass 24 on the central portion of wafer 

45 face 12 extends to the outer peri phcry of 
!he annu!ar N + type region 22 and the 
inner ix:nphery of moat 21. The metallic 
!11as.~ 24 serves as the gate electrode. and is 
m ~hrect contact wilh both a P type wafer 

SO regron (the center o!' P type zone 14) and 
an N type wafer regron (the annular rcgicrn 
22). 

Another metallic mass 25 is deposited as 
an annul.us on wafer face 12 hctween the 

SS outer r,cnphery of mf!i~t 2 I and the pcri phery 
of wafer face 12. I he metallic mass 25 
s~rvcs as t.he. first. pnwer electrode of the de­
v1cc. and 1s m drrcct contact with both the 
ann1!Jar N type region 23 and the peripheral 

60 portlO'n of the P type zone 14. 

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

type zone 15, as well as with the N + type 65 
diffused regions I 9 and 20. 

To complete the device, an electrical lead 
wire 27 is attached to the first power elec­
trode 25 by any convenient method. such as 
thcnnocomprcssion or ultrasonic bonding. 7(} 
Another electrical lead wire 28 is similarly 
attached to the gate electrode 24. The sub­
sequent steps of mounting the device with 
the power electrode 26 down on a metallic 
header, and encapsulating and casing the de- 7S 
vice, arc accomplished by standard methods 
of the art, and need not be described here. 

When the device of this example is opcrat­
in~ in the first quadrant of the 1-V graph 
(HGURE 8), the N + type region 23 injects 80 
electrons toward the blocking layer 16. and 
is known as the 'first quadrant N emitter. 
while that portion of P type zone 15 which 
is between the N + type regions 19 and 20 
injec~ holes toward the block in~ layer I 6, 85 
and 1s known as the first quadrant P emitter . 
When the device is operating in the third 
quadrant, then N + type region 20 injects 
7lcctrons toward the blocking layer 16, and 
is ~nown as the third quadrant N emitter, 90 
y.-hrle that portion of P type zone 14 which 
1s between N + type region 23 and the 
outer periphery of zone 14 injects holes 
toward the blocking layer 16, and is known 
as the third quadrant P emitter. 95 

In the operation of the device with a 
positive gal~ bias, the wafer region indicated 
by the bracket 29, which consists of the p::ir­
t1on of the P type zone l4 under the annular 
f"! type region 23, serves as the shunt re- 100 
s1stance: When t~e device is operated with 
a negative gate bias, the wafer region indi­
cated by ~he bracket 29', which consists 
of the part1on of P type zone 14 under the 
annular N + type region 22, serves 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 flCross 
the region reaches a particular value the 110 

·emission of electrons from one of the' N +. 
emitters into the blocking layer begins, and 
thus switches the device to the " ON '' 
or conductive state. Since the shunt resistance 
thus determines the value of gate . current 115 . 
at which switching of the device occurs, it is 
important that the shunt resistance he stable 
with time, and be uniform from device to 
device. 

A feature of the device is that the shunt 120 
resistance regions therein arc not affected by 
sub:.cquent processing steps, such as cx­
po~ure ~o etchants .. Improved ~tability and 
u111form1ty of electrical parameters are thus 
obtained. 125 · 

Another feature of the device is that only 
three different conductivity type zones or 
regions are exposed at the edges of the 
semiconductive wafer or body. The exposed 
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wncs al the wafer edges consist of a cc·ntrnl 
z1:11c nl' gi\'cn comiuctivity type, and two 
!1ppnsitc rnnuuctivily type zones adjoining 
1111.: two oppnsing major faces .respectively 

5 of the waler. As a result of this structure, 
1he surface leakage currents which tend to 
degrade device performance arc minimited. 
<. 1;111parahlc prior art devices have four or 
more different conductivity type regions cx-

lO posed at the edges of the scmiconductive 
body, and hence have more surface leak.­
age currents than the device described 
herein. 

1 he devices o[ this example can be 
lS switched or triggered from the nonconduct­

ing stale of the conducting state by the 
application of a low current, low voltage 
pulse of either polarity applied between tile 
first power electrode and the gate or control 

20 electrode. The triggering voltage required 
for this purpose may be as little as two to 
three volts. In the devices of the following 
examples. the triggering voltage required is 
even lc..._s, b.::ing reduced to about 0.8 to 1.5 

2S volts. 
EX AM/>LI~ II 

The bidirectional thyristor 30 (FIGURE 
2) of this example comprises a monocrystal· 
line scmiconductive body of wafer 31 hav· 

30 ing two opposing major faces 32 and 33. 
The precise size, shape and composition of 
scmiconductivc body 31 arc not critical. 
The semiconductive body 31 may be <lisc­
shape<l, as in the previous example, and may 

35 consist of N type silicon-germanium alloy. 
Two P type zones or regions 34 and 35 
arc _formed in body 31 immediately adjacent 
ma1or faces 32 and 33 respeclively. Zones 
3~ and 35 '!1ay be formed by diffusion tech-

40 mques as in Example I. or by epitaxial 
growth of P type semiconductive layers on 
an N type semiconductive substrate. An 
annular surface portion 34' of zone 34 is 
n.-.:1clc P

1
+ ty p.:. and ~n annular surface por-

45 11,on 35. of zone ~5 is also made P+ type. 
. Conveniently portions 34' and 35' arc simul­
' , tm;:ously made P+ bv an adi<ltional diffu­
-;_ .. sior1 step, The central portion or zone 36 of 

waicr 31 whiclt is intermediate zones 34 
50 a11cl. 35, con..;ids of the original N type 

~;,·n11c<~nd11dor. !{edifying harriers 37 and 
.rn arc (ornwd al the boundaries between p 
type zones 34 and 35 respectively and the 
central N type zone 36. 

SS Predetermined portions of major wafer 
faces 32 and 33 arc 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 + type regions in the 

60 P type zones 34 and 35. A first annular 
N + type region 39 is formed close to the 
center of P type zone 35, and immediately 
adjacent wafer face 33. A second annular 
N + type region 40 is formed in P type 

65 zone 35 immediately adjacent wafer face 33 

and around the outer periphery o[ region 31) 
hut spaced thercrrom. Region . 40 is mad<! 
n<im.wcr than region 39. A third diffused 
;'-.I+ r.gion 41 is formed in the P type 
11,n( ,1,:f. immediately adjacent wafer face 70 
·'~- and in the central portion thereof. A 
l'nurth diffused N + type region 42 is formed 
in P type zone 34 around the outer peri­
phery r.f region 41 but spaced therefrom, and 
is annular in shape. As in example I, the 75 
diffused N + regions 39-42 are thinner than 
P type zones 34 and 35. Conveniently the 
width o[ the various diffused regions is 
selected so that the inner periphery of 
annular region 39 is beneath the outer pcri- 80 
phery l'I' n:gion 41; the outer periphery of 
region 39 is beneath the inner periphery of 
region 42; and the inner periphery of rc­
gir;n 40 is beneath the outer periphery of 
region 42. 85 

Standard photolithographie masking and 
ckhing methods of the art arc employed to 
cut a tirst annular moat or trough 43 into a 
wafer face 32 immediately adjacent the peri­
phery of N + type .region 41, and a second 90 
annular 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 zone 34, but more than the thickness 95 
of the diffused regions 39-42. The exact 

. width of moats 43 and 44 is not critical. and 
may for example be about 5 mils in this 
example. 

A mass or layer of a conductive metal IOO 
or alloy is deposited by evaporation on 
selected areas of major wafer faces 32 and 
33. One such metallic mass 45 on the central 
portion of wafer face 32 is over the central 
N + type region 41 within the moat 43. A 105 
second 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 
metallic mass 46, which serves as the first I IO 
power electrode of the device, is thus in 
direct 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 
exlend~ from close to the outer periphery 115 
o( moat 44 to close to the outer periphery 
of' wal'cr face 32. 
~not her metallic mass or layer 26 is de­

pos~tcd on wafer face 33. The metallic mass 
26 is the second power electrode. of the de- 120 
vice, and is in direct contact with the P type 
h~yer 35, as well as with the N + type rc-
1!1ons 39 and 40. The metallic electrodes 45-
47 and 26 n:iay, for example, b~ deposited 
bv. evaporation, and may consist of alu- 125 
11111rn111 or gold . 

To complete the d~vice, an electrical lead 
wire 27 is attached to the first power elec­
trode 46 by a-ny convenient method. Another 
electrical lead wire 48 is attached by means 130 
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of a U-shapcd terminal p;1rtion 10 h()th the 
central declrode 45 and the peripheral 
eleclrude 47 on wafer race 32. The suh­
scqucnl steps of mounting the device with 

S power electrode 26 down on a metallic 
header. and casing the device, arc accom­
plished by standard methods of the art. imd 
need 111··t be described here. 

Jn the operation of the device. the region 
IO 49, which consi~ts of the portion of P ty"pc 

Z<illC 34 under the annular N + type region 
42. scrves as t:1e shunt resistance region for 
either gate bias. The value of the shunt re­
sistance is stable, and is not affected by 

IS the prr;<.·essing of the semiconductive wafer 
31 after the various regions arc formed. 
l\'i11reuvl·r. only three different device regions 
(zones 34. 35 and 36) and only the two 
rcclifying barriers or PN junctions between 

20 said tlncc regions. arc exposed at the edges 
of the scmil:nnduclive wafer 31, thus mini­
mizing suriaec lc<1kage currents. 

The ptiwer electrodes 26 and 46 of this 
example arc clearly bipolar electrodes. since 

25 each is in direct contact with P type and N 
type portions of the scmiconductive wafer 
31. Electrode 45 is in direct .contact with 
only the N + type region 41, and electrode 
47 is in direct contact with only the P type 

30 zone 34. but since e!ectrodes 45 and 47 
arc connected by the single gate or control 
lead 48. the gate lead is clkctivcly bipolar. 

EXAMPLC: Ill 
The device 50 (FIGURE 3) of this cx-

35 ample is in some respects similar to that 
of Examp!e I, and comprises a disc-shaped 
monocrystalline .scmiconductivc body or 
wafer 11 having two major faces 12 and I 3. 
The semic.mductivc wafer 11 has two P typ~ 

40 zones 14 a-nd 15 immediately adjacent wafer 
faces J 2 and 13 respectively; two annular 
P+ p:·:rtions 14' and 15' in zones 14 and 
15 rcsp~ctivcly immediately adjacent wafer 
face 12 and 13 respcctive~y; and a central 

45 N type zone 16 between zones 14 and 15. 
Two r-n junctions 17 and 18 arc formed at 
the boundaries between the central N type 
zone 16 and the two P type zones 14 and 
15 respectively. 

50 Standard masking and difTusing tech-
niques arc employed to form a plurality 
of N + ty .. e regions in P type zones I 4 and 
15. A first N + ty pc region 19 is formed in 
tl~c ccniral portion of P type zone 15 

55 immediately adjacent wafer face 13. A 
s:cond N -1- typ~ re;_~ir.n 20 is formed in P 
type znn~ 15 near th:: periphery thereof. and 
is annular in .~hare. Rcginn 20 is around the 
pcri nhcr.v of region 15, but spaced t hcrefrom. 

60 A third N + type region 51 is fcrmcd in P 
type .,or,~ 14 adiaccnl wafer face 12 near the 
center thcP·nf. I\ fourth N + type region 
52 is forn~cd in 7 r>ne 14 near the pcri phery 
thereof. Regions 51 and 52 arc bnth annular 

65 in shape. hut region 51 i.~ wider than region 

---········---
52. Photolithographic masking and etching 
techniques are employed to form in wafer .. 
fac:: I 2 a first annular moat 53 around and 
immediately adjacent the inner periphery 
or annular region 51, and a second annular 70 
moat 54 around and immediately adj<1cent 
the inner periphery of N tyre annular re­
gion 52. Moat 54 is spaced from the outer 
p:rir-hery of region 51. As in the previous 
examples, the depth of the moats (53 and 54) 75 
is a little greater than the thickness of the 
diffused regions (51 aud 52), but less than 
the thickness of the P type zone l4. 

A mass or layer of a conductive metal 
such as aluminum or the like is deposited on 80 
sd,~ctcd portions of wnfcr faces 12 and 13. 
A first metallic mass or layer 26 cnvers 
major face 13. and is in direct contact with 
P type zone 15. as well ;1s N + type regions 
l<J and 20. A second metallic mass or layer 8S 
55 covers a small central portion of wafer 
face J 2 within the moat 53, and is in direct 
contact with P type zone 14. A third metallic 
mass 56 which serves as the first power 
elcctrcdc is in the form of an annulus 90 
m ring on wafer face I 2 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 un wafer face 12 95 
mound the outer periphery of clcctrndc 56, 
hut spaced therefrom by the moat 54. 

To complete the device. an electrical lead 
wire 27 is attached to the first power 
electrode 56 by any convenient method. An- 100 
<1ther electrical lead wire 58 is attached 
hv means of a U-shaped terminal portion to 
both the central electrode 55 and the peri­
pheral electrode 57 on wafer face 12, and 
serves as the gate lead. The subsequent I05 
st~ps of mounting the device with power 
electrode 26 down on a metallic header, and 
casing the device, are accomplished by 
slandard methods of the art. 

Tn the device 50 of this example, the shunt 110 
rcsi'.>tanc~ is the resistance of the portion 
59 of zone 14 beneath the N + diffused 
rc,11ion 51. As in . the previous embodi­
ments, the shunt resistance value is 
slahle, and is not affected by the processing 115 
of the semiconcluctive wafer 11. Moreover 
0:1ly three different device regions are ex­
posed at the edges of the scmicomluctive 
wafer 11, thus minimizing surface leakage 
currents. 120 

EXAMPLE IV 
Jn the previous examples. the scmicon­

cluctive body employed was disc-shaped. 
The precise shape of the scmicond11ctive 
hocly is not critical. and may. for example, 125 
be a parallelepiped. as in this example. 

The bidirectional thyristor 60 <FIGURE 
4) of this example comprises a given con­
ductivity type semiconductive wafer 61 hav-
ing two opposing major faces 62 and 63, 130 
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and two opposite conductivity type zones 64 
and 65 adjacent wafer faces 62 and <d re­
·•pcrtivdy. In this example. scmiconduc­
iive wafer 6l is about 110 mils long, 70 mils 

5 wide. and 9 mils thick. W<1fcr 61 may cn11-

sisl of a crystalline elemental semiconductor 

such as germanium or silicon, or a crystal­

line compound semiconduclnr such as gal­

limn arsenide. 
IO Wafer 61 may be of either conductivity 

type. For convenience in comparin!! \Vafcr 

<>I with the devices of previous examples. 
it will be described in tcnns of an N type 
hody having a layered structure. with two 

15 P Lypc zones 64 and 65 immediately ad­
jacent wafer faces 62 and 63 respectively. 

Two r+ rcS?ions 64' and 65' arc formed in 
:wncs 64 a~1d 65 respectively immediately 

adjacent wafer races 62 and 63 respectively. 

20 Zones 64 and 65 arc separated by e1 ccntrnl 
N type zn11t~ 66, which is the original N type 
body of wafer 61. Two rectifying .barriers 
or PN j11111:tions 67 and (18 arc formed al 

· the boui1d:1rics between N type central zone 

25 66 ~11Hl the lwo P type surface zones 64 and 
65 respectively. 

Four N + type regions 69, 70, 7t and 72 

are formed by masking portions of wafer 

faces 62 and 63. and diffusing a suitable 

30 donor into the unmasked portions thereof. 

When the wafer consists of gallium arseni<le 

the donor may be sulfur. selenium. or tel­
lurium. The Lime and temperature of the 

diffusion step is controlled so that the thick-

35 ncss of e<1ch of the four diffused regions is 

less 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 zone 65 may for ex-

40 ample he rectangular. with the long a:o<is of 

each region running parallel to the length 

or long axis or scmiconductive body 61. 

Thus region 69 is adjacent and parallel 
to the Ii rst wafer side. but spaced therefrom. 

45 while region 70 is adjacent :md parallel to 

the second wafer side, but spaced therefrom. 

One diffused region 69 is made wider than 

the other diffused region 70. Jn zone 64 

two diffused regions 71 and 72 arc formed 

50 immediately adjacent wafer face 62. The 
thickness of the diffused regions 71 and 72. 

which arc N + type in this example. is Jes.~ 

than the thickness of P type zone 64. The 

shape of regions 71 and 72 may also he 

55 rect,mgular. wilh the long axis of each region 

parallel to lhe long axis of semiconductor 

· body 61. Thus region 71 is .adjacent and 

parallel to the first wafer side hut spaced 

therefrom, while region 72 is adjacent and 

60 par.allel to the second wafer side hut spaced 

therefrom. The diffused regions 71 and 72 

do not emerge al either the end or the side 
·surfaces of the wafer 61, and one diffused 
region 72 is wider than the other diffused 

65 region 71. The length of diffused regions 

69 and 70 is made less than the length of 

the wafer, so that these regions do not int~r­

cepl either the ends or the sides or semi-. 
Clrnductive wafer 61. Conveniently the outer 

edge of region 69 is beneath the inner edge 70 
of region 71; the inner edge of region 69 is 

beneath the inner edge of region 72; and 

the it<ner edge of region 70 is beneath the 

ourcr edge of region 72. 
Standard masking and etching techniques 75 

arc used to cut two moats or troughs 73 and 

74 in wafer face 62. Suitably. moats 73 and 
74 arc each about 5 mils wide. and extend 
along the entire length of semiconductive 

wafer 61. The depth of moats 73 and 74 80 
is a little more than the thickness of the 

diffused regions 71 and 72. but lcs.~ thnn 
tile thickness or r type zone 64. l\foat 73 

is i mmediatcly adjacent the inner edge of 

the diffused region 71. and lies bl·tween 85 

region 71 and the center of scmiconducl ivc 
body 61. Moat 74 is irnrnccliatcly mljacenl 
the 011Ll·r edge of diffused region 72. i.e .. 

moat 74 is on the side o[ region 72 which 

is remote from region 71. 90 
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

posited on wafer face 62 so as to cover only 95 

the diffused region 71. Another device elec­
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 100 

wafer face 62 so as to cover only the 12or-
tion of said face between moat 74 and the 

adjacent edge of the semiconcluctive wafer 

61. As in Examples II-IV. the two elec­
trodes which arc attached to regions of nnlv IOS 

one conductivity type, i.e .. electrodes 75 ani.I 

77 in this embodiment. arc connected hy 

means of an electrical lead wire 78 which 
has a U-shapcd terminal portion, one leg of 

the U being attached to electrode 75 and the l JO 
other leg to electrode 77. An electrical lead 

wire 27 is attached to electrode 76. which 

serves as the first power electrode of the 

device. A metallic layer or mass 79 covcr-
inr, major wafer face 63 serves as the second 115 
power electrode of the unit. 

The device of this embodiment has several 
of the features previously mentioned in con­
nection with the devices of FIGURES t-3. 
The shunt resistance region of the device, 120 
\.vhich is the portion of P type zone 64 be­
neath N + diffused region 72, is not affected 
by Lhe processing steps, since very little of 

this region is exposed to the action of am­
bients and ctchants. Moreover. the surface 125 
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. 130 
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EXAkll'f,E V 

The device next described has all !he ad­
vantages of the previous unit~. including 
stable shunt resistance values. low surface 

S lcakag-\! currents, and low triggering volt­
ages. but in addition includes more cllicicnt 
utili1ation of the scmiconductive \vafcr. and 
hence is the prcscnlly preferred cmhmli­
mcnl. 

10 The semiconductivc bidirectional thyristor 
80 (i·"JGURE 5) of this example comprises 
a given conductivity type scmiconductive 
body or wafer 81 having two opposing major 
faces 82 and 83. The precise size. shape. 

15 and composition of semi-conductive wal'cr 
81 is not critical. In this example. serni­
conductivc wafer 81 is disc-shaped. about 
130 mils in diameter, about 8 lo IO mils 
thick. and consists of N conductivity type 

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

Two opposite conductivity typi; surface 
zones 84 and 85 (which arc P type in this 
example) arc formed in wafer 81 immedi-

25 ately adjacent wafer faces 82 and 83 respec­
tively by diffusion of a conductivity modilicr 
such as boron into the major wafer faces. 
The P type zones 84 and 85 arc separated 
by a central zone 86, which consists of the 

30 original N type bulk of wafer 81. Advan­
tageously. the concentration of tl1c modifier 
is made greater in the legendcd portions 84' 
and 85' of zones 84 and 85 respectively by 
means of an additional diffusion step. For 

35 this reason, portions 84' and 85' of zones 
84 and 85 have been lcgendcd P+ in the 
drawing, indicating heavy doping and high 
P t~pe conductivity, while the remaining 
9orl1(ms of these zones arc labeled r. indi-

40 eating lighter doping and lower P type con­
. ductivity in these remaining portions. Alter­

natively. P type zones 84 and 85 may he 
. formed by epitaxial growth on an N type 

wafer. Jn either case. rectifying barriers 87 
4S and 88 arc formed at the boundaries be­

tween the central N type zone 86 and the 
P type surface zones 84 and 85 respectively. 

Portions of major faces 82 and 83 arc 
mac;kcd, and a conductivity mndilic;· cap-

50 able of inducing the original conductivity 
type of the wafer is diffused into the un­
masked portions of zones 84 and 85 lo form 
heavily doped low resistivity rcr,ions. In 
this example. since the original conductivity 

55 type of wafer 81 wns N type. the conduc­
tivity modifier employed is a donor such as 
phosphorus pcntoxicle. The precise sin~ and 
shape nf the N-1· tliff11scd rc,1dnns thus 
formed imnwdiatdy adjacent wakr fan"> in 

60 and HJ i•; nol crilical. hut prder:1hly lht· dif­
l'll~l'd rq 1_io11.~ arc formed in lhc low n111-
d11c1ivily or J>+ portion of each P type zcme 
84 and 8.5: and each of the diffir~t·cl regions 
is asymmetric. that is may he tkscrihcd as 

65 having a large area end and a small area 

end, or as comprnang a large portion or 
Jobe and a small portion or lobe centrally 
joined. 

One phosphorus-dilTused N + type region 
thus lormed in wafer face 83 is shown in the 70 
plan view of I;lGURE 6a, and co11sists of a 
large area diffused region 89. which in this 
example is a semicircle on a dia1m:tcr 110 
mils long. and a small area diffused region 
90. which in lltis example is a semicircle 75 
on a diameter of 50 mils. The two semi­
circles have the same center and their dia­
meters the same straight line. but arc on 
opposite sides of the line. Rcgil>llS 89 and 
90 arc about 0.8 mils thick. and thus arc 80 
thinner than P type zone 85. which is about 
2 mils thick in this example. 

The asymmetric phosphorus-diffused N + 
region formed in the wafer face 82 is shown 
in plan view in F1GURE 6b. The region 85 
consists of a large area portion 91 joined 
to a small area portion or region 92. How­
ever, the large area diffused region 91 in 
wafer face 82 lies over the small area dif­
fused region 90 in wafer face 83, while the 9() 
small area dilTuscd region 92 in w<11'cr face 
82 lies over the large area diffused region 
89 in wafer face 83. Jn this example. the 
large area diffused region 91 is also a semi­
circle on a diameter I JO mils long. while 95 
the small area region 92 is a semicircle on 
a 38 mil diameter. The two semicircles 91 
and 92 have a common center. and lie on 
opposite sides of the same straight line. 
Region 91 differs from region 89 in that a IOO 
small central portion 93 of region 91. which 
portion may conveniently be wedge-shaped 
as shown in FlGURE 6b, is masked during 
the phosphorus diffusion step that forms 
regions 91 and 92. When all the masks (not 105 
shown) arc removed after the diffusion step, 
this central portion 93 remains as a P+ 
enclave within the N + type region 91. 
Regions 91 and 92 are about 0.8 mils thick. 
and thus arc thinner than P type zone 84, 110 
which is about two mils thick in this em­
bodiment. 

Preferably region 89 extends along wafer 
face 8_3 from beneath the outer periphery 
pf region 84' to beneath the inner periphery 115 
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. 120 

Standard masking and etching techniques 
arc now used to form an annular moat 94 
in the central p(11·tio11 of waf.:r facl' R:!. l\foat 
94 is convt·nil'll\lv ahnut S mils widl'. ahPnl 
0.1l mils deep. :ind has an in1wr diam~Ll'I' 125 
of about JO mils. and an oukr diame!l·r 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- 130 
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late region 92 from region 91. The moat 
94 may advantageously be non-unifonn in 
width. hcing wider in those portions of the 
moat where the moat crosses the boundary 

s or junction between N + region 91 and P + 
region 84' 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 useless 

10 portion of the shunt resistance. 
A conductive metallic layer is deposited 

on selected portions of wafer face 82 to form 
two device electrodes. One electrode 95 is 
an annular ring which extends from the 

IS 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 electrode 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 electrode is formed by a metallic 

layer 97 which covers major wafer face 83. 
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 Jcad. The remaining steps 

35 of mounting the unit with electrode 97 down 
on a metallic header, and encapsulating and 
casi~g the device, are accomplished by stan­
dard methods of the art. 

When the device of this embodiment is 
-10 given a positive gate bias, the shunt resist­

ance re_gion which is effective in triggering 
the unit is that portion of P type zone 84 
which is beneath the N + region 91. When 
the device is given a negative gate hias, 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 29' 

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

55 ereascd as compared to the device of 
· Example I. 

One important advantage of the device 
of t~is emhodiment is that the gate current 
rcqmred for all triggering modes is more 

60 nearly constant. as well as tower than, the 
gate cu~rent required for comparable prior 
:irt devices. The four modes of operation 
of a bidirectional thyristor can be tabulated 
as follows: 

Mode 

I+ 
1-

111 + 
Ill-

First Power Second Power 
Electrode Electrode 
Polarity Polarity 

+ 
+ 

+ 
+ 

Gate 6S 
Electrode 
Polarity 

+ 
+ 70 

The I+ and I- modes are in the first quad­
rant (FIGURE 8), with their gate currents 
respectively positive and negative, while the 
Ill+ and III- modes arc in the third quad- 15 
rant, with the gate currents respectively 
positive and negative. Jn prior art units, 
the gate currents required for operation in 
the 1- and III+ modes are considerably 
higher than the gate current required for 80 
operation in the I+ and Ill - 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, 85 
the triggering current 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 bidirectiona·I thyris- 90. 
tor uni.ts according to this embodiment ex­
hibited triggering currents as low as 20 
mi·lliamperes. Furthermore, t·he t'l'iggering 
current required for devices according to 
this embodiment increases only slightly 95 
when t·hc power handling capability of the 
device is increased by scaling up the si7.e of 
the semiconductive wafer and its various 
regions and electirodes. 

Another important advantage of devices ·100 
according to this embodiment is their im­
proved blocking capability, i.e., improved 
ability to wi·thstand high voltages across the 
device power electrodes before breakovcr 
into the "ON" or conducting state. The tOS 
blocking capability of both unidirectional 
and bidir?ctional thyristors depends in part 
on the thickness and material of the device 
blocking layer. Conventional bidirectional 
si'licon thyristors of the prior art have ex- 110 
hibited brcakover voltages of about 200 
to ~00 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 115 
into the conducting state. One reason for 
this improved blocking capability is that .in 
t~e device of this embodiment. as in the pre. 
v1ous examples, on·ly three different conduc­
tivity type zones or regions intercept the 120 
w:ifer edges. As mentioned ahove. the sur-
face leakage currents, i.e., the currents which 
~n.w ~t or near the wafer surface due to the · 
m1ect1_on of charge carriers from surface 
~talcs, are reduced for the devices described I 2S 
m comparison to the surface currents which 
~ow in th~ prior art devices, wherein. as 
illustrated m FIGURE 9, more than 1!hree 

i 
i. 
1. 



i. 

·. .~ ·i : 
I ., ' 

i 
J 

l 

.J 

to 1.141, 103 19 
different conducti\ ity zones interl·ert the 
waf..:r edges. An additional reason for the 
it11j'r11\ed blocking car.1biJity of the device 
of this examrlc i:; that the triggering current 

5 of the device is fairly indepenucnt of the re­
si:>ti\·ity of the bl('d; ing layer· ~6. since the 
lateral current r::i:h through the blocking 
layer during triggering has been ckcreascd. 

Still another advantage of the device of 
10 this embodiment is that it is more enicicnt 

than the units preYiously described in respect 
to impro\·ed utilization o( the emitter arc:i. 
because the ratio oE emitter area to emitter 
peri;~hcry is higher in the device of this 

15 emblxliment. It i<; well known that. in order 
to obtain improved performance, the ratio 
of emitter area to emitter periphery 9hould 
be lo·.v in a trans:-ior. However, in a con­
tr.1lled rcetiiier this situation ic; reversed. 

20 The r:.>ason for this re\·ersaJ of the desired 
ratio of emitter area to emiucr periphery is 
that in a c011trolicd r.xtilkr the hl1'cs which 
cross the central blocking !aver of the de­
vice will e~cape t,1 one or ti1e pnwcr elcc-

25 trodes if po!;sible. rather than enter t1~:c N 
emitter 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 easier for the 

30 hales which cros.> the b:ocking layer to avoid 
the I\' emitter regions. Thus improved effi­
ciency is obtained in a controlled rectifier 
by making a unit in which the ratio of 
emitter area to emitter periphery is high. 

35 But another advantage of the device of 
this cmbocJiment is that it is more eflicient 
than the devices of Examples II-IV in re­
spect to utilization of the semicon<luctive 
warcr. The reason for this is that the de-

40 vice of this embodiment has only one gate 
contact, ancJ .hence leaves more of the sur­
face area of the wafer available for the 
power electrodes. 

Y ct another ad\'antagc of the device of 
45 this embodiment is that-the shunt resistance 

values are uniform from device to device 
and ~t~ble .with respect to time. A high yield 
of b1d1rcct1ona:J thvristors with controllablv 
low gale current c~in he obtained in acconf-

50 ance with ·this embodiment hecause trc 
shunt resistance rc;ion is "buried", as it 
were. and is n.ot affected by the rroccssing 
step~ and amh1cm-; ~uhs~quent to the forma­
tion of the device junctions. 

55 The shanc of the awrnmetric difTused 
region~ in t·h:s cmht,diment can be varied a~ 
desired. If the scmieonductive hndv utilized 
is square or rectangular in shape. the asym­

. metric region may for examrle con.~i~t of 
60 a largl! square adjoining a small .,quare. 

Moreover. the asvmmetric regions need not 
have n regular ge.omctric srape. and may be 
irregular in shape. 

The above examples are by w:iy of illns-
65 tration only, and not limitation. Other 

crystalline semiconductive materials such as 
indium 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 70 
reversed. so that the central blocking layer 
becomes P type instead of N type. 

WHAT WE CLAIM IS:-
!. A semiconductor device comprising: a 

semiconductive wafer having first and 75 
second opposing major faces; first and 
second zones of given conductivity type in 
said wafer immediately adjacent said first 
and second major faces respectively; an op­
posite conductivity type zone in said wafer 80 
intermediate said first and second tortes; 
oharacterized by first and second regions of 
mid opposite conductivity type in said first 
zone immediately adjacent said first major 
wafe-r face: at least a third reaion of said SS 
orposite conducivity tyre in :c:iid second 
zone immediately adjacent said second 
major wafer face: a first electrode on said 
first major face. said first ekclrode being in 
direct contact with said fir.st zone and wi-1h 9U 
said first region in said first zone; a second 
electrode on said first 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 95 
second major face, said third electrode being 
in direct contact with said second zone and 
with at least said third opposite conductivity 
type region in said second zone; said oppo-
site conductivity type regions intercepting 100 
the surface of said wafer at said major faces 
only. 

Device according to Claim I characterized 
by a fourth region of opposite conductivity 
type in. said second. zone immediately adja- 105 
cent said second ma1or wafer face. said third 
electrode a1lso being in direct contact with 
said fouruh region. 

3. Device according to Claim 2 charac­
terized in that .~aid first region is of annular 1 I I) 
conliguration 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, i5 also 115 
of annular configuration and is located 
around the outer periphery of said annular 
moat. said third region is located in the 
central portio·n of.said second zone and tliat 
said fourth region is of annular conliuration 120 
and located around but spaced from the 
outer periphery of said third region. 

4. Device according to Claim~ 3 chamc­
terized in that bbe depth of said moat is 
greater than the thickness of said first and 125 
second regions but lc<;s than the thickness of 
said first zone. 

S. Device according to Claim 2 charac­
terized in that said first region is located in 
the central portion of sail first major face, 130 
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di!krcnt conductivity zones intercept the 
\vafer edges. J\n additional reason for the 
improved blocking capability of the device 
of this example is thaL the triggcring current 

5 of thl.! device is fairly independent or the re­
sistivity of the blocking layer· 86. ~incc the 
latcra.1 current path through the blocking 
layer during triggering 1has been decreased. 

Still another advantage of the device o( 
10 this embodiment is that it is more efficient 

than the units prcvious.ly described in respect 
to imj1roved utilization of the emitter area. 
because the ratio of emiUer area to emitter 
periphery is higher in the clevice of this 

15 embodiment. It is well known that. in order 
to obtain improved performance, the ratio 
of emitter area to emitter periphery should 
be low in a transistor. However, in a con­
trolled rectifier this situation is reversed. 

20 'rhe reason for this reversa,1 of the desired 
ratio of cmiller area to emitter periphery is 
that in a controllctl rectifier the holes which 
cross the cen·traJ blocking layer of the de­
vice will escape to one or the power elcc-

25 trodes if possible. rather than enter !•he N 
emitter 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 easier for the 

30 hO'lcs which cross the blocking 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 
emitter area to emitter periphery is high. 

35 But another advantage of II.he device of 
this embodiment is that it is more c!Ticient 
than the devices of Examples II-IV in re­
spect to utilization of the semiconductive 
wafer. The rea.~on for this is that the de-

40 vice of this embodimen.t has only one gate 
contact, and .hence leaves more of the sur­
faco area of the wafer available for the 
power elc.ctrodcs. 

_Yet another advantage of the device of 
45 this embodiment is that the shunt resistance 

values arc uniform from device to device 
and :~t~ble _with respect to time. A high yield 
of b1d1rect1ona:J thyristors with controllably 
low gate current can be obtained in accord-

50 ancc with ·this embodiment because tho 
shunt resistance region is "buried", as it 
Were, and is ~ot affected by the processing 
steps and ambients subsequent to the forma­
tion of the device junctions. 

55 The shape of the asymmetric diffused 
regions in this embodiment can be varied a'> 
desired. If the !>"Cmiconductive bodv utilized 
is square or rectangular in shape, tl1c asym-

. metric region may for example consist of 
60 a large square adjoining a small square. 

Moreover. the asymmetric regions need not 
have a regular geometric !lhapc. and may be 
irregular in shape. 

The ahove examples are by way of illm-
65 tration only. and not limitation. Other 

crystalline scmico11cluctivc materials such as 
indium phosphide and silicon carbide may 
be utilized, with appropriate acceptors and 
donors for each material. The conducLivity 
types of the various regions shown may be 70 
reversed, so that the central blocking layer 
becomes P type instead of N type. 

WHAT WE CLAIM IS:-
l. A semiconductor device comprising: a 

semiconductive wafer having first and 75 
second opposing major faces; first and 
second zones of given conductivity type in 
said wafer immediately adjacent said first 
and second major faces respectively: an op­
posite conductivity type zone in said wafer 80 
intermediate said first and second tortes; 
ol;aracterized by first and second regions of 
s·aid opposite conductivity type in said first 
tone immediately adjacent said first major 
wafer face; at least a third region or said 85 
orposite conducivity type in .<aid second 
zone immediately adjacent said second 
major wafer face: a first electrode on said 
first major face, said first electrode being in 
direct contact with said first zone and with 90 
said first region in said first zone; a second 
electriode on said first major face, said 
second electrode being in direct contact with 
said first zone and wi1h said second region 
in said first zone; a third electrode on said 95 
second major face, said third electrode being 
in direct contact with said second zone and 
with at least said third opposite conductivity 
t~pe region i_n. said second !,one;, said oppo-
site conduct1v1ty type regions mterccpting 100 
the surface of said wafer at said major faces 
only. 

Device according 10 Claim J characterized 
by a .fourt_h region of opposite conductivity 
type m_ said second. zone immediately adja- 105 
cent said second ma1or wafer face, said third 
electrode ailso being in direct contact with 
said fourbh region. · 

3. Device according to Claim 2 charac­
terized in that said first region is of annular 110 
conliguration 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 115 
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 zone and that 
said fourth region is of annular confiuration l20 
and located around but spaced from the 
outer periphery of said third region. 

4. Device according to Claim 3 cha-rac­
terizcd in that 11he depth of said moat is 
greater than the thickness of said fir.<;t and 125 
second regions but lc"S 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, 130 
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zone parallel to said first~~ and immedi­
ately adjacent to the inner edge of said first 
re!!;ion, a second moat is located in said first 30 
zo~1c parallel to said second side and im­
rncd iatcly adjacent the outer edge of .said 
second region, said third region is located . 
adjacent and parallel to said first side but 
spaced therefrom, and said fourth region is 35 
localed adjacent and parallel to said second 
sid::: hut spaced therefrom. 

a first annular moat is JocatCfl in said first 
major face immediately adjacent the outer 
periphery of said first region, said second 
region is also of annular configuration and 

5 is located around the outer periphery of said 
first moat but spaced therefrom, a second 
annular moat is also located in said first 
zone around the outer. periphery of said 
second region. said third region is located 

10 close to the central portion of said second 
zone, said fourth region is of annular con.­
figuration and located arnund but spaced 
from the outer periphery of said third region 
and that a connection is provided between 

15 said first region and the portion of said first 
major face Tocated between the outer peri­
phery of ~aid second moat anti the periphery 
of said wafer. 

6. Device according to Claim 2 charac-
20 terized in that said wafer also has first and 

second opposing sides, said first region is 
adjacent and para;Jlcl to said first side but 
spaced therefrom and has an inner and an 
outer edge, said second region is adjacent 

25 and para:llel to said second side but spaced 
therefrom and has a.in inner edge and an 
outer edge. a first moat is located in said first 

7. Device according to Claim l charac­
terized in that said second region is smaller 
than said first region and spaced therefrom 40 
by a portion of said first zone, an annular 
moat is located in said. first major face 
around the periphery of said second region 
and said portion of said first zone. 

8. A semiconductor device substantia11y 4S 
as herein described with referenee to any 
on·e of Figures 1, 2, 3, 4 or S. 
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