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United States Patent Office 3,261,985 
Patented July 19, 1966 

1. 

3,261,985 
CROSS-CURRENT TURN-OFF SLICON 

CONTROLLED RECTFEER 
Istvan Sonos, Drexel Hill, Pa., assigia or to General 
Electric Company, a corporation of New York 

Fied Dec. 21, 1962, Ser. No. 246,446 
9 Claims. (C. 307-88.5) 

This invention relates to semiconductor devices and, 
more particularly, to PNPN semiconductor devices of 
the type that is capable of being switched readily be 
tween two extremes of impedance and an object of the 
invention is the provision of a simple, reliable and im 
proved device of this character. 
More specifically, the invention relates to PNPN semi 

conductor devices of the type known as silicon controlled 
rectifiers. Such a device typically comprises a body of 
silicon having a pair of main electrodes, known as anode 
and cathode, and a control electrode or gate, with three 
alternately poled PN (rectifying) junctions being dis 
posed in series between the main electrodes. It has the 
characteristic of being capable of remaining in either a 
high impedance condition (in which it blocks current in 
either direction) or a low forward impedance condition 
(in which it freely conducts conventional current from 
anode to cathode) without a continuously applied control 
signal. Silicon controlled rectifiers are functionally simi 
lar to gas tube thyratrons, which are capable of control 
ling large amounts of current by means of relatively small 
power pulses. Although a silicon controlled rectifier 
may readily be transferred from the high impedance 
mode of operation to the low impedance mode in re 
sponse to the supply of relatively small firing pulses of 
current to the gate, switching from the low impedance 
condition to the high impedance condition to effect turn 
off is much more difficult. A conventional manner of 
effecting turnoff of a silicon controlled rectifier has been 
to apply a reverse voltage to its anode and cathode. This 
reverse voltage causes a reverse recovery current through 
the device which removes the carriers from the end junc 
tions of the device in a brief interval, e.g., 1 to 5 micro 
seconds. The remaining carriers, particularly those in 
the vicinity of the middle PN junction, disappear by re 
combination because the reverse current is terminated 
when the carrier concentrations at the end junctions reach 
the equilibrium point. The recombination time is rela 
tively long and makes the turnoff time correspondingly 
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long. If the reverse bias voltage is terminated before 
recombination has proceeded substantially to completion 
and forward bias voltage exists across the anode and 
cathode, the silicon controlled rectifier will break over 
and start conducting again. Accordingly, a further ob 
ject of this invention is the provision of a silicon con 
trolled rectifier in which the high impedance condition 
or blocking state is attained and complete turnoff effected 
in a substantially shorter time, i.e., within a few micro 
seconds of initiation of the turnoff operation. 

In carrying the invention into effect in one form there 
of, the intermediate P zone of a PNPN semiconductor 
silicon controlled rectifier is provided with an auxiliary 
electrode of P type conductivity material and the inter 
mediate N type conductivity zone is provided with an 
other auxiliary electrode of N type conductivity material 
so that these electrodes and the intermediate P and N 
zones of the P and N device constitute a diode having a 
rectifying junction in common with the middle rectifying 
junction of the PNPN device. Connections are provided 
for supplying a reverse voltage to these auxiliary elec 
trodes to cause current through such diode rectifier that 
crosses the main current path in the device and removes 
the injected minority carriers from the common middle 
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junction thereof, whereby the PNPN semiconductor de 
vice will immediately regain its blocking state. 

For a better and more complete understanding of the 
invention, reference should now be had to the following. 
Specification and to the accompanying drawings in which: 
FIG. 1 is a block layer diagram of a conventional prior 

art silicon controlled rectifier with characteristic curves of 
the injected minority carrier concentration within each of 
the separate P and N zones represented by characteristic 
CVeS. 

FIG. 2 is a diagram of a PNPN semiconductor silicon 
controlled rectifier device embodying the invention. 

FIG. 3 is a block layer diagram of a portion of a PNPN 
silicon controlled rectifier embodying the invention with 
injected carrier concentration within each of the separate 
P and N zones represented by characteristic curves to 
facilitate an understanding of the operation of the inven 
tion. 

FIG. 4 comprises a plan view and a view in front eleva 
tion of a PNPN silicon controlled rectifier embodying the 
invention. 

FIG. 5 is a view in elevation, partly in section of a 
modification and 

FIG. 6 is a sectional view of another modification. 
Referring now to the drawings, and particularly to 

FIG. 1, a conventional silicon controlled rectifier device 
1 is conventionally illustrated as having four zones ar 
ranged in succession with contiguous zones of opposite 
conductivity type so that in order from right to left the 
Zones are designated PNPN. The junctions between con 
tiguous P and N zones in order from right to left are 
denoted Ji, J2 and J3. The end P zone functions as an 
anode and the end N zone functions as a cathode. Con 
nected by ohmic contact to the intermediate P zone is a 
gate conductor denoted GATE. With the anode con 
nected to the positive terminal of a suitable source and the 
cathode connected to the negative terminal, forward con 
duction through the PNPN silicon controlled rectifier can 
be initiated by Supplying a firing pulse of current to the 
gate contact to switch the device from the blocking state 
to the conducting state. During its normal conducting 
state the forward current is in the direction of the arrow 
designated. If and the distribution of injected minority 
carrier concentration in the forward direction in the four 
Zones is represented by the solid line curves 2, 3, 4 and 5. 
The P equilibrium value in the internal N zone is repre 
sented by the horizontal line 6 and the N equilibrium 
value in the internal PZone is represented by the horizontal 
line 7. 

Conventional practice in turning off the silicon con 
trolled rectifier has been to apply a negative bias voltage 
or in other words to reverse the polarity of the voltage 
Supplied to the anode and cathode. When this reverse 
voltage is applied, the holes and electrons in the vicinity 
of the two end junctions J1 and J3 (FIG. 1) diffuse to 
these junctions and produce a reverse (recovery) current 
in the external circuit that is represented by the arrow 
designated Ir. The directions of movement of the in 
jected minority carriers in the intermediate P and N 
Zones during this process of removal from the end junc 
tions is represented by the arrows in the shaded areas. 
Within one or two microseconds after the application of 
the reverse voltage this reverse current Ir sweeps the in 
jected minority carriers from the end junctions J1 and 
J3. The carrier distribution in the intermediate N zone 
is then represented by the broken line curve 8 and the 
carrier distribution in the intermediate P zone is repre 
sented by the broken line curve 9. Thus, as indicated 
by these carrier distribution curves the concentration of 
injected carriers at the end junctions J1 and J3 is reduced 
to the equilibrium value. This is accomplished within 
a few microseconds of the application of reverse bias 
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voltage and these junctions then assume a blocking state. 
Recovery of the silicon controlled rectifier is not com 
plete, however, because there is still a high concentra 
tion of injected minority carriers in the vicinity of the 
middle junction J2. All these carriers represented by 
the shaded areas under curves 8 and 9 must disappear by 
recombination because the reverse (recovery) current 
ceases when injected minority carriers are swept out of 
the end junctions J1 and J3 and the carrier distribution at 
these junctions attains equilibrium value. After the hole 
and electron distribution at junction J2 has decreased to 
a low value as a result of the recombination process, 
this junction regains its blocking state and a forward 
voltage may be applied to the silicon controlled rectifier 
without causing it to turn on. However, this recombina 
tion process takes a relatively long time, e.g., between 10 
and 200 microseconds and this makes the turnoff time 
correspondingly long. In certain applications, such for 
example as high frequency inverters a long turnoff time is 
disadvantageous. 
The present invention greatly reduces the turnoff time, 

e.g., it reduces it to the order of one or two microsec 
onds. In the embodiment of this invention that is dia 
grammatically represented in FIG. 2, the four zone semi 
conductor device 19 has an intermediate P zone 13 and 
an intermediate N zone 12. These zones and the junc 
tion between them may be formed from a wafer of sili 
con by any suitable method such, for example, as pre 
cision gaseous diffusion techniques. In a fairly typical 
device the thickness of this wafer may be approximately 
10 mils and its diameter may be in the neighborhood of 
1.5 centimeters. On a portion of the fiat outer surface 
of the P zone 11 is formed a zone 13 of N type con 
ductivity, and on a portion of the parallel outer surface 
of the intermediate N zone 12 in register with the oppo 
site end N zone 3, there is disposed an auxiliary Zone 
14 of N type conductivity. Zones 13 and 14 may be 
formed of any suitable material and in any appropriate 
manner, e.g., they may be formed of gold foil plus anti 
mony and may be formed on the surfaces of zones 11 
and 12 by alloying the gold foil plus antimony Strip into 
the surfaces of the silicon wafer or by any other suitable 
method. These zones 3 and 14 may also be formed 
by gaseous diffusion and masking techniques or by the 
vapor deposition method that is known in the art as the 
epitaxial process. 
On another portion of the flat outer surface of P zone 

11 is formed an auxiliary zone 15 of P type conductivity; 
similarly on the exposed lower surface of N zone 12 is 
formed a zone 16 of P type conductivity in register 
with the auxiliary P zone 5. Consequently, as is shown 
in FIG. 2, the end P zone 6 of my invention is laterally 
offset with respect to the end N zone 13. The P zones 
15 and 16 may be formed in any suitable manner. For 
example, they may be formed by alloying aluminum strip 
into the exterior surfaces of the silicon wafer, i.e., zones 
11 and 12 or by utilizing diffusion and masking or epi 
taxial processes. A gate conductor, designated GAE 
is connected to the P conductivity type zone 1. In some 
cases with the use of appropriate circuitry the auxiliary 
P zone 15 may be used as the gate contact. 
The zones 16, 12, 11 and 3 constitute a four Zone 

PNPN semiconductor device and together with the gate 
constitute a silicon controlled rectifier of which the end 
P type conductivity zone 16 constitutes the anode and 
the end N type conductivity zone 3 constitutes the 
cathode. This rectifier has three alternately poled rec 
tifying junctions Ji, J2 and 3 in series between anode 
and cathode. For conduction in the forward direction, 
the anode 16 is connected to the positive terminal of a 
supply source 17 and the cathode i3 is connected through 
a load 18 to the negative terminal of the source, whereby 
forward voltage is supplied to the terminal zones of the 
rectifier. Conduction of main or load current by the 
PNPN silicon controlled rectifier is initiated by supplying 
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4. 
a firing pulse of current to the GATE. For this pur 
pose, as is well known in the art, suitable external trig 
gering means (not shown) can be connected between the 
intermediate P Zone 1 and the cathode 13. Due to 
the laterally offset arrangement of the anode 16 and the 
cathode 13, the main current conduction takes place in 
a diagonal direction through the silicon controlled recti 
fier from the anode 16 at the lower right hand corner of 
the device through N type zone 12, P type Zone 11 to the 
cathode 13 in the upper left hand corner of the device 
This forward current traverses an appreciable area in 
the midsection of the middle NP junction J2 of the device 
10 in the direction generally indicated by the arrow If. 
The auxiliary N type zone 14, N type Zone 2, P type 

zone 11 and auxiliary P type zone 15 constitute a PPNN 
semiconductor device which in practical effect is a PN 
diode having a single rectifying junction J2 in common 
with the middle junction J2 of the PNPN device. The 
auxiliary zones 4 and 15 have been so arranged that 
this PPNN diode device provides an auxiliary conducting 
path along a diagonal that crosses the diagonal main con 
ducting path of the PNPN device. In this diode device 
the auxiliary N type zone E4 and the auxiliary P type 
zone 15 serve as turnoff electrodes having terminals which 
may be connected through an external diode rectifier 19 
and the conductor 20 to a suitable source of direct volt 
age that is represented by supply terminals 21. A suit 
able switching device 22 is included in these connections. 
As shown, the diode rectifier 19 in the external circuit 

is connected to conduct in the direction of reverse cur 
rent through the PN diode 15, 11, 12, 14. This reverse 
current is represented by the arrow Ic. It will be noted 
that both the auxiliary current Ic, which flows in a reverse 
sense between the P and N auxiliary electrodes 15 and 14 
of the diode rectifier, and the main current If, which 
flows in a forward sense between the anode 16 and the 
cathode 3 of the PNPN device, pass through the com 
mon junction J2 from Zone 12 to Zone 11 in the same 
electrical direction but on cross diagonal paths, with the 
auxiliary current crossing the main current over the whole 
area of J2 that is traversed by the latter. Typically, the 
voltage source 17 for the PNPN silicon controlled recti 
fier may be in the neighborhood of 400 volts whereas 
the voltage of source 2 for the PPNN diode device may 
be a very much lower value. 
To turn on the PNPN silicon controlled rectifier 10 

with forward bias voltage being supplied from the source 
17 through the load to the anode 16 and cathode 13, a 
pulse of firing current is supplied to the GATE from 
external triggering means. This causes the PNPN path 
to switch from its high impedance to its low impedance 
state and to become conducting in the forward direction 
with the result that forward current is supplied to the 
load 8. During conduction in the forward direction the 
distribution of injected carriers in the individual P-N-P-N 
zones 5, 12, 11 and 13 respectively is represented in 
the concentration diagram in FIG. 3 by the solid line 
curves 23, 24, 25 and 26 respectively. A comparison of 
FIG. 3 and FIG. 1 indicates that the concentration dis 
tribution of injected carriers during normal main current 
conduction in the forward direction is essentially the same 
as in the case of the conventional silicon controlled rec 
tifier. 
To turn off the PNPN silicon controlled rectifier 10, 

i.e., to enable the PNPN path through zones 16, 12, 11 
and 13 to regain forward blocking ability, the switching 
device 22 is closed to apply a reverse bias voltage across 
the PPNN diode 15, 11, 2, 14. This immediately re 
sults in an auxiliary current Ic in the diagonal diode 
path having the same electrical direction across the mid 
dle junction J2 as the main current If then flowing in 
the PNPN silicon controlled rectifier path. The cur 
rent Ic, which is a reverse current in the diode path, ef 
fects a net removal of the injected minority carriers 
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from the NP junction J2. The directions of movement 
of the carriers in this removal process from the middle 
junction are represented by the arrows 27 in the shaded 
areas of the intermediate P and N zones in FIG. 3. As 
shown, the directions are oposite to the directions repre 
sented by the arrows in FIG. 1 produced by the conven 
tional turnoff method. Within a period of approxi 
mately one microsecond after initiation of turnoff, the 
carriers are swept out of the middle junction J2 and the 
concentration in the intermediate P and N zones 11 and 
12 is represented by the broken line curves 28 and 29. 
As indicated by these curves the concentration at the 
middle junction is reduced to the equilibrium values on 
'both sides of this junction and this prepares the junction 
to regain its blocking ability. However, at this instant 
recovery of the PNPN silicon controlled rectifier is not 
complete owing to the concentration of carriers at the 
end junctions J1 and J3 as represented by broken line 
curves 28 and 29. Consequently, the auxiliary current 
Ic, which is the recovery current for the junction J2, 
continues until these carriers are all removed and then 
terminates. Upon termination of the auxiliary current 
the junction J2 regains its blocking state. Recovery of 
the PNPN silicon controlled rectifier 16, 12, 11 and 13 
is now complete, and main current conduction will not 
resume even though the device remains connected to the 
forward voltage source 17. The time required from ini 
tiation of the auxiliary current in the PPNN diode until 
complete turnoff and recovery of the PNPN silicon con 
trolled rectifier is complete is of the order of a few micro 
seconds. 
The auxiliary current Ic required to reduce the injected 

carriers in the intermediate P and N zones 11 and 12 to 
equilibrium is very considerably smaller than the forward 
current if of the silicon controlled rectifier. Consequent 
ly, a high value forward current can be interrupted by a 
low value current pulse. For example, a forward cur 
rent of 200 amperes can be interrupted by a low value 
current pulse of 20 amperes. 

In the form that is illustrated in FIG. 4 the end N type 
conductivity zone 13 of the PNPN semiconductor de 
vice and the additional P type conductivity zone 15 of 
the PPNN diode device have the form of parallel, close 
ly spaced rectilinear strips that are located on opposite 
sides of an axis generally perpendicular to the NP junc 
tion of the internal zones 12 and 11 of the device; 
the end P type conductivity zone 16 (anode) and the 
additional N type conductivity zone 14 will have the 
same form. 

In the modification that is illustrated in FIG. 5 the 
end N type conductivity zone 13 (cathode) of the PNPN 
device has the form of an annulus and the additional end 
P type conductivity zone 15 of the PPNN device has the 
form of a circular disk within the annulus 13. Similar 
ly, the additional end N type conductivity zone 14 has 
the form of an annulus disposed in register with the 
cathode 13, and the end P type conductivity zone 16 
(anode) has the form of a coaxial disk within the an 
nulus. 
In this modification main current traverses a predeter 

mined annular area of the middle junction J2 of the 
PNPN silicon controlled rectifier device in the direction 
represented by the arrows If. The reverse current of the 
PPNN diode path takes place in the same electrical 
direction across the same annular area of the common 
middle junction J2 on a cross diagonal axis as indicated 
by the arrow Ic. Instead of being in the form of disks 
the zones 15 and 16 may be in the form of rings as 
illustrated in the modification of FIG. 6. The operation 
of the modifications illustrated in FIGS. 5 and 6 is the 
same as described in connection with FIG.2. 
The device may also be utilized in present inverter 

circuits in which turnoff in each cycle is effected by ap 
plying a reverse bias voltage to the anode and cathode. 
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When thus used a constant D.-C. bias voltage will be 
applied to the diode electrodes 14 and 15. In this case, 
owing to the reverse bias voltage applied to the anode 
and cathode the turnoff is in accordance with the process 
herein described and referred to as the conventional 
process. However, the turnoff time will be reduced to 
the range of 5-10 microSeconds or less. 
The device may also be used, with appropriate circuitry, 

as a square wave generator. For this purpose, an adjust 
able impedance 23 is included in series relationship in 
the PPNN diode circuit. By adjusting this impedance 
the current Ic may be adjusted to a value less than the 
critical value required to effect complete turnoff action. 
As a result, refiring of the device occurs after interrup 
tion of the forward current and this procedure is repeat 
ed continuously to provide continuous oscillation. 

Alterations and modifications will readily suggest them 
selves to persons skilled in the art without departing 
from the true spirit of this invention or from the scope 
of the annexed claims. 
What I claim as new and desire to secure by Letters 

Patent of the United States is: 
1. A semiconductor translating device comprising: 
(a) a circular semiconductor single crystal silicon wa 

fer having a main P type conductivity zone and a 
contiguous main N type conductivity zone in flat 
face to flat face contact, 

(b) the exterior flat face of each of said main zones 
being provided with a radially centrally disposed zone 
of one type conductivity and a surrounding concen 
tric annular zone of the opposite type conductivity 
to constitute 

(1) a PNPN semiconductor device with the ter 
minal P and N zones constituting an anode and 
a cathode respectively and 

(2) a PPNN semiconductor device having terminal 
electrodes and a PN junction in common with 
the middle junction of said PNPN semiconduc 
tor device, 

(c) one of said main zones of said PNPN device be 
ing provided with means for receiving a pulse of 
firing current to initiate conduction through said 
PNPN device, and 

(d) means for supplying a voltage to said terminal 
electrodes of said PPNN device to cause a reverse 
current through said PPNN device when said PNPN 
device is conducting to remove injected carriers from 
Said common junction to terminate conduction 
through said PNPN device. 

2. A semiconductor translating device comprising: 
(a) a semiconductor body including four zones ar 

ranged in Succession with contiguous zones of oppo 
site conductivity type to constitute a PNPN semi 
conductor device having three PN junctions disposed 
in generally parallel planes and having an axis that 
is perpendicular to all of said planes, with the end 
P and N zones of said PNPN device being respec 
tively located on opposite sides of said axis, 

(b) the intermediate P zone of said PNPN device be 
ing provided with means to receive firing current to 
turn on said PNPN device, 

(c) the intermediate P and N zones of said PNPN 
device each being provided with a turnoff electrode 
on the opposite side of said axis from the corre 
sponding end zone of said PNPN device thereby to 
provide a diode rectifier having a single rectifying 
junction that is in common with the middle PN 
junction of said PNPN device and having a conduct 
ing path that crosses the conducting path between 
the end zones of said PNPN device and 

(d) said turnoff electrodes being adapted to receive a 
voltage having a polarity to cause a reverse current 
through said diode when said PNPN device is con 
ducting to remove injected carriers from said com 
mon junction thereby to turn off said PNPN device. 
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3. A semiconductor translating device comprising: 
(a) a semiconductor body having a wafer-like Zone of 
P type conductivity and a contiguous wafer-like Zone 
of N type conductivity in flat face to flat face contact 
to form an internal PN junction therebetween, said 
body having an axis of symmetry that is generally 
perpendicular to said junction, 

(b) each of said zones having an exterior flat face dis 
posed parallel to said internal PN junction and pro 
vided with two parallel strip zones of opposite con 
ductivity types with the P type strip zones arranged 
on one side of said axis and the N type strip Zones 
arranged on the opposite side of said axis thereby 
to constitute 

(1) a PNPN semiconductor device and 

IO 

(2) a PN diode provided with P and N type con 
ductivity turnoff electrodes and having a PN 
junction in common with said internal junction 
of said PNPN device and a conducting path that 
crosses the conducting path of said PNPN de 
Vice, 

(c) one of the zones of said PNPN device being pro 
vided with means for receiving a pulse of firing cur 
rent to initiate conduction through said PNPN de 
vice, and 

(d) terminals connected to said turnoff electrodes and 
adapted to be connected to a source for supplying 
to said turnoff electrodes a voltage having a polarity 
for causing a reverse current through said diode to 
remove injected carriers from said common junc 
tion to effect turnoff of said PNPN device. 

4. A semiconductor translating device comprising: 
(a) a circular semiconductor body having a wafer 

like P type conductivity zone and a contiguous wafer 
like zone of N type conductivity in flat face to flat 
face contact, 

(b) the exterior fiat face of both of said Zones being 
provided with an inner annular zone of one type 
conductivity and an outer concentric Zone of the op 
posite type conductivity thereby to constitute 

(1) a PNPN semiconductor device and 
(2) a PN diode device having turnoff electrodes 
and having a PN junction in common with the 
middle junction of said PNPN device and a con 
ducting path that crosses the conducting path 
of said PNPN device 

(c) said wafer-like P zone of said PNPN device being 
provided with means for receiving a pulse of firing 
current to initiate conduction through said PNPN 
device, and 

(d) terminals connected to said turnoff electrodes and 
adapted to be connected to a source for supplying to 
said turnoff electrodes a voltage having a polarity to 
cause reverse current through said diode to remove 
injected carriers from said middle junction to effect 
turnoff of Said PNPN device. 

5. A semiconductor rectifier comprising: 
'(a) a semiconductor body having a wafer-like Zone 

of P type conductivity and a contiguous wafer-like 
zone of N type conductivity in face-to-face contact 
to form an internal PN junction therebetween, said 
P zone and said contiguous N zone respectively hav 
ing outer surfaces that are generally flat and parallel 
to each other; 

(b) a first portion of the outer surface of said P zone 
being provided with an end zone of N type con 
ductivity and a first portion of the outer surface of 
said contiguous N zone being provided with an end 
zone of P type conductivity to form a PNPN semi 
conductor device, with the end P zone and the end 
N zone constituting main electrodes of said PNPN 
device; 

(c) means connected across at least one of the PN 
junctions of said PNPN device for initiating main 
current conduction through said PNPN device; 
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8 
(d) a second portion of said outer surface of the first 

mentioned P Zone being provided with a first auxil 
iary electrode and a second portion of said outer sur 
face of the contiguous N zone being provided with 
a second auxiliary electrode to form a PN diode 
whose PN junction is in common with the internal 
PN junction of said PNPN device, said PN diode 
providing between said auxiliary electrodes a con 
ducting path for auxiliary current that crosses the 
main current in said PNPN device; and 

(e) means connected to said auxiliary electrodes for 
initiating auxiliary current conduction in a reverse 
direction through said PN diode to remove injected 
carriers from said common middle junction to effect 
turnoff of said PNPN device. 

6. The rectifier of claim 5 in which said end N zone 
is laterally offset with respect to said end P zone and in 
register with said second auxiliary electrode, and in 
which said first auxiliary electrode is laterally offset with 
respect to said second auxiliary electrode and in register 
with said end PZone. 

7. For use in combination with a load current circuit, 
a firing current circuit, and a turnoff current circuit, a 
Semiconductor translating device comprising: 

(a) a semiconductor body including four zones ar 
ranged in succession with contiguous zones being of 
opposite conductivity types to provide a PNPN semi 
conductor device having a PN junction, an NP junc 
tion, and another PN junction in series between the 
terminal P and N zones thereof; 

(b) means for serially connecting said terminal P and 
N Zones in the load current circuit, whereby load 
current can flow in a forward direction between said 
terminal P Zone and said terminal N zone when the 
PNPN device is turned on; 

(c) means for interconnecting one of said four zones 
of said body and the firing current circuit to supply 
a firing current to turn on the PNPN device; 

(d) a pair of auxiliary electrodes respectively con 
nected to the intermediate P and N zones of said 
body to provide therewith a diode rectifier having a 
single rectifying junction that is in common with said 
NP junction of the PNPN device, said auxiliary 
electrodes being so arranged that reverse current 
therebetween crosses said load current over the 
whole NP junction area that is traversed by said load 
current; and 

(e) means for serially connecting said auxiliary elec 
trodes in the turnoff current circuit, the latter means 
being so arranged that the turnoff current will flow 
in a reverse direction through said diode rectifier to 
remove injected carriers from said common NP junc 
tion to effect turnoff of the PNPN device. 

8. The semiconductor translating device of claim 7 in 
which the means for interconnecting one of said four 
zones of said body and the firing current circuit comprises 
a gate contact connected to the intermediate P zone of 
said body. 

9. For use in combination with a first voltage source 
having relatively positive and negative terminals and a 
second voltage source having relatively positive and nega 
tive terminals, a semiconductor translating device com 
prising: 

(a) a semiconductor body including four zones ar 
ranged in succession with contiguous zones being of 
opposite conductivity types to provide a three-junc 
tion PNPN semiconductor device, the terminal P 
and N zones of said body, respectively constituting 
anode and cathode of the device, being laterally off 
set with respect to each other; 

; (b) means for connecting said anode to a positive ter 
minal of the first voltage source and said cathode to a 
negative terminal of the first voltage Source; 
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(c) first and second turnoff electrodes respectively con 
nected to the intermediate P and N zones of said 
body to provide therewith a diode rectifier having a 
PN rectifying junction in common with the middle 
junction of the PNPN device, said first turnoff elec 
trode being formed by P type conductivity material 
and being disposed in register with said anode, and 
said second turnoff electrode being formed by N type 
conductivity material and being disposed in register 
with said cathode; and 

(d) means for connecting said first turnoff electrode 
to a negative terminal of the second voltage source 
and said second turnoff electrode to a positive ter 
minal of the second voltage source to cause a reverse 
current through said diode rectifier thereby to re 
move injected carriers from said common middle 
junction to effect turnoff action of the PNPN device. 
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