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(71)   We, GENERAL ELECTRIC COM-    According to the present invention
there PANY, a corporation organised and existing  is provided a turn-on
control circuit for a under the laws of the State of New York, gated
bidirectional thyristor, said circuit United States of America, residing at
1 River  comprising a first pair of first and second  50 5 Road,
Schenectady 12305, State of New  transistors having their respective
emitters York, United States of America, do hereby  connected to circuit
input and output term- declare the invention, for which we pray  inals and
each having its base connected to that a patent may be granted to us, and
the  the collector of the other for regenerative method by which it is to
be performed, to  PNPN switching from a relatively high im- 55 10 be
particularly described in and by the  pedance state between said emitters
to a following statement: -                   relatively low impedance
state between said This invention relates to turn-on control  emitters, a
second pair of third and fourth circuits for gated bidirectional
thyristors.   transistors, said fourth transistor having its AC power
control circuits are known  emitter connected to said output terminal 60 15
which employ load-current carrying bidirec-  and having its base connected
to the col- tional thyristors such as triacs, and wherein  lector of the
third transistor for regenera- the turn-on or firing of the thyristor at a
de-  tive PNPN switching from a relatively high sired phase angle of the
supply voltage wave  impedance to a relatively low impedance is
accomplished by a control voltage gener-  between the emitters of said
second pair of 65 20 ated by a resistor-capacitor control circuit.
transistors, a first resistor connected be- The thyristor firing control
circuit includes  tween the emitter and base of the first tran- a variable
resistor and capacitor network,  sistor, a second resistor connected
between which performs the dual function of pro-  the emitter and base of
the third transistor, viding an adjustable time delay, or phase  at least
one zener diode connected between  70 25 delay, for selected phase angle
firing of the  the emitter and collector of the first tran- thyristor, as
well as storage of thyristor trig-  sistor and poled to oppose PNPN switch-
gering energy. The firing control circuit also  ing of said first pair of
transistors to said includes a bidirectional, threshold voltage  low
impedance state, at least one zener responsive, trigger device or
subcircuit which  diode connected between the emitter and  75 30 switches
the energy stored in the capacitor as  collector of the third transistor
and poled firing current to the gate of the thyristor  to oppose PNPN
switching of said second when the capacitor is charged to a level such
pair of transistors to said low impedance that the voltage across the
trigger device ex-  state, the collector of said first transistor be- ceeds
its threshold voltage. Such thyristor  ing connected to the collector of
said third  80 35 control circuits are found to be subject to an
transistor and the base of said fourth tran- undesirable hysteresis effect
which causes  sistor, and an additional zener diode being the thyristor,
when turned on, to supply a  serially connected with said second resis-
higher level of power to the load than de-  tor between the collector of
said fourth tran- sired.  One example of such a hysteresis  sistor and the
emitter of said second tran- 85 40 effect may be found in phase-controlled
sistor, said input and output terminals in use lamp dimmer circuits wherein
the lamp can-  being connected respectively to a source of not be turned on
at minimum brightness but turn-on triggering voltage and the gate of a
initially turns on at a brightness level higher  gated bidirectional
thyristor whereby the than desired and the control must be re-  voltage
between said terminals after switch- 90 45 adjusted after turn-on in order
to obtain  ing of said second pair of transistors to said desired minimum
brightness.             low impedance state cannot fall below the [Price
25p]    2                                        1,361,098
2 breakover voltage of said additional zener  15 sufficient to exceed the
voltage break- diode.                                    over threshold of
trigger control 10 and Embodiments of the invention will now  pass firing
current to gate 12 of thyristor 8. 



be described, by way of example, with refer-  When the thyristor conducts
for only a few 5 ence to the accompanying drawings where-  phase angle
degrees of the 180[err] of each  70 in:-
supply voltage half cycle, very little power is Figure 1 is a
semi-schematic and block  conveyed to the load. But as the duration of
diagram of an exemplary known AC power  thyristor conduction is. lengthened
by turn- control circuit including a bidirectional thy-  ing  the thyristor
on earlier in each supply 10 ristor, and to which a trigger control circuit
voltage half cycle, the duration of cur- 75 according to the present
invention is particu-  rent flow, and resulting power to the load, larly
applicable;                         correspondingly increases. Figure 2 is
a graph of voltage wave forms    For ease of understanding in the circuit
illustrating the operation of the circuit of  of Figure 1 of the effect
referred to herein 15  Figure 1;                                as
"hysteresis", the graphs of Figures 2, 3, 80 Figure  3  is  similar  to
Figure  2  and 4 are provided. As will be evident from but illustrates the
operation of the circuit the graph of Figure 2, the voltage across of
Figure 1 at a different power control the triggering-current storage
capacitor 14, setting;                                  when the thyristor
8 is continuously off, 20    Figure 4 is similar to Figure 2 but illus-
varies sinusoidally as shown by curve 20 and  85 trates the modified
operation resulting from  lags the AC supply voltage, shown by curve use of
a control circuit according to the  22, by a phase angle of 90[err]. During
each present invention;                       half cycle of the AC supply
voltage when Figure 5 is similar to Figure 1 but shows  thyristor 8 is off,
capacitor 14 first discharges 25 an alternative known AC power control;
its previous charge, and then charges toward  90 Figure 6 is a schematic
diagram of one  maximum voltage of the same polarity as the embodiment of
thyristor trigger control  supply voltage half cycle. With resistor 16
circuit constructed in accordance with the  set at a high enough value,
capacitor 14 present invention;                        does not charge to a
voltage at terminal 15 30    Figure 7 is a graph of current and volt-  high
enough to exceed the threshold volt- 95 age wave forms illustrating one
aspect of the  age level, indicated at 24, required for cur- operation of
the circuit of Figure 6;     rent to flow through trigger control 10 to
Figure 8 is a plan view of a semiconduc-  thyristor gate 12, so thyristor 8
does not turn tor monolithic integrated embodiment of the  on. However, as
the resistance of resistor 16 35 circuit of Figure 6 according to the pre-
is reduced capacitor 14 charges more quickly 100 sent invention;
and toward a higher voltage, and at a point Figure 9 is a schematic diagram
of an-  designated 26 in Figure 2, the capacitor volt- other embodiment of
thyristor trigger con-  age reaches the necessary threshold value for trol
circuit constructed according to the pre-  current conduction through the
trigger con- 40 sent invention; and                        trol 10 and
thyristor 8 is turned on. When 105 Figure 10 is a plan view of a
semiconduc-  thyristor 8 turns on, capacitor 14 is abruptly tor monolithic
integrated embodiment of the  discharged through the relatively low series
circuit of Figure 9 according to the present  resistance presented by the
trigger control 10 invention.                                and the
thyristor gate-to-anode impedance, 45    Turning to Figure 1 of the
drawing, there  and the capacitor voltage thus falls abruptly 110 is shown
an exemplary well known form of  to the value, near zero, depicted at point
circuit for bidirectional thyristor control of  28 in Figure 2. The
thyristor is thus turned power from an AC supply voltage to a resis-  on as
shown at 30 for a tiny portion, i.e. tive load. The circuit shown in Figure
1, a few phase angle degrees. Of that particu- 50 includes terminals 2, 4
adapted to be con-  lar half cycle of the AC supply voltage, and 115 nected
to an AC supply voltage source (not the desired very small amount of power
is shown), current from which is allowed to  conveyed to the load. flow
through the load 6 under the control    During the next half cycle of the
supply of a main load current carrying thyristor 8  voltage, however,
capacitor 14 starts charg- 55  in series with load 6. The thyristor 8 is
"bi-  ing not from its voltage maximum of the 120 directional" in the sense
that it is capable, opposite polarity but from  the essentially responsive
to firing control current applied  zero voltage at point 28.  Thus
capacitor through trigger control 10 to its gate term-  14 charges to the
threshold voltage of trig- inal 12, of turning on and conducting load  ger
control 10 and produces thyristor turn- 60 current during any desired
portion of each  on, depicted at point 32, much earlier in the 125
successive half cycle of the AC supply volt-  half cycle of AC supply
voltage than de- age. The time or phase angle of turn-on of  sired. And the
thyristor, instead of being thyristor 12 depends on when the voltage
turned on for only a few degrees of phase across capacitor 14 charging
through vari-  angle, is turned on for a much larger por- 65  able resistor
16 reaches a level at terminal tion of the supply voltage half cycle, as
130    1,361,098                                      3 shown at 34 in the
graph. The successive  6, as the voltage at terminal 15, which is capacitor
discharges shown by lines 32 to  connected to the common point of resis- 



36, 38 to 40, and 42 to 44 during further  tor 16 and capacitor 14, becomes
increas- successive half cycles of the supply volt- ingly positive relative
to terminal 12, the 5 age ensure that the thyristor will continue  trigger
control circuit is initially in a non- 70 to be turned on much earlier in
each half  conducting state.  That is, it presents a cycle of supply
voltage than desired, and  high impedance between terminal 15 and much more
power will be delivered to the  terminal 12 and prevents flow of triggering
load than desired.                        current to the gate of thyristor
8. When 10   Thus with a bidirectional thyristor trig-  the voltage at
terminal 15 increases to a level 75 gering circuit operating as shown  in
Figure  equal to the sum of the breakover voltage of 2, turn-up of power to
the load from zero  diode Dl and the forward bias voltage of causes an
objectionable step increase, or snap  the base-emitter junction of
transistor Q2, action, to a power level much higher than  current begins to
flow through these regions desired. And in order to reduce the load  (i.e.,
from terminal 15 to terminal 12). The  80 power to the desired low level, a
second ad-  current flow from the emitter to the base of justment of
resistor 16 is necessary. This  Q2 causes current flow from the emitter to
objectionable phenomenon, to which the  the collector of Q2 by normal
transistor term  "hysteresis" is herein applied, does  action. The
collector current of Q2 flows 20 not occur during turn-down of power from
into R1 and the base of transistor Q1. The  85 full, 180[err] per half
cycle, conduction of the  current flowing into the base of Q1 causes
thyristor because, as shown in Figure 3, a current flow from the collector
to the emit- under such conditions capacitor 14 is dis- ter of Q1 by normal
transistor action. The charged early in each half cycle of the sup-
collector current of Q1 is additional base 25 ply voltage and never charges
from a volt-  current to Q2.                           90 age other than
essentially zero.            At a current level determined by the gain
Prior art solutions to this hysteresis prob-  of transisors Q1 and Q2 and
the value of lem have included the provision of a zener  resistor R1, the
combination of Q1 and Q2 diode 48 in series between the trigger con-
becomes regenerative in the well known 30 trol 10 and thyristor gate 12 as
shown in  PNPN mode and goes into a high-conduc- 95 Figure 5, and as
described more fully, for  tion state presenting a low impedance path
example, in our U.S. Patent No. 3,562,627. between the emitter of Q2, or
terminal 15, The zener diode is designed to have a zener  and the emitter
of Q1, or terminal 12. This voltage of approximately the voltage by
enables discharge of capacitor 14 through 35 which capacitor 14 discharges
for thyristor  the thus-formed low impedance path be- 100 turn on, e.g. the
voltage drop between point tween terminal 15 and terminal 12 into the 26
and point 28 in Figure 2. Presence of gate of thyristor 8 with resultant
turn-on the zener diode requires the capacitor to  of the thyristor. The
current voltage rela- charge to a high threshold voltage in one  tionships
of such turn-on action are shown 40  polarity, as shown by point 50 in
Figure 4, graphically in Figure 7, wherein the thyristor 105 before
thyristor firing. The higher threshold  triggering current flowing from
terminal 15 is the sum of the threshold voltage of trigger  to terminal 12
is plotted as the ordinate and control 10 and zener diode 48. The result
the voltage of terminal 15 relative to term- is that the voltage swing of
capacitor 14, inal 12 is plotted as the absicssa. As shown 45 from  one
discharge point to the next, is  in Figure 7 the voltage of terminal 15
rela- 110 the same in each polarity, and consequently  tive to terminal 12
increases as capacitor 14 the load voltage does not jump up at thy-
charges, until the threshold value of firing ristor turn-on to a higher
value than de- voltage is reached, as depicted at point 62 sired.
in Figure 7 and equal to the breakover volt- 50   Figure 6 shows a
schematic circuit dia-  tage of D1 plus forward bias voltage of the 115
gram of one embodiment of the improved  Q2 base-emitter junction, whereupon
the re- low hysteresis trigger control circuit of the  generative action
just described takes place present invention, which  is particularly  and
the impedance of the current flow path suited for connection between
terminals such  between terminals 15 and 12 regeneratively 55 as 15 and 12
of Figure 1. The circuit of  switches from a high value to a low value. 120
Figure 6 consists of two NPN transistors Q1,   Operation of the circuit of
Figure 6 with Q3, two NPN transistors Q2, Q4, two resis- the polarity
reversed, namely with terminal tors R1, R2, which preferably each have a 12
increasingly positive with respect to term- value of about twenty thousand
ohms, and  inal 15, will now be described.  When the 60 three zener diodes
[err] and [err] which pre-  capacitor begins to charge with terminal 15 125
ferably have zener voltages of about eight negative and the bias voltage at
terminal 12 volts.  connected as shown and monolithic-  reaches the
threshold value of firing volt- ally integrated as will be described in
detail age equal to the sum of the breakover volt- hereinafter.
age of D2 plus D3 and the forward bias 65   In the operation of the circuit
of Figure  voltage of the base emitter junction of Q2, 130    1,361,098
4 which total voltage is depicted at point 64  fusion. It serves as the
base of vertical tran- 



in Figure 7. current flow begins through  sistor Q1 the collector of
lateral transistor these regions from terminal 12 to terminal Q2, and has
an extended portion forming re- 15. The current flow from emitter to base
sistor R1 and the anode of D1. Region 77 is 5 of transistor Q4 causes
current flow from  formed by the N-type diffusion. It slightly 70 emitter
to collector of Q4 by normal tran- overlaps region 76 as  shown at 77a and
sistor action. The collector current of Q4  serves as the cathode of D1.
Region 78 is flows into R2 and the base of Q3. That por- formed by the
N-type diffusion. It serves as tion of the current flowing into the base of
the emitter of Q1.  Contact metallization 10 Q3 causes a current flow from
the collector 78a for the emitter of Q1 extends at 78b  75 to the emitter
of Q3 by normal transistor  to the extremity of R1 remote from the base
action. The collector current of Q3 is addi- of Q1, and extends at 78c to
terminal 12. tional base-emitter current to Q4. At a cur-  Region 79 is
formed by the P-type diffusion. rent level determined by the gain of
transis- It serves as the emitter of lateral transistor 15 tors Q3 and Q4
and the value of resistor  Q2 and the anode of D3. Contact metalliza- 80
R2, the combination of Q3 and Q4 becomes  tion on the surface of region 79
constitutes regenerative in the well known PNPN mode  terminal 15. Region
80 is formed by the and this portion of the device goes into a  N-type
diffusion. It serves as the cathode high conduction state providing a
lowered  of D3. 20 impedance path for current flow from term-    A
particularly advantageous feature of 85 inal 12 to terminal 15. In this
case, how-  the circuit shown in Figures 6 and 8 is that ever, capacitor 14
does not discharge to a  its manufacture requires only two impurity voltage
lower than the breakover voltage of diffusion steps for minimum cost
processing, D3, as shown at 66 in Figure 7.         and no diffusion
isolation or other special 25   Figure 8 shows a plan view of a wafer or
inter-element isolation. Moreover the place- 90 pellet-like semiconductor
body constituting  ment and connection of diode D3 with its a
monolithically integrated embodiment of cathode directly connected to R2
and its the circuit of Figure 6.  For maximum  anode directly connected to
the emitter of economy of manufacture, the structure of Q2, as shown,
prevents parasitic transistor 30 Figure 8 is made, according to the
invention, or PNPN action between the N-type cathode  95 without isolation
diffusion between transis-  of D3, P-type anode of D3, N-type sub- tors.
Also, using conventional photolitho-  strate 71, and P-type emitter of Q2.
graphic insulatively masked and passivated,   Figure 9 shows a schematic
circuit dia- impurity diffusion PN  junction formation  gram of another
embodiment of the present 35 techniques, only two diffusion steps are in-
invention, arranged to be connected between 100 volved in the processing,
again to minimize terminals such as 15 and 12 of Figure 1. cost. Although
it will be appreciated that The circuit of Figure 9 consists of two NPN
within the contemplation of the present in- transistors Q1, Q3, two PNP
transistors Q2, vention all polarities or conductivity types  Q4, two
resistors R1, R2 each of  about 40 may be reversed from those explicity
identi- twenty thousand ohms magnitude, and four  105 fled in the following
description, in the ex- zener diodes D1, D2, D3, D4 having zener emplary
embodiment shown in Figure 8 the  voltages of about eight volts, connected
as parent substrate semiconductor material 71  shown and monolithically
integrated as will is of N-type conductivity.              be described in
detail hereinafter. In the 45   Substrate  71 serves as the collector of
operation of the circuit of Figure 9 for the 110 transistors Q1  and Q3,
which are vertical case when terminal 15 is increasingly posi- NPN's, and
as the base of transistors Q2 and  tive relative to terminal 12, the
trigger con- Q4, which are lateral PNP's.  Region 72  trol circuit is
initially non-conducting but is formed by the first, or P-type, diffusion.
becomes conducting when the voltage at 50 It serves as the base of Q3 and
as the col- terminal 15 equals the sum of the breakover 115 lector of Q4.
An extended portion of region  voltage of  diode D1 and the forward bias 72
also forms resistor R2 and the anode of voltage of the base emitter
junction of tran- diode D2.  Region  73 is formed by the  sistor Q2. When
this happens the combina- second, or  N-type, diffusion. It serves as the
tion of Q1 and Q2 becomes regenerative in 55 emitter of Q3.  Contact
metallization 73a  the well-known PNPN mode as described 120 for the
emitter of Q3 extends at 73b to the  with respect to the circuit of Figure
6 and extremity of R2 remote from the base  of presents a low impedance
path between the Q3. Region 74 is formed by the P-type  emitter of Q2, or
terminal 15, and the emit- diffusion. It serves as the emitter of lateral
ter of Q1, or terminal 12.  Capacitor 14 60 transistor Q4. A contact metal
layer on the  then discharges through this low impedance 125 surface of
region 74 provides terminal 12. path into the gate of thyristor 8 and the
Region 75 is formed by the N-type dif- thyristor turns on as shown at point
62 in fusion.  It slightly overlaps region 72 as Figure 7. shown at 75a and
serves as the cathode of   In the operation of the circuit of Figure 65 D2.
Region 76 is formed by the P-type dif-  9 with the polarity reversed,
namely, with 130    1,361,098                                       5 



terminal 12 increasingly positive with re-  diffusion and serves as the
collector of Q4. spect to terminal 15, conduction is initiated  Region 97
is formed by the P-type diffusion through the base-emitter junction of Q4
and  and serves as the collector of Q4. Region the breakdown of diodes D2
and D3. How-  97 is formed by the P-type diffusion and 5 ever, regenerative
PNPN  action does not serves as the emitter of Q4. A  contact 70 occur
unless the voltage at terminal 12 ex- metallization on the surface of
region 97 ceeds that at terminal 15 by an amount provides terminal 12 and
extends at 97a to equal to the sum of the collector-emitter metallization
93a. Region 98 is formed by saturation voltage of Q4 plus the breakdown
the P-type diffusion. It serves as the anode 10 voltage of D4 plus the
forward bias voltage  of D3. Region 99 is formed by the N-type 75 of the
base-emitter junction of Q3. When  diffusion and serves as the cathode of
D3. this condition is satisfied  regenerative PNPN   Region 100 is formed
by the P-type dif- action involving Q3 and Q4 does occur and  fusion and
serves as the anode of D2. Region voltage between terminals 12 and 15 falls
to  101 is formed by the N-type diffusion. It 15 a level lower than the
zener voltage of diode  slightly overlaps region 100 as shown at 100a  80
D4, which, as shown at 66 in Figure 7, main-  and serves as the cathode of
D2. Region tains  the  unsymmetrical voltage-current  102 is formed by the
P-type diffusion. It characteristic of the trigger control switch-  serves
as the base of Q3. An extended por- ing action desired to minimize
hysteresis.    tion of region 102 also forms resistor R2 and 20    Figure
10 shows a plan view of a wafer the anode of diode D4.  Region 103  is 85
or pellet-like semiconductor body constiti-  formed by the N-type diffusion
and serves as tuting a monolithically integrated embodi-  the emitter of
Q3. Contact metallization ment of the circuit of Figure 9. Like the  103a
for the emitter of Q3 extends at 103b structure-of Figure 8, the structure
of Figure  to the extremity of R2 remote from the base 25  10 is made,
according to the invention, with-  of Q3 and also extends at 103c to the
anode 90 out any isolation diffusion and using only  of D3 and at 103d to
terminal 15. Region two impurity diffusion steps in the pro-  104 is formed
by the N-type diffusion and cessing. Again like Figure 8, it will be ap-
serves as the cathode of D4. Contact metal- preciated that the structure of
Figure 10  lization 104a on the surface of region 104 30 may have all
polarities or conductivity types  extends at 104b to a contact 96a on the
sur- 95 reversed from those specifically identified in  face of region 96.
Contact metallization 99a - the following description. In the structure of
on the surface of region 99 extends at 100a Figure 10, region 91 is an
epitaxial layer of to the surface of region 100. N-type conductivity
provided on an underly-    The circuit shown in Figures 9 and 10 has 35 in
N-type substrate 91a. The substrate 91a  the advantage, relative to that of
Figures 6 100 has a relatively high impurity concentration  and 8, that
none of the zener diodes need of, for example, about 8 x [err] impurity
carry all of the discharge current of capa- atoms per cubic centimeter and
providing a  citor 14, but rather this capacitor discharge resistivity of
about .01 ohm-centimeters. The  current flows either through the regenera-
40 substrate 91a may have a thickness of, for tive PNPN  structure formed
by Q1 and 105 example, 5 mils. The epitaxial layer 91 is  Q2 or, during
regenerative PNPN action in preferably about 20 microns thick and may  the
structure formed by Q3 and Q4, the have a resistivity of, for example,
about capacitor discharge current is shared by 24 ohm-centimeters with an
impurity con- D4 and the collector current of Q3, with 45 centration of
about 10[err] impurity atoms  the latter having the largest share because
110 per cubic centimeter. The epitaxial layer 91  the beta of the vertical
transistor Q3 is serves as the collector of vertical transistors  much
higher than the beta of the lateral tran- Q1 and Q3, and as the base of
lateral tran-  sistor Q4. Thus the zener diodes of Figures sistors Q2 and
Q4. Region 92 is formed by  9 and 10 can be of smaller area, less costly,
50 the first, or P-type, diffusion. It serves as easier to manufacture with
high yields, and 115 the base of Q1, as the collector of Q2, and  by
consuming less internal power such an extended portion of region 92 forms
smaller zener diodes insure transmission of resistor R1 and the anode of
D1. Region 93  more of the capacitor discharge energy to is formed by the
second, or N-type, diffu-  the thyristor gate. 55 sion. It serves as the
emitter of Ql. Con-    Another advantage of the circuit of 120 tact
metallization 93a for the emitter of Q1  Figures 9 and 10 is that undesired
parasitic extends at 93b to the extremity of R1 remote  PNPN regenerative
action is effectively sup- from the base of Q1. Region 94 is formed
pressed, without isolation diffusion or other by the P-type diffusion. It
serves as the  special interelement isolation, because of 60 emitter of Q2.
A contact metal layer on  the gettering or recombination effect caused 125
the surface of region 94 provides terminal by the relatively low
resistivity substrate on 15. Region 95 is formed by the N-type, minority
carriers in the very thin epitaxial diffusion. It slightly overlaps region
92 as  layer. This effectively minimizes the diffu- shown at 95a and serves
as the cathode of sion length for minority carriers parasitically 65 D1.
Region 96 is formed by the P-type  injected,without appreciably affecting
minor- 130    



6                                         1,361,098 ity carrier flow in the
transistors themselves,  lector of said third transistor and the base  60
particularly lateral transistors Q2 and Q4.  of said fourth transistor, and
an additional This prevents, for example, parasitic tran-  zener diode
being serially connected with sistor or PNPN action between the P-type
said second resistor between the collector 5  emitter of Q4 and P-type base
of Q3 through  of said fourth transistor and the emitter of the N-type
epitaxial layer 91, the undesirable  said second transistor, said input and
output 65 result of which would effectively bypass D4  terminals in use
being connected respectively and destroy the asymmetrical voltage-cur- to a
source of turn-on triggering voltage and rent conduction  characteristics
shown in  the gate of a gated bidirectional thyristor 10 Figure 7. Further
suppression of parasitic  whereby the voltage between said terminals
effects can, if desired, be obtained by in-  after switching of said second
pair of tran- 70 troduction in the structure of Figure 10, sistors to said
low impedance state cannot during the N diffusion step, of a barrier N
fall below  the breakover voltage of said region, as shown at 120 in Figure
10, be-  additional zener diode. 15 tween Q3 and Q4.                 -
2. A  circuit as claimed in Claim  1 Thus there has been shown and
described  wherein said additional zener diode is con- 75 an improved low
cost trigger control circuit  nected between said second resistor and the
for turning on bidirectional gated thyristors  emitter of said second
transistor. with minimal hysteresis, which is particularly    3. A  circuit
as claimed in Claim  1 20 suited for low cost manufacture in semicon-
wherein said additional zener diode is con- ductor monolithic integrated
form with only  nected between said second resistor and  80 two impurity
diffusion steps, and which self-  the collector of said fourth transistor.
suppresses parasitics without requiring dif-    4. A  circuit as claimed in
any one of fusion isolation or other special inter-element  Claims 1 to 3
wherein the zener voltage of 25  isolation.
said additional zener diode approximates the voltage drop between said
terminals when  85 WHAT WE CLAIM IS: -                      said first pair
of transistors regeneratively 1. A turn-on control circuit for a gated
switches to said low impedance state. bidirectional thyristor, said
circuit com-   5. A  circuit as claimed in- any one of 30 prising a first
pair of first and second tran-  Claims 1 to 4 wherein said transistor, re-
sistors having their respective emitters con-  sistors, and zener diodes
are disposed in a  90 nected to circuit input and output terminals  single
monolithic body of semiconductor ma- and each having its base connected to
the  terial. collector of the other for regenerative PNPN  6. A  circuit as
claimed in Claim  5 35  switching from a relatively high impedance  wherein
said monolithic body includes a sub- state between said emitters to a
relatively  strate portion of one conductivity type and  95 low impedance
state between said emitters, a  a set of inset first regions of opposite
con- second  pair of third and fourth transistors,  ductivity type, some of
said first regions said - fourth transistor having its emitter  having
inset second regions of said one 40 connected to said output terminal and
hav-  conductivity type. ing its base connected to the collector of the
7. A  circuit as claimed in Claim  6 100 third  transistor for regenerative
PNPN   wherein said substrate portion comprises an switching from a
relatively high impedance  epitaxial layer of relatively high resistivity
to a relatively low impedance between the  on an underlayer of relatively
low resistivity 45  emitters of said second pair of transistors,  providing
recombination centres for para- a first resistor connected between the
emitter  sitic minority carriers injected into said 105 and base of the
first transistor, a second re-  substrate. sistor connected between the
emitter and    8. A turn-on control circuit for a gated base of the third
transistor, at least one  bidirectional thyristor substantially as des- 50
zener diode connected between the emitter  cribed herein with reference to
Figures 6 and and collector of the first transistor and poled  7; or
Figures 6, 7 and 8; or Figure 9; or 110 to oppose PNPN switching of said
first pair  Figures 9 and 10; of the accompanying of transistors to said
low impedance state,  drawings. at least one zener diode connected  between
55 the emitter and collector of the third tran-         BROOKES & MARTIN,
sistor and poled to oppose PNPN switching            High Holborn House, of
said second pair of transistors to said           52/54, High Holborn, low
impedance state, the collector of said              London, W.C.1, first
transistor being connected to the col-        Agents for the Applicants.
Printed  for Her Majesty's Stationery Office by Burgess & Son (Abingdon),
Ltd.-1974. Published at The Patent Office 25 Southampton Buildings, London,
WC2A 1AY, from which copies may be obtained.    6
1,361,098 ity carrier flow in the transistors themselves,  lector of said
third transistor and the base  60 



ularly lateral transistors Q2 and Q4.  of said fourth transistor, and an
additional This prevents, for example, parasitic tran-  zener diode being
serially connected with sistor or PNPN action between the P-type  said
second resistor between the collector 5  emitter of Q4 and P-type base of
Q3 through  of said fourth transistor and the emitter of the N-type
epitaxial layer 91, the undesirable  said second transistor, said input and
output 65 result of which would effectively bypass D4  terminals in use
being connected respectively and destroy the asymmetrical voltage-cur-  to
a source of turn-on triggering voltage and rent conduction  characteristics
shown  in  the gate of a gated bidirectional thyristor 10 Figure 7. Further
suppression of parasitic  whereby the voltage between said terminals
effects can, if desired, be obtained by in-  after switching of said second
pair of tran- 70 troduction in the structure of Figure 10,  sistors to said
low impedance state cannot during the N diffusion step, of a barrier N
fall below  the breakover voltage of said region, as shown at 120 in Figure
10, be-  additional zener diode. 15  tween Q3 and Q4.
2. A  circuit as claimed in Claim  1 Thus there has been shown and
described  wherein said additional zener diode is con- 75 an improved low
cost trigger control circuit  nected between said second resistor and the
for turning on bidirectional gated thyristors  emitter of said second
transistor. with minimal hysteresis, which is particularly    3. A  circuit
as claimed  in Claim  1 20  suited for low cost manufacture in semicon-
wherein said additional zener diode is con- ductor monolithic integrated
form with only  nected between said second resistor and  80 two impurity
diffusion steps, and which self-  the collector of said fourth transistor.
suppresses parasitics without requiring dif-    4. A  circuit as claimed in
any one of fusion isolation or other special inter-element  Claims 1 to 3
wherein the zener voltage of 25  isolation.
said additional zener diode approximates the voltage drop between said
terminals when  85 WHAT WE CLAIM IS:-                        said first
pair of transistors regeneratively 1. A turn-on control circuit for a gated
switches to said low impedance state. bidirectional thyristor, said
circuit com-    5. A  circuit as claimed in any one of 30  prising a first
pair of first and second tran-  Claims 1 to 4 wherein said transistor, re-
sistors having their respective emitters con-  sistors, and zener diodes
are disposed in a  90 nected to circuit input and output terminals  single
monolithic body of semiconductor ma- and each having its base connected to
the  terial. collector of the other for regenerative PNPN  6. A  circuit as
claimed in Claim  5 35  switching from a relatively high impedance  wherein
said monolithic body includes a sub- state between said emitters to a
relatively  strate portion of one conductivity type and  95 low impedance
state between said emitters, a  a set of inset first regions of opposite
con- second pair of third and fourth transistors.  ductivity type, some of
said first regions said  fourth  transistor having its emitter  having
inset second regions of said one 40  connected to said output terminal and
hav-  conductivity type. ing its base connected to the collector of the
7. A  circuit as claimed in Claim  6 100 third  transistor for
regenerative  PNPN   wherein said substrate portion comprises an switching
from a relatively high impedance  epitaxial layer of relatively high
resistivity to a relatively low impedance between the  on an underlayer of
relatively low resistivity 45  emitters of said second pair of transistors,
providing recombination centres for para- a first resistor connected
between the emitter  sitic minority carriers injected into said 105 and
base of the first transistor, a second re-  substrate. sistor connected
between the emitter and    8. A turn-on control circuit for a gated base of
the third transistor, at least one  bidirectional thyristor substantially
as des- 50 zener diode connected between the emitter  cribed herein with
reference to Figures 6 and and collector of the first transistor and poled
7; or Figures 6, 7 and 8; or Figure 9, or 110 to oppose PNPN switching of
said first pair  Figures 9 and 10; of the accompanying of transistors to
said low impedance state,  drawings. at least one zener diode connected
between 55 the emitter and collector of the third tran-          BROOKES &
MARTIN, sistor and poled to oppose PNPN switching             High Holborn
House, of said second pair of transistors to said            52/54, High
Holborn, low impedance state, the collector of said               London,
W.C.1, first transistor being connected to the col-        Agents for the
Applicants. Printed for Her Majesty's Stationery Office by Burgess & Son
(Abingdon), Ltd.-1974. Published at The Patent Office, 25 Southampton
Buildings, London, WC2A 1AY, from which copies may be obtained.    


