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CORPORATION, a  biased; i.e., when the SCR cathode is posi-     corporation
organised under the laws of the  tive with respect to its anode. For
reasons of     State of Delaware, United States of America, economy and
ease of handling, it would be     of 30 Rockefeller Plaza, City and State
of  preferable if the circuit function of the SCR  50 5  New York 10020,
United States of America,  and the associated diode rectifier could be
do hereby declare the invention, for which  combined in a single device, so
that instead     we pray that a patent may be granted to us,  of requiring
two devices and five electrical     and the method by which it is to be
per- connections, one device and three electrical     formed, to be
particularly described in and  connections are all that would be necessary.
55 10  by the following statement:-                In fact, because of the
semiconductor pro-       The present invention relates to switching, file
employed, many SCR's of the shorted    devices designed to function
alternatively as  emitter variety inherently function as a diode    a
thyristor or as a diode rectifier.      rectifier when reverse biased.
However, the       That class of thyristors known as con- diode
rectifier'function of such devices is not 60 15  trolled rectifiers are
semiconductor switches  isolated from the controlled rectifier portion,
having four semiconducting regions of alter-  thus preventing a rapid
transition from one     nate conductivity type and which employ  function
to the other. Therefore, it would     anode, cathode, and gate electrodes.
These  be desirable to physically and electrically iso-     devices are
usually fabricated from  silicon. late the diode rectifier portion from
that por-  65 20 In its normal state, the silicon controlled  tion of the
device which functions as an SCR.     rectifier (SCR) is non-conductive
until an    According to the inventions we provide an     appropriate
voltage or current pulse is applied  integral thyristor-rectifier diode
device, com-     to the gate electrode, at which point current prising a
crystalline semiconductor body hav-     flows from, the anode to the
cathode and  ing two opposed major surfaces and an edge  70 25  delivers
power to a load circuit. If the SCR  defining the periphery of said body,
said body     is reverse biased, it is non-conductive, and including four
semiconductor regions of alter-     cannot be turned on by a gating signal.
Once nate conductivity type, with a PN junction     conduction starts, the
gate loses control and  between adjacent regions; said four regions
current flows from the anode to the cathode  including an external region
at each of said  75 30  until it drops below a certain value (called
surfaces, and two intermediate regions, with     the holding current), at
which point the SCR each intermediate region having a portion     turns off
and the gate electrode regains con-  extending to a corresponding one of
said sur-     trol. The SCR is thus a solid state device  faces; and a part
of each one of said inter-     capable of performing the circuit function
mediate regions  at said corresponding surface  80 35  of a thyratron tube
in many electronic appli-  between the adjacent external region and said
cations. In some of these applications, such  edge being highly conductive
relative to the     as in automobile ignition systems and hori-  remainder
of said intermediate region.     zontal deflection circuits in television
receivers,   These high conductivity portions of the two     it is
necessary to connect a separate rectifier  intermediate regions serve to
isolate the diode  85 40  diode in parallel with the SCR. In these appli-
rectifier function of the device from its con-     cations, the anode of
the rectifier diode is trolled rectifier function.     connected to the
cathode of the SCR, and the    FIGURE 1 is a cross-sectional view'of the
cathode of the rectifier is connected to the  device of the present
invention.     SCR anode.  Thus, the  rectifier  diode    FIGURE 2 is a
second cross-sectional view  90 45  will be forward biased and current will
of the device of FIGURE 1.     flow through it when the SCR is reverse
FIGURE 3 is a cross-sectional view of an         2
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embodiment of the device to  ohmic contact to the P type external region
FIGURE 1.                                    20, and those portions 28 and
34 of the N       FIGURE 4 is a schematic representation of  type
intermediate region 22 which extend to     the device of FIGURE 1.
the surface 16. A gate electrode 42 makes 5    FIGURE 5 is a characteristic
curve repre-  ohmic contact to the central portion 32 of  70     sentative
of the operation of the device of  the p type intermediate region 24 at the
sur-     FIGURE 1.                                    face 14. Preferably,
a groove 44 in the sur-       A  preferred embodiment of the present  face
14 isolates the first electrode 38 and the     invention will be described
with reference to  gate electrode 42. 10  FIGURES 1 and 2.
The four semiconductor regions 20, 22, 24, 75       Noting FIGURE 1, the
combination device  and 26, and the first, second, and gate elec-     10
comprises a crystalline semiconductor body  trodes 38, 40, and 42 form  a
controlled     12 having two opposed major surfaces 14  rectifier which
functions in the manner pre-     and 16, and an edge 18 which defines the
viously described. The two intermediate semi- 15  periphery of the body 12.
The size and shape  conductor regions 22 and 24 and the first and  80
of the body 12 is not critical; however, a  second electrode 38 and 40
define a diode     cylindrical shape is preferred. By way of  rectifier
which conducts current when the     example, the body 12 is 6.0-7.0 mils
thick  controlled rectifier is reverse biased. The high     and 100-110
mils in diameter. The body 12  conductivity portions 34 and 36 of the
inter- 20  includes four semiconductor regions 20, 22, mediate regions 22
and 24 limit diode con-  85     24, and 26 of alternate conductivity type,
duction to the periphery of the body 12. A     with PN  junctions 21, 23,
and 25, respec-  more detailed description of the operation     tively,
between adjacent regions. The regions  of the device is hereinafter
described with     may form a PNPN or NPNP configuration;  reference to
FIGURES 4 and 5. 25  however, a PNPN configuration is shown in    The
device 10 preferably further includes  90     FIGURE 1 and described
herein. These four  a multiplicity of gold recombination centers
regions include two external regions 20 and  formed throughout the body 12.
The dif-     26, which are adjacent the two correspond-  fusion profiles of
those recombination centers     ing surfaces .16 and 14, respectively, and
are shown, but are not numbered in FIGURE 30  further includes two
intermediate regions 22  2. Because of the particular manner in which  95
and 24 which are adjacent each other and the  the device is made, as
described below, the     two external regions 20 and 26, respectively.
recombination centers tend to be substantially     In addition, portions of
each, intermediate  concentrated in that part of the body 12     region 22
and 24 extend to the correspond-  between the low conductivity portions 28
and 35  ing one of the two surfaces. As. shown in  30 of the two
intermediate regions 22 and  100     FIGURE 1, a portion 34 of the N type
inter- 24. These gold recombination centers thus     mediate region 22
which is adjacent the edge  effectively form a region of electrical isola-
18 at the surface 16 is highly. conductive  tion which tends to contain the
controlled     (N+) relative to the remainder of that N   rectifier
function of the device 10 to the cen- 40  type intermediate region, and is
spaced apart  trol portion of the body 12, and further limit 105     from
the P type external region 20 by a low  the diode rectifier function of the
device 10     conductivity portion 28 of the N type inter-  to the
periphery of the body.     mediate region 22 which extends to the surface
The manner in which the preferred embodi-     16. In a like manner, a
portion 36 of the P  ment of the device is fabricated will now be 45  type
intermediate region 24 which is adjacent  described .The starting material
is a body 12  110     the edge 18 at the surface 14 is highly con-  of N
type crystalline silicon having a resistivity     ductive (P+) relative to
the remainder of that  of about 20 ohm-cm. The PN junction 23     P type
intermediate region, and is spaced  is formed by diffusing a p type
impurity into     apart from the N type external region 26 by  the body
with a relatively low surface con- 50  a low conductivity portion 30 of the
inter- centration, on the order of 10[err] atoms per 115     mediate region
24 which extends to the sur-  cubic centimeter. This junction 23 may be
face 14. Further, a central portion 32 of the  formed by limiting the
doping to surface 14,     P type intermediate region 24 extends to the
while surface 16 is protected by a mask of     surface 14 and, preferably,
is of P+  con-  silicon dioxide, or the P type dopant may be 55  ductivity
to facilitate a low resistivity, con-  allowed to penetrate both surfaces,
after which  120     tact to the gate electrode, which is described  it is
removed from surface 16 by an etching     below.
or lapping step. Alternatively, PN junction 23       A first electrode 38
is disposed onto the  may be formed by an epitaxial deposition of
entire surface 14, except adjacent the central  P type silicon on the
starting body 12. Insu- 60  P+ portion 32. This electrode makes direct
lating layers of silicon dioxide are next grown  125     ohmic contact to
the N type external region  on the surfaces 14 and 16 of the body 12 by
26 and those portions 30 and 36 of the P  heating the body for about three
hours in an     type intermediate region 24 which extend  ambient of steam.
Next, the insulating layers     to the surface 14. A second electrode 40 is
are. removed from  selected portions of the 65  disposed onto the entire
surface 16, and makes  upper surface 14 and from a portion of the  130
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3      lower surface 16, by using photolithographic  portion 88 of the N
region 78 extending to  65     techniques well known in the art. The por-
the surface.     tions removed expose the surfaces over what is    This
embodiment is useful when the device     to become the external P+ region
20, and  is to operate at the highest blocking voltage 5  the P+ portions
32 and 36.                   for a given thickness of the N type inter-
Thereafter, a P type doping source, such  mediate region, because the N
region 78 pre-  70     as boron nitride, is applied to the exposed  vents
the depletion layer from spreading close     portions of the two surfaces
14 and 16. The  enough to the P+ external region 20 to switch     body is
then heated to 1150[err]C. for about  the device into conduction. 10
one-half hour to diffuse the boron into the . Fabrication of the device of
FIGURE 3     body 12.                                    may begin with
simultaneous diffusion of P  75       Next, additional silicon dioxide is
grown  and N type dopants into opposite surfaces of     on the surfaces 14
and 16. The insulating  a lightly doped N  type wafer. Subsequent
layers are treated with another photolitho- steps of masking and diffusing
P+ and. N+ 15  graphic sequence to expose those portions of impurities are
then the same as for the device     the surfaces which are to become the
external of FIGURE 1.                              80     N+ type region 26
and the highly conductive  FIGURE 4 is a schematic circuit represen-     N+
portion 34 of the N type intermediate  tation 50 of the device 10 of
FIGURES 1     region 22. The. semiconductor body 12 is then  and 2, in
which a diode rectifier 52 is con- 20  heated in the vapors of an N type
doping nected in parallel with an SCR 54, with the     source, such as
phosphorous oxychloride, for  diode 52 poled for forward conduction in  85
about two hours at 1265[err]C to form  those  a direction opposite to that
of the SCR 54.     regions.                                    The device
10 is electrically equivalent to the       The remaining portions of
silicon dioxide  circuit 50, because a diode junction is pro- 25  are then
stripped away and a thin layer of  vided between the intermediate P region
24,     gold about 25.0 A thick is evaporated or other- which serves as the
anode region of the diode 90     wise deposited on each of the surfaces 14
52, and the intermediate N region 22 which     and 16. The body 12 is then
placed in a  serves as the cathode region for the diode.     reducing
atmosphere at a temperature between  The first and second electrodes 38 and
40 30  800[err]C to 900[err]C for about one hour, causing  serve as the
anode and cathode electrodes,     gold impurities to diffuse into the body
12  respectively, for the diode 52 of FIGURE  95     Because gold diffuses
much more readily  4.  The  controlled  rectifier  has  the
P+N-PN+  profile of regions 20, 22, 24,     through an undoped or lightly
doped region,     those portions 28 and 30 of the two inter-  and 26,
respectively, with an anode 40, cathode 35  mediate regions 22 and 24 act
as "windows"  38, and gate electrode 42.     which allow a higher
concentration of gold    In operation, when a positive bias is applied  100
impurities to accumulate in that part of the  to the cathode of the SCR and
a negative bias     body between portions 28 and 30. This results  is
applied to the SCR anode, the diode recti-     in a profile of gold
recombination centers with-  fier conducts current. Thus, during periods 40
in the body as shown and described with  when the SCR is biased off, the
peripheral     reference to FIGURE 2.                      diode, defined
by the P and N- regions 24  105
and 22 (FIGURE 1) is forward biased and       The remaining gold is removed
from the  conducts current in a direction reverse to the     surfaces 14
and 16. The first, second, and  normal conduction of the SCR. The annular
gate electrodes 38, 40, and 42 are then  highly conductive portions 36 and
34 of those 45  deposited on the respective surfaces, as for  two regions
and the gold recombination centres 110     example, by a nickel
electroplating process, previously described, effectively limit the flow
and the nickel electrodes are thereafter coated  of diode reverse current
to the periphery of     with solder by dipping. The groove is etched  the
body 12. When the SCR 54 is forward     into the device. The second
electrode 40 of  biased, it can be triggered into conduction 50  the device
is then soldered  to a metallic sur-  by the application of positive
voltage pulses 115     face, which may be a surface of the device  to its
gate electrode, causing the device to     enclosure or package.
function  in the manner previously described.       An alternate embodiment
of the combina-    The electrical characteristics of a device     tion
device is shown in FIGURE 3. The  constructed in accordance with the
foregoing 55  alternative device 70 is essentially similar to  are
illustrated in Figure 5, where the anode 120     the device 10 of FIGURE 1,
except that the  to cathode current (ordinate) is plotted against
intermediate N  type region 74 comprises a  the voltage (abscissa) between
the anode and     highly resistive N- region 76 adjacent the P  the
cathode. When the potential between the     type intermediate region 24
and an N region  anode and the cathode of the SCR is in the 60  78 of
higher conductivity than the N- region  reverse non-conductinig direction,
the SCR  125     76. The N region 78 extends to the lower  portion of the
device is non-conductive, but     surface 16 and includes the high
conductivity  the peripheral  rectifying diode is biased in     N+ portion
84, which is spaced apart from  the forward direction, and conducts reverse
the adjacent P+  external region  20 by a  current. This is shown by that
portion 60 of    [err]                                      the
current-voltage curve. When the polarity  device according to claim  2,
wherein said                         of the applied biased voltage is
changed to  body further includes a multiplicity of recom-
forward bias the SCR, a small leakage cur-  bination centers formed
therein, said recom-                         rent will flow. As the forward
bias voltage is bination centers being substantially concen-
5  increased, a voltage point 62 is reached, at  trated in said body
between the relatively low  60                         which point the
forward current increases  conductivity portions of each said intermediate
increases rapidly, this being  the point of  regions extending to the
corresponding sur-                         avalanche breakdown for both the
SCR and  faces.                         diode sections of the device.  When
the for-   4. An integral thyristor-rectifier diode device
10  ward current exceeds a critical value, the volt-  according to claim
3, wherein said recom-  65                         age across the SCR
reverts back to a low  bination centers comprise gold impurities.
value. At this point, the SCR is in the "on"   5. An integral thyristor
diode device com-                         condition and the forward current
increases  prising a crystalline semiconductor body hav-
rapidly with slight increases in the forward  ing two opposed major
surfaces, said body                     15  bias voltage. This is shown by
the portion  including four semiconductor regions of alter-  70
64 of the characteristic curve in Figure 5.  nate conductivity type, with a
PN  junction                         The thyristor section can be triggered
from  between adjacent regions; said four regions   the blocking state to
the conducting state at  including an external region at each of said any
voltage below point 62 by application of  surfaces, and two intermediate
regions, with 20  a positive bias to the gate, just as in an  each
intermediate region including an exten-  75
ordinary thyristor.                          sion thereof extending to a
corresponding one                           The above described device thus
incor-  of said surfaces adjacent to a corresponding
porates the desirable operating characteristics  one of said external
regions; a portion of                         of an SCR, and has the added
feature of  each of said extensions being highly conduc-
25  being capable of supporting current flow in  tive relative to the
remainder thereof, the  80                         the reverse direction.
This device is therefore  remainder of each of said extensions being
suitable for electronic applications requiring  disposed between the highly
conductive por-                         an SCR together with a separate
parallel-con-  tion thereof and the corresponding adjacent
nected diode rectifier.                      external region and providing
isolation there-
between; and wherein said highly conductive  85                    30
WHAT WE CLAIM  IS: -                       portion of one of said
intermediate region                           1. An  integral
thyristor-rectifier  diode  extensions directly opposes said highly con-
device, comprising a crystalline semiconduc-  ductive portion of the other
of said inter-                         tor body having two opposed major
surfaces  mediate region extensions; a first electrode
and an edge defining the periphery of said  contacting a first one of said
external regions  90                    35  body; said body including four
semiconduc-  and the corresponding highly conductive por-
tor regions of alternate conductivity type, with  tion of a first one of
said intermediate regions;                         a PN junction between
adjacent regions; said  a second electrode contacting a second one
four regions including an external region at  of said external regions and
the correspond-                         each of said surfaces, and two
intermediate  ing highly conductive portion of a second one  95
40  regions, with each intermediate region hav-  of said intermediate
regions; and a gate elec-                         ing a portion extending
to a corresponding  trode contacting said first intermediate region.
one of said surfaces; and a part of each one   6. An  integral thyristor
rectifier diode                         of said intermediate regions at
said corres-  device  substantially  as described  in  the
ponding surface between the adjacent external example disclosed herein.
100                     45 region and said edge being highly conductive
relative to the remainder of said intermediate          For the Applicants:
region.                                          MATTHEWS, HADDAN & CO.,
2. An  integral thyristor-rectifier  diode          Chartered Patent
Agents,                         device according to claim  1, wherein said
Haddan House,                     50  highly conductive portion of said
intermediate            33 Elmfield Road,                         region is
spaced apart from  the adjacent                Bromley, BR1 1SU.
external region by a relatively low conduc-                         tivity
portion of said intermediate region    Reference has been directed in
pursuance                         extending to said corresponding surface.
of section 9, subsection (1) of the Patents Act                     55
3. An  integral thyristor-rectifier  diode  1949, to patent Nos. 1234294
and 1175312.                              Printed for Her Majesty's
Stationery Office, by the Courier Press, Leamington Spa. 1973.
Published by The Patent Office 25 Southampton Buildings, London, WC2A 1AY,
f om                                                        which copies
may be obtained.    


