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(54) SEMICONDUCTOR SWITCHING DEVICE

(71)  'We, RCA CorPORATION (formerly
Radio Corporation of America), a corpora-
tion organised under the law of the State of
Delaware, United States of America, of 30,
Rockefeller Plaza, City and State of New
York, United States of America, do hereby
declare the invention, for which we pray
that a patent may be granted to us, and the
method by which it is to be performed, to be
particularly described in and by the following
statement ; ——

-This invention relates to a bidirectional
current conducting switching device. :

The technical advance of the art is as
fo_l_lows
" The class of thyristor known as a con-
trolled reciifier is a four-layer P-N-P-N (or
N-P-N-P) semiconductor switch having
anode, cathode, and gate electrodes. It is
usnally fabricated from silicon. In its normal
state, the silicon controlled rectifier (SCR)
is non-conductive until an appropriate voltage
or current pulse is applied to the gate elec-
trode, at which point current flows from the
anode to cathode and delivers power to a load
circuit. If the SCR is reverse biased, it is
non-conductive and cannot be turned on by a
%atmg signal. Once conduction starts, the gate
loses control and current flows from the
anode to the cathode until it drops below a
certain low value (called the holding current),
at which point the SCR is off and the gate
electrode regains control. The SCR is thus
a solid state device capable of performing
the circuit function of a thyratron tube in
many electronic applications.

In some of these applications, such as, for
example, certain inverter circuits, automoblle
_1gmtlon systems, and honzontal deﬂectmn cir-
cuits for television receivers, it is necessary
to connect a separate rectifier diode in parallel
with the SCR. The anode of the rectifier diode
is connected to the SCR cathode and the
cathode of the rectifier is connected to the
SCR anode. Thus, the rectifier will be forward
biased and current will flow through it when

[Price 25p]

the SCR is reverse biased, ie., when its
cathode is positive with respect of its anode.
For reasons of economy and ease of handhng,
it would be preferable if the circuit function
of the SCR and the associated rectifier diode
could be combined in a single device so that
instead of requiring two devices and five
electrical connections, one device and three
electrical connections are all that would be
needed,

According to the invention we provide a
bidirectional current conducting switching de-
vice comprising a semiconductive body in-
cluding four layers which alternate in con-
ductivity type to form a_ plurality of PN
junctions therein; a first electrode in contact
with an external layer of said body and a
first exposed surface of a first intermediate

layer adjacent said external layer; a gate elec--

trode in contact with said first intermediate
layer; and a second electrode in contact with
the other external layer of said body and a
second exposed surface of a second inter-
mediate layer -adjacent said other external
layer; said four layers and said first, gate,
and second electrodes providing a controlled
rectifier which conducts current in one direc-
tion; and said intermediate layers and said
first and second electrodes providing a diode
rectifier which conducts current in an’ oppo-
site direction -to said one direction when said
controlled rectifier is non-conductive, charac-
terized in that said second intermediate
layer comprises first and second portions, said
second portion being of greater conductivity
than said first portion and said first por-
tion having a surface constituting said second
exposed surface forming a peripheral border
to said other external layer.

An embodiment of the invention will now
be described with reference to the accompany-
ing drawings in which: —

Figure 1 is a schematic circuit dxagram

of a portion of the horizontal deflection .cir- -

cuit of a tglcvision recejver which illustratés
an application of the present invention; -
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Flgures 2a to 2f are cross-sectmnal views
of a semi-conductor device embodying ‘the

invention durmg various stages of its manu-~
" facture; S
" Figure 3 is 2. perspectwe ‘view, in section,

of ‘a semiconductor device embodymg the

- lnventlon, S

Figure 4 is an equwalent schematic circuit
diagram of a device of the type illustrated in
Figure 3; and.

Flgure 5 is'a voltage versus current charac-
teristic curve for a device of the type 1llus-
trated in Figure 3.

Referring now to-the drawmg, and in par-
ticular to Figure 1, there-js shown a- hori-
zontal deflection circuit ‘¢f a television re-
cciver in which the invention may be used.
The circuit includes a first and a second bi-
directionally conductive switching means 12
and- 14, The switching . device of the inven-
tion would be suitable for use-as either the
switching means 12 or 14, for example. Each
of the switching’ means 12 and 14 of the
horizental deflection circuit - comprises the
combination of a controlled rectifier, in each
case a silicon controlled rectifier (SCR),_ and
a diode arranged to conduct current in a
direction opposite to the. direction’ of con-
duction - of the ‘associated’ SCR. Thus, the
switching means 12 includes an SCR 16 and
a ‘dicde 18, the cathode of which is con-
nected to the ancde of the SCR 16 and the
anode of which is connected to ‘the cathode
of the SCR 16. Similarly, the anode of a
diede 22 is connected tothe cathode of an
SCR 20in the switching means 14 and the
cathode of the diode 22 is cor.nected to the
anode of the SCR 20. -

The bidirectional “conductive sthchmg
raeans 12 and 14-are arranged in the deflec-
tion ‘circuit so ‘as to ‘provide asaw-tooth
current wave through a horizontal deflection
windinig 24 of a television kinescope 26 during
thé trace portion of the horizontal deflection
cycle. To this end, the diode 22 conducts
current during the first-half * of the trace
portion “of the “deflection” cycle and the SCR
20 conducts current during ' the remainder
of the trace portion ‘of the deflection cycle.
During retrace, both the diode 20 and the
SCR" 22 are in the non-conductmg “off”
condition. .

To initiate the retrace portion of the cycle,
the “bidirectional switching means 12 is
rendered conductive by the application of a
horizontal output pulse to' the gate electrode
of the SCR 16. During retrace the deflection
current reverses, rendering the SCR 16 non-
conductive. During the latter portion of the
retrace cycle, while SCR 16 is off, current
flows through the diode 18.

Thus, "in order to operate " for thexr in-
tended purpose, each- of the bidirectionally
conductive switching means 12 and 14 re-
quires that an oppositely poled diode be con-

nected in patallel w1th the SCR to permit.
the reverse flow of current during approg“\
mately one-half both the trace and. retra
portion of -the deflection cycle This - invén-
tion is directed to a device in which- bidirec-
tional current flow of this type is achieved in
a unitary | structure, Thus, devices embodying

the invention are suitable for use, for example, -

in “horizontal deflection circuits of the type
described or in any other. switching - circuit
where the. flow of reverse current is desired
when the bias: reverses, i.e, when the SCR

. is reverse biased and: non-conductmg

Referring now to Figures 2a—2f, the
starting material for devices embodymg the
invention is a body 28 of a crystalline semi-
conductive materjal, preferably silicon. . The
precise: shape, composition, conductivity tyre,
and - electrical resistivity of the semiconduc-
tive body 28 is not critical. In _this particular
example, the body 28 i of N conductivity
type silicon- having a resistivity of about -
20 ohm-cm. In practice, a large number of
units would be simultaneotisly ‘formed on the
body 28. To simplify the explanation. of ‘the
icvention, however, the fabncatxon of only
a’ smigle device 1s ﬂlustrated in Flgures
ﬂa"—'z

Insulating layers 30 and 32 (Flgure Zb)
of silicon dioxide is next grown on opposite

95

surfaces of ‘the body 28 by, for example, .

heating the body 28 for about three hours
in an ambient of steam. “The next step in
the process (Figure 2c) is to remove the
insulating layer 30 complétely from the top
surface of the body 28 and to remove a. por-
tion of the msulatmg layer' 32 from the bottom
surface of the body 28 to form a window
33. These layers may be removed by any con-
venient  well-known - method : such " as, . for
example, by " using photohthographxc and
etching techniques. _

Following this step, a source, such as boron
nitride, of P _type dopant ‘i apphed to the
cxposed portions of both the upper- and
bottom surfaces of the body 28. The body is
then heated at approxnnately 850°C for ‘cne-
half hour to diffuse boron -into: the body 28.
P type layers 34 and 36 are thus formed
within the body 28 across its entire top sur-
face and under the area defined by the window
33, respectively. The boron source is then
stnpped off the top surface and the s1l100n
body 28 is heated at around 1300°C in an
cxidizing atmosphere for approximately . 20
hours, diffusing boron left at the surface into
the body under the opening 33 and convert-
ing the area 36 into a regmn of P+ con—
ductivity.

‘Next, a layer 38 (Flgure 2€). of msulaung
material, such as silicon “dioxide, is grown or -
deposlted on the top surface of ‘the semii-
conductive body and an opening ‘40 is defined
in this layer. At the same time, an insulating

layer 44 is grown or deposited on the bottom
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wer the P+ region 36. The semiconductive
body™28 is then heated in the vapors of an
N doping source such as phosphorus pezit-
ozide for about 2 hours at approximately
1265°C to form a diffused annular N+ region
46 under the opening 40 and a second diffused
afnular N+ region 48 which surrounds the
P+ region 36 on the bottom surface of the
semiconductive body 28. ' '

‘The silicon. dioxide layers 38 and 44 are
then removed and 4 new insulating layer 50
(Figure 2f) is grown or deposited on the
top’ surface of the semiconductive body 28.
Using photolithographic and _ etching tech-
niques, an annular opening 51 is made in this
layer through which an annular moat 53 is
etched into the semiconductive body. Follow-
ing this' step, ‘the insulating layer 50 is re-
moved and a conductive metal layer 55 such
as, for example, nickel is electroplated or
otherwise deposited on the top surface of the
device, Copper electrodes 56 and -58 are
soldered to this metal layer 55 to provide an
SCR gate electrode 56 and an SCR cathode
58. The bottom ' surface of the device is

- soldered or brazed to a metallic surface 60

which would, for example, be a surface of
the device enclosure or package. This sur-
face ‘thus serves as the SCR anode of the
completed device. o

The completed device is thus similar in
construction to a conventional SCR; cne im-
portant . difference being ‘that the region 61,
which is the remaining N .type portion of

the original body 28, is connected or shorted -

to the SCR ancde 60 of the device. In the
present example, this is accomplished by con-
necting the N region 61 to the SCR anode
60 through the highly doped annular N4
region 48. The completed device is electrically
equivalent to either the switch 12 or the
switch 14 of the Figure 1 circuit or the cir-

- cuit of Figure 4, where a dicde rectifier

62 is connected in parallel with an SCR 64
and is poled for forward conduction in a
direction opposite to that of the SCR 64.
In the actual device of Figure 3, the peri-
phery serves as 2 diode rectifier, such as the
diode rectifier 62 of Figure 4. That is, a
diode junction is provided between the P
region 34, which serves as the anode of the
diode rectifier, and the N region 61 which,
in combination with the highly conductive
N+ region 48, serves as the cathode of the
diode rectifier. The SCR is a N+PNP+
structure having an anode 60, a cathode 58,
and a gate 56.

When a positive bias is applied to the
cathode 61 of the periphéral diode and a
negative bias is applied to the diode anode
34, the diode rectifier will be biased in the
reverse, non-conducting direction and will
block the flow of current. Under these con-

ditions, the bias voltage og thie'SCR is in thé
forward direction, that-is-thé'SCR cathode 58
is negative and the SCR lode 60 is positive:
Thus, the SCR conduéts: current in ‘a direc-
tion from the SCR- anode ‘60" to ‘the’- SCR
cathode 58. When a bias ‘voltage of an. oppo-
site polarity ‘is appliéd, that is* when' the
cathode 61 of the peripheral - diode " is ‘nega-~
tive and the diode anode 34 is positive, the
SCR is biased in the reverse, ‘non-conducting
direction. and will blocktheflow: of current:
The peripheral diode 'is :biased; under these
conditions, to conduct ¢urrent in the forward
direction, Thus, during - périods when - the
SCR is biased off, the peripheral diode; de-
fined by the P+N regions' 34 dnd 61, which
lie between two ohimic-contacts, is forward
biased and conducts cutfent; i thus ‘permitting
the flow of reverse aifrent” with a:-single
device.
Under forward bias conditions, the SCR
can be triggered into'‘conduction’ by ‘the
application of positive “voltage :pulses’ to- the
SCR gate electrode 56, When' positivé pulses
are applied to the SCR; -gaté 56; hole current
flows from the gaté  contact,  through' the
P base region 34 and to the’ periphery of ‘the
device where the -SCR cathode 58 makes
contact to the P:region 34: The lateral fiow
of current in the-P region' 34 will cause’x
voltage drop which''is applied to the’ N+
region 46, forward biasing 'the "N+, region
46 in the center near the SCR: gate’ contact
56. Thus, the N+ region: 46 injects electrons.
Some of these electrons diffuse across the

P region 34 and.into. the: depletion region of

the junction between the P region 34 and the
N region 61, which sweeps them across the
junction and into the N region 61. Some of
these electrons will then flow laterally through
the N and N+ regions 61 and 48 and out
to the anode 60 of the SCR. The voltage

drop due to this lateral current puts a for-

ward bias on the P+ region 36 near the
center so that it begins to inject holes into
the N region 61. Some of these holes dif-
fuse across the N region 61 into the P region
34, which increases the forward bias on the
N region 46 and causes it to inject more
electrons. In this way, the SCR portion of
the device becomes highly conductive,

The electrical characteristics of a device
constructed in accordance with the foregoing
are illustrated in Figure 5, where the anode-
to-cathode current (ordinate) is plotted against
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the voltage (abscissa} between the anode and

the cathode. When the voltage between the
anode and the cathode is in the reverse non-
conducting direction, the SCR portion of the
device is non-conductive, but the peripheral
rectifying diode is biased in the forward direc-
tion and conducts current. This is shown by
the portion 66 of the current-voltage curve.
When the polarity of the applied bias voltage
reverses to forward bias the SCR, a small
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leakage current- wxll ﬂow As the fomrard bxas
voltage is incressed, a.-yoltage peint 68 is
reached at which: the forward current -in-
creases ramdly When the forward current
exceeds ‘a critical- value, the woltage across
the SCR teverts: ‘back 1o a low value. At this
point, the SCR is in- the “en™ condition and
the forward current ipcreases rapldly with
slight increases in the -forward bias yoltage.
This is shown -by. -the portion. 70 of the
current-voltage charagteristic curve.

. Pevices. embodymg the -invention thus - in-
cor@m'atg in -one -semiconductor -device, the
desirable -operating charagteristics of an -SCR
and have the added.- feature: of ‘being capable
of -supporting current flow in the zeverse
direction.- These dewices are therefere suitable
for -electronic apphcauons requiring -an .SCR
together with a sepamte, parallel—connected
dlode recuﬁer B

\VHAT 'WE CLAIM IS _

1. A bldlrectmnal ‘gurrent. eonducnng
smtchmg devxce ‘comprising -a- semiconducti
body - mcludmg four-layers which alternate m
condutivity type: - to.form a plurahty of PN
junctions therein;-a. first electrode-in. contact
with anexternal layer of said body and a
first exposed .surface of .a . first .intermediate
layer a,dyacent said " -external l&yer, a gate
electrode in contact with said first inter-

" mediate layer; and a second electrode in con-

tagt with the other external layer of said
body -and g second. exposed surface of a

e T = O Ty

second mtermcdmte layer ad;acent saxd nther -

external layer; said four layers and .said. ﬁrsr 435

gate, and second -electrodes -providing a cox
trolled rectifier which conducts .current. in'™
one direction; and .said intermediate layers
and said first-and second electrodes’ providing
a -diode rectifier which conducts current in.an
opposite direction to sald one direction when
said contrelled rectifier is non—conducuve, the
second intermediate layer comprising first and

second portions, said’ second -portion - being

of greater conductivity than said first portion 45

and said second portion having a surface
constituting said second exposed surface form-
1u;g a pperipheral bordm' 10 said other external

yer.
2. - A bidirectional cun‘ent conductmg
smtchmg device as claimed in claim 1, where-
in said first electrode. constitutes 2 cathode
for said controlled rectifier -and an anode
for said diode rectifier, and said second elec-
trode constitutes an anode for said controlled
rectifier ‘and a cathode for sald diode
rectifier. -

3. A bxdlrecuenal cu:rent conducting
switching device substantially -as -described
with referem:e to the aocompanymg drawmgs

: For the Apphcants,
MATTHEWS, HADDAN & CO,
Chartered Patent Agents,

33, Elmfield Road,
Bromley, BR1 ISU

" Printed for Her "Ma;esty s Statlonery Office, by the Courier Pross, Loamington.- Spa. 1971 -
Pubhsha’d by ’l‘hb "Patent Office, 25 Southam pton Bulldmgs, London, WCG2A 1AY, Emm
- fuch copies'may be oblained. _

55

60



F

1,234,294

10

15

20

25

leakage current will flow. As the forward bias
voltage is increased, a voltage point 68 is
reached at which the forward cwrent in-
creases rapidly. When the forward current
exceeds a critical value, the voltage across
the SCR reverts back to a low value. At this
point, the SCR is in the “en” condition and
the forward current increases rapidly with
slight increases in the forward bias voltage.
This is shown by the portion 70 of the
current-voltage characteristic curve.

Devices embodying the invention thus in-
corporate, in one semiconductor device, the
desirable operating characteristics of an SCR
and have the added feature of being capable
of supporting current flow in the reverse
direction. These devices are therefore suitable
for electronic applications requiring an SCR
together with a separate, parallel-connected
diode rectifier.

WHAT WE CLAIM 1S:—

1. A bidirectional current conducting
switching device comprising a semiconductive
body including four layers which alternate in
conductivity type te form a plurality cf PN
junctions therein; a first electrode in contact
with an external layer of said body and a
first exposed surface of a first intermediate
layer adjacent said external layer; a gate
electrode in contact with said first inter-
mediate layer; and a second electrode in con-
tact with the other external layer of said
body and a second exposed surface of a

v

second intermediate layer adjacent said other

external layer; said four layers and said first,

gate, and second electrodes providing a cory

trolled rectifier which conducts current in

one direction; and said intermediate layers

and said first and second electrodes providing
a diode rectifier which conducts current. in an
oppcsite direction to said one direction when
said controlled rectifier is non-conductive, the
second intermediate layer comprising first and
second portions, said second -portion being
of greater conductivity than said first portion
and said second portion having a surface
constituting said second exposed surface form-
ilxalg-a peripheral border to said other external
yer. :
2. A  bidirectional current conducting

switching device as claimed in claim 1, where-

in said first electrode constitutes a cathode

45

50

for said controlled rectifier and an anode .

for said dicde rectifier, and said second elec-
trode constitutes an anode for said controlled
rectifier and a cathode for said diode
rectifier.

3. A Dbidirectional current conducting

switching device substantially as described
with reference to the accompanying drawings.

For the Applicants,
MATTHEWS, HADDAN & CO.,
Chartered Patent Apgents,

33, Elmfield Road,
Bromley, BR1 1SU.
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