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Description

Background of the Invention

[0001] This invention relates to thyristors of the type
including field effect transistors (PETS) for both turning
on and turning off the thyristors, and particularly to an
improved thyristor having turn-on FETs of increased ca-
pacity for more rapidly turning on the thyristors.
[0002] FET controlled thyristors, also known as MCTs
(Metal-oxide-semiconductor Controlled Thyristors), are
now generally known and described, for example, in US
Patents 4816892 and 4857977, the subject matter of
which is incorporated herein by reference. In such thy-
ristors, turn off is accomplished by diverting current from
one of the base regions around (rather than through) the
p-n junction formed by the base region and its adjacent
emitter region, thereby turning off injection of charge
carriers from the emitter into the base. Because gener-
ally large current densities are involved, the diverting
path length must be relatively short, to prevent high volt-
age drops therealong, and the thyristors are thus made
of a plurality of small cells, each cell being small enough
to provide a short current diverting path. The cells are
connected in parallel to provide high power capacity in
the composite thyristor.
[0003] The mechanism for turning off each cell com-
prises a field effect transistor disposed within each cell
at a surface thereof, the channel region of the FETs serv-
ing as low resistance switches for creating the current
diverting path.
[0004] Turning on of such thyristors is accomplished
by basically short circuiting a portion of one of the block-
ing p-n junctions of the thyristor and injecting current
from one of the thyristor main terminals directly into one
of the base regions for forward biasing the emitter region
adjacent thereto. The mechanism for turning on the thy-
ristor also comprises FETs at the substrate surface, the
channels of which selectively provide low resistance,
paths through the blocking p-n junctions.
[0005] In order to turn off the thyristor, a relatively
large proportion of the current flowing between the de-
vice main terminals must be diverted through the chan-
nels of the turn-off FETS. Obviously, the channels must
be sufficiently low in impedance to carry the current.
Conversely, in order to turn on a thyristor, only relatively
small amounts of current must be injected into the base
region. This is because, once a small portion of an emit-
ter p-n junction is forward biased to inject current into
the base region, the process becomes self-sustaining
and the initially small turned-on portion of each cell rap-
idly expands to fully turn on all other portions of the cell
and then to neighboring cells until the entire device is
fully on.
[0006] Because the channels of the turn-on FETs can
be smaller than the channels of the turn-off FETS, one
practice in the past is to arrange the cells in groups of 9
contiguous cells, i.e., a 3 x 3 block of cells including a

central cell surrounded by 8 cells. This is illustrated in
Fig. 1. Each peripheral cell includes a turn-off FET, but
only the central cell includes a turn-on FET which is ef-
fective for turning on each of the surrounding cells. To
avoid reducing the area available for the turn-on FET,
the central cell does not include a turn-off FET.
[0007] One shortcoming of this arrangement is that
the composite thyristor is not of uniform structure or
characteristics throughout. This leads to current density
variations and problems related thereto.
[0008] Another shortcoming of this arrangement is
that main terminal current also flows through the central
cells when the composite thyristor is in its on or conduc-
tive state, and turning off the thyristor also requires turn-
ing off the central cells. Because these cells do not have
turn-off FETS, however, the currents through the central
cells must be diverted to the turn-off FETs of the sur-
rounding cells. This tends to increase the turn-off time
and reduce the turn-off capability of the composite thy-
ristor. To counter this effect, one practice is to design at
least some of the cells surrounding the central cells with
lower main terminal current carrying capacity, thereby
reducing the current flow through these surrounding
cells and reducing the amount of current that must be
diverted therefrom. However, this reduces the overall
current capacity of the composite thyristor and is waste-
ful of space.
[0009] In some instances, it is desirable to increase
the turn-on speed of the composite thyristor. This can
be accomplished by increasing the size or number of
the central cells at the expense of the size or number of
the surrounding cells, but this causes an undesirable in-
crease in the turn-off time of the thyristor as well as a
further reduction in the current carrying capacity of the
composite thyristor.
[0010] Reference is made to prior art document EP-A-
0329993 which discloses a thyristor having a plurality of
base regions and emitter regions embedded in each of
the latter, in which each base region has a first field-
effect transistor which, when a triggering voltage pulse
is applied to its gate electrode, switches on a triggering
current circuit for the emitter region embedded in the
base region, and in which there is embedded in each
base region a further field-effect transistor which, when
a reset voltage pulse is applied to its gate electrode, ac-
tivates an emitter-base short circuit to shunt the p-n
junction bounding the embedded emitter region.
[0011] Reference is also made to prior art document
IEEE Transactions on Electron Devices, Vol ED-33 No.
10, October 1986, pages 1609 to 1618, which discloses
a power device with MOS controlled thyristor unit cells
each comprising a turn-on FET and a turn-off FET at the
surface of a semiconductor, the turn-on FET drain re-
gion being common with the adjacent unit cell.
[0012] Reference is also made to prior art document
US-A-4967244 which discloses a power semiconductor
component with switch-off facility, in which switch-off ca-
pability is achieved by MOS controlled thyristor (MCT)
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unit cells, insulated gate bipolar transistor unit cells be-
ing connected in parallel with the MCT unit cells for
switching on.
[0013] The invention consists in a thyristor semicon-
ductor device having plural thyristor cells disposed in a
semiconductor substrate, each of said cells having four
layers of alternating conductivity type and a turn-on FET
for turning the cell on and a turn-off FET for turning the
cell off, wherein said turn-on FET has source, channel
and drain regions in adjacent portions of three of said
layers that extend to the surface of the device, the de-
vice being characterised in that :

each turn-on FET and turn-off FET includes a chan-
nel region disposed at a common surface of the
semiconductor substrate;
each of said plural thyristor cells has sides that are
each common with a side of a contiguous one of
said cells, said sides of each of said cells meeting
at corners that are common to at least three contig-
uous cells;
each of said corners has a turn-on PET drain region
therein that is common to the ones of said cells hav-
ing sides meeting at said one corner;
all of said cells each having four sides or each hav-
ing six sides and each of said corners being com-
mon to four said cells or three said cells;
the turn-off FETs are disposed along the sides and
share a common drain with the cells contiguous
therewith.

Description of the Drawings

[0014]

Fig. 1 is a plan view of a portion of a semiconductor
substrate showing an arrangement of cells used in
a prior art FET controlled thyristor;

Fig. 2 is a cross-section, but to a different scale, of
the thyristor shown in Fig. I along line 2-2 thereof;

Fig. 3 is a view similar to that of Fig. 1, but showing
a cell arrangement according to the present inven-
tion; and

Fig. 4 is a perspective view of a portion of the thyr-
istor shown in Fig. 3 cut away along the line 4-4 of
Fig. 3, but to a different scale.

Description of a Preferred Embodiment

[0015] Figs. 1 and 2 show a prior art arrangement of
a multi-cellular MCT comprising a repetitive pattern of
blocks of 9 cells. In Figs. 1 and 2, the boundary between
the central cell 4 and the cell 4a to its left is indicated by
the line 5. As previously noted, the central cell 4 of each
block contains a turn-on FET, but not a turn-off FET. The

turn-on FET is shown in Fig. 2 and comprises a channel
region 6 at the surface of the base region 7, and an over-
lying insulated gate electrode 8. The gate electrode 8 is
separated from the surface of the semiconductor sub-
strate 10 by an insulating layer 11 which also overlies
the gate electrode 8. The thyristor part of the cell 4a
comprises a p type emitter region 18, the n type base
region 7, a p type base region 20, and an n type emitter
region 22. A cathode electrode 24 contacts the n emitter
22 and an anode electrode 26 contacts the p emitter 18.
The anode electrode 26 extends over the gate electrode
8 and is insulated therefrom by the layer 11. Normally,
for high charge carrier density injection from the p emit-
ter 18 into the n base 7 during the on state operation of
the thyristor, the p emitter 18 is highly doped (P+). How-
ever, as previously explained, because the central cell
4 contains no turn-off FET, whereby turn-off requires di-
version of current therethrough to an adjacent cell 4a,
the p emitter 18 of the adjacent cell 4a is only lightly
doped (P-) to deliberately reduce the amount of current
flowing through the cell 4a so as to accommodate the
turn-off current from the central cell. This deliberate re-
duction of efficiency of the cells 4a is wasteful of space.
[0016] A thyristor arrangement according to the in-
vention is shown in Figs. 3 and 4. Fig. 3 is a plan view
of a portion of the top surface of a semiconductor sub-
strate 30 (e.g., of silicon) containing a plurality of thyris-
tor cells connected in parallel to provide a composite
thyristor. What is actually illustrated in Fig. 3 is the top
surface 32 of the substrate and a grid-like pattern 34 of
a conductive material, e.g., doped polycrystalline sili-
con, overlying both the turn-on and turn-off FETs of the
various cells and serving as the gate electrodes of the
FETS. The composite thyristor contains a repetitive pat-
tern of features defining (as described hereinafter) var-
ious portions of thyristor cells, e.g., vertical, main termi-
nal current carrying paths and turn-on and turn-off
FETS. Because of the repetitive nature of the pattern, it
is possible to define a single cell in different ways. For
example, in Fig. 3, a different square cell A or B can be
identified depending upon where the cell sides, indicat-
ed by dashed lines 42 and 43, respectively, are placed.
The composite thyristor can then be considered as com-
prising either a plurality of A cells, or a plurality of B cells,
etc. However, regardless of how the individual cells of
the composite thyristor are defined, all the complete
cells (i.e., excepting possible partial cells at edges of the
semiconductor substrate) are identical and have identi-
cal operating characteristics.
[0017] For purposes of the present description, the
composite thyristor indicated in Fig. 3 is arbitrarily de-
fined as comprising a plurality of identical cells 40 (i.e.,
the cell A) each defined by a square pattern of dashed
lines 42 which identify four sides and four corners at the
intersections of pairs of sides. Both the sides and cor-
ners are overlaid by the pattern 34 which comprises
strips 46 overlying sides of adjacent cells and circular
discs 48 each overlying the comers of four adjacent
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cells.
[0018] In this embodiment, the cells are of square
shape. Other shapes, e.g., hexagonal, are possible.
With hexagonal cells, only three cells meet at the cell
corners.
[0019] Fig. 4 shows two cross-sections of the cell 40,
one from the center C of the cell leftwardly to one side
42 thereof, and showing a portion of an adjacent cell
40a, and the other cross-section being from the center
C rightwardly to a corner 44 of the cell and showing a
portion of another adjacent cell 40b.
[0020] The cell 40 is "vertical" thyristor and comprises
the usual four layers of a thyristor, namely, in this em-
bodiment, a lowermost n type emitter layer 50 which is
common to all the cells in the substrate; a p type base
layer 52 including, for asymmetric blocking thyristors, a
lowermost portion 52a of P+ conductivity and an over-
lying portion 52b of P- conductivity, the p type base layer
52 also being common to all the cells; an n type base
layer 54; and an upper p type emitter layer 56. In asym-
metric device there is no P+ region 52a. A conductive
metal, e.g., aluminum, is ohmically bonded to the lower
surface of the n type layer 50 and comprises the cathode
electrode 58 of the composite thyristor. An anode elec-
trode 60 is ohmically bonded to the upper surface of the
p type layer 56. The anode electrode is common to all
the cells and actually extends over the grid-like pattern
34 and is insulated therefrom by an intervening insulat-
ing layer similar to the insulating layer 11 shown in Fig.
2. The extension of the anode electrode over the gate
electrode pattern 34 and the insulating layer overlying
the gate electrode pattern 34 are not shown to simplify
the drawing.
[0021] In the on, conductive state, current flows ver-
tically through each cell between the emitter layers 50
and 56 through the intervening base layers 52 and 54.
[0022] Turn-on and turn-off control FETs are provided,
in this embodiment, at the upper surface of the substrate
within each cell. The FETs are of generally known type
and function in generally known fashion to control the
turn on and turn off of each thyristor cell (see, for exam-
ple, US Patent 4816892 which shows similar FETS, but
wherein the turn-off FET is disposed on the cathode side
of the device, and the turn-on FET is disposed on the
anode side.)
[0023] As shown in Fig. 4 herein, the turn-off FET 62
comprises an n type region 64 within the p type emitter
56 which serves as the source region of the FET. The
anode electrode 60 contacts the region 64 and serves
as the source electrode for the FET. The channel 66 of
the FET 62 extends through the p type layer 56 at the
surface thereof to the n type layer 54 which serves as
the drain region of the turn-off FET. To serve this pur-
pose, the n type base layer 54 extends upwardly around
the p type emitter layer 56 to the surface of the substrate.
The gate electrode for the turn-off FET comprises that
portion of the conductive pattern 34 which overlies the
source 64, channel 66, and drain regions of the FET,

and which is insulated from these regions by an inter-
vening layer 68 of insulating material. As indicated in
Fig. 4, the turn-off FET 62 is a continuous structure
which extends entirely around the cell. Along the sides
42 of the cell (but not at the cell comers), e.g., as illus-
trated to the left of the cell 40 in Fig. 4, the turn-off FETs
62 border corresponding FETs 62 of the adjacent cells,
and the drain regions 54 (the common n base region 54)
of the turn-off FETs of adjacent cells are common to one
another.
[0024] Along the sides of the cells, as shown to the
left of the center line C of Fig. 4, the p type base layer
52 is separated from the substrate upper surface 32 by
the n type base layer 54. At the corners 44 of the cells,
however, as shown towards the right of Fig. 4, a solid,
circular cylinder 70 of the p type base layer 52b extends
upwardly through the n type base layer 54 to the sub-
strate surface. The surface portion of the p type cylinder
70 serves as the drain region of the turn-on FET 72.
[0025] The turn-on FET 72 for the cells comprises an
upper portion 56a of the p type emitter layer 56a serving
as the source region of the turn-on FETS, a channel re-
gion 74 extending through the upper surface portion of
the n type base layer 54 to the aforementioned drain
region 70, and the portions of the conductive pattern 34
overlying the source 56a, channel 74 and drain 70 re-
gions.
[0026] Because the p type cylinders 70 are disposed
only at the corners of the cells, the turn-on FETs are sim-
ilarly disposed only at the cell corners. The turn-on FETs
72 at another one of the four corners of the cell 40 is
shown at the upper left of Fig. 4.
[0027] The operation of the composite thyristor,
made-up of the various parallel-connected cells, is not
different from the prior art devices. Thus, with a positive
voltage applied to the anode electrode 60 and a nega-
tive voltage applied the cathode electrode 58, the thyr-
istor can be turned on by applying a negative voltage to
the gate electrode 34. The gate electrode overlies the
channels of both the turn-on and turn-off PETS, but, in
this embodiment, with the FETs disposed on the anode
side of the substrate, the negative gate electrode volt-
age serves to turn on the turn-on FETs 72 while biasing
off the turn-off FETs 62. Charge carriers thus pass from
the anode electrode 60 into the p emitter 56 and thence
directly into the p base 52 via the on channel 74 of the
turned on FET 72. As known, this serves to turn on the
thyristor.
[0028] To turn off the thyristor, a positive voltage is ap-
plied to the gate electrode 34 which serves to turn on
the turn-off FET 62 while biasing off the turn-on FET 72.
According, charge carriers within the n base 54, instead
of passing vertically upward to the p emitter region 56,
are diverted laterally around the p emitter via the low
resistance channel 66 of the FET 62 to the n source re-
gion 66 and thence to the anode electrode 60. As
known, this serves to turn off the thyristor.
[0029] The advantages of the present invention result
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from the configuration of the composite thyristors,
wherein, in contrast with the composite thyristor shown
in Figs. 1 and 2, each cell contains both turn-on and turn-
off FETS, and no single cell is devoted primarily to the
function of turning on other cells. In a comparison of the
thyristors made according to the prior art, as shown in
Figs. 1 and 2, and thyristors made according to the in-
vention, all the thyristors being made with comparable
cell dimensions (cells per cm2) and identical design
rules, it is found that the current capacity of the turn-off
FETs of the inventive thyristors is slightly reduced (e.g.,
by 14% in one comparison), whereas the current carry-
ing capacity of the turn-on FETs of the inventive thyris-
tors is increased by a factor of almost 10, resulting in a
composite thyristor having a far faster turn on speed.
Also, because all the cells are identical, similar current
densities are present in all the cells and all the cells can
be fully driven for maximum power capacity of the com-
posite thyristor.
[0030] As previously noted, the repetitive pattern of
the composite thyristor allows the individual cells to be
differently defined. Thus, with the cell 40 defined as
herein shown, the corners 44 of the cells each contain
a turn-on FET 72 which has a common drain region 70
with three adjacent cells. Conversely, if the thyristor cells
are defined as are the B cells in Fig. 3, the turn-on FET
72 of each cell is at the center of each cell.
[0031] Regardless of how the cells are defined, how-
ever, common to all cell configurations is the gate elec-
trode grid pattern 34 comprising strips 46 which inter-
sect at corners 48 (the circular discs in this embodi-
ment). The turn-off FETs 62 are disposed beneath the
gate electrode strips 46 while the turn-on FETs 72 are
disposed only beneath the gate electrode corners 48.

Claims

1. A thyristor semiconductor device having plural thy-
ristor cells disposed in a semiconductor substrate,
each of said cells having four layers of alternating
conductivity type and a turn-on FET for turning the
cell on and a turn-off FET for turning the cell off,
wherein said turn-on FET has source, channel and
drain regions in adjacent portions of three of said
layers that extend to the surface of the device, the
device being characterised in that :

each turn-on FET and turn-off FET includes a
channel region disposed at a common surface
of the semiconductor substrate;
each of said plural thyristor cells has sides that
are each common with a side of a contiguous
one of said cells, said sides of each of said cells
meeting at corners that are common to at least
three contiguous cells;
each of said corners has a turn-on FET drain
region therein that is common to the ones of

said cells having sides meeting at said one cor-
ner;
all of said cells each having four sides or each
having six sides and each of said corners being
common to four said cells or three said cells;
the turn-off FETs are disposed along the sides
and share a common drain with the cells con-
tiguous therewith.

2. The device of claim 1 further characterised in that
a conductive material overlies parts of the surface
of the device, said material including corner por-
tions at said corners that are gate electrodes for
said turn-on FETs and strips connecting said corner
portions that are gate electrodes for said turn-off
FETs.

3. The device of claim 2 further characterised in that
said conductive material corner portions are gener-
ally circular.

4. The device of claim 1 further characterised in that
each one of said common sides has a turn-off FET
drain region therein that is common with the one of
said contiguous cells sharing said one common
side, except at said corners.

5. The device of claim 4 further characterised in that
each of said cells has either an anode or cathode
contact region in the surface thereof, said contact
region being surrounded by said turn-off FET at the
surface.

6. The device of claim 1 further characterised in that
said turn-on FET drain regions are generally circu-
lar.

7. The device of any one of the preceding claims
wherein all of said cells are substantially identical.

Patentansprüche

1. Thyristor-Halbleitergerät mit vielfachen Thyristor-
zellen, die in einem Halbleitersubstrat angeordnet
sind, wobei jede der Zellen vier Schichten von sich
abwechselnder Leitfähigkeitsart und einen Ein-
schalt-FET zum Einschalten der Zelle und einen
Ausschalt-FET zum Ausschalten der Zelle hat, in
dem der Einschalt-FET Quellen-, Kanal- und Sen-
kengebiete in benachbarten Teilen von drei der
Schichten hat, die sich zur Oberfläche des Geräts
erstrecken, wobei das Gerät dadurch gekenn-
zeichnet ist, dass:

jeder Einschalt-FET und Ausschalt-FET ein
Kanalgebiet einschliesst, das an einer gemein-
samen Oberfläche des Halbleitersubstrats an-
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geordnet ist;
jede der vielfachen Thyristorzellen Seiten hat,
die jeweils mit mit einer benachbarten der Zel-
len gemeinsam sind, die Seiten jeder der Zellen
sich an Ecken treffen, die wenigstens drei be-
nachbarten Zellen geinsam sind;
jede der Ecken ein Einschalt-FET-Senkenge-
biet darin hat, das den Zellen gemeinsam ist,
die Seiten haben, die sich an der einen Ecke
treffen;
alle Zellen jeweils vier Seiten haben oder je-
weils sechs Seiten haben und jede der Ecken
vier der Zellen oder drei der Zellen gemeinsam
ist;
die Ausschalt-FETs entlang den Seiten ange-
ordnet sind und sich eine gemeinsame Senke
mit den damit benachbarten Zellen teilen.

2. Gerät nach Anspruch 1, weiterhin dadurch ge-
kennzeichnet, dass ein leitendes Material über
Teilen der Oberfläche des Geräts liegt, wobei das
Material Eckteile an den Ecken einschließt, die Gat-
terelektroden für die Einschalt-FETs sind und Strei-
fen, die die Eckteile verbinden, die Gatterelektro-
den für die Einschalt-FETs sind.

3. Gerät nach Anspruch 2, weiterhin dadurch ge-
kennzeichnet, dass die Eckteile aus leitendem
Material im allgemeinen kreisförmig sind.

4. Gerät nach Anspruch 1, weiterhin dadurch ge-
kennzeichnet, dass jede der gemeinsamen Seiten
ein Ausschalt-FET-Senkengebiet darin hat, das ei-
ner der benachbarten Zellen gemeinsam ist, die
sich die gemeinsame Seite teilen, außer an den Ek-
ken.

5. Gerät nach Anspruch 4, weiterhin dadurch ge-
kennzeichnet, dass jede der Zellen entweder ein
Anoden- oder Kathodenkontaktgebiet in deren
Oberfläche hat, wobei das Kontaktgebiet von dem
Ausschalt-FET an der Oberfläche umgeben ist.

6. Gerät nach Anspruch 1, weiterhin dadurch ge-
kennzeichnet, dass die Einschalt-FET-Senkenge-
biete im allgemeinen kreisförmig sind.

7. Gerät nach einem der vorhergehenden Ansprüche,
in dem alle Zellen im wesentlichen identisch sind.

Revendications

1. Un dispositif à semi-conducteurs en l'occurrence un
thyristor comportant de multiples cellules de thyris-
tor disposées dans un substrat semi-conducteur,
chacune desdites cellules comportant quatre cou-
ches dans lesquelles les types de conductivité sont

alternés ainsi qu'un TEC d'activation, pour activer
la cellule, et un TEC de désactivation, pour désac-
tiver la cellule, dans lequel ledit TEC d'activation
comporte des régions de source, de canalisation et
de drain dans des portions adjacentes de trois des-
dites couches qui s'étendent jusqu'à la surface du
dispositif, le dispositif étant caractérisé en ce que :

- chaque TEC d'activation et TEC de désactiva-
tion intègre une région de canalisation dispo-
sée sur une surface commune du substrat
semi-conducteur ;

- chacune desdites multiples cellules de thyristor
comporte des côtés qui sont chacun commun
à un côté d'une desdites cellules qui est conti-
guë, lesdits côtés de chacune desdites cellules
se croisant à des coins qui sont communs à au
moins trois cellules contiguës ;

- chacun desdits coins contient une région de
drain d'un FET d'activation qui est commune à
celles desdites cellules qui comportent des cô-
tés se croisant audit coin ;

- toutes lesdites cellules comportent chacune
quatre côtés ou comportent chacune six côtés
et chacun desdits coins est commun à quatre
desdites cellules ou à trois desdites cellules ;

- les TEC de désactivation sont disposés le long
des côtés et partagent un drain commun avec
les cellules contiguës ;

2. Le dispositif selon la revendication 1 caractérisé
en outre en ce qu'un matériau conducteur recou-
vre certaines parties de la surface du dispositif, ledit
matériau intégrant des portions des coins auxdits
coins qui sont des électrodes de grille pour lesdits
TEC d'activation et des bandes qui connectent les-
dites portions des coins qui sont des électrodes de
grille pour lesdits TEC de désactivation.

3. Le dispositif selon la revendication 2 caractérisé
en outre en ce que les portions des coins couver-
tes par ledit matériau conducteur sont générale-
ment circulaires.

4. Le dispositif selon la revendication 1 caractérisé
en outre en ce que chacun desdits côtés communs
contient une région de drain d'un TEC de désacti-
vation qui est commune à celle desdites cellules
contiguës qui partage ledit côté commun, sauf
auxdits coins.

5. Le dispositif selon la revendication 4 caractérisé
en outre en ce que chacune desdites cellules com-
porte une région de contact anodique ou cathodi-
que dans sa surface, ladite région de contact étant
entourée par ledit TEC de désactivation au niveau
de la surface.
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6. Le dispositif selon la revendication 1 caractérisé
en outre en ce que lesdites régions de drain des
TEC d'activation sont généralement circulaires.

7. Le dispositif selon n'importe laquelle des revendi-
cations précédentes caractérisé en ce que toutes
lesdites cellules sont fondamentalement identi-
ques.
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