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BASE RESISTANCE CONTROLLED THYRISTOR STRUCTURE

1. eld of the Inventi _

5 The present invention relates to insulated gate
thyristors and, more specifically, to a base resistance
controlled insulated gate thyristor with a high-density
layout for increased current capacity.

2. Description of the Related A _

10 " Insulated gate thyristors are of great interest

- for high Qoltage power switching applications. 1In

general, the principle of operation of insulated gate
thyristors consists of allowing the on-state current to
flow via a thyristor region, which can be switched-off by

15 a signal applied to the gate of a MOS structure that is
integrated into the thyristor structure. This concept
has the advantages of low forward drop and ease of
control. Examples of device structures that achieve this
function are the MOS controlled thyristor ("MCT"), a

20 described in V.A.K. Temple, "MOS-Controlled Thyristors
(MCTs)", I Electron Device Meetin EDM) Technica
Digest, pp. 282-285, San Francisco, December 1984, and
the base resistance controlled thyristor ("BRT"), as
described in M. Nandakumar et al., "The Base Resistance

25 Controlled Thyristor (BRT): A New MOS Gated Power

Thyristor", Proceedings of the ISPSD, pp. 138-141, 1991
and in U.S. Patent No. 5,381,023.
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for high voltage power sw tching applications. |In general —the=pt
operation of insulated gate thyristors consists of allomﬂ gHﬁh%HE%L‘
current to flow via a thyristor region, which can be smnq hgﬂ_éffl:ﬂ__,
a signal applied to the gate of a MOS structure that is

thyristor structure. This concept has the advant ages e#—LQMLLQLmaLd_dL_Q__
and ease of control. Exanples of device structures that ac I eve thIS

function are the MOS controlled thyristor ("MCT"), as o (s Sheet
V.A K Tenple, "MOS-Controlled Thyrist%rs l", l ’

|

In both the MCT and BRT, a p-channel MOSFET is
used to divert the thyristor current to a grounded P+
region to turn-off the thyristor. MCTs have triple-
diffused structures with the turn-off p-channel MOSFET

5 integrated into the N emitter region which make such
devices difficult to fabricate. BRTs have double-
diffused structures, with the turn-off p-channel MOSFET
integrated into the N base region.

The maximum controllable current in MCT and BRT

10 devices is primarily determined by the resistance of the
turn-off MOSFET channel. To achieve high maximum
controllable current density, it is desirable to increase
the turn-off p-channel density. This can be achieved by
reducing the fraction of N* emitter area in relation to

15 the total cell area. In the prior art BRT, the latching
current density (J,.) depends on the length of the N*
emitter (Ly,.) given by

2 x V.
Jigen =

2
20 apnp Psh.p base T';‘ -+

For the thyristor structure to latch, the latching
current density should be lower than the base drive for
the NPN transistor which can be supplied by the

25 structure. The charge in the P base and hence the sheet
resistance of the P base (Py..) is determined by
breakdown voltage considerations, and sheet resistance
cannot be increased beyond a certain value. Hence, to
have a low latching current density, the length of the

30 emitter has to be increased. This increases the fraction
of N* emitter area and reduces the fraction of MOS
channel density in relation to the total cell area,
thereby reducing the maximum controllable current. Thus
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(NCTS)", | EEE El ectron Device Meeting (I EDM) Technical Digest, pp. 282-285,
San Franci sco, Decenber 1984, and the base resistance.con i

('BRT"), as described in M Nandakumar et al., "The Base ResgigteHmesT 25S BEEN
Controlled Thyristor (BRT): A New MOS Gated Power Thyri sflor”, RegtaslDngs
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a low latching current in the BRT structure is achieved
only by sacrificing the maximum controllable current
possible. This imposes a limit on the maximum
controllable current achievable with the BRT structure.

S Accordingly, it would be desirable to provide a
device which: 1) has high maximum controllable current
density; 2) has low latching current; and 3) is easy to
fabricate with good process control.

S .OF TION

10 The present invention achieves the foregoing
objective by providing an insulated gate thyristor,
specifically a modification of the BRT, with a layout
which facilitates a high density of MOS-channels
resulting in high controllable current capability.

15 More specifically, the present invention is
formed of a silicon chip having a plurality of spaced
N** cells and spaced P* cells interspersed in
checkerboard fashion over the surface area of the chip,
whereby each of the N** cells is surrounded by ones of

20 the P* cells. A respective P~ diffusion extends between
and connects adjacent N** cells and P* cells.

| The N** cells each includes a N** emitter

region spaced from an edge of a P-type cellular base
region to form a respective channel. A polysilicon gate

25 is disposed atop the channels of the N** cells, and atop
the space between adjacent N** cells and P* cells.

A cathode contact is connected to the P*

regions and the N** emitter regions (but not to the P
base regions). A anode contact is connected to the

30 bottom P** layer. The P base region is connected to the
cathode contact only through the high resistance P’
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-2- In both the MCT and BRT, a p-channel MOSFET is used to divert the
thyristor current to a grounded P+ region to turn-off t

have triple- diffused structures with the turn-off p-c rmm$sNESFE$SﬁEEN
integrated into the N emtter region which make such deyices REFUACER t to

fabricate. BRTs have doubl e- diffused structures, w th tdetoFrn=of1

p- channel MOSFET integrated into the [err] base reglvn-4ﬂm}4npanL__“*_
controllable current in MCT and BRT
This Sheet Has Been
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diffusion. This makes it possible to obtain a low
latching current density without increasing the length of
N** emitter. The latching current in this structure is
given by .

5 V be
. sz

®pop L N+ N+ Pup sz-
r

Thus, it is possible to obtain a low latching

10 current and a high maximum controllable current at the
same time for this structure.

Alternatively, in a lateral conduction
embodiment of the invention, the cathode contact is
connected to a first group of adjacent cnes of P*

15 regions and N** emitter regions, and the anode contact
is connected to a second group of adjacent ongs of Pt
regions and N** emitter regions, the anode contact being
disposed atop the chip in lateral relation to the cathode
contact, the first and second groups of adjacent p*

20 regions and N** emitter regions each having separate
respective gates, the gate of the first group of adjacent
P* regions and N** emitter regions being operated in
antiphase relation with the gate of the second group of
adjacent P* regions and N** emitter regions.

25 ' Preferably, to prevent current crowding during

' turn-off, a plurality of adjacent P* cells are disposed
at the outer periphery of the chip.

The present invention, by way of the above
structure, achieves a higher MOS channel density since,

30 unlike the prior art BRT, the P base region of the device
of the present invention is connected to the cathode
electrode only through a P° region whose resistance is
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10 devices is prinarily determ ned by the resistance of the turn-off
MOSFET channel. To achi eve hi gh maxi num control |l able cur

desirable to increase the turn-off p-channel density. ThijsrfagHeeT MNS BEENI
by reducing the fraction of N+ emitter area in relation fo 15 n;pLAﬁthotal
cell area. In the prior art BRT, the latching current di F

depends on the length of the [err] emtter [err] given by ferri—For—the
thyristor structure to latch, the | atching This Sheet Has Been Replac
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modulated by the MOS gate voltage. The P region
connecting the N** cells and the P* cells-proﬁides a
higher base resistance when a positive bias is applied to
the gate, thereby facilitating latching of the thyristdr.
5 The P region provides a low resistance turn-off current
path when a negative bias is applied to the gate. The
added MOS-gate-controlled base resistance between cells
allows the N** cells to be designed with smaller
dimensions without affecting latch-up capability.

10 DESCRIPTION O DRAWINGS

' Other features and advantages of the present
invention will become apparent when .the following
description is read in conjunction with the accompanying
drawings, in which:

15 Fig. 1 is a cross-section of Fig. 2 taken along
section lines 1-1 in Fig. 2 and shows a prior art BRT
device;

Fig. 2 is a cross-sectional top view of Fig. 1
showing the cellular layout of a prior art BRT;

20 Fig. 3 shows an equivalent circuit diagram of
the prior art BRT device of Figs. 1 and 2;

Fig. 4A shows a three-dimensional view of the
modified BRT structure made in accordance with the
invention;

25 Fig. 4B is a cross-section of Fig. 5 taken
along section lines 4~4 in Fig. 5 and shows a modified
BRT device made in accordance with the invention, with a
P" region bridging between a N** cell and a P* cell;

Fig. 4C shows an equivalent circuit diagram of
30 the present invention;
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current density should be lower than the base drive for the NPN transistor
whi ch can be supplied by the 25 structure. The charg
and hence the sheet resistance of the P base [err] is det
br eakdown vol t age consi derations, and sheet resistance canpot bREHRAES ed
beyond a certain value. Hence, to have a |low |latching curr adensTTy, the

| ength of the 30 emtter has to be increased. This—ncreases the
fraction of N+ emitter area and reduces the fraction of %ﬁi%ﬁ:hannel den5|ty
inrelation to the total cell area, (et Has Been R

e Hll!l! (e

Fig. 5 is a cross-sectional top view of Fig. 4
showing the cellular layout of a modified BRT device made
in accordance with the invention, with P° regions

| bridging between the N** cells and the P* cells;
5 Fig. 6 shows the layout of the present
invention at the edge of the chip;

Fig. 7 shows the on-state current flow lines in
a unit cell of the present invention obtained from device
simulations;

10 Figs. 8A and 8B show the on-state electron and
hole concentration contours, respectively, of the device
of the present invention; |

anangylHASBEEN

Fig. 9 is a cross-sectional view of the device
of the present invention'provided in a lateral
15 implementation; _
Fig. 10 shows the BRT structure in an
embodiment of the invention in which the gate does not
overlap all the edges of N** emitter;

Fig. 11 shows a preferred layout for structure
20 of Fig. 10;

Fig. 12 shows the device structure of another
embodiment of the invention;
Fig. 13 shows a preferred layout for the
structure of Fig. 12;
25 Fig. 14 shows the device structure of yet
another embodiment of the invention;

Fig. 15 shows a preferred layout for the
structure of Fig. 14; and

Fig. 16 shows a trench gate embodiment of the
30 new device structure.
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thereby reducing t he maxi num control |l able current. Thus -3- a low

| atching current in the BRT structure is achieved only by 1..b|r L EEN
nmaxi mum control | abl e current possible. This inposes a I|n1ﬂ IS P 2_%§
controll able current achievable with the BRT structure Re
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Accordingly, it would be desirable to provide a

This Sheet Has
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Referring first to Fig. 1, the prior art BRT
device structure is shown. The BRT consists of a single
thyristor region 2, with a p-channel MOSFET 4 adjacent to

5 it. More specifically, as shown in Fig. 1, the BRT is
formed on a silicon wafer which includes a N layer 10, an
underlying P** layer 12, and an overlying N epitaxial
layer 14. Diffused within N epitaxial layer 14 is a P
base region 16 provided with an annular N** region 18,
10 and a PT region 20 without a N** region.

The BRT is a four-layer P-N-P-N devicg similar
to the insulated gate bipolar transistor (IGBT). Like
the IGBT, the BRT is typically fabricated by a double
diffused MOS (DMOS) process and is provided in a cellular

15 configuration, as shown in Fig. 2. Unlike the IGBT,
however, only half of the P regions on the upper surface
of the BRT contain a N** region. The BRT also differs
from the IGBT in that P base region 16 containing the
N** region 18 is less heavily doped, so that the

20 resistance of the base region is higher in the BRT by
about an order of magnitude (hence the term "base
resistance controlled thyristor®). As explained below,
this increases the gain of the NPN transistor of the
.thyristor and promotes latch-up (normally avoided in

25 '~ IGBTs). '

With continuing reference to Fig. 1, N*t
region 18 is spaced radially inwardly from the lateral
edge of P base 16 to form a n-channel region 22. A
polysilicon layer 24 overlies channel region 22 and the

30 portion 23 of N epitaxial layer 14 extending upwardly to
the top surface of the silicon wafer between P base
region 16 and P base region 20. Polysilicon layer 24 is
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devi ce which: 1) has high nmaxi num controllable current density; 2) has |low
| atching current; and 3) is easy to fabricate with goo E{é%pN
SUMMARY OF THE | NVENTI ON 10 The present ijpvViehe ég&ﬁ;ﬂéﬁwes

t he foregoing objective by providing an insulated gate Jhyri

specifically a nodification of the BRT, with a | ayout %P'ﬁh facilitates a

hi gh density of MOS-channels resulting in high controll e current
capability. 15 More specifically, the pres Tl 7iFir=
11

separated from the upper surface of the silicon wafer by
thin layer 26 of gate oxide. A top metal layer 28
connects each N** region 18, P base region 16 and P*
region 20 to a common cathode node K. The polysilicon
5 gate layer 24 extends over the surface of the device with
an opening at each cell (for source and body diffusion
and contact) so as to form a common gate electrode
connected to a gate node G,. Aan uninterrupted metal
layer 30 is disposed over the bottom surface of the
10 device to form a bottom anode electrode A.
With reference again to the top view of Fig. 2,
it can be seen that the cells of P region 16 (cells with
a N** region 18) and those of P* region 20 (cells
without a N** region 18) are each provided in a square
15 topology and are arranged in an alternating checkerboard
fashion. Although a square structure is shown in Fig. 1,
BRTs having an other polygonal structure, e.gd'an octagon
- see U.S. Pat. No. 5,381,025, are well known.
Referring now to Fig. 3, the equivalent circuit
20 of the BRT device is shown. Each cell of the BRT with a
NT* region 18 includes a n-channel MOSFET 32, a PNP
transistor 34, a NPN transistor 36 and a resistor R, (the
resistance of the base region). Each cell without a N**
region 18 includes a vertical PNP transistor 38.
25 P-channel MOSFET 4 bridges the two different cells.
PNP transistor 34 has its emitter defined by
P** layer 12, its base by N layer 10 and N epi layer 14,
and its collector by P base 16. PNP transistor 38 has
its emitter defined by P** layer 12, its base by N layer
30 10 and N epi layer 14, and its collector by P* region
20. P-channel MOSFET 4 has its source defined by P base
16, its drain defined by P* region 20, and its channel
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formed of a silicon chip having a plurality of spaced N++ cells and spaced
[err] cells interspersed in checkerboard fashion over the surfac
the chip, whereby each of the N++ cells is surrounded b
[err] cells. A respective [err] diffusion extends bet
adj'acent [err] cells and [err] cells. The [err] cells e
emtter region spaced froman edge of a P-type cellular base region to form

a respect ive channel. A p0| ySi l'i con gate 25 s di Sposedl‘h?éts(ﬁget}-Iarl]seBeenReilaced

Channels o the err} e 13, andatop WA

regién defined by'the region 23 of N epi layer 14
underlying the polysilicon gate 24.
In the operation of the prior art BRT of Figs.

1-3, when a positive voltage is applied to gate 24, n-

5 channel MOSFET 32 is turned on, allowing thyristor

' current to flow upward through the device as shown in
Fig. 1. The device exhibits IGBT~like characteristics at
low current levels. Under these conditions, hole current
flows laterally through P base region 16 to the emitter

10 short (cathode), producing a.voltage drop which forward
biases the emitter-base junction. At higher current
levels, this voltage drop is sufficient to cause electron
injection from the N** emitter 18, resulting in latch up
of the thyristor.

15 The length of the emitter, which determines the
base resistance R,, controls the triggering and holding
currents of the device. Once the thyristor is latched
on, the gate bias can be removed, and the on-state
current continues to flow in the thyristor section with a

20 low forward drop.

Turn off of the BRT is accomplished by applying
a negative bias to gate 24, turning on p-channel MOSFET 4
at the surface of the N drift region. Holes are
- diverted from the P base region 16 of the thyristor into

25 adjacent P* region 20 connected to the cathode. Thus,
p-channel MOSFET 4 establishes a low resistance path
between the P base 16 and cathode for the flow of hole
current. This is equivalent to reducing the base
resistance R,, which results in raising the holding

30 " current of the thyristor above the operating current
level. The forward bias on the emitter base junction is
reduced, breaking the regenerative action and causing the
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t he space between adjacent [err] cells and [err] cells. A cathode contact

[err] |ayer.

Is connected to the [err] regions and the [err] emtter rge ot
the P base regions). A anode contact is connected to the %O”“355%'¥ %ﬁ%ﬁEéﬁ)
C AV

through the high resistance [err] -4-
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thyristor to turn off. Once the turn off is initiated,

‘the anode current decays in a finite time decided by the

removal of minority carrier stored charge from the drift
region.

As mentioned previously, the maximum controll-
able current in the BRT is primarily determined by the
resistance of the turn-off MOSFET channel. The present
invention seeks to minimize the on-resistance of the
turn-off p-channel MOSFET 4 by increasing the channel
density. This is achieved by connecting the P base
region in certain regions under polysilicon gate 24 with
a P region to the P* cathode.

More specifically, referring to Fig. 4, a
cross4sect§on of the modified BRT design of the present

_invention is shown, wherein like elements (from the prior

art BRT structure of Fig. 1) are designated with like
reference numerals. As shown in Fig. 5, like the prior
art BRT, the modified BRT of the present invention has a
multicell layout in a checkerboard pattern of N** cells
and Pt square.

Significantly, unlike the prior art BRT of
Figs. 1-3, however, P base region 16 is not contacted by
the cathode electrode 28; i.e. the present invention has
a solid N** region 40 (a solid square in the embodiment
of Figs. 4 and 5), rather than an annular region
surrounding a portion of the P base contacted by the
cathode electrode. 1In the present invention, the P*
base is connected to the cathode electrode only through a
P" region 42 whose resistance is MOS gate controlled, as
shown in Figs. 4 and 5. This enables smaller cell

dimensions and realization of a higher MOS channel
density.




di ffusion. This makes it possible to obtain a |ow latching curren
wi thout increasing the length of [err] emtter. The latc
this structure is given by [err] Thus, it is possible tol|ot
| at ching 10 current and a high naxinunlcontrollable
time for this structure. Alternatively, in a lateral con
of the invention, the cathode contact is

on_enbodi nent
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A positive bias on the gate depletes P° region
42 to achieve a high base resistance to latch the
thyristor. For turn-off, the gate voltage is reduced
from positive to negative to cause accumulation of holes

5 in P region 42. An inversion layer of holes is also
formed in the N diagonal regions between cells. This
reduces the base resistance forming a low resistance path
diverting the holes to bring the thyristor out of the
latched state. A low channel resistance for the turn-off

10 p-channel MOSFET in this design results in a high
controllable current density.

In the boundary regions of the die, a higher
current density results during turn-off due to the
lateral spreéd of the carrier plasma during the on-state

15 of the thyristor structure, similar to that in MCTs as
reported in H. Lendenmann et al,,_“Approaching_
homogeneous switching of MCT devices: Experiment and
Simulation", Proceedings of the ISPSD, pp. 66-70, 1993.
Accordingly, as shown in Fng 6, the edge cells of the

20 device of the present invention are preferably all Pt
cells to avoid current crowding during turn-off to
achieve a high controllable current for a large die size.

The on-state current flow lines obtained from
simulations of the device of the present invention are

25 shown in Fig. 7. It can be seen that most of the current
flows through the thyristor region with a small amount of
current flowing through the PNP region. The on-state
electron and hole concentration contours in the device
are shown in Fig. 8A and Fig. 8B, respectively. It can

30 be seen from these figures that the entire N drift
region is conductivity modulated below a depth of 2 um
from the surface of the device and almost the entire N
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connected to a first group of adjacent ones of [err] 15 regi ons and
[err] emtter regions, and the anode contact is connected tog
of adjacent ones of [err] regions and N++ enmitter regions,
contact being disposed atop the chip in lateral relation t {
contact, the first and second groups of adjacent [err] 20 _‘-=regions-and
N++ em tter regions each having separate respective gates the gate of the
first group of adjacent [err] regions and N++ enitter regi ridpis s Been Replaced
operated in antlphase relation with the gate of t he second gr I MI|,||

drift region is advantageously utilized for current
conduction.
The device of the present invention is
fabricated using a double-diffused DMOS process. The
5 first mask is used to define the active area of the
device. A N enhancement implant of phosphorus at a dose
of 1-5el2cm? at 50 KeV is then optionally done. A photo-
resist'mask is then used to define the P implantation
regions followed by implantation of boron dose of S5el2
10  cm? at 30KeV. This is followed by growth of gate oxide
- (5008). This is followed by deposition and patterning of
polysilicon using a third mask. The P* base regions and
P* regions are formed self-aligned to the polysilicon by
boron implantation of 2el4 cm? at 50KeV. The next mask
15 is used to define the N** emitter regions. This is
followed by low temperature oxide deposition and opening
of the contact windows using a fifth mask. Metal
(Aluminum) is then deposited and patterned using a sixth
mask. A passivating material is then deposited and the
20 patterned using the seventh mask. The last stage of the
‘process consists of grinding part of the backside
substrate and deposition of back metal.
Although the present invention is depicted in a
square cellular configuration for ease of simplicity and
25 ease of illustration, it should be apparent to one of
~ ordinary skill in the art that, like the BRT and other
power semiconductor devices, the present invention can be
provided in other polygonal configurations. Indeed, as
mentioned above, device simulations show that almost the
30 entire N drift region is utilized for current
conduction, even though the N** emitter is only 50% of
the total active area. This indicates that the N** area
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édjacent [err] regions and N++ emitter regions. 25

Preferably, to prevent current crowding during turn-off, BEEN
adjacent [err] cells are disposed at the outer perlphery of th&ﬂﬂﬁfr\ %
preséent invention, by way of the above structure, achieves hi ghBE '
channel density since, 30 unlike the prior art BRT, the: fegion .

of the device of the present invention is connected to the cathode
el'e.ctrode only through a [err] regi on whose resistance is mlsﬁliietiﬁ,ﬂeenﬁ'i'l
can be reduced further in size without an increase in on-
state voltage drop in order to increase the P* cell
area/channel density to obtain an increase in the maximum
controllable current. A hexagonal cell layout, analogous
5 to that disclosed in U.S. Patent No. 5,008,725 (the
' disclosure of which is herein incorporated by reference),
with each N** cell surrounded by six P+ cells (with pt
to N** cells in the ratio of 3:1) would increase the
turn~off channel density over the square-cellular design.
10 o In the device of Figs. 4 and 5, a
representative design would have cell pitch of about 8
microns, and a poly line width of about 3 microns. The
P* base and P* regions preferably have a depth of from
1.0 to 1.5 microns, and the N** regions have a depth of
15 about 0.3 microns. |
Referring to Figure 9, a lateral counterpart of
the device of Figs. 4 and 5 is shown, in which N layer
114 receives a plurality of spaced P base regions 111 to

114 distributed over the surface of the chip. P* regions
20 115 and 116 are disposed between P* base regions 111-112

- 13 -

and 113-114, respectively, and are "connected" thereto by
P regions 117-118 and 119-120, respectively. P* base
regions 111 to 114 receive respective N** source regions
121-124. | '

25 Polysilicon gate segments overlie gate oxide
layers as shown, and all gates for the channels formed in
P base regions 111 and 112 are connected together at
terminal G,. Similarly, the polysilicon gates for the
channels formed in P base regions 113 and 114 are

30 connected together at gate G,.

A first aluminum contact 130 overlies the

channels of P base regions 111 and 112 and contacts N**
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-%- nodul ated by the MOS gate voltage. The [err] region connecting the_
[err] cells and the [err] cells provides a higher base res iﬁFEN {
L ne
g-.i =l

positive bias is applied to the gate, thereby facilitating rﬁmeﬁi
thyristor. 5 The [err] region provides a | ow resistancs t ur n8§ f
current path when a negative bias is applied to the ga___;Iﬁﬂ_added—————~—
MOS- gat e- control | ed base resistance between cells

This Sheet Has Been Replaced
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regions 121 and 122 and P* region 115. Contact 130 is
insulated from the polysilicon gate electrodes by a
suitable interiayer oxide. Similarly, a second aluminum
contact 131 overlies the channels formed in P base

5 regions 113 and 114 and contacts N** regions 123 and 124
and P* region 116.

The operation of the device of Figure 9 is
similar to that of Figs. 4 and 5. Thus, terminals T, and
T, correspond to terminals K and A respectively in Fig.

10 4. In Figure 9, however, holes will travel laterally, _
for example, from P base region 112 to P base regions 113
and 116 during operation. Also, gates G; and G, are in
antiphase relation to achieve bidirectional thyristor
action. Thus, to turn on the device of Figure 9, gate G,

15 is made negative and gate G, is made positive. To turn

. the device off, gate G, is made positive and gate G, is
made negative. '

In the prior art BRT and the embodiments of the
present invention described above, there is a lateral PNP

20 transistor inherent in the structure consisting of P*
base as the emitter, N region as the base, and P*
cathode as the collector. The base drive for this
lateral PNP transistor is provided by electrons from Nt+
emitter. This lateral PNP transistor causes two

25 undesirable effects:

1) it shunts part of the base drive for NPN
transistor increasing the on-state voltage drop in the
device; and

2) it causes heavy injection of carriers into

30 the N region between cell diffusions. The presence of a
high concentration of carriers in the N region at the
surface makes it difficult to deplete this charge and
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al | ows the [err] cells to be designed with smaller dinensg

affecting latch-up capability. 10 BRI EF DESCRI PTI ON TFHESHEEWEEN !
QG her features and advantages of the present invention wi | becFRLAFAr ent
when the follow ng description is read in conjunction wtRtfe acconpanyl ng
drawi ngs, in which:.15 Fig. 1 is a cross- sectfon—of—FTg——2“——:

t aken al ong section lines 1-1 in Fig. 2 and shows a pri- DrTlﬁ’srsTheel?BQ;Eiéi/R Beed
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form an inversion p-channel using the MOS gate. This
reduces the turn-off current capability of the device.
The effect of the lateral PNP transistor can be reduced
by bringing the N** emitter inwards from the poly gate
in some regions as shown in Fig. 10. The layout of such
a structure is shown in Fig. 11.

A modified structure in which the P base is
biased to a higher potential in the on-state through a
metal strap and an n-channel DMOS is shown in Fig. 12.

In this structure, the NPN transistor is turned-on before
the PNP transistor. Turn-on is accomplished by using a
positive gate voltage pulse. Application of a positive
voltage to gate 124 turns-on the n-channel DMOS
connecting the P base 116 to anode potential through a
metal strap (contact plug 142) and n-channel DMOS.  When
the anode voltage is increased, the potential of the P
base 116 increases and, when the P base potential becomes
0.7V, the NPN transistor turns on, injecting electrons
into the N drift region 114. These electrons supply the
base drive for the PNP transistor, activating the PNP
transistor and consequently latching the thyristor. Note
that in this device structure, the P base/N drift region
junction near the MOS gate is reverse biased and so no
carriers are injected in this direction.

The device of Fig. 12 can be turned-off by
applying a negative gate pulse to form a p-channel MOSFET
connecting pt base 116 to P* cathode 120. The absence
of excess carriers under the MOS gate 124 makes formation
of inversion p-channel easier in this structure. A
possible layout of this structure is shown in Fig. 13. A
modification of this structure and its layout is shown in
Fig. 14 and Fig. 15, respectively.



Fig. 2 is a cross-sectional top view of Fig. 1 showi ng the cellular
of a prior art BRT; 20 Fig. 3 shows an eoc eat—=1

di agram of the prior art BRT device of Figs. 1 and 2;
t hr ee- di nensi onal view of the nodified BRT structure na&e in %
with the invention; 25 Fig. 4B is a cross‘secrronof _Fig.—b5

I
taken al ong section lines 4-4 in Fig. 5 and shows a nDdlfled BRT dEVI%
made in accordance with the invention, with a eet Has Been Rep

R ]

Although.the present invention has been
described in relation to particular embodiments thereof,
many other variations (such as using a trench gate as
shown in Fig. 12) and modifications and other uses will

5 become apparent to those skilled in the art. It is
preferred, therefore, that the present invention be
limited not by the specific disclosure herein, but only
by the appended claims.

laced
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[érr] region bridging between a [err] cell and a [err] cell; Fig. 4C shows __

e o et 24 T

an equivalent circuit diagramof 30 the present Thnventi —~—~““;;N
REPLACEMENT SHEET -6- Fig. 5is a cr mnﬁm' vi e qfl—nﬁsg“'th HAS B
showi ng the cellular layout of a nodi " %ﬂ REPLACED

Sheet Has Been Replaced

- _ T

1. An insulated gate thyristor comprising a
silicon chip having:
a bottom layer of P* concentration;
a laYer of N concentration disposed above said
5 bottom layer;
a N layer disposed above said N* layer;
a plurality of spaced N** cells symmetrically
distributed over the surface area of said N layer, said
N*+* cells each comprising a N** emitter region contained
10 within and spaced from an edge of a P~type cellular base
region to form a respective channel;
a plurality of spaced P* cells symmetrically
distributed over the surface area of said N layer; and
a plurality of P diffusions extending between
15 adjacent N** cells and P* cells.

2. The device of claim 1 wherein said N**
cells are interspersed in checkerboard fashion with said
P* cells, whereby each of said N** cells is surrounded by
ones of said P* cells and connected thereto by ones of
5 said P diffusions.

3. The device of claim 2, further comprising
gate means disposed atop the channels of said N** cells,
and atop the space between said adjacent N** cells and P*
cells.

4. The device of claim 3, further comprising
a cathode contact connected to said P* cells and said N**
emitter regions.
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i'n accordance with the invention wrth—feff}~%eg+ens bridgi ng between the
[err] cells and the [err] cells 6 shows—t-he=Fajol f@l

the present invention at the edge of ’M’H, ' [ml;”i s vt et E6A - HASPEE
current flowlines in a unit cell of nt|

_ n obt BEMERCE
devi ce simul ations; 10 -Figs. 8A and 8B sho

e afe
el ectron and hol e concentration contours, respectively, of he deV|ce of
the present invention; : Sheet Has Been R
e lllllHlllHHl i

5. The device of claim 4, further comprising
an anode contact connected to said bottom P** layer.

6. The device of claim 4, wherein said cathode
contact is connected to a first group of adjacent ones of
said P* cells and said N** emitter regions, and further
comprising an anode contact connected to a second group
of adjacent ones of said P* cells and said N** emitter

5 regions, said anode contact being disposed atop said chip
in lateral relation to said cathode contact, said first
and second groups of adjacent P* cells and N** emitter
regions each having separate respective ones of said gate
means, said gate means of said first group of adjacent P*

10 cells and N** emitter regions being operated in antiphase
relation with said gate means of said second group of
adjacent P* cells and N** emitter regions.

7. The device of claim 2, further comprising a
.plurality of adjacent P* cells disposed at an outer
periphery of said chip.

8. An insulated gate thyristor comprising a
silicon chip having:
a bottom layer of P* concentration;
a layer of N concentration disposed above said
5 bottom layer;
| a N layer disposed above said N* layer;
a plurality of spaced N** cells symmetrically
distributed over the surface area of said N layer, said
N** cells each comprising a N** emitter region contained
10 within and spaced from an edge of a P-type cellular base
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Fig. 9 is a cross-sectional view of the device of the present
provided in a lateral 15 I np;

structure in an enbodi nent of the h th QBWQGﬁé%%i;
overlap all the edges of [err] em Qmmm Wsag ’f_éﬁ_ﬂ

for structure 20 of Fig. 10; devi ¢

[ nvent I on

anot her enbodi ment of the inventlon -
This Sheet Has Been Replace

co-

region to form a respective channel in selected areas of
the device;
a plurality of spaced P* cells 5ymmetrically
distributed over the surface area of said N layer; and
15 a plurality of P diffusions extending between
adjacent N** cells and P* cells.

9. The device of claim 8, wherein said N**
cells are interspersed in checkerboard fashion with said
P* cells, whereby each of said N** cells is surrounded by
ones of said P* cells and connected thereto by ones of
5 said P diffusions.

10. The device of claim 9, further comprising
gate means disposed atop the channels of said N** cells,

and atop the space between said adjacent N** cells and P*
cells.

11. The device of claim 10, further comprising
a cathode contact connected to said P* cells and said N**
emitter regions.

12. The device of claim 11, further comprising
an anode contact connected to said bottom P** layer.

13. The device of claim 11, wherein said
cathode contact is connected to a first group of adjacent
ones of said P* cells and said N** emitter regions, and
further comprising an anode contact connected to a second
group of adjacent ones of said P* cells and said N**

5 emitter regions, said anode contact being disposed atop
said chip in lateral relation to said cathode contact,
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Fig. 13 shows a preferred |layout for the structure of Fig. 12; 25

Fig. 14 shows the device struct enmbodi ment of
invention; Fig. 15 shows a préflmmg" muuﬂmﬁmt he str

and Fig. 16 shows a trench gate ®nbfoditneft éf the 3
structure

Been Reraced

oo T

said first and second groups of adjacent P* cells and N**
emitter regions each having separate respective ones of
said gate means, said gate means of said first group of

10 adjacent P* cells and N** emitter regions being operated
in antiphase relation with said gate means of said second
group of adjacent P* cells and N** emitter regions.

14. The device of claim 9, further comprising
a plurality of adjacent P* cells disposed at an outer
periphery of said chip.

15. An insulated gate thyristor comprising a
slllcon chip having:

a bottom layer of P* concentration;

a layer of N concentration disposed above said

5 bottom layer;

a N layer disposed above said N* layer;

a plurality of spaced'thyristor cells
symmetrically distributed over the surface area of said
N layer, said thyristor cells each comprising a N**

10 emitter region contained within and spaced from an edge
of a P-type cellular base region, said thyristor cells
further comprising a N** source regioh shorted to the P-
type base by a contact plug at one end and spaced from an
edge of the P-type base to form a respective channel; and

15 a plurality of spaced P* cells symmetrically
distributed over the surface area of said N layer.

16. The device of claim 15, wherein said
thyristor cells are interspersed in checkerboard fashion
with said P* cells, whereby each of said thyristor cells
is surrounded by ones of said P* cells.
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-7- DETAI LED DESCRI PTI ON OF THE PREEERRED ENMBODIMENT Referring first to
Fig. 1, the prior art BRT device structure i s shown he BRT COﬂSI§LS,Di—éPA

single thyristor region 2, with a p“ﬂl mﬁlu mn adj f)
More specifically, as shown i n Fig rned I

which includes a N |ayer 10, an underlyrng [err] Iayer L_and.

[err] epitaxial layer 14. Diffused within [err] epitaxial tayer—t@disa P
This Sheet Has Been Replaced

T il llllll i

17. The device of claim 16, further comprising
gate means disposed atop the channels of said thyristor
cells, and atop the space between said adjacent thyristor
cells and P* cells.

18. The device of claim 17, further comprising
a cathode contact connected to said P* cells and said N**
emitter regions.

19. The device of claim 18, further éomprising
an anode contact connected to said bottom P** layer.

20. The device of claim 18, wherein said
cathode contact is connected to a first group of adjacent
ones of said P* cells and said N** emitter regions, and
further comprising an anode contact connected to a second
group of adjacent ones of said P* cells and said N**

5 emitter regions, said anode contact being disposed atop
said chip in lateral relation to said cathode contact,
said first and second groups of adjacent P* cells and N**
emitter regions each having separate respective ones of
said gate means, said gate means of said first group of

10 adjacent P* cells and N** emitter regions being operated
in antiphase relation with said gate means of said second
group of adjacent P* cells and N** emitter regions.

21. The device of claim 16, further comprising

a plurality of adjacent P* cells disposed at an outer
periphery of said chip.
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P aaenenene

base region 16 provided with an annul ar. N++ regi on 18, 10
region 20 without a [err] region. ur-rayer=

simlar to the insulated gate bipol T) .|
BRT i's typically fabricated by a do Emﬂ[i“ﬂ m (DNps)
provided in a cellular 15 confi , '

the |1 GBT, however, only half of the P regions on the upper su fa
BRT contain a [err] region. The BRT also differs fromthe [ e[

base region 16 containing the

‘rﬂrT 3

22. An insulated gate thyristor comprising a
silicon chip having: _ _
a bottom layer of P* concentration;

a layer of N concentration disposed above said
5 bottom layer;

a N layer disposed above said N* layer;
a plurality of spaced thyristor cells
symmetrically distributed over the surface area of said
N layer, said thyristor cells each comprising a N**
10 emitter region contained within and spaced from an edge
of a P-type cellular base region; and
a plurality of spaced P* cells symmetrically
distributed over the surface area of said N layer, said
P+ cells comprising a N** source region, spaced from an
15 edge of the P-type base to form a respective channel;
wherein said N** source region is connected to
said P-type base region by a metal strap which is at
floating potential.

23. The device of claim 22 wherein said
thyristor cells are interspersed in checkerboard fashion
with said P* cells, whereby each of said thyristor cells
.is surrounded by ones of said P* cells.

24. The devicé of claim 23, further comprising
gate means disposed atop the channels of said N** cells,

and atop the space between said adjacent N** cells and P*
cells.

25. The device of claim 24, further comprising
a cathode contact connected to said P* cells and said N++
emitter regions.
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[Err] region 18 is less heavily doped, so that 0 resi stance of thg
base region Is higher in the B y about an order of nagngtadeﬁéﬁe FreE=tte .

.._._—--——-—-

term "base resistance controlled t l uﬁd plalned BB TS BEEN
i ncreases the gain of the NPN tra E“ﬂ““‘ ristor And prGHBHACED

| at ch-up (normally avoided in 25 |<GBTFs) * Wth* contrﬁUTTEr71ﬁﬁﬁ?aﬁﬁr%+}—
Fig. 1, [err] region 18 is spaced radl ally inwardly frbnTﬂJ'ﬁeétﬁLS%eéARe

B | [

26. The device of claim 25, further comprising
an anode contact connected to said bottom P** layer.

27. The device of claim 25, wherein said
cathode contact is connected to a first group of adjacent
ones of said P* cells and said N** emitter regions, and
further comprising an anode contact connected to a second
group of adjacent ones of said P* cells and said N**

5 emitter regions, said anode contact being disposed atop-
said chip in lateral relation to said cathode contact,
said first and second groups of adjacent P* cells and N**
emitter regions each having separate respective ones of
said gate means, said gate means of .said first group of

10 adjacent P* cells and N** emitter regions being operated
in antiphase relation with said gate means of said second
group of adjacent P* cells and N** emitter regions.

28. The device of claim 23, further comprising

a plurality of adjacent P* cells disposed at an outer
periphery of said chip.
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thin layer 26 of gate oxide. A top netal layer 28 connects—eae—l%—[—eﬁ‘-]’—-—“‘
region 18, P base region 16 and [err] region 20 to a COMTDN,C: ﬁ Eggrgﬁepgcedﬂ

Theé polysilicon 5 gate | ayer 24 extends over the surface
with an opening at each cell (for source and body diffusion mmn
as to forma comon gate el ectrode connected to a gate node

uninterrupted netal |ayer 30 is disposed over the_bottom surface of the 10
device to forma bottom anode elmm r;e-f-_e./ence again to the top
view of Fig. 2, - - '
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it can be seen that the cells of P region 16 (cells with a [

]

i.
and those of [err] region 20 (c@&s without a [err] region 1By
' Al t

_regi-an—38——;
& e-ieErhRAS BEEN

'provi ded in a square 15 t opol agy and—are~ar r angedhel = er matPuAgED
checkerboard fashion. Al thgugh arg: e b B gt BRTS
havi ng an ot her pol ygonal stru X BN . Pat. No.
5,381, 025, are well known. Ref %W/7 ¢dl ent circuit
20 of the BRT device is ,%; QEIE CE a f[err]
region 18 includes a n-chqpa e Tor
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transistor 34, a NPN transistor 36 and a.resistor [efr] (the r,esi§ ance ef)lﬂc-ed_j
the base region). Each cell withaut.a t%} reji_'glg i ncl ud  Has Besh geolaced -
RNP transistor 38. 25 P~eherre % bri/dg the two llll !Iil l
cells. PNP transistor 34 has its emtter defined by [err] |ay AN 1d 10 1 :
base by N [ayer 10 and [erx] epi |ayer 14, ,and its collector by P base 16.
PNP transistor 38 has its\emtter defined [err] layer 12, its base by N
| ayer 30, 10 and. [err] @pi layer 14, a [ col | or b{?[err] regi on

e
20. P-channel MOSFET 4 has|its spHfce def{Te?’ }ﬂ bb.ge
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Fi.g. 1. The device -exhibits I GBT-1ike characteristies—at |ow current
| evél-s. Under-these conditions, -hole current floms Iat raIIy through_P.baserq

region 16 to the emtter 10 shortT@saﬁ “m
whj.ch forward biases the enitter-basej

thi.s voltage drop is sufficient to caus ect| La#ﬁ' _
emtter 18, resulting in latch up of the thyrlstor The

| engt h of. the enitter, which deternines the.base reS|stance [err], controls
the triggering and mgrdtng
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currents of tm thyristor is latched on, the._gate bias can
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equi val ent to reducing the base resistance [err], mhich results I n raising
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15 of the thyristor structure, simlar to that in MCTs as report

H Lendennann et al., "Approaching honp ent _ chi ng

Experi ment and Simul ation", Pr ngs of th SD pp. 8Bty
Accordingly, as shown in Fig. 6, Qgh the 201 ____de\

present invention are preferably a to avoi d current crowdi ng
during turn-off to achieve a hlgh rrent for a large die
si-ze. The on-state current flow |i o talned from simul ati ons of the

device of the present invention are

IR-1223

BASE RESISTANCE CONTROLLED THYRISTOR STRUCTURE

An insulated gate base resistance controlled
thyristor with a high controllable current capability is
described. The device has a high density of MOS-channels
modulating the resistance of the base region of the NPN
transistor of the thyristor structure. The higher MOS
channel density is achieved by contacting directly only
the N** emitter and the P* cells (and not the P base
region of the NPN transistor) to the cathode electrode.
The N** cells (i.e. the P base regions each containing

" an N** emitter) and the P* cells are connected in
certain regions under the MOS gate by a P region to
provide a higher base resistance when a positive bias is
applied to the MOS gate, thereby facilitating latching of
the thyristor. The added MOS gate controlled base
resistance between cells allows the P base cells to be
designed with smaller dimensions for high maximum
controllable current without affecting latch-up
capability. The device is preferably provided in a
checkerboard style cellular layout.
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25 shown in Fig. 7. It can be seen that nost of the curreEFL#PEMENT SHEET
t hrough the thyristor reglon with a small amount of current flow ng through
tthe” PNP region. The on-state el ectron and hol e concentration contours in

‘the device are shown in Fig. 8A and Fig. 8B, respectivel ==
seen fromthese figures that the entire [err] drift regi nRERLAGEMENT SMEEY

modul at ed bel ow a depth of 2 [err] fromthe surface of tfje devisc
alnost the entire [err] . me"j 6~ﬂu?t§n

.
----------------------

BASE RESISTANCE CONTROLLED THYRISTOR STRUCTURE

wI GH-DE )'4 (o] FOR_INCREASED C CAPACITY
GRO OF
1. Field of the Invention:
.5 '~ The present invention relates to insulated gate

thyristors and, more specifically, to a base resistance
controlled insulated gate thyristor with a high-density
layout for increased current capacity.

2. Description of the Related Art:

10 '~ Insulated gate thyristors are of great interest
for high Qoltage power switching applications. 1In
general, the principle of operation of insulated gate

.thyristors consists of allowing the on~state current to
flow via a thyristor region, which can be switched-off by

15 a signal applied to the gate of a MOS structure that is
integrated into the thyristor structure. This concept
has the advantages of low.forward drop and ease of
control. Examples of device structures that achieve this
function are the MOS controlled thyristor ("MCT"), as

20 described in V.A.K. Temple, "MOS-Controlled Thyristors
(MCTs)", IEEE Electron Device Meeting (TEDM) Technical
Di est,npp. 282-285, San Francisco, December 1984, and
the base resistance controlled thyristor ("BRT"), as
described in M. Nandakumar et al., "The Base Resistance

25 Controlled Thyristor (BRT): A New MOS Gated Power
Thyristor", Proceedings of the ISPSD, pp. 138-141, 1991
and in U.S. Patent No. 5,381,023. '
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device of the present invention is fabricated using a doubl e-diffused DMOS
pfocess. The 5 first mask is used to define the active area of the _ .....
device. A N enhancement inplant of phosphorus at a dose of .[err}-aknp8iKeY

I's then optionally done. A photo- resist mask is then usqr to define the F

i pl ant at i on l. pate 1. 0LJAN. 9. |
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In both the MCT and BRT, a p-channel MOSFET is
used to divert the thyristor current to a grounded P+
region to turn-off the thyristor. MCTs have triple-
diffused structures with the turn-off p-channel MOSFET

5 integrated into the N emitter region which make such
devices difficult to fabricate. BRTs have double-
diffused structures, with the turn-off p-channel MOSFET
integrated into the N base region.

The maximum controllable current in MCT and BRT

10 devices is primarily determined by the resistance of the
turn-off MOSFET channel. To achieve high maximum
controllable current density, it is desirable to increase
the turn-off p-channel density. This can be achieved by
reducing the fraction of N* emitter area in relation to

15 the total cell area. 1In the prior art BRT, the latching
current density (J,.) depends on the length of the N*
emitter (Ly,.) given by

2 x Vi

~
~

Jllk:h

20 L

Q P
pnp * sh.p base N++

For the thyristor structure to latch, the latching
current density should be lower than the base drive for
the NPN transistor which can be supplied by the

25 structure. The charge in the P base and hence the sheet
resistance of the P base (Pyu.) 1S determined by
bréakdown voltage considerations, and sheet resistance
cannot be increased beyond a certain value. Hence, to
have a low latching current density, the length of the

30 emitter has to be increased. This increases the fraction
of N* emitter area and reduces the fraction of MOS
channel density in relation to the total cell area,
thereby reducing the maximum controllable current. Thus
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~reg|ons foll owed by inplantation of boron dose of 5el2 10 [err]

3KeV. This is followed by growh of gate oxide [err]. This is follomed by
deposition and patterning of polysilicon using a third gask g

regi ons and P+ regions are forned self-aligned to the p IEBPILAGEMEWSHIED
i'mpl antation of 2el4 [err] at 50KeV. The next mask 15 [
the [err] emtter regions. This is followed by |ow tem
deposition and openi ng of the contact w ndows using a fi-H
(Alum num is then deposited and pattequd using a sixth

a low latching current in the BRT structure is achieved.
only by sacrificing the maximum controllable current
possible. This imposes a limit on the maximum
controllable current achievable with the BRT structure.

5 Accordingly, it would be desirable to provide a
device which: 1) has high maximum controllable current
density; 2) has low latching current; and 3) is easy to
fabricate with good process control.

SUMMARY OF THE INVENTION .

10 The present invention achieves the foregoing
objective by providing an insulated gate thyristor,
specifically a modification of the BRT, with a layout
which facilitates a high density of MOS-channels
resulting in high controllable current capability.

15 More specifically, the present invention is

| formed of a silicon chip having a plurality of spaced
N** cells and spaced P* cells interspersed in
checkerboard fashion over the surface area of the chip,
whereby each of the N** cells is surrounded by ones of

20 the P* cells. A respective P diffusion extends between
and connects adjacent N** cells and Pt cells.

The N** cells each includes a N'' emitter
region spaced from an edge of a P-type cellular base
region to form a respective channel. A polysilicon gate

25 is disposed atop thé channels of the N** cells, and atop
the space between adjacent N** cells and P* cells.

A cathode contact is connected to the P*
regions and the N** emitter regions (but not to the P
base regions). A anode contact is connected to the

30 bottom P** layer. The P base region is connected to the

cathode contact only through the high resistance F



mask. A passivating material is then deposited and the 20 REEEAQEMENT SHEET
using the seventh mask. The |ast stage of the process consists of grinding

part of the backside substrate and deposition of back netal. Altngggg;JnL__
present invention is depicted in a square cellular confi
of sinplicity and 25 . ease of illustration, it should
of ordinary skill in the art that, |ike the BRT and ot her
sem conduct or

pol ygonal

10

15

20

25

30

configurations. |Indeed, as

g{ efﬁ:‘?’g&‘ar ent hOB%?

devi ces, the present invention can be provi
-4 -

diffusion. This makes it possible to ocbtain a low
latching current density without increasing the length of
N** emitter. The latching current in this structure is

givén by

PP TN+ N+ "%”'
r

‘Thus, it is possible to obtain a low latching
current and a high maximum controllable current at the
same time for this structure.

Alternatively, in a lateral conduction
embodiment of the invention, the cathode contact is
connected to a first group of adjacent ones of pt
regions and N** emitter regions, and the anode contact
is connected to a second group of adjacent ones of P+
regions and N** emitter regions, the anode contact being
disposed atop the chip in lateral relation to the cathode
contact, the first and second groups of adjacent P*
regions and N** emitter regions each having separate
respective gates, the gate of the first group of adjacent
P* regions and N** emitter regions being operated in
antiphase relation with the gate of the second group of
adjacent Pt regions and N*t emitter regions.

Preferably, to prevent current crowding during
turn-off, a plurality of adjacent P* cells are disposed
at the outer periphery of the chip.

The present invention, by way of the above
structure, achieves a higher MOS channel density since,
unlike the prior art BRT, the P base region of the device
of the present invention is connected to the cathode
electrode only through a P° region whose resistance is
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menti oned above, device sinulations show that al nost the 30 entire
[err] ‘drift region is utilized for current conduction, even though the
[ferr] emtter is only 50% of the total active area. ThlS:tﬂdr
N++ area -13- can be reduced further in size wthout famﬂm&CEHEEHTiSHEﬁT-
state voltage drop in order to increase the [err] cel

modulated by the MOS gate voltage. The P region
connecting the N¥* cells and the P* cells provides a
higher base resistance when a positive bias is applied to
the gate, thereby facilitating Iatching of the thyristor.
5 The F'reglon provides a low reSLStance turn-off current
path when a negative bias is applied to the gate. The
added MOS-gate-controlled base resistance between cells
allows the N** cells to be designed with smaller
dimensions without affecting latch-up capability.

10 BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the present
invention will become apparent when the following
description is read in conjunction with the accompanying
drawings, in which:

15 Fig. 1 is a cross-section of Fig. 2 taken along
section lines 1-1 in Fig. 2 and shows a prior art BRT
device;

Fig. 2 is a cross-sectional top view of Fig. 1
showing the cellular layout of a prior art BRT;

20 Fig. 3 shows an equivalent circuit diagram of
the prior art BRT device of Figs. 1 and 2;

Fig. 42 shows a three-dimensional view of the
modified BRT structure made in accordance with the
invention;

25 Fig. 4B is a cross-section of Fig. 5 taken

' along section lines 4-4 in Fig. 5 and shows a modified
BRT device made in accordance with the invention, with a
P" region bridging between a N** cell and a Pt cell;

Fig. 4C shows an equivalent circuit diagram of

30 the present invention; ' '
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areal/ channel density to obtain an increase in the maxi numcontroll able
current. A hexagonal cell |ayout, anal ogous 5 to that disclosed in U.S.
Patent No. 5,008,725 (the disclosure of which is herein iff rated ] ET
reference), with each [err] cell surrounded by six P+ cel ljisRE 'Q¢?¥%¥ %Hﬁg
N++ cells in the ratio of 3:1) would increase the turn-of channﬁi‘ja Ngaly
‘over the square-cellular design. 10 ' _ In the Prteet- --gﬁgEQZQ:.
and 5, a representative design would have cell pitch of about—8 m crons,

and a poly line width of about 3 rricronss. The

Fig. 5 is a cross-sectional top view of Fig. 4
showing the cellular layout of a modified BRT device made
in accordance with the invention, with P° regions
bridging between the N** cells and the P* cells;

5 Fig. 6 shows the layout of the present
‘invention at the edge of the chip;
_ Fig. 7 shows the on-state current flow lines in
a unit cell of the present invention obtained from device
simulations;

10 _ Figs. 8A and 8B show the on-state electron and
hole concentration contours, respectively, of the device
of the present invention;

Fig. 9 is a cross—-sectional view of the device
of the present invention provided in a lateral

15 implementation;

Fig. 10 shows the BRT structure in an
embodiment of the invention in which the gate does not
overlap all the edges of N** emitter;

Fig. 11 shows a preferred layout for structure

20 of Fig. 10; ' '

Fig. 12 shows the device structure of another
embodiment of the invention;

Fig. 13 shows a preferred layout for the
structure of Fig. 12;

25 Fig. 14 shows the device structure of yet
another embodiment of the invention;

Fig. 15 shows a preferred layout for the
structure of Fig. 14; and

Fig. 16 shows a trench gate embodiment of the

30 new device structure.
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m crons, and the [err] regions have a depth of 15 about 0.3-m.c

Referring to Figure 9, a lateral counterpart of the device oi dﬁﬁEACEMENﬁhﬂ%ET

is shown, in which [err] layer 114 receives a plurality of sfpaced R ﬁ ém
regions 111 to 114 distributed over the surface of the chip. hﬁﬁgl}gmgj ,,,,,, é@?!"

20 115 and 116 are di sposed between [err] base regi ons 114=—42—and

113- 114, respectively, and are "connected" thereto by [err] regions 117-118
and 119-120, respectively. [err] base

D c ON O E F MBO

Referring first to Fig. 1, the prior art BRT
device structure is shown. The BRT consists of a single
thyristor region 2, with a p-channel MOSFET 4 adjacent to

5 it. More specifically, as shown in Fig. 1, the BRT is
formed on a silicon wafer which includes a N layer 10, an
underlying p*+ léYer 12, and an overlying N epitaxial
layer 14. Diffused within N° epitaxial layer 14 is a P
base region 16 provided with an annular N** region 18,

10 and a P* region 20 without a N** region.

The BRT is a four-layer P-N-P-N device similar
to the insulated gate bipolar transistor (IGBT). Like
the IGBT, the BRT is typically fabricated by a double
"diffused MOS (DMOS) process and is provided in a cellular

15 confiquration, as shown in Fig. 2. Unlike the IGBT,
however, only half of the P regions on the upper surface
of the BRT contain a N** region. The BRT also differs
from the IGBT in that P base region 16 containing the
N** region 18 is less heavily doped, so that the

20 resistance of the base region is higher in the BRT by
about an order of magnitude (hence the term "base
resistance controlled thyristor"). As explained below,
this increases the gain of the NPN transistor of the
thyristor and promotes latch-up (normally avoided in

25 IGBTs).

With continuing reference to Fig. 1, N**
region 18 is spaced radially inwardly from the lateral
edge of P base 16 to form a n-channel region 22. A
polysilicon layer 24 overlies channel region 22 and the

30 portion 23 of N epitaxial layer 14 extending upwardly to
the top surface of the silicon wafer between P bhase
region 16 and P base region 20. Polysilicon layer 24 is
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regions 111 to 114 receive respective [err] source regions 121-124. 25

Pol ysilicon gate segnments overlie gate oxide |ayers as shown, and—ald—gat-es
for the channels fornmed in P base regions 111 and 112 are Cﬁfﬁﬁﬁ&@MENTSHEET
together at terminal [err]. Simlarly, the polysilicon gat

es for, th
channels forned in P base regions 113 and 114 are 30 uOﬁ&@Ct b ?&Bépﬂen
- at gate Q. A first alum numcontact 130 overlies the cha\a; ————— R=oSE
regions 111 and 112 and contacts N++

-8 -

separated from the upper surface of the silicon wafer by
thin layer 26 of gate oxide. A top metal layer 28
connects each N** region 18, P base region 16 and P*
region 20 to a common cathode node K. The polysilicon
5 gate layer 24 extends over the surface of the device with
an opening at each cell (for source and body diffusion
and contact) so as to form a common gate electrode
connected to a gate node G,. An uninterrupted metal
layer 30 is disposed over the bottom surface of the
10  device to form a bottom anode electrode A.
With reference again to the top view of Fig. 2,
it can be seen that the cells of P region 16 (cells with
a N** region 18) and those of P' region 20 (cells
without a N** region 18) are each provided in a square
15 topology and are arranged in an alternating checkerboard
fashion. Although a square structure is shown in Fig. 1,
BRTs having an other polygonal structure, e.gd‘an octagon
- see U.S. Pat. No. 5,381,025, are well known.
Referring now to Fig. 3, the equivalent circuit
20 of the BRT device is shown. Each cell of the BRT with a
N*t* region 18 includes a n-channel MOSFET 32, a PNP
transistor 34, a NPN transistor 36 and a resistor Ry (the
resistance of the base region). Each cell without a N**
region 18 includes a vertical PNP transistor 38.
25 P-channel MOSFET 4 bridges the two different cells.
PNP transistor 34 has its emitter defined by
P** layer 12, its base by N layer 10 and N epi layer 14,
and its collector by P base 16. PNP transistor 38 has
its emitter defined by P** layer 12, its base by N layer
30 10 and N epi layer 14, and its collector by Pt region
20. P-=channel MOSFET 4 has its source defined by P base
16, its drain defined by Pt region 20, and its channel
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-14- regions 121 and 122 and [err] region 115. Contact 130 is insulated

fromthe polysilicon gate el ectrodes by a suitable intey :
Simlarly, 'a second al um num contact 131 overlies the ¢ AERUACEMENTESHEET

base 5 regions 113 and 114 and contacts [err] regiofis 1231a0dJﬂ§4gghd
[err] regi on 116. - . DALS foreiieerramemeseenee

region defined by the region 23 of N epi layer 14
underlying the polysilicon gate 24. _
In the operation of the prior art BRT of Figs.

1-3, when a positive voltage is applied to gate 24, n-

5 channel MOSFET 32 is turned on, allowinq thyristor
current to flow upward through the device as shown in
Fig. 1. The device exhibits IGBT-like characteristics at
low current levels. Under these conditions, hole current
flows laterally through P base region 16 to the emitter

10 short (cathode); producing a .voltage drop which forward
biases the emitter-base junction. At higher current
levels, this voltage drop is sufficient to cause electron
injection from the N** emitter 18, resulting in latch up

~ of the thyristor.

15 The length of the emitter, which determines the
base resistance R,, controls the triggering and holding
currents of the device. Once the thyristor is latched
on, the gate bias can be removed, and the on-state
current continues to flow in the thyristor section with a

20 low forward drop.

' Turn off of the BRT is accomplished by appiying
a negative bias to gate 24, turning on p-channel MOSFET 4
at the surface of the N drift region. Holes are
diverted from the P base region 16 of the thyristor into

25 adjacent P* region 20 connected to the cathode. Thus,
p-channel MOSFET 4 establishes a low resistance path
between the P base 16 and cathode for the flow of hole
current. This is equivalent to reducing the base
resistance Rb, which results in raising the holding

30 ‘current of the thyristor above the operating current
level. The forward bias on the emitter base junction is
reduced, breaking the regenerative action and causing the
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The operation of the device of Figure 9 is simlar to that of Figs. 4 and
5. Thus, termnals [err] and T2 correspond to termnals K and A
refpec}:vel¥ in Fig.llo f 4. In Figure 9, however, holes _wll _travel
aterally, for exanple, fromP base region 112 to P b '

116 during operation. Also, gates [err] and [err] are84 Eegﬁgbg aN¥%§' at tton
to achieve bidirectional thyristor action. Thus, to tq Bafn jx&ﬂ 0

Figure 9, gate [err] 15 i s made negative and gate S -

positive. To turn the device of f, gate [err] is nade positive and gate
[err] is = 10 -

thyristor to turn off. Once the turn off is initiated,
the anode current decays in a finite time decided by the
removal of minority carrier stored charge from the drift
region.

5 _ As mentioned previously, the maximum controll-
able current in the BRT is primarily determined by the
resistance of the turn-off MOSFET channel. The present
invention seeks to minimize the on-resistance of the
turn-off p-channel MOSFET 4 by increasing the channel

10 density. This is achieved by connecting the P base
region in certain regions under polysilicon gate 24 with
a P region to the P* cathode.
- More specifically, referring to Fig. 4, a
cross-section of the modified BRT design of the present
15 invention is shown, wherein like elements (from the prior
art BRT structure of Fig. 1) are designated with like
reference numerals. As shown in Fig. 5, like the prior
art BRT, the modified BRT of the present invention has a
multicell layout in a checkerboard pattern of N*¥* cells
20 “and P* square.
Significantly, unlike the prior art BRT of
Figs. 1-3, however, P base region 16 is not contacted by
the cathode electrode 28; i.e. the present invention has
a solid N** region 40 (a solid square in the embodiment
25 of Figs. 4 and 5), rather than an annular region
surrounding a portion of the P base contacted by the
cathode electrode. 1In the present invention, the pt
base is connected to the cathode electrode only through a
P- region 42 whose resistance is MOS gate controlled, as
30 shown in Figs. 4 and 5. This enables smaller cell

dimensions and realization of a higher MOS channel
density.
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made negative. In the prior art BRT and the enbodinents of the present
i nventi on descri bed above, there is a |lateral PNP 20 tranS|stor

inherent in the structure consisting of [err] base as t "
region as the base, and [err] cathode as the collector. HEPba§§M§N @@4%&
B AR

this lateral PNP transistor is provided by electrons fr
| ateral PNP transistor causes two 25 undesi rabl e eff dwﬁ
part of the base drive for NPN

- 11 -

A positive bias on the gate depletes P region
42 to achieve a high base resistance to latch the
thyristor. For turn-off, the gate voltage is reduced
from positive to negative to cause accumulation of holes

5 in P region 42. An inversion layer of holes is also
formed in the N diagonal regions between cells. This
reduces the base resistance forming a low resistance path
diverting the holes to bring the thyristor out of the
latched state. A low channel resistance for the turn-off

10 p-channel MOSFET in this design results in a high
' controllable current density.

In the boundary regions of the die, a higher
current density results during turn-off due to the
lateral spread of the carrier plasma during the on-state

15 of the thyristor structure, similar to that in MCTs as
reported in H. Lendenmann et al., "Approaching.
homogeneous switching of MCT devices: Experiment and
Simulation", Proceedings of the ISPSD, pp. 66-70, 1993.
Accordingly, as shown in Fig. 6, the edge cells of the

20 device of the present invention are preferably all p*
cells to avoid current crowding during turn-off to
achieve a high controllable current for a large die size.

The on-state current flow lines obtained from
simulations of the device of the present invention are

25 shown in Fig. 7. It can be seen that most of the current
flows through the thyristor region with a small amount of
current flowing through the PNP region. The on-state
electron and hole concentration contours in the device
are shown in Fig. 8A and Fig. 8B, respectively. It can

30 " be seen from these figures that the entire N drift
region is conductivity modulated below a depth of 2 um
from the surface of the device and almost the entire N



iransi stor increasing the on-state voltage drop in the devi ce;
causes heavy injection of carriers into 30 the [err]

e at-on. e wee— |
cell diffusions. The presence of .a high concentration ojwmeLAeEMENHSHﬁFT
[err] region at the surface makes it difficult to deplet
-1

o this ‘chaugﬁ @Qf
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drift region is advantageéusly utilized for current
conduction. '
The device of the present invention is
fabricated using a double-diffused DMOS process. The
5 first mask is used to define the active area of the
device. A N enhancement implant of phosphorus at a dose
of 1-Sel2cm? at 50 KeV is then optionally done. A photo-
resist mask is then used to define the P" implantation
regions followed by implantation of boron dose of S5Sel2.
10 cm? at 30KeV. This is followed by growth of gate oxide
(5004). This is followed by deposition and patterning of
polysilicon using a third mask. The P* base regions and
P* regions are formed self-aligned to the polysilicon by
boron implantation of 2el4 cm? at 50KeV. The next mask
15 is used to define the N** emitter regions. This is
followed by low temperature oxide deposition and opening
of the contact windows using a fifth mask. Metal
(Aluminum) is then deposited and patterned using a sixth
mask. A paSsivating material is then deposited and the
20 patterned using the seventh mask. The last stage of the
process consists of grinding part of the backside
substrate and deposition of back metal.
Although the present invention is depicted in a
square cellular configuration for ease of simplicity and
25 ease of illustration, it should be apparent to one of
ordinary skill in the art that, like the BRT and other
power semiconductor devices, the present invention can be
provided in other polygonal configurations. Indeed, as
mentioned above, device simulations show that almost the
30 entire N drift region is utilized for current
conduction, even though the N** emitter is only 50% of
the total active area. This indicates that the Nf* area
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forman inversion p-channel using the MOS gate. This reduces the turn-off
current capability of the device. The effect of the | ateral PNR 2 S-St
can be reduced by bringing the [err] emtter inwards frlrﬁéﬁﬁpdEMENﬂsHEEﬁ
in some regions as shown in Fig. 10. The |ayout of such a structureeﬁéb
shown in Fig. 11. A nodified structure in which the P basgmb _________________________ a
hi gher potential in the on-state through a netal strap &ag—ah—a—channrel
DMOS is. shown in Fig. 12. 10 In this structure, the NPN transistor is
t urned-on before '
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can be reduced further in size without an increase in on-
state voltage drop in order to increase the P* cell
area/channel density to obtain an increase in the maximum
_ controllable current. A hexagonal cell layout, analogous
5 to that disclosed in U.S. Patent No. 5,008,725 (the
disclosure of which is herein incorporated by reference),
with each N** cell surrounded by six P+ cells (with P*
to N** cells in the ratio of 3:1) would increase the
turn-off channel density over the square-cellular design.
10 In the device of Figs. 4 and 5, a
representative design would have cell pitch of about 8
microns, and a poly line width of about 3 microns. The
P* base and P* regions preferably have a depth of from
1.0 to 1.5 microns, and the N** regions have a depth of
15 about 0.3 microns.
Referring to Figure 9, a lateral countérpart of
the device of Figs. 4 and 5 is shown, in which N layer
114 receives a plurality of spaced P base regions 111 to
114 distributed over the surface of the chip. P* regions
20 115 and 116 are disposed between P* base regions 111-112
and 113-114, respectivel_y, and are "connected" thereto by
P" regions 117-118 and 119-120, respectively. Pt base
regions 111 to 114 receive respective N** source regions
121-124. |
25 Polysilicon gate segmenté overlie gate oxide
layers as shown, and all gates for the channels formed in
P base regions 111 and 112 are connected together at
terminal G,. Similarly, the polysilicon gates for the
channels formed in P base regions 113 and 114 are
30 connected together at gate G,.
_ A first aluminum contact 130 overlies the
channels of P base regions 111 and 112 and contacts N**



the PNP transistor. Turn-on is acconplished by using a positive g

vol t age pul se.

n:échannel DMOS connecting the P base 116 to anode potenti

metal strap (contact plug 142) and n-channel DMOS. Wen t1@EEhAGEMENWEnng -
the potential of the P base 116 increases a

i's increased,
base potenti al

el ectrons into the [err] drift region 114. These electronshsuppkl 2=
base drive for

10

15

20

25

30
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Application of a positive voltage to gate 124 turns on t he

0, whengqtdae
becomes 0.7V, the NPN transistor turns on, |j Rpect. I-l 01 Jm 1997

the PNP transistor, activating the PNP
: - 14 -

regions 121 and 122 and P* region 115. Contact 130 is
insulated from the polysilicon gate electrodes by a
suitable interlayer oxide. Similarly, a second aluminum
contact 131 overlies the channels formed in P base
regions 113 and 114 and contacts N** regions 123 and 124
and P* region 116.

' The operation af the device of Figure 9 is
similar to that of Figs. 4 and 5. Thus, terminals T, and
T, correspond to terminals K and A respectively in Fig.
4. In Pigure 9, however, holes will travel laterally,
for example, from P base region 112 to P base regions 113
and 116 during operation. Also, gates G, and G, are in
antiphase relation to achieve bidirectional thyrisﬁor
action. Thus, to turn on the device of Figure 9, gate G,
is made negative and gate G, is made positive. To turn
the device off, gate G, is made positive and gate G, is
made negative. '

In the prior art BRT and the embodiments of the
present invention described above, there is a lateral PNP
transistor inherent in the structure consisting of P*
base as the emitter, N region as the base, and P*
cathode as the collector. The base drive for this
lateral PNP transistor is provided by electrons from N*+
emitter. This lateral PNP transistor causes two
undesirable effects:

1) it shunts part of the base drive for NPN
transistor increasing the on-state voltage drop in the
device; and

2) it causes heavy injection of carriers into
the N region between cell diffusions. The presence of a
high concentration of carriers in the N region at the
surface makes it difficult to deplete this charge and
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transi stor and-consequently latching the thyristor. Note that in't
device structure, the P [err] drift region junction near the MOXS gate is
reverse biased and so no carriers are injected in this direction. 25

The device of Fig. 12 can be turned-off by applying a neg td Ag@

to forma p-channel MOSFET connecti ng [err] base 116 to | rf%&

The absence of excess carriers under the MOS gate 124 mak L |JﬂN(ﬁBV
i nversi on p-channel easier in this structure. A 30 poissl q?VTﬁVHHF“Gf
this structure is showmn in Fig. 13. A

- 15 =

form an inversion p-channel using the MOS gate. This
reduces the turn-off current capability of the device.
The effect of the lateral PNP transistor can be reduced
by bringing the N** emitter inwards from the poly gate

5 in some regions as shown in Fig. 10. The layout of such
a structure is shown in Fig. 11.

A modified structure in which the P base is

biased to a higher potential in the on-state through a
metal strap and an n-channel DMOS is shown in Fig. 12.

10 In this structure, the NPN transistor is turned-on before
the PNP transistor. Turn-on is accomplished by using a
positive gate voltage pulse. Application of a positive
voltage to gate 124 turns-on the n-channel DMOS
connecting the P base 116 to anocde potential through a

15 metal strap (contact plug 142) and n-channel DMOS. When
the anode voltage is increased, the potential of the P
base 116 increases and, when the P base potential becomes
0.7V, the NPN transistor turns on, injecting electrons
into the N drift region 114. These electrons supply the

20 base drive for the PNP transistor, activating the PNP
transistor and consequently latching the thyristor. Note
that in this device structure, the P base/N drift region
junction near the MOS gate is reverse biased and so no
carriers are injected in this direction.

25 ' The device of Fig. 12 can be turned-off by
applying a negative gate pulse to form a p-channel MOSFET
connecting p* base 116 to Pt cathode 120. The absence
of excess carriers under the MOS gate 124 makes formation
of inversion p-channel easier in this structure. A

30 possible layout of this structure is shown in Fig. 13. A
modification of this structure and its layout is shown in
Fig. 14 and Fig. 15, respectively.
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15, respectively. -16 - Although the present invention has been

described in relation to particular enbodi nents thereoff T O]
variations (such as using a trench gate as shown in Fi .RQEQMgﬁH:ﬁfSHEET
modi fications and ot her uses wil| Pate : 10 JAN- 1997

Although the present invention has been
described in relation to particular embodiments thereof,
many other variations (such as using a trench gate as
shown in Fig. 12) and modifications and other uses will
5 become apparent to those skilled in the art. It is
preferred, therefore, that the present invention be
limited not by the specific disclosure herein, but only
by the appended claims.
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WHAT IS CLATMED IS:

1. An insulated gate thyristor comprising a
silicon chip having:

"a bottom layer of P* concentration;

a layer of N concentration disposed above said
bottom layer;

a N layer disposed above said N* layer;

a plurality of spaced N** cells symmetrically
distributed over the surface area of said N layer, said
N** cells each comprising a N** emitter region contained
within and spaced from an edge of a P-type cellular base
region to form a respective channel;

a plurality of spaced P* cells symmetrically
distributed over the surface area of said N layer; and

a plurality of P diffusions extending between
adjacent N** cells and P* cells.

2. The device of claim 1 wherein said N**
cells are interspersed in checkerboard fashion with said
P* cells, whereby each of said N** cells is surrounded by
ones of said P* cells and connected thereto by'ones of
said P- diffusions.

3. The device of claim 2, further comprising .
gate means disposed atop the channels of said N** cells,
and atop the space between said adjacent N** cells and P+
cells.

4. The device of claim 3, further comprising
a cathode contact connected to said P* cells and said N**
emitter regions. '
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silicon chip having: a bottom|ayer of [err] concentration; EFayer of
concentration di sposed above_saLd_EL————bﬂ%%ﬁﬁrfayer aferr] Iayer

di sposed above said [err] |ayer; Iurall spaced [@TTi_CEtlsS
symmetrical |y distributed overm H! Hﬁmj@ of said | é‘i'—ﬁ%mg'éﬁ%if
[err] cells each conprising a |

and spaced from an edge of a P-type cellu

respective channel;

10

10
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i on conta trbf"q? lfrq AW m‘yn

Iar base region
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5. The device of claim 4, further comprising
an anode contact connected to said bottom P** layer.

6. The device of claim 4, wherein said cathode
contact is connected to a first group of adjacent ones of
said P* cells and said N** emitter regions, and further
comprising an anode contact connected to a second group
of adjacent ones of said P* cells and said N** emitter
regions, said anode contact being disposed atop said chip
in lateral relation to said cathode contact, said first
and second groups of adjacent P* cells and N** emitter
regions each having separate respective ones of said gate
means, said gate means of said first group of adjacent P*
cells and N** emitter fegions being operated in antiphase
relation with said gate means of said second grdup of
adjacent P* cells and N** emitter regions.

7. The device of claim 2, further comprising a
plurality of adjacent P* cells disposed at an outer
periphery of said chip.

‘8. An insulated gate thyristor comprising a
silicon chip having:

a bottom layer of P* concentration;

a layer of N concentration'disposed above said
bottom layer; '

a N layer disposed above said N* layer;

a plurality of spaced N** cells symmetrically
distributed over the surface area of said N layer, said
N** cells each comprising a N** emitter region contained
within and spaced from an edge of a P-type cellular base
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a plurality of spaced [err] cells symetrically distributed gggPA?EM
surface area of said N layery—and a plurality of P diffusions extending

et oo, 55 i o eent [ort] ﬂjﬁ'ﬂ'@ﬂ;ﬁaﬁ[Eﬁf,]mfwezkefbo A ]

said [err] cells, whereby eac ll's is sur %JndddUbJAN)m of
said [err] cells and connected théreto y bnes of 5 erYT """""""""""

di ffusions. 3. The device of claim2, further conprising
-19_

region to form a respective channel in selected areas of
the device; . '
a plurality of spaced P* cells symmetrically
distributed over the surface area of said N layer; and
15 a plurality of P diffusions extending between
adjacent N** cells and P* cells.

9. The device of claim 8, wherein said N**
cells are interspersed in checkerboard fashion with said
P* cells, whereby each of said N** cells is surrounded by
ones of said P* cells and connected thereto by ones of
5 said P diffusions.

10. The device of claim 9, further comprising
gate means disposed atop the channels of said N** cells,
and atop the space between said adjacent N** cells and P*
cells.

11. The device of claim 10, further comprising
a cathode contact connected to said P* cells and said N**
emitter regions.

12. The device of claim 11, further comprising
an anode contact connected to said bottom P** layer.

13. The device of claim 11, wherein said
cathode contact is connected to a first group of adjacent
ones of said P* cells and said N** emitter regions, and
further comprising an anode contact connected to a second
group of adjacent ones of said P* cells and said N**

5 emitter regions, said anode contact being disposed atop
said chip in lateral relation to said cathode contact,
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gate neans di sposed atop the channe%s4m;£ﬁﬂLLl§%jj cells, and atop the
space between said adjacent [err)] Bplh@ and [err] <cells. 4. The devi ce of

claim3, further conprising a 04#W nect ed U”SardE;?7?—TKﬁ¢1
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said first and second groups of adjacent P* cells and N**
emitter regions each having separate respective ones of
said gate means, said gate means of said first group of

10 adjacent P* cells and N** emitter regions being operated
in antiphase relation with said gate means of said second
group of adjacent P* cells and N** emitter regionms.

14. The device of claim 9, further comprising
a plurality of adjacent P* cells disposed at an outer
periphery of said chip.

15. An insulated gate thyristor comprising a
silicon chip having:

a bottom layer of P* concentration;

a layer of N concentration disposed above said

5 bottom layer; .

a N layer disposed above said N* layer;

a plurality of spaced thyristor cells
symmetrically distributed over the surface area of said
N layer, said thyristor cells each comprising a N**

10 emitter region contained within and spaced from an edge
of a P-type cellular base region, said thyristor cells
further comprising a N** source region shofted to the P-
type base by a contact plug at oné end and spaced from an
edge of the P-type base to form a respective channel; and

15 a plurality of spaced P* cells symmetrically
distributed over the surface area of said N layer.

16. The device of claim 15, wherein said
thyristor cells are interspersed in checkerboard fashion
with said P* cells, whereby each of said thyristor cells
is surrounded by ones of said P* cells.
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The device of claim4, further conprising an anode cont act
connected to said bottom[err] |ayer. 6. The device of cFaLaLA, wherein
sai d cat hode contact is connect up of adlagERiacEVEENPSHERT C
[err] cells and said [err] emtﬁ""mﬂmmg "Hﬁ@ further gonprisi an anodsg
contact connected to a second grdup®oft ady acen

and said [err]

n
ones of atbé:[le[ehf JAN: 1997

emtter 5 regi ons, sai d anode cont act tbeing-di-spasead

atop said chip in lateral relation to said cathode contact, said first

10
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17. The device of claim 16, further comprising
gate means disposed atop the channels of said thyristor
cells, and atop the space between said adjacent thyristor
cells and P* cells.

18. The device of claim 17, further comprising
a cathode contact connected to said P* cells and said N**
emitter regions.

19. The device of claim 18, further comprising
an anode contact connected to said bottom P** layer.

20. The device of claim 18, wherein said
cathode contact is connected to a first group of adjacent
ones of said P* cells and said N** emitter regions, and
further comprising an anode contact connected to a second
group of adjacent ones of said P* cells and said N**
emitter regions, said anode contact being disposed atop '
said chip in lateral relation to said cathode contact,
said first and second groups of adjacent P* cells and N+t
emitter regions each having separate respective ones of
said gate means, said gate means of said first group of
adjacent P* cells and N** emitter regions being operated
in antiphase relation with said gate means of said second
group of adjacent P* cells and N** emitter regions.

21. The device of claim 16, further comprising
a plurality of adjacent P* cells disposed at an outer
periphery of said chip.
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and second groups of adjacent [err] cells and [err] enmitter regrons eac

havi ng separate respective ones—e#-sard—ga%e—ﬁeans SaW"—v?—‘ e ~‘1d
first group of adjacent [err]" Emﬁ cells and [err] e 'BEEtA(BE\gENthEETn

operated in antiphase relation Hu H ans of flsaid s p
7. The d@&ﬂecefgf ‘&@LW

adj acent [err] cells and [err]
further conprising a plurality of adjacent [err] cells
periphery of said chip. 8. An insulated gate thyristor conprrsrng a
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22. An insulated gate thyristor comprising a
silicon chip having:
a bottqm layer of P* concentration;
. a layer of N concentration disposed above said
5 bottom layer;
a N layer disposed above said N* layer;
a plurality of spaced thyristor cells
symmetrically distributed over the surface area of said
N layer, said thyristor cells each comprising a N**
10 emitter region contained within and spaced from an edge
' of a P-type cellular base region; and
a plurality of spaced P* cells symmetrically
distributed over the surface area of said N layer, said
P+ cells comprising a N** source region, spaced from an
15 edge of the P-type base to form a respective channel;
wherein said N** source region is connected to
said P-type base region by a metal strap which is at
floating potential.

. 23. The device of claim 22 wherein said
thyristor cells are interspersed in checkerboard fashion
with said P* cells, whereby each of said thyristor cells
-is surrounded by ones of said P* cells.

24. The device of claim 23, further comprising
gate means disposed atop the channels of said N** cells,
and atop the space between said adjacent N** cells and P*
cells.

25. The device of claim 24, further comprising
a cathode contact connected to said P* cells and said N**
emitter regions. |
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26. The device of claim 25, further comprising
an anode contact connected to said bottom P** layer.

27. The device of claim 25, wherein said
cathode contact is connected to a first group of adjacent
ones of said P* cells and said N** emitter regions, and
further comprising an anode contact connected to a second
group of adjacent'ones of said P* cells and said N**

5 emitter regions, said anode contact being disposed atop
said chip in lateral relation to said cathode contact,
said first and second groups of adjacent P* cells and N**
emitter regions each having separate respective ones of
said gate means, said gate means of said first group of

10 adjacent P* cells and N** emitter regions being operated
in antiphase relation with said gate means of said second
group of adjacent P* cells and N** emitter regions.

28. The device of claim 23, further comprising
a plurality of adjacent P* cells disposed at an outer
periphery of said chip.
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a plurality of spaced [err] cells symmetrically distributed over the
surface area of said [err] layer; and 15 a geaki ty of P

di f fusi ons extendi ng between adjacent [err] cells and P+ ,GMAGE&IEEW%HEET
device of claim8, wherein said [err] - 24 - -

BASE RESISTANCE CONTROLLED THYRISTOR STRUCTURE
W HIGH-DENSITY YOUT FO NCREASED C CITY

STRACT O DISCLOS

An insulated gate base resistance controlled
thyristor with a high controllable current capability is
described. The device has a high density of MOS-channels
modulating the resistance of the base region of the NPN
transistor of the thyristor structure. The higher MOS
channel density is achieved by contacting directly only
the N** emitter and the P* cells (and not the P base
region of the NPN transistor) to the cathode electrode.
The N** cells (i.e. the P base regions each containing
an N** emitter) and the P* cells are connected in

. certain regions under the MOS gate by a F’region to

provide a higher base resistance when a positive bias is
applied to the MOS gate, thereby facilitating latching of
the thyristor. The added MOS gate controlled base
resistance between cells allows the P base cells to be
designed with smaller dimensions for high maximum
controllable current without affecting latch-up
capability. The device is preferably provided in a
checkerboard style cellular layout.
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emtter regions. 12. The device of claim 11, further conprising an anode

contact connected to said bottom P++ | ayer. 13. The devf .¢laim 11,
wherein said cathode contact is connected to a first gr =$1fa T ATy
of said [err] cells and said [err] emtter regions, andjjffurther conprisin
an anode contact connected to a second-gBoup of adj acenft Res lou gAN
cells and said [err] 5 emtter regions, said anode
di sposed atop said chip in lateral relation to said cathode cont act,
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emtter regions each having separate respective ones of said gate neans,

said gate neans of said first group of 10 adj acent WC@WH—:
[err] enitter regions being operated in antiphase rel at i|oREREAGFMENTISYEE®

f sai f adj - N n tek.
pl;ginzng sai d second group of adjacent [esr} cells and eiir)artl-elm YRR 1997

CATHODE T

b NMOS
PMOS 36
GATE | - - ] l.)_

© = N~ 3

41—_|__..
PNP }' |738/PNP
ANODE &

FIG. 3

. ? CATHODE

s '
0—‘4 EP- — E—P@S Nmos:, —
l\NP.N

PNP

~ |
=l
FIG. 4C

ANODE



14. The device of claim9, further conprising a plurality ofﬁgﬁ?éggMENFGSHEET
cells disposed at an outer periphery of said chip. 15. An insul ated gate

thyristor conprising a silicon chip having: a bottom | ayes
concentration; a layer of N concentration disposed above
| ayer; a [err] | ayer di sposed above said perr] Iayer a

thyristor cells
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symmetrically distributed over the surface area of said [err]RFayer, sal
thyristor .cells each conprising a [err]

P-type base to forma respective channel
of spaced [err] cells symmetrically distributed over the
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thyristor cells further conprising a [err] source region
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thyrlstor cells are interspersed in checkerboard fashion with said [err]

wher eby each of said thyristor cells is surrounded by ones of said
[err] cells. REPLACEMENT SHEET - 21 - 17. The device g

further conprising gate neans dlsposed atop the channel s

cells,

- 6 -

REPLACEMENT SHEET

ﬁ=c#a£n%4?

, REBRACEMBENT iSPigRYT

| Date..1.0,JAN. 1997

POLY) -
] A
/20 /6y /P ’/20
N\ .
P+ P—| | N++ | | P- P+ ™
Lz,
40 P_,rtf% 642 P /QZJ 20 47 | P- 42
4 NP 7] wf ' 4_4( P40
FL N++ | | p= pr | |1 AL
/ p- g
P- 1 4? 421 p- 16 * 42) P- ‘e
4 42
~N | N N
P+ P- ++ P- P+
) ) 1201
Z o’ |
207, ! 7



PLACEMENT SHEET

cel I's, and atop the space between said adjacent thyristor celylis and [err]
cells. 18. The device of claim 17, further conprising a gathode contach——
connected to said [err] cells and said [err] emtter regiloRs- 4% «I0E SHEET
device of claim 18, further conprising an anode contact g¢onnect e& ﬁgg.ii
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further conprising an anode contact connected to a second grﬁﬂ%ﬂdﬁﬁﬁ&ﬁEET
ones of said [err] cells and said [err] 5 emtter regions, said anode
contact being disposed atop said chip in lateral relation{ | d_cat hode
contact, said first and second groups of adjacent [err] c
emtter regions each having separate respécti ve ones of s |§Epg'tﬁgs @Qt?’ﬁﬂ
said gate neans of said first group of 10 adj acent [e rﬂ;atgel]le .MNHSS'I
[err] emitter regions being operated in antiphase relation F
nmeans of said second group of adJ acent [err] cells and [err] emtter

regi ons.
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“a layer of N concentration disposed above said 5 bottom I ayer; a N

| ayer di sposed above said [err] layer;.a plurality of spaced thyristor
gells symretrically distributed over the surface area ot [
thyristor cells each conprising a [err] 10 emtter fie é %%ﬂ?ﬁfﬁgﬁé‘?
within and spaced from an edge of a P-iyige el |l ul ar basg Le |qn0 dMil

plurality of spaced [err] cells symetrically distributé¢d y
area of said [err] layer, said.
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P+ cells conprising a N++ source region
P-type base to forma respective channel ; wherein sa
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to said bottom([err] layer. 27. The device of claim25, wherein sald
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emtter regions each having separate respective ones of said d%E%WT SHEET
said gate neans of said first group of 10 adj acent [err] cells and
[err] emtter regions being operated in antiphase rel atifgF—w-t-h=Sai-d--
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regions. 28. The device.of claim23, furtiher- conprisi ng jja plu
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