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IGBT WITH INTEGRATED CONTROIL,

RELATED APPLICATIONS

This application is related to copending
application Serial No. 08/121,288, filed September 14,
1993 in the name of Bruno C. Nadd (IR-1016) and to co-
pending application Serial No. 08/298,383, filed August
30, 1994 in the names of Bruno C. Nadd and Talbott M.
Houk (IR-1070), both of which are assigned to the
assignee of the present invention.

BACKGROUND OF THE INVENTION

This invention relates to insulated gate
bipolar transistors (IGBTs), and more specificqlly
relates to a novel monolithic semiconductor chﬁp :
structure haﬁing an IGBT and control circuits therefor
which are integrated'into a common monolithic chip (or
die) . '

It is well known that control circuits can be
integrated into the same chip as contains a discrete
power MOSFET section. Such devices are sold by the
International Rectifier Corporation, the assignee of the
present invention, under its trademark SMARTFET. The
structure of such devices is also shown in copending
application Serial Nos. 08/121,288 (IR-1016) and
08/298,383 (IR-1070), referred to above.

Attempts to extend the above concept of a
monolithically formed control circuit with a power IGBT
(one which handles 1 watt or more of power) have not been
successful.  This is because the control circuits are

contained in a "P well" or P-type diffusion in the same
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RELATED APPLI CATI ONS This application is related to copendi ng
application Seri.al No. 08/.121, 288, filed Septenber 14, éggiakﬂﬁ%bg_ﬂéﬂﬂ_at_
Bruno C. Nadd (1 R-1016) and to co- pending application

08/298,383, filed August 30, 1994 in the names of Bruno C.p,Na f@@@ﬂ%abuawﬂ
M Houk (I R-1070), both of which are assigned to the assign \
present invention. BACKGROUND OF THE | NVENTI ON m‘m\

relates to insulated gate bipolar transistors (IGBTs), and

specifically relates to a novel nonolifhic sem conductor chip structure
having an I GBT and control circuits Theréfor which are integrated into a

common nonolithic chip (or die). It is well known that control
circuits can be

N epitaxially formed layer (epi) as receives the
junctions forming the IGBT. Thus, when the IGBT conducts:
in the forward direction, the P* substrate is forward
biased relative to the N epi so that a copious number  of

5 minority carriers (holes in the case of the N channel
device being described) are injected into the N epi.
Because the P well containing the control junctions is
close to the IGBT power junctions, holes are also
injected under the P well. This has several

10 consequences:

1. The P well acts as the collector of a
vertical PNP transistor (with the N epi and P*
substrate). As a result, high parasitic current is
injected into the P well and to ground (since the P well

15 is usually grounded).

2. The N* source and drain diffusioﬁs in the
P well act as the cathodes of vertical parasitic
thyristors. The triggering of these parasitic thyristors
can destroy the chip.

20 3. The injection of minority carriers into
the P well can disturb the operation of sens1t1ve, low
power level analog circuits.

‘Therefore, a smart IGBT with junction-isolation
has not been practical.

25 One attempt to overcome the problem produced by
minority carrier injection has been to employ dielectric
isolation of the control circuit from the main body of
the chip. This structure, however, requires very
expensive and very complex processing.

30 BRIEF DESCRIPTION OF THE INVENTION
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integrated into the sane chip as contains a discrete power MOISFET secti on.
Such devices are sold by the International Rectifier_Corporatien—the
assi gnee of the present invention, under its trademark SMARTEET,

structure of such devices is also shown in copending a ‘ﬁ E[ii '

Nos. 08/121,288 (1R-1016) and 08/298, 383 (IR-1070), ref
Attenpts to extend the above concept of a nonolithical
circuit with a power |1 GBT (one which handles 1 watt or nore of power) have
not been successful. This is because the control circuits are contained in
a "Pwell" or P-type diffusion in the3sane

section therefore are junction-isolated, but the effect
of minority carrier injection from the IGBT section to
under the control section is substantially reduced.

In the following description of the invention,

5 - an N channel IGBT having an N* lateral buffer layer is
described. Thus reference will be made, for convenience,
to the forward bias of the P* substrate, N epi junction.
This language is intended to cover the junction to the N*
buffer if such a buffer is used. Moreover, the invention

10 applies equally to P channel devices and, in general, to
any MOS gated bipolar device. '

In a first embodiment of the invention, the
control section or P well is laterally spaced from the
periphery of the active IGBT region by greater than about

15 three diffusion lengths of the minority carrier. As a
result, the P* substrate to N epi junction will be
effectively de-biased under the P well so that the
concentration of minority carriers under the P well is
very substantially reduced. Note, however, that the

. 20 implementation of the above concept requires added
silicon chip area. Further, the low sheet resistivity N*
buffer layer commonly used to reduce the ® of the PNP
portion of the IGBT interferes with the de-bias of the P*
substrate, N* buffer junction.

25 In accordance with a secoﬁd embodiment of the
invention, a further P* diffusion is placed between the
control P well and the IGBT active area. The further P*
diffusion is connected to the source (or cathode)
electrode of the IGBT section. Consequently, most hole

30 current outside of the active IGBT area will be diverted
to the further P* diffusion and to the IGBT source
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electrode. Note that with this approach some hole
current can still flow to under the P well.

In a third embodiment 6f the invention, the
region between the P* substrate and N epi and
surrounding the active area is, in effect, short-
circuited so that the B+ substrate, N epi junction under
the control P well is fully de-biased. A preferred way
to carry out this embodiment employs an N* diffusion on
the upper surface of the chip and surrounding one or both
the control P well or active IGBT area and the connection
of the N* diffusion to the back or bottom of the chip and
to the P* substrate.

Consequently, the P* substrate under the IGBT
area is forward-biased relative to the N epi (or N*
buffer layer if one is used) during forward conduction.
Electrons will flow laterally through the N‘ep1 or the
N* buffer layer and outwardly of the active IGBT area and
up to the novel N* diffusion at the upper surface of the
chip. This causes a lateral voltage drop in the N* _
buffer layer (or N epi) so that the P* substrate to N
epi junction is progressively de-biased, moving laterally
away from under the active area. By appropriately
choosing the resistance Ry between the buffer layer and
the new N* diffusion and the lateral resistance of the
buffer layer Rg such that Ry is much less than Rg, the
voltage across the N*/P* junction under the control P
well is almost zero and only negligible hole injection
can occur.

In the preferred embodiment of the invention, a
proper field termination is required on both sides of the
N* diffusion. However, interconnections must be made

from the control circuit to the IGBT, for ex ugg§BEEN



i njected .under the P well. This has several consequences:
The P well acts_as the collector of a vertical PNP—rransrsror—fmrfﬁrihe N

epi and P[err] substrate). As a result, high parasi r njected
into the P well and to ground (since the P well |s]%k§heh%w%mn “

2. The Nerr] source and drain diffusions in the P

cat hodes of vertical parasitic thyristors. The trigg

parasitic thyristors can destroy the chip. : The |nject|on of
mnority carriers into the P well can disturb the operatlon of sensitive,

| ow power |evel analog circuits. ~ 5 - Therefore, a smart I GBT with
junction-isolation has not been practical. One attenpt to

overconme the problem produced by mnority carrier injection has been to
enpl oy dielectric

contacts, gates, Kelvin sources, current sense leads, and
the like. In order to make these connections without
crossing over the high voltage field termination, a novel
topology is provided wherein the control section and IGBT
5 section are enclosed by a common continuous field
termination which is reentrantly bent around both sides
of the N* diffusion, but leaves a narrow conductor-
routing-channel spaced from the end of the N* diffusion.
Control conductors of metal, polysilicon or the like can

10 be disposed over and atop this narrow routing-channel.

In the preferred embodiment of the invention, a
parasitic diode is created between the main drain and
source electrodes as a consequence of the use of the
novel N* diffusion between control and IGBT sections.

15 This diode prevents the use of the chip in applications
requiring reverse vpltage blocking, and cannot;ﬁe used in
applications requiring an external fast recovery diode.
In accordance with another feature of the invention and
to overcome the effect of this parasitic diéde, a novel

20 lateral PNP transistor is integrated into the IGBT
section and is connected to and enables the operation of
the N* diffusion only when the IGBT is forward biased.
Thus, the parasitic diode is open-circuited during those
times when it could interfere with the chip operation.

25 Other features and advantages of the present
invention will become apparent from the following
description of the invention which refers to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

30 Figure 1 shows a cross-section of a portion of
a SMARTFET structure of the prior art.

THIS SHEET HAS BEEN
REPLACED
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I sol ation of the control circuit fromthe main body of the ch|p Thi's
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Figure 2 shows a cross-section of a portion of
an IGBT in which a P well is formed in the same chip and
illustrates the problems created.

Figure 3 shows a cross-section of a portion of

5 an IGBT in which a control circuit is formed in a well
which is dielectrically insulated from the chip.

Figure 4 shows the topology of a chip employing
a first embodiment of the invention.

Figure 5 shows a cross-section of Figure 4 -

10 taken across the section lines 5-5 in Figure 4.

Figure 6 shows a cross-sectional view of a
portion of a SMART-IGBT chip having a P* region
positioned between the active region and control region.
in accordance with the invention.

15 Figure 7 shows another embodiment of the
invention, employing an N* diffusion between t@é active
IGBT area and the control area and is a cross section of
Figure 6 taken across the section lines 5-5 in Figure 6.
Figure 8 shows a preferred embodiment of the
20 topology of the active and control areas of Figure 7.

Figure 9 shows a cross-section similar to that
of Figure 7 to more realistic scale and shows certain
circuit components defined by the junctions.

Figure 10 is an equivalent circuit diagram of

25 Figure 9.

Figure 10A shows the current in the circuit of
Figure 10 when the IGBT is forward biased.

Figure 10B shows the current paths in the
circuit of Figure 10 under reverse voltage and

30 illustrates a parasitic diode.

Figure 11 shows the addition of a PNP diode to
the circuit of Figure 10 to eliminate the effect of the
parasitic diode of Figure 10B under reverse voltage,

THIS SHEET HAS BEEN
REPLACED
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secti-on therefore are junction-isolated, but the effe

i njection fromthe | GBT section to under the control section is

substantially reduced. ' In the foll ow ng descr iTpisS&latmfsBééa_(i{eplaced

i nventi on,
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Figure 12 shows the structure of Figure 9 with
the added PNP diode of Figure 11 implemented therein.

Figure 13 shows a preferred topology for the
structure of Figure 12.

DETAILED DESCRIPTION OF ‘THE DRAWINGS

Referring first to Figure 1, there is
schematically shown a small portion of a MOSFET chip of
silicon 20 in cross-section. Silicon chip 20 has an N*
substrate 21 and a layer 22 of epitaxial silicon which
receives junctions which define the active MOSFET section
19 and its control circuit 30. Thus, the active power
MOSFET section includes a plurality of P type MOSFET
bases, such as bases 23 and 24, which are distributed
over the active MOSFET area of chip 20 as shown in U.S.
Patent 5,008,725. Each of bases 23 and 24 receive
respective N* annular sources 25 and 26, respeétively. A
conventional polysilicon gate structure 27 overlies a
conventional gate diode which covers the channel regions
formed in bases 23 and 24. A main power source electrode
28 and drain electrode 29 are provided as usual.

The control section 30 is monolithically
integrated into the same chip 20 with the active power
MOSFET 19. Thus, a P well 40 is diffused into layer 22
and is laterally spaced from active MOSFET area 19.

P well 40 contains any desired control circuitry for
turning on and off the active area 19, such as, for

example, thermal sensdrs, current sensors, undervoltage
sensors and the like, such as those described in co-
pending application Serial No. 08/298,383 (IR-1070),
described above. A lateral control transistor is
schematically shown in Figure 1, comprised of N* source
diffusion 41, N* drain diffusion 42, and gate 43, all

THIS SHEET HAS REEN
REPLACED

section or P well is laterally spaced fromthe periphery of the
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three diffusion I engths of the mnority carrier. As a resul-—t

substrate to N epi junction will be effectively de-biased under_t P\Mﬂghmﬂ
so that the concentration of minority carriers under the P wel Vhiang
substantially reduced. Note, however, that the inplenentation | H “‘NIHII
concept requires added silicon chip area. Further, the | ow she :
resistivity Nerr] buffer |layer comonly used to reduce the [err] of the
PNP portion of the 1GBT interferes with the de-bias of the Plerr]

substrate, N err] buffer junction. In accordance with a second
enbodi nent of the invention, a further-Plerr] diffusion is placed between
the control P well and the | GBT active area. The further P[err] diffusion

is connected to the source (or cathode) el ectrode of the | GBT section.
Consequently, nost hole current outside of the active | GBT area will be

diverted to the further Plerr]. diffusiop and.to the,|l GB ource
containeJ]{n g weil 48 ané 9unction &solateg %rom active

MOSFET area 19. The control transistor in P well 40 may
then be suitably coupled to the gate 27 to effect a
control of the active MOSFET in response to any desired

5 . sensed parameter. Thus, intelligence is monolithically
integrated into the chip containing a power MOSFET
device.

The concept of simply integrating a junction-
isolated control section in an IGBT chip has created
10 seemingly insurmountable problems. These problems are
best understood from a consideration of Figure 2 which
shows the éimple addition of a P* substrate 50 to the
chip 20 of Figure 1 (in place of N* substrate 21 of
Figure 1), causing it to operate as an IGBT. Note that a
15 conventional N* buffer layer 51 may also be added in
Figure 2 in order to reduce the £ of the PNP pgétion of
the IGBT. All other components having the saﬁ;'numerals
as Figure 1 have the same function. Note that power
section 19 will now operate in an IGBT mode due to the
20 presence of P* region S50.
The device of Figure 2 cannot operate
satisfactorily because, during forward conduction in the
IGBT mode, the junction 52 between the P* substrate 50
and N* buffer 51 (or the junction to N epi 22 if no
25 buffer is used) is forward biased along its length.
Therefore, a copious number of minority carriers (holes
in the embodiment of Figure 2) are injected in the epi
layer 22 and under P well 40. This hole injection is
shown by the arrows in Figure 2, and causes several
30 problems: '
1. The P well 40, taken with N epi 22 and P*
substrate 50 forms a parasitic PNP transistor 60. Since
i
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the P well is commonly grounded (not shown), the pigd
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carriers in epi 22 turn the PNP transistor 60 on, causing
a high parasitic current in the P well 40 to ground.

2. The N* diffusions 41 and 42 in well 40 act
as the cathodes of parasitic four-layer thyristor 61.

The triggering of this parasitic thyristor 61 can cause
the destruction of the device.

3. The injection of minority carriers under
P well 40 also will disturb the operation of the
sensitive low level analog circuits which are integrated
into well 40. '

As a consequence of the injection of minority
carriers under a junction-isolated control well, this
technology has not been used to create a "SMART IGBT"
analog to the "SMARTFET" device.

One known structure which has avoided the
minority carrier injection problem employs a oF
dielectrically isolated P well 70, as shown iﬁfFigure 3,
which is isolated from the N epi by a silicon dioxide

‘liner 71. 1In Figure 3, parts similar to those of Figure

2 have similar identifying numerals. This solution,
however, requires very expensive and complex fabrication
procedures. .

The present invention achieves results similar
to those of Figure 3, but employs junction-isolation
techniques which can be carried out with cost-effective
fabrication.

In a first embodiment of the invention, the
boundary of the active IGBT area in Figure 2 is spaced by
three diffusion lengths or more from the boundary of the
P well 40. Thus, Figures 4 and 5 show one possible
arrangement for this embodiment, wherein components

similar to those of Figure 2 are given similar

identifying numerals. Figures 4 and 5 also
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.region between the P[err] substrate and N epi and surroundinmgthe—active
area is, in effect, short- circuited so that the P+ subsﬁig ﬁmﬂu

|
junction under the control P well is fully de-biased. A pr [ Bley ped
carry out this enbodi nent enpl oys an N+ di ffusion on the Ll ,ﬂ | f
t he chip and surrounding one or both the control P well or [ Ihr ea
and the connection of the N+ diffusion to the back or bottomof the chip
and to the P[err] substrate. Consequently, the P[err] substrate
under the | GBT area is forward-biased relative to the N epi (or Nerr]
buffer layer if one is used) during TorQard conduction. Electrons will flow
| aterally through the N epi or the Nerr] buffer |layer and outwardly of the
active I GBT area and up to the novel Nerr] diffusion at the upper surface
of the chip. This causes a lateral voltage drop in the Nerr] buffer layer
(o N epi) so LhapbhesBher vh suBshhalikh Mulodrd e hd s L OpEgRST vel ¥
de- bi ased, noving Taterally _ : i
' area 19 and the control area 30, respectively. The

dotted lines 75 indicate the connection of the control
circuit 30 to the gate 27 and source (and other related

5 terminals) of the active IGBT area 19. Note that other
control areas and other IGBTs or other power devices can
be integrated into épi layer 22 of Figures 4 and 5 at
areas laterally removed from area 19.

In accordance with the invenﬁion, the distance
10 between the periphery of the P well 40 and the periphery
of the active IGBT junctions is greatef than about three
minority carrier lengths. As a result of this spacing,
junction 52 is de-biased under control section 41 and the
level of minority carrier injection under the control
15 section 40 will be much lower. Note that the sheet
resistivity of the N* buffer layer can also be increased
to assist in de-biasing the junction 52 or 51 under the
control region 30.
Figure 6 shows a second embodiment of the
20 invention where components similar to those of Figure 2
have similar identifying numerals. Note that the buffer
layer 21 is not shown in Figure 6, but can be used if
desired. 1In Figure 6, a P* diffusion 80 is added as
shown and is disposed between the control section 30 and
25 the IGBT section 19. The P* region 80 is further
connected to IGBT source electrode 28.
' In operation, holes schematically shown in
Figure 6 by arrows are injected into region 22. However,
the holes outside of aréa 19 are preferably collected by
30 diffusion 80, so that fewer holes can be collected by P
well 40.
Figures 7 and 8 show a still further embodiment
of the invention, wherein components similar %5 “hose of
SPEC\118209 THIS SHEET H*® T
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away -from'under the active area. By appropriately choosing the r
Rlerr] between the buffer layer and the new N err] diffusion and the 4
| ateral resistance of the buffer layer R err] such that RS Ths SheecHssBeeg&eplace

than Rlerr], the voltage across the Nlerr]/Plerr] junction u “‘m\“\ |
control P well is alnost zero and only negligible hole injec _ ||
In the preferred enbodi nent of the invention, a proper field rmnation is !

required on both sides of the N err] diffusion. However, interconnections
nmust be made fromthe control circuLtlao_the | GBT, for exanple, source

prior figures have the same identifying numerals. Figure
8 also shows a novel continuous field termination 90
which almost fully encloses each of IGBT area 19 and
control area 30, leaving a narrow neck 90 over which
5 control lead 75 can travel without crossing the high
voltage field termination 90. The area between laterally
spaced IGBT region 19 and control region 30 then receives
an N* diffusion 95 (Figures 7 and 8) which is between and
co-extensive with adjacent lengths of reentrantly folded
10 termination 90. Diffusion 95 has a contact 96 which is
connected to P* region 50 as shown by dotted line 97. 1In
practice, connection 97 can be a wire-bond connection or
the like. It is possible that the connection is .
automatically made simply by the action of a saw during
15 wafer cutting.
The operation of the device of Figures 7 and 8
is as follows: _ '
When the IGBT section 19 is conducting,
junc;ion 52 is forward biased. A lateral electron
20 current, shown by the arrows, flows in the buffer layer
51 (or in the epi 22 if no buffer is used) and to the N*
diffusion 95. This causes a lateral voltage drop along
resistance Rz in the buffer layer. Therefore, the
junction 52 is progressively de-biased from the edge of
25 IGBT area 19, toward control area 30. By making the
' resistance Rg to diffusion 95 much lower than Ry, the
voltage across junction 52 under P well 40 can be reduced
to almost zero so that the level of minority carrier
injection in that region is négligible. Making Rg<<Rg
30 can be accomplished by appropriately fixing the width Wg
of diffusion 95, relative to the epi layer 22 resistivity
and the buffer layer 51 resistivity.

THIS Siympr
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contacts,

order to nmake these connections without crossing over the hi

field termi nation, a novel topology is provided wherein thﬁkgﬁggﬁé)

gates, Kelvin sources, current sense |leads, and the like. In

| eaves a narrow conductor- routing-channel spaced fromthe’
N err] diffusion. '

section

and | GBT section are enclosed by a common continuous field: @rleplaced
which is reentrantly bent around both sides of the Nerr] Ormm ' Hm '
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Since the control logic in control area 30 is
normally referenced to the source 28 of the IGBT, a
proper field termination is required on both sides of the
N* diffusion 95, previously described as terminations 70
and 71 in Figures 4 and 5, and 90 in Figures 7 and 8.

The interconnections of these areas by conductors 75 must
pass over and be insulated from terminations 70 and 71.
In the embodiment of Figure 8, however, the IGBT 19 anrd
control section 30 are both substantially fully enclosed
by termination 90 except for the narrow surface channel
or neck region 90a over which the connections 75 can be
routed without crossing over termination 90. The neck
region 90a is sufficiently narrow to prevent meaningful.
P* carrier injection from under the IGBT section 19 to
under the control section 30. As previously stgﬁe&,
interconnections 75 can be made of metal or conductive
polysilicon traces or the like over the grounded P well
40. |

The connection 97 of the N* diffusion 95 to the
backside of the wafer can be made with a wire bond to the
lead frame (not shown) which may support the chip 20, or,
if the chip is in a TO-220 type package, it can be made
to the center pin, for example, of the package. In many
cases, the connection will be made through the saw-
damaged chip edge of the chip 20, created during wafer
cutting.

Figure 9 shows the chip 20 of Figure .7 to a
more realistic, but still schematic, scale. Parts of
Figure 9, similar to those of Figure 7, have the same
identifying numerals. Because of limitations of scale,
the source and gate structures in well 40 and in bases 23
and 24 are not shown in Figure 9. Shown, however, is an -

active area termination cell 100 for IGBT 19 ey e T

REPLACED

NS BLEN




Control conductors of netal, polysilicon or the Iike can be disposed over

and atop this narrom/routlng channel . I n the_pLeLeLLed~eﬁhﬁdrnent
of the invention, a parasitic diode is created between the mai n ?uﬁ

source electrodes as a consequence of the use of the nov |on
bet ween control and | GBT sections. This diode prevents th “ \

I n applications requiring reverse voltage bl ocking, and c

applications requiring an external fast recovery diode. In accordance mnth
anot her feature of the invention and to overcone the effect of this
parasitic diode, a novel |ateral PNPLgransistor is integrated into the I GBT
section and is connected to and enabl es the operation of the N err]

di ffusion only when the 1GBT is forward bi ased. Thus, the parasitic diode
is open-circuited during those tinmes when it could interfere with the chip

oper ati on. O her features and advantages of the present invention
w || becone dpgtenédonalomsolatiion espawing of about 700 microns

between active IGBT area 19 and P well 40.

Figure 9 next shows vertical PNP transistors Q1
and Q2 which are formed by the junctions of IGBT 19 and
5 control area 30. It further shows the access resistance
R1 between buffer layer 51 and N' diffusion 95 and
resistances R2 and R3 of the buffer layer between the
‘bottom of resistance Rl to the approximate location of
the bases of PNP transistors Q2 and Ql, respectively.

10 The equivalent circuit of Figure 9 is shown in
Figure 10. Figure 10 also shows NPN parasitic
transistors Q1’ and Q2’ which are the parasitic NPN
transistors of the N source, P base and N epi 22 for the
IGBT section 19 and the corresponding transistor of

15 section 40, respectively. &Also shown in Flgure 10 are
resistors RB1l and RB2 which are the effective re51stances
between the base and emitter of the NPN tran51stors Q1
and Q2’, respectiﬁely.

Under normal circumstances, transistors Q1l’ and

20 Q2’ should not conduct to avoid latch up of its
corresponding parasitic thyristor. This is avoided in
transistor Ql' by designing a very low value for resistor
RB1.

However, the implementation of lateral NMOS

25 transistors in the control section results in a much
higher value for RB2 and for the gain of transistor Q2.
Consequently, the control section is much more latch-up
sensitive than the IGBT section and hole injection by
transistor Q2 should be avoided. This is the purpose of

30 the N* finger 95.

Figure 10A shows the currents in heavy line
when the IGBT is forward biased. During forward bias,

the base-emitter junction of transistor Q1 Lsforward: .;
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biased. The base-emitter junction of transistor Q2 sees
only Vbe (Ql)*Rl/(R3+R1) By properly choosing the
geometry (and thus the ratio R1/R3) it is possible to
almost eliminate the current in transistor Q2 (see dotted

S line in Figure 10A) and the risk of latch-up in the
control section.

This approach prevents the latch-up of the
control section in the forward-biased mode. However, as
shown in FigureiloB, there is a parasitic diode 110

10 between the drain 29 and source 28 under reverse bias.
Diode 110 consists of the base collector junctions of
transistors Ql’ and Q2’, in series with RB1 and RB2; and
R2 and R3, respectively, and R1.

This parasitic diode 110 has two damaging

15 consequences: '

1. It prohibits applications where a reverse
voltage capability is necessary (such as in electronic
ignition).

2. It cannot be used in applications where

20 ‘there is an external fast recovery diode, since the
internal parasitic diode 110 will carry a part of the
current diode. Diode 110 is outwardly extremely slow and
its recovery current induces latch-up in the control
section 30. In other words, if one re-applies a positive

25 voltage on the drain 29 while the base/collector junction
of transistor Q2’ is full of minority carriers, the
Q2/Q2’ thyristor will latch.

As a further feature of the'invention, the
effect of the parasitic diode 110 is eliminated by

30 connecting R1 of Figures 9, 10, 10A and 10B to the drain
29 only when the IGBT is forward biased. Thus, as shown
in Figures 11 and 12, a lateral PNP transistor Q3 is

added outgide of the field -srmination °O_g,_ISBstectlon__
. ; LI ,I\I
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-6- . . Figure 2 shows a cross-section of a portion of an 1GBT in
which a Pwell is forned in the same chip and illustrates the probl ens
creat ed. Figure 3 shows a cross-section of a por rhi©SheHagBeeh BEplaced

in which a control circuit is forned in a well which is diel
I nsul ated fromthe chip. Figure 4 shows the topol
enpl oying a first enbodi nent of the invention. Fi

cross-section of Figure 4 taken across the section lines 5-5 in Figure 4.
Figure 6 shows a cross-sectional view of a portion of a SMART-1GBT chip

having a P[err] region positioned b&tw8en the active region and control
regi on

19, shown from edge cell 100 to edge cell 120 in Figure
12. The P diffusion which defines emitter 121 in Figure -
12 is connected to drain 29 as by a wire bond, and the P
diffusion which defines collector 122 is connected to
5 contact 96 of N* diffusion 95.
| In operation, when the IGBT 19 is forward

biased, Q1 conducts and so does Q3. This dynamically
connects Rl to the drain 29. When the IGBT 192 is reverse
biased, Q1 and Q3 are not conducting and Rl is floating.

10 Therefore, no reverse current flows in the structure.

Q3 can be a low voltage transistor (the same as
the reverse blocking rating as the IGBT 19 itself,
usually 10 to 50V). Thus, it can be made with a narrow
base (for example 10 microns) and have a high gain so

15 that it is fully saturated when the IGBT 19 is forward
biased. A

Figure 13 schematically shows the. a
implementation of transistor Q3 in the chip surface.
Components similar to those of Figuré 8 have the same

20 reference numerals in Figure 13. Note that emitter and
collector regions 121 and 122, respectively, are
connected to a tap 125 of drain 29 and N* finger 96,
respectively.

Although the present invention has been

25 described in relation to particular embodiments thereof,
many other variations and modifications and other uses
will 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

30 by the appended claims. |

THIS SHEET HAS BEEN
REPLACED
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I n accordance with the invention. Fi gure 7 shiows—another

enbodi nent -of the invention, enploying an N err] diffushg&sﬁgga n the 5
active | GBT ar ea”mmmﬁ““)‘ Hﬁlar ea and is a cross sect A PY acgd
t aken across the - 5in Figure 6. C“mw ﬁ a

preferred enbodinﬁntcothHe-topBIogy of the active and c

Figure 7. Figure 9 shows a cross-section simlar to that of
Figure 7 to nore realistic scale and shows certain circuit conmponents
defined by the junctions. Figure 10 is an equivalent circuit

di agram of Figure 9. Fi gur¥6 10A shows the current in the circuit
of Figure 10 when the I1GBT is forward bi ased. Fi gure 10B shows
the current paths in the circuit of Figure 10 under reverse voltage and
illustrates a parasitic diode. Figure 11 shows the addition of a

PNP di ode to T 1S CLAIMED IS:

1. An insulated gate bipolar transistor and a
control circuit therefore integrated into a common
semiconductor chip; said semiconductor chip having a
P'type silicon substrate and having a low concentration

5 N type region formed on the top surface thereof and a P*
region formed on the bottom surface thereof; a first area
of said low concentration region receiving diffusions
defining the base, source and channel regions of an
insulated gate bipolar transistor; a second area of said

10 low concentration region being laterally spaced from said
first area; said second area inéluding a P well diffusion
and control circuit diffusions in said P well; and
coupling means coupling said insulated gate bipolar
transistor in said first area to said control cgircuit

15 diffusions; and means disposed between said ff;st and
second areas for limiting the injection of holes from
said P* region into said P well diffusion during the
injection of holes to produce the operation of said
insulated gate bipolar transistor in said first area.

2. The device of claim 1 wherein said means
disposed between said first and second areas includes a
relatively large lateral spacing between said areas,
which is at least about three diffusion lengths of holes
5 in said low concentration N type region.

3. The device of claim 1 wherein said means .
disposed between said first and second areas includes a
second P* diffusion into the top surface of said low

concentration N type region, and means connecting said

. . . " TR FYCIUOTN T R 2 £ pm e
5 second P* diffusion to said source of said inspYHE=SHgHUEAs preN
REPLACED

th
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fthe circuit of Figure 10 to elimnate the effect of the parasitic dlode of

Fi gure 1OBJﬂE¥HM#jﬂ&¥éEk#ﬁfT§ge

s e
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bipolar transistor, whereby said second P* diffusion will
collect holes which would otherwise be collected by said
P well in said second area.

4. The device af claim 1, wherein said means
disposed between said first and second areas includes an
N* diffusion into the top surface of said low
concentration N type region; and means electrically
connecting said N* diffusion to said P type substrate.

S. The device of claim 1 wherein the upper
surfaces of said first and second areas are joined at a
narrow neck region; said coupling means comprising .
conductors disposed atop and across said neck region.

6. The device of claim 1 which furpﬁer
includes field termination means disposed on the upper
surface of said device, and which at least partially
surrounds said first and second areas.

7. The device of claim 6 wherein said field
termination means encloses the opposite sides of said
narrow neck region, and the full remaining peripheries of

each of said first and second areas.

8. The device of claim 1 wherein said low

concentration N type region is an epitaxially grown
region.

9. The device of claim 1 which further
includes a source electrode connected to said source and
base regions of said insulated gate bipolar transistor, a

gate electrode disposed above said channel r@gngﬁET&mﬁiﬁﬂN
. REPLACED




Figure 12.shows the structure of Figure 9 with the added PNP di ode of
Figure 11 LnnLﬁﬂEﬂLQQ_LDELELP_ Figure 13 shows a preferred

pol ogy fao he structure of Figure 12. DETAI LED DEsngB&hﬁgbéﬁkaHEmi
DRAW NGS ,m'!u u“mnﬂ"r fi rst to Figure 1, there |s mw
shown a s FET chip of silicon 20 in
Silicon chip 20 has an N[err] substrate 21 and a' | ayer
silicon which receives junctions which define the active MOSFET section 19
and its control circuit 30. Thus, the active power MOSFET section incl udes
a plurality of P type MOSFET bases,” stBh-as bases 23 and 24, which are
di stributed over the active MOSFET area of chip 20 as shown in U S. Patent

5,008, 725. Each of bases 23 and 24 receive respective N err] annul ar
sources 25 and 26, respectively. A .

5 drain electrode connected to the bottom of said P* region
at said bottom surface.

10. The device of claim 2 wherein said low
concentration N type region is an epitaxially grown
region.

11. The device of claim 3 wherein said low
concentration N type region is an epitaxially grown
region.

12. The device of claim 4 wherein said low

concentration N type region is an epitaxially grown
region.

13. The device of claim 5 wherein said low -
concentration N type region is an epitaxially grown
region. )

14. The device of claim 6 wherein said low

concentration N type region is an epitaxially grown
region.- ' '

15. The device of claim 10 which further
includes a source electrode connected to said source and
base regions of said insulated gate bipolar transistor, a
gate electrode disposed above said channel regions; and a
5 drain electrode connected to the bottom of said P* region
at said bottom sgrface.

16. The device of claim 11 which further
includes a source electrode connected to said source and

base regions of said insulated gate bipolar tp %ﬁ%?%yﬁ,nﬁsgfﬂw

i AT
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conventional polysilicon gat ructure 27 overlies a conventional gate

di ode whi chcovers the channel regions fornmed in bases 23 and 24. A nmain

power sources‘mmmmnﬁm drain el ectrode 29 are pr OV Shbefifas BodaMepiaced

The control lithically integrated into t TN o
with the active powdr NMOSEET 19 Thus, a P well 40 is diff r
22 and is laterally spaced fromactive MOSFET area 19. P S

any desired control circuitry for turning on and off the active area 19,
such as, for exanple, thermal sensors, current sensors, undervoltage
sensors and the like, such as those-d&8cribed in co- pending application
Serial No. 08/298,383 (I R1070), described above. A |lateral control
transistor is schematically shown in Figure 1, conprised of -N source
diffusion 41, Nerr] drain diffusion 42, and gate 43, al

gate electrode disposed above said channel regions; and a
5 drain electrode connected to the bottom of said P* region
at said bottom surface.

17. The device of claim 12 which further
includes a source electrode connected to said source and
base regions of said insulated gate bipolar transistor, a
géte electrode disposed above said channel regions; and a
5 drain electrode connected to the bottom of said P* region
at said bottom surface.

18. The device of claim 13 which further
includes a source electrode connected to said source and
base regions of said insulated gate bipolar transistof, a
gate electrode disposed above said channel regions; and a
5 drain electrode connected to the bottom of sai;d"P+ region
at said bottom surface. -

19. The device of claim 14 which further
includes a source electrode connected to said source and
base regions of said insulated gate bipolar transistor, a
gate electrode disposed above said channel regions; and a
5 drain electrode connected to the bottom of said P* region
at said bottom surface.

20. The device of claim 6, wherein said means
disposed between said first and second areas includes an
N* diffusion into the top surface of said low
concentration N type region; and means eléctrically
5 connecting said N* diffusion to said P* region; said N*
region being disposed between and spaced from said field
termination means at locations where said field

SPEC\118209
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contalned in Pwell 40 and junction isolated fromactive MOSFET
The control tLaDS|<rnr in P mell 40 nay then be SU|tany coupled to the
gate

sensed par arret ﬁi[lﬂ'”ﬂ?ﬁlﬁlﬁlﬁl '"lgence i !5 rmnol i t h| egl lr)e/Spon%n“l“‘*iimT

- 20 -

termination extends along coextensive portions of said
first and second areas.

21. The device of claim 20 wherein the upper
surfaces of said first and second areas are joined at a
narrow neck regions; said coupling means comprising
conductors disposed atop and across said neck region.

22. The device of claim 21 wherein said field
termination encloses the opposite sides of said narrow
neck region, and the full remaining peripheries of each
of said first and second areas.

23. The device of claim 22 wherein said low

concentration N type region is an epitaxially grown
region. : s

¥
£
A

24. The device of claim 23 which further
includes a source electrode connected to said source and
base regions of said insulated gate bipolar transistor, a
gate electrode disposed above said channel regions; and a
5 drain electrode connected to the bottom of said P* region
at said bottom surface.

25. The device of claim 4 which further
includes a lateral PNP transistor integrated into said
first area and having iﬁs collector connected to said N7
region, its base region being the said N type region and

5 its emitter region being connected to said P* region such
‘that it conducts only when said insulated gate bipolar
transistor is forward biased whereby said N* region is
connected to said P* type substrate only when said IGBT
is forward biased.
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Integrated into the chip containing a power MOSFET devi ce. The
concept of—st+npty integrating a junction- isolated LUHLIUI seetioen—+n-an

| GBT chip eg i nsur mount abl e probl ms S roblens are
best under m“ mm e“l a deration of Figure 2 whi c e
addi ti on of [enr nsu strate 50 to the chip 20 of F| ' e of

N err] substrate 21 of Figure 1), causing it to operat Not e
that a conventional N err] buffer layer 51 nay al so be added in Figure 2 in
order to reduce the [err] of the PNP portion of the I1GBT. Al other
conponents having the sanme nunerals as Figure 1 have the sanme function.
Note that power section 19 will now operate in an | GBT node due to the
presence of P[err] region 50. The device of Figure 2 cannot
operate satisfactorily because, during forward conduction in the | GBT node,

the junction 52 between Zée Rfirs IdeihstdRtE€ldm 20 which further
includes a lateral PNP transistor integrated into said

. first area and having a source region connected to said
N* region, and being biased to conduct only when said
5 insulated gate bipolar transistor is forward biased
whereby said N* region is connected to said N type
substrate only when said IGBT is forward biased.

27. The device of claim 24 which further
includes a lateral PNP transistor integrated into said
first area and having a source region connected to said
N* region,.and being biased to conduct only when said

5 insulated gate bipolar transistor is forward biased
whereby said N* region is connected to said N type
substrate only when said IGBT is forward biased.

28. An IGBT and a control circuit therefore
monolithically integrated into a common semiconductor
chip; said semiconductor chip having a bottom P type
layer and a substantially coextensive N type layer atop

S said P type layer; a first area of the surface of said N
type layer receiving diffusions which define an IGBT; a
second area of the surface of said N type layer receiving
a P well which contains control device diffusions therein

_which are junction isolated from said first area; the

10 junction between said N type layer and said P type layer
extending continuously from under said first area to
under said second area; and means for at least partly de-
biasing said junction in the area under said control area
when said IGBT area is in conduction and minority

15 carriers are being injected from said P type layer and
into said N type layer.

LAY BE
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Jﬁd Nerr] buffer 51 (or the junction to N epi 22 if no buffer is used) is
f orward blased along its length. Therefore, a copious nunber of mnority
carriers nt of Figure 2) are injected in the ep

| ayer 22 a 0 This hol e |nject|on S shomn by the arrows in
Figure 2, mm @,Eﬂ/ﬁs l probl ens: e - FhigShdet B3 BeanReplac
with N epl . ubstrate 50 forns a paraS|t|c Pr\mllllﬁm ﬂmm"lo
Since the P well is comonly grounded (not shown), the n1no

- 22 -

29. The device of claim 28 wherein said means
for de-biasing comprises the lateral spacing of said
first and second areas by more than about three diffusion
lengths of minority carriers injected from said P layer

5 into said N layer during the forward conduction of said
IGBT area.

30. The device of claim 28 wherein said first
area has an IGBT source, and wherein said means comprises
a P* diffusion disposed into the surface of said N layer

and between said first and secqnd areas and connected to
5 said IGBT source.

31. The device of claim 28 which further
includes an N* diffusion into the surface of said N layer
and disposed between said first and second areas, and
being connected to said P layer.

32; The device of claim 28 which further
includes coupling means for coupling said control device
diffusions to said diffusions which define an IGBT
whereby said IGBT is operated in response to control

5 signals from said control device diffusions.

33. The device of claim 29 which further
includes coupling means for coupling said control dev1ce
diffusions to said diffusions which deflne an IGBT
whereby said IGBT is operated in response to control

5 signals from said control device diffusions.

34. The device of claim 30 which further
includes coupling means for coupling said control device
diffusions to said diffusions which define a

SPEC\118209




-9- - carriers in epi 22 turn the PNP transistor 60 on, causing a high
parasitic current in the P well 40 to ground. 2. The Nertt—
diffusions 41 and 42 in well 40 act as the cathodes of parasitic four- a QQ

thyri st of—6+—Fhe—t+iggering of this parasitic thyristor EThicshect

destructi 3. The |nJect|on'of
carriers: nﬂﬂl‘" ma Augml so Wl disturb the operation of
| ow | evel whi ch are integrated

- 23 -

whereby said IGBT is operated in response to control
5 signals from said control device diffusions.

35. The device of claim 31 which further
includes coupling means for coupling said control device
diffusions to said diffusions which define an IGBT
whereby said IGBT is operated in response to control

5 signals from said control device diffusions.

36. The device of claim 32 wherein the upper
surfaces of said first and second areas are joined at a
narrow neck region; said coupling means comprising
conductors disposed atop and across said neck region.

37. The device of claim 33 wherein the upper
surfaces of said first and second areas are joined at a
narrow neck region; said coupling means comprising
conductors disposed atop and across said neck region.

38. The device of claim 34 wherein the upper
surfaces of said first and second areas are joined at a
narrow neck region; said coupling means comprising
conductors disposed atop and across said neck region.

39. The device of claim 35 wherein the upper
surfaces of said first and second areas are joined at a
narrow neck region; said coupling means comprising
conductors disposed atop and across said neck region.
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into Wwell "40. As a consequence of the injection of mnority
carriers under..a_junction-isolated control well, this technol ogy has not
been used to create a "SMART | GBT" analog to the "SMARTFET" devi ce.
One known structure which has avoided the nminority carrier injection
probl em enpl oys a dielectrically isolated P well 70, as shown in Figure 3,
which is isolated fromthe N epi by a silicon dioxide-liner 71. In Figure
3, parts simlar to those of Figure 2 have simlar identifying nunerals.
Thi s solution, however, requires very expensive and con§%$§§2§p24catl n

e |

pr ocedur es. The present invention achieves re: _ 3ar to
those of Figure 3, but enploys junction-isolation techniques which can be
carried out with cost-effective fabrication. | In a first

enbodi nrent of the invention, the
IGBT WITH INTEGRATED CONTROL

ABSTRACT OF THE DISCLOSURE

A monolithic IGBT and control circuit therefore
are integrated into a common chip. The IGBT is formed in
a first area of the chip and the control circuit is
formed in a second laterally spaced area and in a P well.
Means are provided to pfevent hole injection from the P*
substrate into the P well during IGBT operation. The
means includes a sufficient spacing between the areas; a
P* collection fegion between the areas or an N* diffusion
between the areas which is connected to the P* substrate.
The areas are surrounded by a common field termination
structure which, however, leaves a small surface bridge
between the two areas. Control conductors from the
control area to the IGBT area cross over the narrow area,
and not over the field terminations. A lateral PNP
transistor which is integrated in the chip and is
external of the IGBT area is connected to the central N*
diffusion between IGBT and control areas and permits its

connection to the P type substrate only when the IGBT
area conducts. '

This Sheet Has Been Replaced
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boundary of the active IGBT area in Figure 2 is spaced by three diffusion
lengths or nore fromthe boundary of the P well 40. Thus, Figuyrgs 4 gm 5
show one possi bl e arrangenent for this enbodi nent, wherein con'pJg_enth‘ﬂa\
simlar to those of Figure 2 are given simlar identifying nuneral(sZ~

Figures 4 and 5 al'sq show field -10 - ol
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termnations 70 and 71 which surround the active | GBT area 19 and the
control area 30, respectively. The dotted lines 75 inditate the connecti on
of the control circuit 30 to the gate 27 and source (apd ' ed
termnals) of the active IGBT area 19. Note that ot hé?ﬂls' bl sMé}l'ﬁaﬁdnd )
ot her 1 GBTs or other power devices can be integrated i nt]m M]lﬁmlﬂm of
Figures 4 and 5 at areas laterally renoved from area 19. ' '
accordance Wlﬁ the invention, the qjstance Q.qt ween the periphery of the P

wel | 40 and tQe perijrhery of the ackyve IGBT\bunctions is greater than
about three mhoritygcarrier |engths. «ﬁs a redult of this spacing, junction
52 is de-biasef§ under control _section Al amﬁ the |l evel of mnority carrier
i nj ection under\t He reemtror— y J A ,
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section 40 will be nu hat the sheet resistivity of the

N err] buffer layer car ased to assist in de-biasing the
junction 52 or 51 under egion 30. Figure 6 shows a
second eghodi nent._of the |nvent|on mhere conponents simlar to those of
Figure 2 have simlar identifying nunerals. Note that the buffer layer 21
s not shown in Figure 6, but can red. In Figure 6, a Plerr]
di ffusion 80 is added as shown and/ngsééﬁL ed%%gtmeen the control section
30 and the 1 GBT section 19. The P[err] region 80 |sgfurther connected to

ﬁheet Has Been Replaced

| BT sourcecel ectrode 28. /ZAcﬁ’Gperaﬂ es schematically shown
in Figure byégproms I njected into region 22 r, t hol es
outside of ared 19 ar eferably col | ected by di o that 2

a

hol es can be c¢l Lgcieq by & el | 9, z7_F uzeg, aﬂ;} sh w
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prior figures have the sanme identifying nunerals. Figure hows a
novel continuous field term nation 90 which al rf‘ﬂmtShéeUHa{sneglr}\ | ngs each of

| GBT area 19 and control area 30, |eaving a narr, " whi ch
control |ead 75 can travel without crossing the ield

term nati'oh 90.7The area between laterally space mi19 and T
control region 30‘2?3n recei ves an__N[%r— Jfusion 95 (Figures 7 8) '
which is between & 0- ext ensi ve JCent-tengt hs of reentraft

fol ded term nation 902 D ¥ usi on “FeAeracenZaA08 whi ch q;;?conn ct ed
Plerr] region 50 as shown by dottedsline 97. In pra?éc nnect ifon 97
be a wire-bong con@cti®n or thetTke.g bt i t‘ft t conziéctl
i s aut omatTTalt nﬁie simply b aelion éa sawNdyr i g/ weF e goutt
The operation oyrt e devi cE7of~Fi gués! 7 (nd 8 iﬁ ; .
Wien the IGB1l' 9 {s- condulctlirwb—v—L
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_
I’UI‘ICtIOI’l 52 is forward birased. A lateral electron current, shown by the
arr ows, hwtﬁdme&m ehigdeq! ayer 51 (or in the epi 22 if no buffer is
used) and t ffu5| on 95. Thiis causes a | ateral voltage drop
al ong resi st l’l"ﬂ buffer |ayer. Therefore, the junction 52 is
progressively e- omthe edge of | GBT-area--19, --toward contret- ar
30. By nmking the reS|stance Rlerr] to diffusion 95 much | ower than R[er?ﬁ
the voltage across junction 52 under P wefleaDcaylee etuacd voalsfst . _,
zero so that the level of mnority carfier injectionin that region is !

negligible. Mking R errj<<F y “, e5-BECE0 “, mmnr‘by -appt-opri-atel y
fixing the width Werr] of df o ‘-9 e epi layer 22

resistivity wyufg%l e r 51 reS|st|V|ty./6
. —_
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Sl_ge_Lhe_cgn$+{#—+ﬁch in control area 30 is normally referenced to the
source 28 of the ﬁ a proper field termnation is required on both sides

of - t'ﬁles an 95, previously described as termnations 70 and 71
in F| ﬂ and 90 in Figures 7 and 8. The interconnections of
these

ctors 75 must
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_pass over and-be—+nsulated fromtermnations 70 and 71. In the enbodi nent

of Figure 8, however, the IGBT 19 and control section 30 are both

. STHisShest Hashees/ Rep qdy encl osed by term nation 90 except for the narrow

su ‘\I r neck region 90a over which the connections 75 can_be

ro ossing over termnation 90. The neck regi on 90a is .
sufficrently narrow to prevent neaningful. P+ carrier injecti on from under
the 1 GBT section 19 to under the contr Q section 30. &«f at ed,

i nt erconnections 75 can be nade of -r2£ nduct/i ve aces
or the like over the grounded P wel I] 40 The connectlon 97 of the
N err] diffusion 95 t the.hackm.de) an be made with a wire
bondtotheleadfrar’r{ 3 M ‘ i f

exanpl e, lof t he packap : % ! dniect gp)m |1 be made th’rough
the saw . . '

/e.BZ
28~] 5 )
< 1 > >

Cowvjeoe 7502 A7/0N ZG B 7 T

A~ . /1O8

>
/O
P
27 ZY_/ |
— 7/ |
<
-9/ |
| - ' 5
| ' 29 L, . e oy
N A \l = > [ Tufs SHEET HAS BEEN
TH >  —t REPLACED

CONTRD L. /50614'7-/0#.’;



damaged chi p edge of the chip 20, created during wafer cutting.

Figure 9 shows the chip 20 of Figure 7 to a nore realistic, but stil
schematic, scale. Parts of Figure 9, simlar to those of Figure 7, have the
sane identifying nunerals. Because of limtations of scale, the source and

gate strugtures i wel'l 40 and ip_bases 23 and 24 -are not shown i'n Fi gure—
gn Shown, ! however, Eg;a aet-ve—ga rILﬂiilon cell 10 Or@HGBT,lg and
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- 13- i pt'entional isolation spacing of about 700 microns between
active | GBT area 19 and P wel | 40. Figure 9 an% ﬁqq.x”M$%%~ﬁ?l
PNP transistors QL and @ which are forned by the junct %’ ngl

control area 30. It further shows the access resistance bet ween buff ér
llayer 51 and Nerr] diffusion 95 and resistances..R2 and R: b ntHEC S e
| ayer between the bottom of reS|stance Rl to the approxilmdte | ocation of

the bases of PNP transistors @@ and Ql, respectively. THe

equi val ent circuit of Flgure 9 is shown in Figure 10. Fijgure 10 al so sho

NPN parasitic

IGBT WITH INTEGRATED CONTROL

RELATED APPLICATIONS

This application is related to copending
application Serial No. 08/121,288, filed Séptember 14,
1993 in the name of Bruno C. Nadd (IR-1016) and to co-
pending application Serial No. 08/298,383, filed August
30, 1994 in the names of Bruno C. Nadd and Talbott M.
Houk (IR-1070), both of which are assigned to the-
assignee of the present invention.

BACKGROUND OF THE I NTION

This invention relates to insulated gate
bipolar transistors (IGBTs), and more specifically
relates to a novel monolithic semiconductor chip
structure having an IGBT and control circuits therefor
which are integrated into a common monolithic chip (or
die) .

It is well known that control circuits can be
integrated into the same chip as contains a discrete
power MOSFET section. Such devices are sold by the
International Rectifier Corporation, the assignee of the
present invention, under its trademark SMARTFET. The
structure of such devices is also shown in copending
application Serial Nos. 08/121,288 (IR-1016) and
08/298,383 (IR-1070), referred to above.

Attempts to extend the above concept of a
monolithically formed control circuit with a power IGBT
(one which handles 1 watt or more of power) have not been
successful. This is because the control circuits are
contained in a "P well" or P-type diffusion in the same
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transistors QL' and @' which are the parasitic NPN transistors of the N

source, P base and N epi 22 for the | GBT section 19 and the_corresponding
transistor of section 40, respectively. Also shown in Figufepdd] pac@rNT SHEET
resistors RB1 and RB2 which are the effective resistances )eﬁieen :

and emtter of the NPN transistors QL' and Q2', respectively!

Under nor nal

avoid latch up of its corresponding-parasitic thyristor. Thi g4 is avoi ded
transi stor QL' by designing a very |ow value for resistor %Bl
However, the inplenentation of lateral NMOS transistors in

circumst ances, transistors QL' and @' shoul dingt &Sr%ﬂéﬂ‘?%

t he control

section results in a nuch higher value for RB2 and for the gain of
transi stor 2. Consequently, the control section is nmuch nore |atch-up
sensitive t haW tepida@ERlactiormeddiaygre (epiktasnreégeiveastbeor @ shoul d

be avoi ded. Tghﬁckiohgefgg&ﬁﬂﬁetﬁk IGBT. Thus, when the IGBT conducts

in the forward direction, the P* substrate is forward -
biased relative to the N epi so that a copious number- of
minority carriers (holes in the case of the N channel
device being described) are injected into the N epi.
Because the P well containing the control junctions is
close to the IGBT power junctions, holes are also
injected under the P well. This has several
consequences:

1. The P well acts as the collector of a
vertical PNP transistor (with the N epi and P*
substrate). As a result, high parasitic current is
injected into the P well and to ground (since the P well
is usually grounded).

2. The N* source and drain diffusioﬁs in the
P well act as the cathodes of vertical parasitic
thyristors. The triggering of these parasitic thyristors
can destroy the chip.

3. The injection of minority carriers into
the P well can disturb the operation'of sensitive, low
power level analog circuits.

Therefore, a smart IGBT with junction-isolation
has not been practical.

One attempt to overcome the problem produced by |
minority carrier injection has been to employ dielectric
isolation of the control circuit from the main body of
the chip. This structure, however, requires very
expensive and very complex processing.

BRIEF DESCRIPTION OF THE INVENTION
In accordance with the present invention, a
novel monolithically integrated power IGBT znd contrel
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the N[err] finger 95. Figure 10A shows the currents—in heavy |line

. When the I GBT is forward biased. During forward bias, the bgys@EemigtiginT guzrT

" junction of transistor QL is forward (i

3 0 DEC 199

section therefore are junction-isolated, but the effect
of minority carrier injection from the IGBT section to
under the control section is substantially reduced.

In the following description of the invention,
an N channel IGBT having an N* lateral buffer layer is
described. Thus reference will be made, for convenience,
to the forward bias of the P* substrate, N epi junction.
This language is intended to cover the junction to the N*
buffer if such a buffer is used. Moreover, the invention
applies equally to P channel devices and, in general, to
any MOS gated bipolar device. '

' In a first embodiment of the invention, the
control section or P well is laterally spaced from the
periphery of the active IGBT region by greater than about
three diffusion lengths of the minority carrier. 2as a
result, the P* substrate to N epi junction wil}fbe
effectively de-biased under the P well so that the
concentration of minority carriers under the P well is
very substantially reduced. Note, however, that the
implementation of the above concept requires added
silicon chip area. Further, the low sheet resistivity N*
buffer layer commonly used to reduce the R of the PNP
portion of the IGBT interferes with the de-bias of the P*
substrate, N* buffer junction.

_ In accordance with a secoﬁd embodiment of the
inﬁention, a further P* diffusion is placed between the
control P well and the IGBT active area. The further P*
diffusion is connected to the source (or cathode)
electrode of the IGBT section. Consequently, most hole
current outside of the active IGBT area will be diverted
to the further P* diffusion and to the IGBT source
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bi ased. The base-emitter junction of transistor @ sees only Vbe

() *R1/(R3+R). By properly choosing the geonetry (and th s 1e rg ?
Rl/RS) it is possible to alnbost elimnate the current in tr §f Eﬁ (%8@7
dotted line in Figure 10A) and the risk of latch-up in the o trol sectlon
Thi's approach prevents the latch-up of the control section injtienpgs 1996
f orwar d- bi ased node. However, as shown in Figure 10B, there}i$ a paraS|t|c
di ode 110 between the drain 29 and sodr ce 28 under reverse

consists of the base collector junctions of transistors QL' and @', in
series with RBL and RB2; and R2 and R3, respectively, and RI.
This parasitic diode 110 has two damagi ng consequences: 1. I t

prohi bits applications where a reverse
electrode. Note that with this approach some hole

current can still flow to under the P well.

In a third embodiment of the invention, the
region between the P* substrate and N epi and
surrounding the active area is, in effect, short-
circuited so that the P* substrate, N epi junction under
the control P well is fully de-biased. A preferred way
to carry out this embodiment employs an N* diffusion on
the upper surface of the chip and surrounding one or both
the control P well or active IGBT area and the connection
of the N* diffusion to the back or bottom of the chip and
to the P* substrate.

Consequently, the P* substrate under the IGBT
area is forward-biased relative to the N epi (or N*
buffer layer if one is used) during forward conduction.
Electrons will flow laterally through the N‘epi or the
N* buffer layer and outwafdly of the active IGRT area and

" up to the novel N* diffusion at the upper surface of the
chip. This causes a lateral voltage drop in the N7 _
buffer layer (or N epi) so that the P* substrate to N
epi junction is progressively de-biased, moving laterally
away from under the active area. By appropriately
choosing the resistance Rg between the buffer layer and
the new N* diffusion and the lateral resistance of the
buffer layer Ry such that Ry is much less than R, the
voltage across the N*/P* junction under the control P
well is almost zero and only negligible hole injection
can occur.

In the preferred embodiment of the invention, a
proper field termination is required on both sides of the
N* diffusion. However, interconnections must be made
from the control circuit to the IGBT, for example, source



2. It cannot be used in applications where there is aﬁ'ﬁﬁgepﬁak f ASEET
Tecovery diode, since the internal parasitic diode 110 -py'a~ﬁar Df
the current diode. Diode 110 is outwardly extrenely S|O\l nd its re efy

: , NEPLAVENILINE Ok
vol.tage capability is necessary (such as in electronic ignition).

current induces latch-up in the control section 30. I.n ¢t efﬁﬂkﬁx@ ﬁ ne
re-applies a positive voltage on the drain 29 while theib se/collector
junction of transistor @' is full of mnority carriers,} the 2/ Q'

thyristor will |atch. ' As a fsurther feature of ithe invention—th
effect of the parasitic diode 110 is elimnated by connecting RL of Figures

.9, 10, 10A and 10B to the drain 29 only when the I GBT is forward biased.

Thus, as shown in Figures 11 and 12, a |lateral PNP transistor CB i s added
outside of the field term nation 90 of 1 GBT section
contacts, gates, Kelvin sources, current sense leads, and

the like. In order to make these connections without
crossing over the high voltage fiéld termination, a novel

.topology is provided wherein the control section and IGBT
section are enclosed by a common continuous field
termination which is reentrantly bent around both sides
of the N* diffusion, but leaves a narrow conductor-

" routing-channel spaced from the end of the N* diffusion.
Control conductors of metal, polysilicon or the like can
be disposed over and atop this narrow routing-channel.

In the preferred embodiment of the invention, a
parasitic diode is created between the main drain and
source electrodes as a consequence of the use of the
novel N* diffusion between control and IGBT sections.
This diode prevents the use of the chip in applications
requiring reverse voltage blocking, and cannotiﬁe used in
"applications requiring an external fast recove}y diode.
In accordance with another feature of the invention and
to overcome the effect 6f this parasitic diode, a novel
lateral PNP transistor is integrated into the IGBT
section and is connected to and enables the operation of
the N* diffusion only when the IGBT is forward biased.
Thus, the parasitic diode is open-circuited during those
times when it could interfere with the chip operation.

Other features and advantages of the present
invention will become apparent from the following
'description of the invention which refers to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a cross-section of a portion of
a SMARTFET structure of the prior art.
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Figure 2 shows a croés-section of a portion of
an IGBT in which a P well is formed in the same chip and
illustrates the problems created.

Figure 3 shows a cross-section of a portion of
an IGBT in which a control circuit is formed in a well
which is dielectrically insulated from the chip.

Figure 4 shows the topology of a chip employing
a first embodiment of the invention.

Figure 5 shows a cross-section of Figure 4
taken across the section lines 5-5 in Figure 4.

Figure 6 shows a cross-sectional view of a
portion of a SMART-IGBT chip having a P* region
positioned between the active region and control region.
in accordance with the invention.

Figure 7 shows another embodiment of the
invention, employing an N* diffusion between t@é active
IGBT area and the control area and is a cross section of
Figure 6 taken across the section lines 5-5 in Figure 6.

Figure 8 shows a preferred embodiment of the
topology of the active and control areas of Figure 7.

Figure 9 shows a cross-section similar to that
of Figure 7 to more realistic scale and shows certain
circuit components defined by the junctions.

Figure 10 is an equivalent circuit diagram of
Figure 9.

~Figure 10A shows the current in the circuit of
Figure 10 when the IGBT is forward biased.

Figure 10B shows the current paths in the
cifcuit of Figure 10 under reverse voltage and
illustrates a parasitic diode.

Figure 11 shows the addition of a PNP diode to
the circuit of Figure 10 to eliminate thé effect of the
parasitic diode of Figure 10B under reverse voltage.



12. The P diffusion which defines emtter 121 in Figure 12
drain 29 as by a wire bond, and the P diffusion which define
is connected to contact 96 of N err] diffusion 95.

when the I GBT 19 is forward biased, QL conducts and so does
dynami cally connects RL to the drain 29. Wen the IGBT 19 is
bi ased, QL and B are not conducting and Rl is floating. The
reverse current flows in the structucrey - @B can be
transi stor (the sanme as the reverse blocking rating as the |

NP LAVLILE R =0T

S connected to
s collector 122

reverse

F ef o3 DG 1996

a | ow vol t age

19 1tselT,

usually 10 to 50V). .Thus, it can be made wth a narrow base

(for exanple 10

m crons) and have a high gain so that it is fully saturated when the |1GBT
19 is forward biased. Figure 13 schematically shows the
i mpl enent ation of transi Bigur&312nshbwschhp striataereCofpfigure 9 mitdr to

those of Figurghé Qé&gdtBﬁPsaggde of Figure 11 implemented therein.
Figure 13 shows a preferred topology for the

structure of Figure 12.

DETAILED DESCRIPTION OF - DRAWINGS

Referring first to Figure 1, there is
schematically shown a small portion of a MOSFET chip of

"silicon 20 in cross-section. Silicon chip 20

has an N*

substrate 21 and a layer 22 of epitaxial silicon which
receives junctions which define the active MOSFET'section
19 and its control circuit 30. Thus, the active power

MOSFET section includes a plurality of P type

MOSFET

bases, such as bases 23 and 24, which are distributed
over the active MOSFET area of chip 20 as shown in U.S.
Patent 5,008,725. Each of bases 23 and 24 receive '
respective N* annular sources 25 and 26, respeétively. A
conventional polysilicon gate structure 27 overlies a
conventional gate diode which covers the channel regions
formed in bases 23 and 24. A main power source electrode
28 and drain electrode 29 are provided as usual.

The control section 30 is monolithically
integrated into the same chip 20 with the active power
MOSFET 19. Thus, a P well 40 is diffused into layer 22
and is laterally spaced from active MOSFET area 19.

P well 40 contains any desired control circuitry for
turning on and off the active area 19, such as, for

example, thermal sensors, current sensors, undervoltage

sensors and the like, such as those described
pending application Serial No. 08/298,383 (IR-

in co-
1070),

described above. A lateral control transistor is

schematically shown in Figure 1, comprised of

N* source

diffusion 41, N* drain diffusion 42, and gate 43, all
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reference nunerals in Figure 13. Note that emtter and collec@%ﬁu$eg|ons

121 and 122, respectively, are connected to a tap 125 of drain 29._and N+ |
finger 96, respectively. Al t hough the present inventiprREPARCHEBINY SHEET
described in relation to particul ar enbodi ments thereof, many of het
variations and nodifications and other uses will beconme apparen o] thﬁge
skilled in the art. It is preferred, therefore, -that the prese i nwdhPEENTIPS
be limted not by the specific disclosure herein, but only by the_appended

cl ai ns.

contained in P well 40 and junction isoclated from active
MOSFET area 19. The control transistor in P well 40 may
then be suitably coupled to the gate 27 to effect a
control of the active MOSFET in response to any desired
sensed parameter. Thus, intelligence is monolithically
integrated into the chip containing a power MOSFET
device.

The concept of simply integrating a junction-
isolated control section in an IGBT chip has created
seemingly insurmountable problems. These problems are
best understood from a consideration of Figure 2 which.
shows the éimple addition of a P* substrate 50 to the
chip 20 of Figure 1 (in place of N* substrate 21 of
Figure 1), causing it to operate as an IGBT. Note that a
conventional N* buffer layer 51 may also be added in
Figure 2 in order to reduce the B of the PNP pgition of
the IGBT. All other components having the saﬁ; numerals
as Figure 1 have the same function. Note that power
section 19 will now operate in an IGBT mode due to the
presence of P* region 50.

The device of Figure 2 cannot operate
satisfactorily because, during forward conduction in the
IGBT mode, the junction 52 between the P* substrate 50
and N* buffer 51 (or the junction to N epi 22 if no
buffer is used) is forward biased along its length.
Therefore, a copious number of minority carriers (holes
in the embodiment of Figure 2) are injected in the epi
layer 22 and under P well 40. This hole injection is
shown by the arrows in Figure 2, and causes several
problems: '

1. The P well 40, taken with N epi 22 and pP*
substrate 50 forms a parasitic PNP transistor 60. Since

the P well is commenly grounded {(not shown), the minority



- 16- WHAT |'S CLAI MED | S: 1. Aninsulated gate bipolar
transistor and a control circuit therefore integrated into a gommpn
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sem conduct or chip; said senmiconductor chip having a P type s||RERACEMENT SHEET

substrate and having a | ow concentration N type region fornedjo
surface thereof and a P+ region fornmed on the bottom surface fh
first area

Tthe~top
> %% ned 1996

carriers in epi 22 turn the PNP transistor 60 on, causing
a high parasitic current in the P well 40 to ground.

2. The N* diffusions 41 and 42 in well 40 act
as the cathodes of parasitic four-layer thyristor 61.
The triggering of this parasitic thyristor 61 can cause

the destruction of the device.

3. The injection of minority carriers under

P well 40 also will disturb the operation of the

sensitive low level analog circuits which are integrated

into well 40.

As a consequence of the injection of minority

carriers under a junction-isolated control well,

this

technology has not been used to create a "SMART IGBT"

analog to the "SMARTFET" device.

One known structure which has avoided the

minority carrier injection problem employs a

dielectrically isolated P well 70, as shown iﬁfFigure 3,
which is isolated from the N epi by a silicon dioxide
liner 71. 1In Figure 3, parts similar to those of Figure
2 have similar identifying numerals. This solution,

however, requires very expensive and complex fabrication

procedures.

The present invention achieves results

similar

to those of Figure 3, but employs junction-isolation
techniques which can be carried out with cost-effective

fabrication.

In a first embodiment of the invention, the
boundary of the active IGBT area in Figure 2 is spaced by
three diffusion lengths or more from the boundary of the
P well 40. Thus, Figures 4 and 5 show one possible
arrangement for this embodiment, wherein components

similar to those of Figure 2 are given similar

identifying numerals. Figures 4 and 5 also show

field
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of said |l ow concentration region receiving diffusions deflnlng the base,

source and channel regions of an insulated gate bipolar tran
second area of said | ow concentration region being laterally

said first area; said second area including a P well diffusipn and control

circuit diffusions in said P well; and coupling neans couplihp
I nsul ated gate bipolar transistor in said first area to said
circuit diffusions; and neans di sposeglgbetween said first and
for limting the injection of holes fromsaid P+ region into

-—:-1| }‘\'-nr'\”""r

ed=fFiome -

g S@@& 1996

control
cuunu dal cads

said P well

di ffusion during the injection of holes to produce the operatTon of sard

I nsul ated gate bipoelar transistor in said first ‘area.
device of claim1l wherein said nmeans di sposed between said fi

2. The
rst and second

areas i ncl udexexniglatiiions y7d arge 71latwriadh spactoundathecactive HERTS,

area 19 and the control area 30, respectively.

" The

dotted lines 75 indicate the connection of the control

circuit 30 to the gate 27 and source (and other

related

terminals) of the active IGBT area 19. Note that other

control areas and other IGBTs or other power devices can

be integrated into epi layer 22 of Figures 4 and 5 at

areas laterally removed from area 19.
In accordance with the invention, the

distance

between the periphery of the P well 40 and the periphery
of the active IGBT junctions is greatef than about three
minority carrier lengths. As a result of this spacing,
junction 52 is de-biased under control section 41 and the
level of minority carrier injection under the control
section 40 will be much lower. Note that the sheet
resistivity of the N* buffer layer can also be,increased

to assist in de-biasing the junction 52 or 51 under the

control region 30.

Figure 6 shows a second embodiment of

the

invention where components similar to those of Figure 2
have similar identifying numerals. Note that the buffer
layer 21 is not shown in Figure 6, but can be used if
desired. 1In Figure 6, a P* diffusion 80 is added as
shown and is disposed between the control section 30 and
the IGBT section 19. The P* region 80 is further

connected to IGBT source electrode 28.

In operation, holes schematically shown in

Figure 6 by arrows are injected into region 22.

However,

the holes outside of area 19 are preferably collected by
diffusion 80, so that fewer holes can be collected by P

well 40.

Figures 7 and 8 show a still further embodiment

of the invention, wherein components similar to

~hose cf
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which is at | east about three diffusion lengths of holes in said | ow
concentration N type region. 3. The device of claim1 wherein

sai d neans di sposed between said first and second areas |ncluce$~a
P+ diffusion into the top surface of said | ow concentration N typeureg
and neans connecting said second P+ diffusion to said source df {said

i nsul ated gate S0 DEC 1996

- 11 -

prior figures have the same identifying numerals. Figure
8 also shows a novel continuous field termination 90
which almost fully encloses each of IGBT area 19 and
control area 30, leaving a narrow neck 90 over which
control lead 75 can travel without crossing the high
voltage field termination 90. The area between laterally
spaced IGBT region 19 and control region 30 then receives
an N* diffusion 95 (Figures 7 and 8) which is between and
co-extensive with adjacent lengths of reentrantly folded
termination 90. Diffusion 95 has a contact 96 which is
connected to P* region 50 as shown by dotted line 97. 1In
practice, connection 97 can be a wire-bond connection or
the like. It is possible that the connection is
automatically made simply by the action of a saw during
wafer cutting. |
The operation of the device of Figures 7 and 8
is as follows: _ B
When the IGBT section 19 is conducting,
junction 52 is forward biased. A lateral electron
current, shown by the arrows, flows in the buffer layer
51 (or in the epi 22 if no buffer is used) and to the N
diffusion 95. This causes a lateral voltage drop along
resistance Ry in the buffer layer. Therefore, the
junction 52 is progressively de-biased from the edge of
IGBT area 19, toward control area 30. By making the
resistance Rg to diffusion 95 much lower than Ry, the
voltage across junction 52 under P well 40 can be reduced
to almost zero so that the level of minority carrier
injection in that region is negligible. Making Rg<<Ry
can be accomplished by appropriately fixing the width Wg
of diffusion 95, relative to the epi layer 22 resistivity
and the buffer layer 51 resistivity. .
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- 17 - bi pol ar transi stor, whereby said second P[err] diffusion wl
col l ect hol es which would otherwi se be collected by said P well in said
second ‘ar ea. 4. The device of claim1, wherein|sgid neansy suoE
di sposed between said first and second areas includes an N efr]-diffusi-om——m
into the top surface of said I ow concentration N type region| and means a
electrically connecting said Nferr] diffusion to said P type siibst BdYal 1996

- 12 -

Since the control logic in control area 30 is
normally referenced to the source 28 of the IGBT, a
proper field termination is required on both sides of the
N* diffusion 95, previously described as terminations 70
and 71 in Figures 4 and 5, and 90 in Figures 7 and 8.

The interconnections of these areas by conductors 75 must
pass over and be insulated from terminations 70 and 71.
In the embodiment of Figure 8, however, the IGBT 19 and
control section 30 are both substantially fully enclosed
by termination 90 except for the narrow surface channel
or neck region 90a over which the connections 75 can be
routed without crossing over termination 90. The neck
region 90a is sufficiently narrow to prevent meaningful.
P* carrier injection from under the IGBT section 19 to
under the control section 30. - As previously stased,
interconnections 75 can be made of metal or conductive
polysilicon traces or the like over the grounded P well
40. .

The connection 97 of the N* diffusion 95 to the
backside of the wafer can be made with a wire bond to the
lead frame (not shown) which may support the chip 20, or,
if the chip is in a T0-220 type package, it can be made
to the center pin, for example, of the package. In many
cases, the connection will be made through the saw-
damaged chip edge of the chip 20, created during wafer
cutting.

Figure 9 shows the chip 20 of Figure 7 to a
more realistic, but still schematic, scale. Parts of
Figure 9, similar to those of Figure 7, have the same
identifying numerals. Because of limitations of scale,
the source and gate structures in well 40 and in bases 23
and 24 are not shown in Figure 9. Shown, however, is an

active area termination c2l12 100 for IGBT 19 and an
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5. The device of claim1 mhereln t he upper surfaces of said firs

t and

second areas are joined at a narrow neck region; said coupling neans

conpri si ng conductors di sposed atop and across sai d neck regienr

6. The device of claim1l which further includes field tern11aﬁfdﬁu;

di sposed on the upper surface of said device, and which at Ita$TWpartra+ ywww

surrounds said first and second areas. 7. ‘The dev Ll
daﬁa«-«s%

6 wherein said field term nation neans encl oses the oppositels
narrow neck region, and the full rema#ding peripheries of eafh

fal=

AHS GMIRT

said

first and second areas.

intentional isolation spacing of about 700 microns
between active IGBT area 19 and P well 40.

Figure 9 next shows vertical PNP transistors Q1
and Q2 which are formed by the junctions of IGBT 19 and
control area 30. It further shows the access resistance

R1 between buffer layer 51 and N* diffusion 95 and

resistances R2 and R3 of the buffer layer between the
‘bottom of resistance Rl to the approximate location of

the bases of PNP. transistors Q2 and Ql, respectively.

The equivalent circuit of Figure 9 is shown in

Figure 10. Figure 10 also shows NPN parasitic
transistors Q1’ and Q2’' which are the parasitic NPN

transistors of the N source, P base and N epi 22 for the

IGBT section 19 and the corresponding transistor of

section 40, respectively. Also shown in Figure 10 are
resistors RB1 and RB2 which are the effective reszstances
between the base and emitter of the NPN tran51stors Q1

and Q2’, respectively.

Under normal circumstances, transistors Ql
Q2’ should not conduct to avoid latch up of its
corresponding parasitic thyristor. This is avoided

transistor Q1’ by designing a very low value for res
RB1.

* and

in
istor

However, the implementation of lateral NMOS

transistors in the control section results in a much

higher value for RB2 and for the gain of transistor Q2.

Consequently, the control section is much more latch-

up

sensitive than the IGBT section and hole injection by
transistor Q2 should be avoided. This is the purpose of

the N* finger 95.

" Figure 10A shows the currents in heavy line
when the IGBT is forward biased. During forward bias,
the base-emitter junction of :ransistor ¢l is forward
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8. The device of claim1 wherein said | ow concentration N type region is
an epitaxially grown region. 9. The device of claim1l which
further includes a source electrode connected to said soyrge:;and base::
regions of said insulated gate bipolar transistor, a gat¢ electrode......
di sposed above said channel regions; and a _

: 3 0 DEC 19
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biased. The base-emitter junction of transistor Q2 sees
only Vbe (Q1)*R1l/(R3+Rl). By properly choosing the
geometry (and thus the ratio R1/R3) it is possible to
almost eliminate the current in transistor Q2 (see dotted
line in Figure 10A) and the risk of latch-up in the
control section.

| This approach prevents the latch-up of the
control section in the forward-biased mode. However, as
shown in Figure'loB, there is a parasitic diode 110
between the drain 29 and source 28 under reverse bias.-
Diode 110 consists of the base collector junctions of
transistors Q1l’ and Q2’, in series with RB1 and RB2; and
R2 and R3, respectively, and Rl. _

This parasitic diode 110 has two damaging
consequences:

1. It prohibits applications where a reverse
voltage capability is necessary (such as in electronic
ignition).

2. It -cannot be used in applications where
there is an external fast recovery diode, since the
internal parasitic diode 110 will carry a part of the
current diode. Diode 110 is outwardly extremely slow and
its recovery current induces latch-up in the control
section 30. In other words, if one re-applies a positive
voltage on the drain 29 while the base/collector junction
of transistor Q2‘ is full of minority carriers, the
Q2/02' thyristor will latch.

As a further feature of the'invention, the
effect of the parasitic diode 110 is eliminated by
connecting Rl of Figures 9, 20, 10A and 10B to the drain
29 only when the IGBT is forward biased. Thus, as shown
in Figures 11 and 12, a lateral PNP transistor Q3 is
added outside of the field tz=rminaticn 20 ¢ IGBT section
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- 18 - drain el ectrode connected to the bottomof said P

sai d bottom surface. 10. The device of claim?2
toncentration N type region is an epitaxially grown region.

- 15 -
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19, shown from edge cell 100 to edge cell 120 in Figure

12. The P diffusion which defines emitter 121 in Figure
12 is connected to drain 29 as by a wire bond, and the P
diffusion which defines collector 122 is connected to

contact 96 of Nt diffusion 95.

In operation, when the IGBT 19 is forward
biased, Q1 conducts and so does Q3. This dynamically
connects Rl to the drain 29. When the IGBT 19 is reverse
biased, Q1 and Q3 are not conducting and Rl is floating.
Therefore, no reverse current flows in the strucﬁufe. ‘

Q3 can be a low voltage transistor (the same as
the reversé blocking rating as thé IGBT 19 itself,
usually 10 to 50V). Thus, it can be made with a narrow
base (for example 10 microns) and have a high gain so

' that it is fully saturated when the IGBT 19 is forward

biased.
Figure 13 schematically shows the

implementation of transistor Q3 in the chip surface.
Components similar to those of Figure 8 have the same
reference numerals in Figure 13. Note that emitter and
collector regions 121 and 122, respectively, are
connected to a tap 125 of drain 29 and N* finger 96,

respectively.

Although the present invention has been
described in relation to particular embodiments thereof,
many other variations and modifications and other uses
will become apparent to those skilled in the art.
preferred, therefore, that the present invention be
limited not by the specific disclosure herein, but only

by the appended claims.

It is
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11. The deV|ce of claim3 wherein said | ow concentration N type region is
12. The devi ce of C|%4%JL¥¢%w£%$h_-w

v s ce

sai d Iom/co e region is an epitaxially grown [ €dgifan R
13. The devi ”mrl Hm,lmrel n said | ow concentration N typerrTegionm s
an epitaxially drown neg . 14. The device of clpijn %(Wb !.e@;%

said | ow concentration N type region is an epitaxially grown

- 16 -

| SR |

WHAT. IS CLAIMED IS:

1. An insulated gate bipolar transistor and a
control circuit therefore integrated into a common
semiconductor chip; said semiconductor chip having a
P type silicon substrate and having a low concentration
N type region formed on the top surface thereof and a P*
region formed on the bottom surface thereof; a first area
of said low concentration region receiving diffusions
defining the base, source and channel regions of an
1nsu1ated gate bipolar transistor; a second area of sald
low concentration region being laterally spaced from said
first area; said second area including a P well diffusion
and control circuit diffusions in said P well; and
coupling means coupling said insulated gate bipolar
transistor in said first area to said control clrcult
diffusions; and means disposed between said flrst and
second areas for limiting the injection of holes from
said P* region into said P well diffusion during the
injection of holes to produce the operation of said
insulated gate bipolar transistor in said first area.

2. The device of claim 1 wherein said means
disposed between said first and second areas includes a
relatively large lateral spacing between said areas,
which is at least about three diffusion lengths of holes
in said low concentration N type region.

3. The device of claim 1 wherein said means
disposed between said first and second areas includes a
second P* diffusion into the top surface of said low
concentration N type region, and means connecting said
second P* diffusion to said source =f said insula ted gate

-—— e



regi on.
source el
insul at ed
channel

istor, a gate electrode di sposed abave sajd
a m "m;I a”! eI ectrode connected to the bottom oRERaid: " !
Plerr] reglon at sal ol t
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15. The device of claim 10 which further includes a
sai d source and base regions of said

surface 16. The devi ¢ejoft—el

11 which further includes a source el ectrode connected to said S)ut@SE?

base regions of said insulated gate bipolar transistor, a

- 17 -

bipolar transistor, whereby said second P* diffusion will
collect holes which would otherwise be collected by said
P well in said second area.

4. The device of claim 1, wherein said means
disposed between said first and second areas includes an
N* diffusion into the top surface of said low
concentration N type region; and means electrically
connecting said N* diffusion to said P type substrate.

5. The device of claim 1 wherein the upper
surfaces of said first and second areas are joined at a
narrow neck region; said coupling means comprising
conductors disposed atop and across said neck regionm.

6. The device of claim 1 which furpher
includes field termination means disposed on the upper
surface of said device, and which at least partially
surrounds said first and second areas.

7. The device of claim 6 wherein said field
termination means encloses the opposite sides of said
narrow neck region, and the full remaining peripheries of
each of said first and second areas.

8. The device of claim 1 wherein said low

concentration N type region is an epitaxially grown
region.

9. The device of claim 1 which further
includes a source electrode connected to said source and
base regions of said insulated gate bipolar transistor, a
gate electrode disposed above said channel regicns; and a
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gate el ectrode di sposed above sai d channel regions; and a drain

el ectrode—connected to the bottomof said Plerr] region at said bottom

surface.

* c L M s * :
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drain electrode connected to the bottom of said P* region

at said bottom surface.

10.
concentration
region.

11.
concentration
region.

12,
concentration
region.

13.
concentration
region.

_ 14,
concentration

region.’

15.

The,dévice of claim 2 wherein said low
N type region is an epitaxially grown

The device of claim 3 wherein said low
N type region is an epitaxially grown

The device of claim 4 wherein said low
N type region is an epitaxially grown

The device of claim 5 wherein said low
N type region is an epitaxially grown

The device of claim 6.wherein said lgw

N type region is an epitaxially grown

The device of claim 10 which further

includes a source electrode connected to said source and

base regions of said insulated gate bipolar transistor, a

gate electrode disposed above said channel regions; and a

drain electrode connected to the bottom of said P* region
at said bottom surface.

le.

The device of claim 11 which further

includes a source electrode connected to said source and

base regions of said insulated gate bipolar transistor, a
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17. The device of claim 12 which further includes a source el ectrode
connected to said source and base regions of said insulated[d gnntpeta@ﬁtgr

transistor, a gate erectrode di sposed above said channel regi - LA Yo NW-)
drain el Mﬂ ”(" to the bottomof said Plerr] regi¢n at sai d

bot t om s ,’”ﬂmﬁ 18. The device of claim 13 which flurd BepEC 1996

i ncl udes a sdur e élettrnde connected to said source and bage |regi ons of
said insul ated gate bipolar:transistor, a gate el ectrode di §posed—above
sai d channel regions; and a drain electrode connected to thdq bottomof said

Pl[err] region at said boﬁton1surfa6e;9 - 19. The device of claim
14 which further includes a source el ectrode connected to said sour ce and

gate electrode disposed above said channel regions; and a
drain electrode connected to the bottom of said P* region
at said bottom surface.

17. The device of claim 12 which further
includes a source electrode connected to said source and
base regions of said insulated gate bipolar transistor, a
gate electrode disposed above said channel regions; and a
drain electrode connected to the bottom of said P+ reglon
at said bottom surface.

18. The device of claim 13 which further -
includes a source electrode connected to said source and
base regions of said insulated gate bipolar transistof, a
gate electrode disposed above said channel regions; and a
drain electrode connected to the bottom of said P* region
at said bottom surface.

19. The device of claim 14 which further
includes a source electrode connected to said source and
base regions of said insulated gate bipolar transistor, a
gate electrode disposed above said channel regions; and a
drain electrode connected to the bottom of said P* region
at said bottom surface.

20. The device of claim 6, wherein said means
disposed between said first and second areas includes an
N? diffusion into the top surface of said low
concentration N type region; and means electrically
connecting said N™ diffusion to said P* region; said N*
region being disposed between and spaced from said field
termination means at locations where said field
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base regi ons of said insul ated gate bipolar transistor, a gate electrode
di sposed above said channel regions; and a drain electrode c%%

botton1of-saLdJﬂjﬂilNigg%gga?t sai d bottom surface.

devi ce of m 6. wher €i d means di sposed between said ffirst and ]
second ar e;gm% @mﬂ”ﬁumnerr] diffusion into the top surflade 8fp @ﬁrd@?QW
concentr at and neans el ectrically connectjing said N[err]

di ffusion to said P[errf] region; said N err] region being dis ‘
and spaced fromsaid field terninationzgeans at | ocations where said field

termination extends along coextensive portions of said
first and second areas.

21. The device of claim 20 wherein the upper
surfaces of said first and second areas are joined at a
narrow neck regions; said coupling means comprising
conductors disposed atop and across said neck region.

.22. The device of claim 21 wherein sald fleld
termination encloses the opposite sides of said narrow
neck region, and the full remaining peripheries of each
.of said first and second areas.

23. The device of claim 22 wherein said low
concentration N type region is an epitaxially grown
region.

24. The device of claim 23 which further
includes a source electrode connected to said source and
base regions of said insulated gate bipolar transistor, a
gate electrode disposed above said channel regions; and a
drain electrode connected to the bottom of said P* region
at said bottom surface.

25. The device of claim 4 which further
includes a lateral PNP transistor integrated into said
first area and having iﬁs collector connected to said N*
region, its base region being the said N.type region and
its emitter region being connected to said P* region such
that it conducts only when said insulated gate bipolar
transistor is forward biased whereby said N* region is
connected to said P* type substrate only when saic IGBT
is forward biased.



REPLACEMENT SHEET

- 20 - term nation extends al ong coextensive portions of sald flrst and
second areas. 21. The device of claim 20 wherein -
sur f aces oF—sard—%rrsf—aﬁd—second areas are joined at a

VAT WAL ) | 30D w98
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26. The device of claim 20 which further
includes a lateral .PNP transistor integrated into said
. first area and having a source region connected to said
N* region, and being biased to conduct only when said
insulated gate bipolar transistor is forward biased
whereby said N* region is connected to said N tYpe

substrate only when said IGBT is forward biased.

27. The device of claim 24 which further
includes a lateral PNP transistor integrated into said
first area and having a source region connected to said
N* region,'and being biased to conduct only when said
insulated gate bipolar transistor is forward biased
whereby said N* region is connected to said N type
substrate only when said IGBT is forward biased.

28. An IGBT and a control circuit therefore
monolithically integrated into a common semiconductor -
chip; said semiconductor chip having a bottom P type
layer and a substantially coextensive N type layer atop
said P type layer; a first area of the surface of said N
type layer receiving diffusions which define an IGBT; a
second area of the surface of said N type layer receiving
a P well which contains control device diffusions therein
~which are junction isolated from said first area; the
junctibn between said N type layer and said P type layer
extending continuously from under said first area to
under said second area; and means for at least partly de-
biasing said junction in the area under said control area
when said IGBT area is in conduction and minority
carriers are being injected from said P type layer and
into said N type layer.
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narrow neck regions; said coupling neans conprising conductors disposed

atop and across said neck region.

wherein said field term nation encl oses the opposite sides oﬁgﬁ@ld
neck regi i ni ng peripheries of each of shai

cecond TR MY ]||||Hﬂi. s'an epitaxially grown region. | '%é%w

The device of ¢la further includes a source el ect

=

22. The device_of claim?2l1

1928.

de connect ed

to said source and base regions of saigzinsulated gate bipoljar transistor,
a - -

29. The device of claim 28 wherein said means
for de—biésing comprises the lateral spacing of said

- first and second areas by more than about three diffusion

lengths of minority carriers injected from said P layer
into said N layer during the forward conduction of said

IGBT area.

30. The device of claim 28 wherein said first

area has an IGBT source, and wherein said means comprises

a P* diffusion disposed into the surface of said N layer

and between said first and secqnd areas and connected to

said IGBT source.

31. The device of claim 28 which further

includes an N* diffusion into the surface of said N layer

and disposed between said first and second areas, and

being connected to said P layer. -

32. The device of claim 28 which further

includes coupling means for coupling said control device

diffusions to said diffusions which define an IGBT

whereby said IGBT is operated in response to control

signals from said control device diffusions.

33. The device of claim 29 which further

includes coupling means for coupling said control dev1ce

diffusions to said diffusions which define an IGBT

whereby said IGBT is operated in response to control

signals from said control device diffusions.

"34. The device of claim 30 which further

includes coupling means for coupling said control device

diffusions to said diffusions which define an IGBT
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gate el ectrode di sposed above said channel regions; and a drain el ectrode
connected to the—bottomof said Plerr] region at said bottomsurface

25. The deV| 4 whi ch further includes a |ateral PNgetamsiist oneeT
i ntegrated int HHWE lm and having its collector connegted +e—sai-gm—
N err] region, being the said N type region jand bts en1%%gr
regi on bei ng connected to sald Plerr] region such that it cgnduc 43@Eﬁyi

when said insulated gate bipolar transistor is forward bi asqgd ereby said
Nlerr] region is connected to said P[erg] type substrate onlly when said

| BT is forward bi ased.

whereby said IGBT is operated in response to control
signals from said control device diffusions.

35. The device of claim 31 which further
includes coupling means for coupling said control device
diffusions to said diffusions which define an IGBT
whereby said IGBT is operated in response to control
signals from said control device diffusions.

36. The device of claim 32 wherein the upper
surfaces of said first and second areas are joined at a
narrow neck region; said coupling means comprising
conductors disposed atop and across said neck region.

37. The device of claim 33 wherein the upper
surfaces of said first and second areas are joined at a
narrow néck region; said coupling means comprising
conductors disposed atop and across said neck region.

38. The device of claim 34 wherein the upper
surfaces of said first and second areas are joined at a
narrow neck region; said coupling means comprising
conductors disposed atop and across said neck region.

39. The device of claim 35 wherein the upper
surfaces of said first and second areas are joined at a
narrow neck region; said coupling means comprising
conductors disposed atop and across said neck region.
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-21- 26. The device of claim 20 which further i des

lateral PNP transistor integrated into said first area and nggw saw§ouxgg
fegion connected to said Nerr] region, and being biased tqd mT'O IV‘““
when said insul ated gate bipol ar trans[s%gr_ls forward bi aged

(_".L(
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IGBT WITH INTEGRATED CONTROL

ABSTRACT OF THE DISCLOSURE

A monolithic IGBT and control circuit therefore
are integrated into a common chip. The IGBT is formed in
a first area of the chip and the control circuit is
formed in a second laterally spaced area and in a P well.
Means are provided to prevent hole injection from the P*
substrate into the P well during IGBT operation. The
means includes a sufficient spacing between the areas; a
P* collection fegion between the areas or an N* diffusion
between the areas which is connected to the P* substrate.
The areas are surrounded by a common field termination
structure which, however, leaves a small surface bridge
between the two areas. Control conductors from the
control area to the IGBT area cross over the narrow area,
and not over the field terminations. A lateral PNP
transistor which is integrated in the chip and is
external of the IGBT area is connected to the central N*
diffusion between IGBT and control areas and permits its

connection to the P type substrate only when the IGBT
area conducts.

(No figurg suggested)
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wher eby said N+ region is connected to said N type substrate only when said

| GBBT is forward biased.
f'urt her includes a | ateral

27. The device of cl ai m Z24—nhi-c
integrated into sai

PNP tr ansi st or

and having a source region connected to said Nerr]

bi ased to conduct only when said i nsul at el
forward bi ased whereby said N err]
substrate only when said IGBT is forward bi ased.

circuit therefore nonolithically integrated int

and a control
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type | ayer rece|V|ng dlfoSIOﬂS whi ch define an | GBT; a second area of the

surface of said N type layer receiving a P well which contai
tevice diffusions therein which are junction isolated from §aRBPEADESE-Nar BT
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- 22 - 29. The device of claim28 wherein sai cﬁrreans for
de- bi asing conprises the lateral spacing of said first and second areas by

more than about three diffusion lengths of minority carriers[TIeCTErfTON""
said P layer into said N |layer during th% forward conducti on| of-"gdidv BT #x!
ar ea. -2

S
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30. The device of claim 28 wherein said first area h
wher ei n.said means conprises a P+ diffusion disposed into thersurfaee
said N layer and between said first and second areas and connpdtigd/£0. 841 g+
31. The devicetof claim 28 which furth
diffusion into the surface of said N layer and di spos
and being connected to said P |

| GBT source
an N err]

said first and second areas,
32. The device of claim 28 which further
coupling said control ' '
| GBT whereby said | GBT i
control device diffusion
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33. The device of claim29 which further includes coupling nmeans for

coupling said control device diffusions to said diffusions mhlch define an

I'GBT whereby said | GBT is operated in response to control Q#? B from-sat-d
I'm 3

control device diffusions. 34. The device of cl “whi ©h SHEET
further includes coupling means for coupl¥ny said control devfice di fTiisiomng
to said diffusions which define an | GBT 3 0 DEC 195%
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fromsaid control device diffusions.

whereby said IGBT is operated in response to co
_ 35. The d
whi ch further includes coupling nmeans for coupling said contr

di ffusions to said diffusions which defiq? an |'GBT
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whereby said IGBT is operated in response to control signals fREPLACEMENT SHEET
control device diffusions. 36. The device of claﬁqyaz;mhﬁr SHEET
t’he upper surfaces of said first and second areas are joi néd rat—-a-nartow
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narrow neck region; said coupling neans conprising conductors di sposed atop
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