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| R- 1072 Bl DI RECTI GNAL THYRI STOR W TH MOS TURN- OFF CAPABI LI TY WTH A SI NGLE
GAEETBACKGROUND OF THE I NVENTION 1. Field of the Invention: 5

The present invention relates to a bidirectional thyristor and, nore
parti-eul ardy, .to a bidirectional thyristor structure with single MOS gate
control led turn-off capabillity. 2. Description of the Related Art: 10
Power. sem conductor structures that conbi.ne bi pol ar conducti ng nechani sns
with a MOS control are well known. The insul ated gate bipolar transistor
(1GBT) is an exanple of such a device, in which the base current of -a

bi pol ar structure is controlled via an integrated 15 MOSFET. The | GBT
'is sinmple to control |ike a power MOSFET, but advantageously has a | ower
on-state voltage drop conpared to power MOSFET for vol tggesont eater than
500 volts. The on-state voltage drop of the 1GBT is increased when I GBT is
desi gned for higher blocking 20 vol t 3gks™(>1000V). For higher voltages,
a thyristor structure has been devel oped whi ch advant ageously has a | ower

on-state voltage drop conmpg{ ,11 R d %Rcleuz.gc%gode short circuit
RN AFABILITY W & &1 1EVErGE 2

is swtched via a MOXS ga , MOS
controlled thyristor or T, drnd e sie 5 py- V. A. K. Tenpl e,
| EEE I nternational Electron Device Meeting (I EDM Technical Digest, San

Franci sco (Decg 6ot OFPRHEZS: tbfy turned on and off by a single M3S
gate. Wile thg as an as¥qne ric structure and can conduct
current in . Field of the Invention:

5 The present invention relates to a
bidirectional thyristor and, more particularly, to a
bidirectional thyristor stfucture with single MOS gate
controlled turn-off capability.

2. Description of the Related Art:

10 Power semiconductor structures that combine
bipolar conducting mechanisms with a MOS control are well
known. The insulated gate bipolar transistor (IGBT) is
an example of such a device, in which the base current of
a bipolar structure is controlled via an integrated

15 MOSFET. The IGBT is simple to control like a power
MOSFET, but advantageously has a lower on-state voltage
drop compared to power MOSFET for voltages greater than
500 volts. The on-state voltage drop of the IGBT is

increased when IGBT is designed for higher blocking
20 voltages (>1000V).

- For higher voltages, a thyristor structure has
been developed which advantageously has a lower on-state
voltage drop compared to IGBT and in which a cathode
short circuit is switched via a MOS gate. Such a

25 structure, known as a MOS controlled thyristor or MCT,
and described in an article by V.A.K. Temple, IEEE
International Electron Device Meeting (IEDM) Technical
Digest, San Francisco (Deceﬁber 1984), pPp. 282-85, is
turned on and off by a single MOS gate. While the MCT

30 has an asymmetric structure and can conduct current in
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-2- only one direction, bidirectional thyristor structures with MXS

turn-0ff capability have al so been devel oped -- see, e.g., U S Patent Nos.
4,816,892 and 5, 040, 042. These bidirectional thyristors are useful in ac
swit ching 5 ~applications. In conventional MCTs and bi directional

thyristors, a lightly doped N err] base region (the base region of the
bottom PNP transistor) is used to support voltage in the bl ocking
condition. For fast turn-off 10 characteristics, the P base of the NPN
transistor is desirably connected to ground potential and the N base of the
PNP transistor is desirably connected to the high anode potential. However,
connecting the N base to the high anede otential can only be achi eved by
usi ng anode 15 shorts, which destroys the reverse bl ocking capability
of the device, or by using MOS gates on the back-side of the device, such
as in U S Patent Nos. 4,816,892 and 5, 040, 042, whi ch nakes devi ce
fabrication difficult. U S Patent No. 4,857,983 to Baliga et al. 20

descri bes a dePPé¥ PRpgdirgctiherh bidixechional NFRYTISERT SERFEIRHN t he

backsi de of thgiehf#bs QGPhoYLE ESNEHSELCP KRN | X1s& BEST IdvSIidged Wit hout
t he above- noted di sadvantages. In Fﬂﬁé I, the deV|ce‘iS'turned-on in the
forward direct B&ftr(&n8de i‘lo r t PAECDF 1 ¥O% esheB16+8225Nnd 5 A4GARA- by

appl yi ng a suf thesenblinipeetional pehgPistors ca@t @sefud in eid eswitchidipnnel
in the Pgerr] g@iﬁ'ﬁétigﬂgs electrically coupling N err] region 7 and

N err] region & WRE PR turn i s directly connected to cathode el ectrode
6. This coupl es the four Ihagenventional cMEDs nand byiditegtiomil 10,

Nlerr] layer 1%nyRysteds0nNal?ighti1ftabf@aof hak?d Y&Gion (the base
region of the bottom PNP transistor) is used to support
voltage in the blocking condition. For fast turn-off

10 characteristics, the P base of the NPN transistor is
desirably connected to ground potential and the N base of
the PNP transistor is desirably connected to the high
anode potential. However, connecting the N base to the
high anode potential can only be achieved by using anode

15 shorts, which destroys the reverse blocking capability of
the device, or by using MOS gates on the back-side of the
device, such as in U.S. Patent Nos. 4,816,892 and
5,040,042, which makes device fabrication difficult.

U.S. Patent No. 4,857,983 to Baliga et al.

20 describes a device (Fig. 1) which, by using an Nt
diffusion 20 on the backside of the wafer, achieves
reverse conduction characteristics without the above- -
noted disadvantages. In Fig. 1, the device is turned-on
in the forward direction (anode positive with respect to

25 cathode) by applying a sufficiently positive potential to
gate 2 to create an n-channel in the P” base 14, thus
electrically coupling N* region 7 and N* region 8, which
in turn is directly connected to cathode electrode 6.
This couples the four layer structure formed by P layer

30 10, N layer 12, F" region 14 and Nt region 7 to the
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-3-- cathode through the series n- channel MOSFET and the structure then
assunes a regenerative conducting state, providing an active base drive to
the inherent PNP bi polar transi stor formed of P layer 10, Nerr] layer 12
and 5 Plerr] region 14. \Wen the gate voltage is reduced sufficiently
or made zero, N+ region 7 is decoupled from N+ region 8 and fromthe
cat hode, and conduction ceases. As is apparent fromthe prior art Fig. 1
devi ce, the boundary between N err] layer 12 and P[err] region 14, 10
and the boundary between N err] layer 12 and P[err] region 16, formthe
forward bl ocking junctions of the device, and nost of the bl ocking voltage
I's supported in the Nerr] |ayer, the fpase region of the bottom PNP
transistor. An inherent parasitic thyristor structure exists in the 15
forward direction, formed by P layer 10, Nerr] layer 12, Plerr] region 14
and N[err] region 8. In the reverse direction (anode 4 negative with
respect to cathode 6) and with a sufficiently negative potential applied to
the gate strucfakhode:hreugh sthe M3 s n-chpnnesl MOSRRD anat dite al |
conducti on occ ef regi on
sﬁfu&eflfagbnéﬁeaéémﬁ dg FeqdddiGeive dUrg aﬁ;[%% e [ €9

16, Nerr] layer | ayer 10 an region 2 | ayer

structure provP’d'@‘é ﬁiéﬁin a???rb"%d?ﬁﬁ%td@f’? kQ Hehe ekme}'é’—rtﬁ A& ion. In
response to thbipppatcetansistor £ormed &tifp i xdyay |10 pasi Layerpebeghial to
gate strgcture‘z gHg,eneratlve conduction of the four |ayer structure
ceases bBcauseFoqHOn ddu + Wt theagates veltaged isnrediegdon 16, shorting
N err] layer 18uf£1&kteﬁ€§ly08§ B2aétetd, Oftt NEdg:i 8he5t §808eLoGPI0E CEFE
thereto. This sgprt of

reqlon 8 and from the cathode, and conduction ceases.

As is apparent from the prior art Fig. 1
device, the boundary between N° layer 12 and P” region 14,

10 and the boundary between N layer 12 and P* region 16,

form the forward blocking junctions of the device, and
most of the blocking voltage is supported in the N
layer, the base region of the bottom PNP transistor. An
inherent parasitic thyristor structure exists in the

15 forward direction, formed by P layer 10, N  layer 12, P~
region 14 and N* region 8.

In the reverse direction (anode 4 negative with
respect to cathode 6) and with a sufficiently negative
potential applied to the gate structure 2 to keep all MOS

20 gates at zero potential, conduction occurs through the
four layer structure formed by Pt region 16, N- layer 12,
P layer 10 and backside Nt region 20. This four layer
structure provides regenerative conduction in the reverse
direction. 1In response to the application of a

25 sufficiently positive potential to gate structure 2,
regenerative conduction of the four layer structure
ceases because of the resulting n-channels created in P
region 16, shorting N° layer 12 to N' regions 22 and to

cathode e}ectrode 6'cbnnected thereto. This short of the
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-4-. PN junction between Plerr] region 16 and N err] layer 12 reduces the

_ |Qgect|on fromthis junction and interrupts regenerative conduction. The
-boundary between N err] layer 12 and P layer 10 forms the reverse bl ocking

junction of ‘5 .t he devi ce, and nost of the bl ocki ng vol tage i s supported
in the Nferr] layer, the base region of the upper PNP transistor.

Di sadvant ageously, in the device of Fig. 1, the Njerr] base (N err] |ayer
12) of the wi de-base PNP transistor is 10 not connected to the high

anode potential when the device is turned-off fromthe forward conducting

state, thus degrading the forward turn-off characteristics of the device.

Al so, as nentioned above, the device- lgas- an i nherent parasitic thyristor

which [imts the MOS gate 15 control capability of the device in the

forward conducting state. It is thus desirable to provide a single MOS gate

controlled bidirectional thyristor without a parasitic thyristor and with

| mproved turn-off 20 characteristics. SUMVARY OF THE | NVENTI ON The

present i nventFHriiynekier soetwran M yegion obé raind M Bayeredei seduces

h f th
brior art o5 heTESSCld Fal i FrdRad M IALaRURE 05 P cent

i nvention acm%n%m@vgbq:mdummy mmqund;ménet@teqmér blagerng
voltage in the) foédﬁ%%oi &9' £ Pérﬁ)ﬂ{*‘uf H{]e%féipﬁfoadﬁn% Yurldt i ffo“"’ard

blocklng state an ortTn
he dev1ce, and most of the blocking voltage 1s supported

in the N layer, the base region of the upper PNP
transistor.

Disadvantageously, in the device of Fig. 1, the
N" base (N  layer 12) of the wide-base PNP transistor is
10 not connected to the high anode potential when the device
is turned-off from the forward conducting state, thus
degrading the forward turn-off characteristics of the
device. Also, as mentioned above, the device has an
inherent parasitic thyristor which limits the MOS gate
15 control capability of the device in the forward
conducting state.
It is thus desirable to provide a single MOS
gate controlled bidirectional thyristor without a

parasitic thyristor and with improved turn-off
20 characteristics.

s o ON -
The present invention provides a new MOS gate
controlled bidirectional thyristor structure which
overcomes the above-noted disadvantages of the prior art
25 and attains the objectives set forth above. '
The present invention achieves these objectives:
by supporting most of the blocking voltage in the
collector region of the bottom PNP transistor in the
forward blocking state and by supporting most of the
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5 bl ocking voltage in the collector region of the upper PNP transistor in
the reéverse blocking state. The device of the present i-nvention is forned
on a wafer- of sem conductor material having first and 5 second spaced,
paral t el planar surfaces. The portion of the wafer which extends downward
fromthe first planar surface conprises a relatively lightly doped
substrate region of a first conductivity type for receiving junctions. The
portion of the wafer which extends upward 10 fromthe second

sem conductor surface conprises a base region of a second conductivity type
which is opposite to the first conductivity type. In a vertical conduction
enbodi ment, the device includes a single well region of the second
conductivity 15 type forned in the substrate region and extending from
the first sem conductor surface to a first depth beneath the first

sem conductor surface. The well region is radially inwardly spaced al ong
the first sem conductor surface to define a first channel region in the
lightly 20 bldepgdugr ¥glvagef in thestolbectar i vegion ype. the tppet BNR body
regi on of thegkl ; dugt Lyt [ | e well region and -
ext ends domnmg%ahéﬁgﬁgghgﬁfF¥§L¥§2§?§%n§ﬁé€%#ﬁgu$€%%%'tp a second depth
beneath the first sen cBhRgu@e¥iceupfathesBresenthiryentiomals ofeymedan t he

first depth. ohha Ra#kr’ 8¢ 8BmischatteblYmhtURi sl Yn&voRgds BkoRtandie first
sem conductor surface fromthe well _region to define a Second channel

regi on 3l ong SRE Spacerly cBAYALLEL BLAPAE SHELALER: t NERB ROFFER RF and
the lightly dthedwafgrowhich elktendk| ddéinwardr£gonthe first planar

surface comprises a relatively lightly doped substrate
region of a first conductivity type for receiving
junctions. The portion of the wafer which extends upward

10 from the second semiconductor surface comprises a base
region of a second conductivity type which is opposite to
the first conductivity type.

In a vertical conductibn embodiment, the device
includes a single well region of the second conductivity

15 type formed in the substrate region and extending from
the first semiconductor surface to a first depth beneath
the first semiconductor surface. The well region is
radially inwardly spaced along the first semiconductor
surface to define a first channel region in the lightly

20 doped region of a first conductivity type.

At least one body region of the first
conductivity type is formed in the well region and -
extends downward from the first semiconductor surface to
a ‘'second depth beneath the first semiconductor surface

25 which is shallower than the first depth. The body region
is radially inwardly spéced along the first semiconductor
surface from the well region to define a second channel
region along the first semiconductor surface between the

body region and the lightly doped region, in the well
30 region.

%
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A source region of the second conductivity type is forned in the body
regi gh and extends fromthe first sem conductor surface to a third depth
beneat h the semi'conductor surface which is shallower than the second 5
depth: The source region is radially inwardly spaced along the first

sem conductor surface fromthe well region to define a third channel - region
on the body region along the first sem conductor surface between the source
region and the well region. 10 ' A first electrode is |ocated
on the first sem conductor surface and is connected to the body region and
the source region. A gate insulation |layer on the first surface covers at

| east the channel regions. A gate eleg rde di sposed on the gate insul ation
| ayer 15 overlies the channel regions. A relatively highly doped region
backsi de diffusion of the first conductivity type is forned in a base
region of the second conductivity type and extends fromthe second

sem conduct or surface over a portion of 20 the second surface. A
second el ectrode is di spossehnge tresyisac ol thenisenohdc tondugtiividyarkypes

connected to t PEekeq o | | '
conductivity tgzgi The b%éi%é%g@o a@ﬁﬁ@%ﬁ@%?ﬁmﬁ%@ﬁt

provi ded with PRRICHPE FurFRGe s & thding idepth keneathethe vel y highly

doped region. sembEoRdictd i sueradE iitidh G EHAI1QweedinRiHe ddtdndevi ce
includessa secQnd, Jody,

wel |l region, 3 = *t h%ﬂieg%gﬁlﬁg%%;’r%r% ‘%gl’%é'%:o\él@téé : pan%Pro?tr?r%%gl gtni f/gley
along the first semiconductor surface from the well
region to define a third channel region on the body
region along the first semiconductor surface between the
source region and the well region.

10 A first electrode is located on the first
semiconductor surface and is connected to the body region
and the source region. A gate insulation layer on the
first surface covers at least the channel regions. A
gate electrode disposed on the gate insulation layer

15 overlies the channel regions.

A relatively highly doped region backside
diffusion of the first conductivity type is formed in a
base region of the second conductivity type and extends
from the second semiconductor surface over a portion of

20 the second surface. A second electrode is disposed on
the second semiconductor surface and is connected to the
backside diffusion and the base region of second -
conductivity type.

The body region and/or the well region may be

25 provided with a profile which includes a relatively deep,
relatively highly doped region.

In an alternative vertical conduction -
embodiment, the device includes a second body région of
the first conductivity type formed in the well region,

30 the second body region being spaced from the relatively
lightly d;bed substrate region by a portion of the well

LIR\DCS424 -



|l ightly doped substrate region by a portion of the well -7- region. The
fi,rst. electrode is connected to the second body region in addition to the
first body region and the source region. In this enbodi ment, the well
regi on may'be provided with a profile which includes a relatively 5
deep, relatively highly doped portion. In each of the above-noted
enbodi ments, if the first conductivity type is P-type sem conduct or
material and the second conductivity type is N-type sem conductor naterial,
then the first electrode is the cathode of the 10 devi ce and t he second
el ectrode is the anode of the device. Conversely, if the first conductivity
type is N-type sem conductor material and the second conductivity type is
P-type sem conductor material, then the first electrode is the anode of the
device and the second 15 el ectrode is the cathode of the device. In a
preferred inplementation, the bidirectional thyristor of the present
i nvention is provided in the formof a plurality of parallel-connected
symmetrical |y degponed Theél £ifistpobectrvde i fesnnectted o Xhe seddndt

| ect rode i |,d k he_b ' , [ ' f
adi acent cel | POAFrAGiER BHCAABEION o e LEMA MY Jelfi i and SHE D
each- include 8onBfetregionhi ghhythibpecembibdinent, rthg orepragidn aay he
wel | region anﬂeegsisoﬂgagi ;:;em f@éé#%gé b@x?ich d%ﬁ@iﬁ&é)é‘cﬁlcfﬁaﬂ’kfé e, the

relatively highly doge ffused, ﬂy el ng sposed between respective
vel | regPons ofi®8By aEehatively highky deped BeFEEeRyres nay be provided on

the first and second sentfoaduRt6f €néf@ME&Pe-noted embodiments, if the

first conductivity type is P-type semiconductor material
and the second conductivity type is N-type semiconductor
material, then the first electrode is the cathode of the

10 device and the second electrode is the anode of the
device. Conversely, if the first conductivity type is
N-type semiconductor material and the second conductivity
type is P-type semiconductor material, then the first
electrode is the anode of the device and the second

15 electrode is the cathode of the device.

In a preferred implementation, the
bidirectional thyristor of the present invention is
provided in the form of a plurality of parallel-connected
symmetrically disposed cells disposed on a wafer, and the

20 first electrode is a grid which overlays the body regions
and the well regions of adjacent cells. The cells
preferably have a polygonal shape. The cells may each-
include a relatively highly doped diffused region spaced
from the well region and extending from the first

25 semiconductor surface, the relatively highly doped
diffused region being disposed between respective well
regions of adjacent cells. Termination structures may be
provided on the first and second semiconductor surfaces
at the edge of the full device.

30 . In a lateral conduction embodiment of the _
invention, the relatively highly doped backside diffusion

LTR\DC8424 -



at the edge of the full device. 30 In a lateral conduction
enbodi nent of the invention, the relatively highly doped backsi de diffusion
is moved up to the first surface of the device and. di sposed within a second
wel | region of the second conductivity type. The second well regionis

| aterally spaced fromthe first well region. The second electrode 5 in
this enbodinent is al so disposed on the first sem conductor surface and is:
connected to the second well region and to the relatively highly doped
region contained therein. Trench isolation may optionally be provided

adj acent the second well region. 10 The bidirectional
thyristor of the present invention may Qptionally be provided with an
i ntegrated MOS-gated turn-on cell. Advantageously, in the structure of the

present invention, the lightly doped substrate region having, for 15
exanple, P type conductivity (and which then constitutes the collector
regi on of a upper PNP transistor forned of the P body region, the N well

region and t he:.i’[mwéd supp st 6 atice ms@iﬁiﬁc@ cdIORSd idévae Rmgeol | ector
.region of alo PNP. t r ansj st or for f. the ,P-type backsi de 20
di ffusi on, the %@&%Pé%h R3S |¥§i} rediofthi é%%y§%99ﬂ&|tutes t he

base region ofcmdmvnﬁw typesi The Sevonell wafll hediorelils Nagierallyhe
P bst . 0.s s:used I bot h
e s rag rever )'b&al\b?ésﬁfﬁ'gl |ls ]'Js%rlul&'{e The stdzg'et':%ggglggssoto

the forward an i rections ur e ena
both the®N basth (this \epbedinent oiy aksaq iispamed onsitheofiast t he wi de

Plerr] base (tsémPéehdhctsPsstrtsde Hnd s NN HP tHd 'ddibriduvaadf |
from the forwaregz.on and to the relatively highly doped region
contained therein. Trench isolation may optionally be
provided adjacent the second well region.

10 The bidirectional thyristor of the present
invention may optionally be provided with an integrated
MOS-gated turn-on cell.

Advantageously, in the structure of the present
invention, the lightly doped substrate region having, for

15 example, P° type conductivity (and which then constitutes
the collector region of a upper PNP transistor formed of
the P body region, the N well region and the P~ substrate
and which also constitutes the collector region of a
lower PNP transistor formed of the P-type backside _

20 diffusion, the N base and P~ substrate, and which also
constitutes the base region of a lower NPN transistor
formed of the N well region, the P~ substrate and the N
base region), is used to support voltage in both the
forward and reverse directions. This structure enables

25 access to both the N base (the N base region) of the PNP
transistor and the wide P~ base (the P substrate) of the
NPN transistor during turn-off from the forward
conducting state. During turn-off from the forward
conducting state, the N base of the PNP transistor is

30 connected “to anode potential and the P~ base of the NPN

S
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conducting state. During turn-off fromthe forward conducting state, the N
base of the PNP transistor.is 30 . connected to anode potential and the
Plerr] base of the NPN © "-9- transistor is connected to cathode (ground)
potential.” This results.in fast turn-off capability in-the forward
direction for the present invention. Advantageously, the structure of the
present invention has no inherent 5 parasitic thyristor in either the
forward or reverse direction. Finally, the present invention not only

achi eves the foregoing, but also has gate controlled turn-on in the reverse
direction. Thus, the present invention, for the first 10 time, provides
a MOS gate controlled bidirectional =t bysi stor structure w thout any
parasitic thyristor structure, wthout any backsi de gates, with fast
turn-of f capability in the forward direction, with current saturation
capability in the forward direction and with a 15 single gate

el ectrode. Ot her features and advantages of the present invention wll
becone appar efiFansdstore isolconnesgedetor cpthodeof groundhvpateohiafich

refers to the!&ﬁ@ﬂ@%@ﬂﬂﬁ§3ﬂﬁ“%ﬂs%g%urﬁaoff c§?¥5§l?§§cﬁhPEhENfGEwI
DRAW NGS Fi g. 1S3 Sross-s ctional vie he prigr art device disclosed

in U S Patentt3§CH4085£05g pEesenk épvaptlpp M&anm
view of the detiruetifre of dheleiresensf 1hbenthbﬁehherﬁbn&hhb'rdh ect i onal

thyristg of S RGN either the forward or reverse

direction. Finally, the present invention not only
achieves the foregoing, but also has gate controlled
turn-on in the reverse direction.

Thus, the present invention, for the first.

10 time, provides a MOS gate controlled bidirectional
thyristor structure without any parasitic thyristor
structure, without any backside gates, with fast turn-off
capability in the forward direction, with current
saturation capability in the forward direction and with a

15 single gate electrode.

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

20 B DESCRIPTION OF DRAWINGS

. Fig. 1 is a cross-sectional view of the prior
art device disclosed in U.S. Patent No. 4,857,983 to
Baliga et al.

Fig. 2 is a cross-sectional view of the device
25 structure of the three terminal bidirectional thyristor
of the present invention. .
Fig. 3 shows the device characteristics of the
three terminal bidirectional thyristor of Fig. 2.

“s
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Fig. -3 shows the device characteristics of the three term nal bidirectional

thyristor of Fig. 2. 10 - Fig. 4 is a cross-sectional view of an
enbodi ment of the |nvent|on with two different types of cells. Fig. 5is a
éross-sectional view of the 5 thyristor structure of Fig. 4 with al

the N-type | ayers changed to P-type and all the P-type |ayers changed to
N-type. Fig. 6 is a cross-sectional view of the thyristor structure of Fig.
4 with a deep well diffusion. 10 Fig. 7 is a cross-sectional
view of the thyristor structure of Flg 5 with a deep well diffusion. Fig.
8 is a cross-sectional view of an enbodi nent of the invention with current
saturation characteristics in botht forward and reverse 15

direction. Fig. 9 is a cross-sectional” view of the thyristor structure of
Fig. 8 with all the Ntype |layers changed to P-type and all the P-type

| ayers changed to N-type. 20 Fig. 10 is a cross-sectional

vi ew of an enbodi nent of the invention which does not require an extra

di ffusion for the deep pQgthnisog Epesuekbstibhal ¢iewSoft £80SS-section

Yéigﬁgfcﬁgﬁgég*PSEE%FVS gﬁ%H%FF8§ﬁ5£g°Pyﬁé%$a g?sé%ﬁgﬁﬁ%ﬁt?%yﬁgfyﬁg Fig.

12 is a crossceddsi.onal view of a ful

Fig. 5 is a cross-sectional view of the

5 thyristor structure of Fig. 4 with all the N-type layers
changed to P-type and all the P-type layers changed to
N-type.

Fig. 6 is a cross-éectional view of the
thyristor structure of Fig. 4 with a deep well diffusion.

10 Fig. 7 is a cross-sectional view of the
thyristor structure of Fig. 5 with a deep well diffusion.

Fig. 8 is a cross-sectional view of an
embodiment of the invention with current saturation
characteristics in both the forward and reverse

15 direction.

Fig. 9 is a cross-sectional view of the
thyristor structure of Fig. 8 with all the N-type layers
changed to P-type and all the P-type layers changed to
N-type.

20 Fig. 10 is a cross~-sectional view of an
embodiment of the invention which does not require an
extra diffusion for the deep portions of the wells. =

Fig. 11 is a cross-section view of the
thyristor structure of Fig. 10 with all of the N-type

25 layers changed to P-type and all the P-type layers
changed to N-type.

Fig. 12 is a cross-sectional view of a full
cell of the thyristor of Fig. 2.

Fig. 13 is a cross-sectional view of a full

30 cell of th? thyristor of Fig. 2 with a deep body
' structure. |
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cell -of the thyristor of Fig. 2. Fig. 13 is a cross-sectional view of a-
full 30 © cell of the thyristor of Fig. 2 with a deep body structure.
Fig. 14 is a cross-sectional view of afull cell of the thyristor of Fig. 2
W th+a deep body structure and with all- the N-type |ayers changed to P-type
and all the P-type | ayers changed to N-type. 5 Fig. 15 is an
ext ended cross-sectional view of the preferred cellular configuration of
the present invention with the conductivity polarity of Fig. 13. Fig. 16 is
a top viewof a cluster of cells which is then repeated as an array to form
the active 10 device. Fig. 17 is a top view of another possible
arrangenent of a cluster of cells, whigh~is then repeated as an array to
formthe active device. Fig. 18 is a cross-sectional view of a |ateral 15
conducti on enbodi ment of the invention. Fig. 19 is a cross-sectional view
of an alternative |ateral conduction enbodinment with trench isolation. Fig.
20 is a cross-sectional view of an 20 enbodi nent of the invention with
an integrated MOS-gat'ed FHwakd B raquossseationadeviewrof a2fuld a

Cross- secti OnadeVl e¥E Obh@ el SEE06Y 94 Mild. UG WikrerRAlddedd ¥y control | ed
turn-on in the forward directjaon.

25 Fig. 22 iS a
cross- sect i onaF CRHEWEE andoit i @kl She NP e yELR fhasges §° 20 with an
P-type and all the P-type layers changed to N-type.

5 Fig. 15 is an extended cross-sectional view of
the preferred cellular configuration of the present
invention with the conductivity polarity of Fig. 13.

Fig. 16 is a top view of a cluster of cells
which is then repeated as an array to form the active

10 device.

Fig. 17 is a top view of another possible
arrangement of a cluster of cells, which is then repeated
as an array to form the active device.

Fig. 18 is a cross-sectional view of a lateral

15 conduction embodiment of the invention.

Fig. 19 is a cross-sectional view of an
alternative lateral conduction embodiment with trench
isolation.

Fig. 20 is a cross-sectional view of an

20 embodiment of the invention with an integrated MoOs-gated
forward direction turn-on cell.

X Fig. 21 is a cross-sectional view of an -
alternative structure enabling MOS-controlled turn-on in
the forward direction.

25 Fig. 22 is a cross-sectional view of a
modification of the embodiment of Fig. 20 with an
integrated MOS-gated forward direction turn-on cell with
a single gate electrode.

Fig. 23 is a cross-sectional view of a .

30 modification of the embodiment of Fig. 20, utilizing a _
current turn-on gate.
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I nt egrated MOS- gated forward direction turn-on cell with a single gate

el ectrode. Fig. 23 is a cross-sectional view of a 30 nodi fi cati on of
t'he enbodi nent of Fig. 20, utilizing a current turn-on gate. - 12 -
DETAI.LED PESCRI PTI ON OF THE PREFERRED EMBODI MENTS A first enbodi nent of the
single OS gate controlled bidirectional thyristor structure of the present

i nvention is shown in Fig. 2. As will be evident 5 fromthe foll ow ng
description, the bidirectional thyristor of the present invention, |ike the
prior art device shown in Fig. 1, basically consists of a PNPN thyristor in
series wth a n-channel MOSFET. However, in the prior art device, the
bottom PNP transistor is a wide 10- 32 N-base PNP. |In contrast, in the
devi ce of present invention, as described in detail below the bottom PNP
transistor is a narrow N base, wde Plerr] collector transistor. Referring

again to Fig. 2, bidirectional 15 thyristor 110 of the present
I nvention is a vertical conductlon deV|ce bU|It on a P[err] type substrate
118. A hi ghl yDEGAZEBED R i GTHE SPREFER IRRED nEMBODRDEMENES of t he

underside of an N base- a IS naad hs Bhe1é IMby Reatdaibstrat e
118. An anode 112 on thé EEES 45@ &Eﬂé§§r$gce of tH%IdEVI%EQ%OHtaCtS bot h

N base | ayer EQBtﬁﬁalPFebﬂﬁlFSSFbﬂnél6th$F%§ERFI%§€V°§EE9 B&rr] 1 ayer
116 are prefepalbintoiARdnkiohack- Shedndihf ey Ons. onae wiPlrhe topident

substra%e 118fro s%gs QoWhEQEHgPBSEELipEPSEIa e '€X81r éloﬁal

thyristor of the present invention, like the prior art
device shown in Fig. 1, basically consists of a PNPN
thyristor in series with a n-channel MOSFET. However, in
the prior art device, the bottom PNP transistor is a.wide

10 N-base PNP. 1In contrast, in the device of present
invention, as descfibed in detail below, the bottom PNP
transistor is a narrow N base, wide P" collector
transistor.

Referring again to Fig. 2, bidirectional

15 thyristor 110 of the present invention is a vertical
conduction device built on a P” type substrate 118. A
highly doped P** region 116, is formed on a portion of
the underside of an N base layer 114 disposed beneath
P° type substrate 118. 2aAn anode 112 on the bottom

20 surface of the device contacts both N base layer 114 and
P** region 11s.

N-type layer 114 and P*T layer 116 are
preferably formed by back-side diffusions on a P° type
substrate 118. Disposed within P~ substrate layer 118 is

25 an N-type well 120, which forms the drain of the n-
channel MOSFET of the device, as described in further
detail below. A P-type body region 122 (forming the
channel region of the MOSFET) is disposed within N-type
well 120, and a highly doped N** region 124 (forming the

. 30 source of the MOSFET) is disposed within P body 122.
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25  an N-type well 120, which forns the drain of the n- channel MOSFET
of the device, as described in further detail below A P-type body region
122 (forming the channel region of the MOSFET) is disposed within Ntype
Vel |l 120, rand a highly doped N err] region 124 (form ng the 30 source
of the MOSFET) is.disposed within P body 122. - 13 - P body 122 is
preferably relatively highly doped (i.e. Plerr]) as shown in Fig. 2. A

cat hode el ectrode 126 on the first surface of the device covers both the
Pl[err] body 122 and at least a 5 portion of the N err] source region
124. A gate 128, preferably conprised of polysilicon, insulated fromthe
first surface of the device by a | ayefzof oxide 129, overlays P-body 122, N
wel |l 120 and P[err] epi |ayer 118. The operation of device 110 shown in
Fig. 2 is 10 as follows. In the forward direction (current conduction
from anode to cathode, i.e. upward in Fig. 2), thyristor 110 is triggered
to the on-state by applying a positive voltage to gate 128 with respect to
cat hode 126, VihibadyilRR tisqueterahiy welgtd velfyf ihdighdyl Bopedh (Molket.age to

15 anode %;Q o] to (Fight) energy or by other well- known nethods
used for trlgger ass%ﬂgaﬂTgvr#ggorillo I's kept in the on-state by

mai nt ai ni ng a suffici entA peasthode elddtamsieon2aton e fimstr a&pnfat:et of
20 Can t nveris MG 6“"%@%?*;@?& Boa,padh tapian e ke | CHST0
to N++ r&gion n@tmmewﬁu;hé(em | ngdulreelVﬁEEEm n24he BNgatet ézand al | owi ng
conduction t hrﬁf"gPera%al)'r nélgnrléx(:alseg anP Po ys:.laic %er}(;lrs?}fa\é%dt Lfrrnomor?:hOf the
first surface of the device by a layer of oxide 129,
overlays P-body 122, N well 120 and P~ epi layer 118.

The operation of device 110 shown in Fig. 2 is
10 as follows. In the forward direction (current conduction
from anode to cathode, i.e. upward in Fig. 2), thyristor
110 is triggered to the on-state by applying a positive
voltage to gate 128 with respect to cathode 126, while
simultaneously applying a sufficiently high voltage to
15 anode 112 or by photo (light) energy or by other well-
known methods used for triggering SCRs. Thyristor 110 is
kept in the on-state by maintaining a sufficient positive
‘'voltage on gate 128 with respect to cathode 126. The
positive voltage on gate 128 must be sufficient to cause
20 an inversion n-channel in Pt body 122, which connects N
well 120 to N** region 124, thereby keeping the MOSFET
in the ON-state and allowing conduction through the
inverted channel and a regenerative turn-on of the
thyristor. Thus, thyristor current in the forward mode
25 flows from anode 112 to cathode 126 through the PNPN
thyristor formed by P*+ backside diffusion 116, N base
layer 114, P” substrate 118, N well 120 and in series
through the conductive MOSFET formed by N well 120, PF
body 122 and Nt* region 124.

™
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thyristor. Thus, thyristor current in.the forward -node 25 fl.ows from
anode 112 to cathode 126 through -the PNPN thyristor farnmed by Plerr]

backsi de d1ffu5|on 116; N base layer 114, P[err] substrate 118, N well 120
and in series through t he conduct.ive MOSFET formed by N well 120, P[err]
body 122 and N++ region 124. - 14 - To turn off the device, a sufficient
negative voltage is applied to gate 128 with respect to cathode 126 causes
N well 120 to be inverted to connect P[err] substrate layer 118 to the
ground potential of cathode 5 126, thus diverting the regenerative
charge flow, and turning thyristor 110 off. The forward bl ocking voltage is
supported by the Plerr] substrate |aygy 118 and N base |ayer 114 pl ane-
parallel junction and is determned mainly by the doping 10 and

thi ckness of the P[err] substrate |ayer 118. Etch Contour Term nation or
Bevel Edge termnations simlar to those used for triacs can be used to
reduce the surface electric-field to inprove the breakdown voltage. See
B.J. Baliga, "Hi gh-voltage thexrhcerf cthe ndévide } echsuspliesichit negatie

1730175, ot onierags, LB EBPhEEE, £ 5% A9 it insdmace ¥ isandlh .

direction (cur?Adht causescli ¥ ellrb&ﬂcﬁbhbdelhtﬂﬁ@@mebo|¢anentMiWard in Fig.

V0l tage on gat ERIEAEENLPRER ok S, BOCHRN HESURR PATE A 1% SR e on

gate 1285nust Bd6suthisi ddvertinguthe aréyenerat ive rcharge tiow) ammnecting

the Plerr] turning thyristor 110 off.

The forward blocking voltaqe is supported by
the P substrate layer 118 and N base layer 114 plane-
parallel junction and is deﬁermined mainly by the doping

10 and thickness of the P" substrate layer 118. Etch

Contour Termination or Bevel Edge terminations similar to
those used for triacs can be used to reduce the surface
electric-field to improve the breakdown voltage. See
B.J. Baliga, "High-voltage device termination technigques

15 ~ A comparative review", Proceedings of IEE, Vol. 129,
Pt. 1, No. 5, pp. 173-179, October 1982, 1ncorporated by
reference herein.

In the reverse direction (current conduction

from cathode to anode, i.e. downward in Fig. 2),

20 thyristor 110 is turned on by the application of a
negative voltage on gate 128 with respect to cathode 126.
The negative voltage on gate 128 must be sufficient to~
cause a P-type inversion channel connecting the P~
substrate layer 118 to pt body region 122. This

25 connects the P° layer 118 to high potential, causing the
N layer 114 to P” layer 118 to become forward-biased,
causing injection of carriers, which causes thyristor 110
to turn on regeneratively. After thyristor 110 has been
triggered to the reverse conduction mode, the voltage on

30 gate 128 tan be reduced to the potential of cathode 126.

=
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substiate layer -118 to P[err] body region 122. This 25 connects the .
Pl:err] layer 118 to high potential, causing the N layer 114 to P[err] |ayer
118 to becone forward-biased, causing injection of carriers, which causes
“thyristor 110 to turn on regeneratively. After thyristor 110 has been '
triggered to the reverse conduction node, the voltage on 30 gate 128
can be reduced to the potential of cathode 126. - 15 - Thyristor current
in the reverse node flows from cathode 126 to anode 112 through the PNPN
thyristor formed by P[err] body 122, N well 120, P[err] substrate 118, and
N base | ayer 114. Note that N err] region 124 and P++ backside 5

diffusion 116 are inactive in the reyﬁ?se conduction node. To turn off the
device in the reverse direction, a sufficient positive voltage is applied
to gate 128 with respect to cathode 126 to cause N well 120 10 to be
connected to the potential of cathode 126 through a N-type inversion
channel in P[err] body 122. This shorts the base, N well 120, of the PNP
transi stor to ThyréstorecurPehbdin1fRe rewerse hdde i Slaws Ifhfon ccathodef f .

The N wel |l 1204 ¢if LHSI esi st ig#gpf £ N type
I nver si on chan%gF %ﬁ Eﬁgtriré] i%%dg’qﬁg‘é&gg?’iﬁpﬁ‘i n%(&rrum cuer(% eﬁr#] hat
can be turned-bbfyi A22heNr weklsk20) rPtisubstrite n1a8gr andbNobaiseg lagetrage i s
supported by t Plegr]l substrate layer 1 and bl 120 jynction and is
det er ni ned by ?ﬁig'dogf’lﬁﬁ gﬁai:tﬁi ck Bt %Pﬂd\lﬁﬁst}’%gsjé e | ayer 118
and al sosby thaifeusiont 106 ateuthaceivéein fhétiederse heghduetiage device

term nation st pyghure can al so be used, for exanple, N-type doped floating
field- *

To turn off the device in the reverse
direction, a sufficient positive voltage is applied to
gate 128 with respect to cathode 126 to cause N well 120
10 to be connected to the potential of cathode 126 through a
N-type inversioq channel in P* body 122. This shorts
the base, N well 120, of the PNP transistor to the
emitter, P body 122, causing thyristor 110 to turn-off.
The N well 120 diffusion resistance and the resistance of
15 the N-type inversion channel in P body 122 determines

the maximum current that can be turned-off in the reverse
direction. The reverse blocking voltage is supported by
the P” substrate layer 118 and N well 120 junction and is
determined by the doping and thickness of P~ substrate

20 layer 118 and also by the termination structure used.
A stapdard high voltage device termination structure can
also be used, for example, N-type doped floating field-
rings and field plates. As discussed previously, Etch
Contour Termination or Bevel Edge Termination can

25 alternatively be used.

Fig. 3 shows the characteristics for the device
of Fig. 2, namely a plot of the voltage across the device
versus the current through the device for various gate
voltages. It will be seen that the device has the

3
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"rings’,and field plates. As discussed previously, Etch Contour Term nation
or. Bevel Edge Termination can 25 alternatively be used. Fig. 3 shows

t he characteristics for the device of Fig.. 2, nanely a plot of the voltage
across the device versus the current through t he device for various gate

" voltages. It will be seen that the device has the - 16 - bilateral
characteristics of a triac, and yet has gate- controlled turn-off
capability. Referring nowto Fig. 4, an alternate enbodi nent of the present
invention is illustrated in 5 cross-sectional form In the forward
direction, the device of this enbodi nent consists of a PNPN thyristor in
series wwth a n-channel MOSFET and; +méhe reverse direction, it consists
of a NPNP thyristor with MOS-gate control. Bidirectional thyristor 140

i ncludes a P-type 10 substrate 148 having a N base region 144 and a
P[err] backside diffusion region 146 di sposed therein. An anode 142 on the
bottom surface of the device covers both N- type base |ayer 144 and Plerr]
backsi de di f f uRtikptersl chanaskeristdce, of] mcdrine,uppdr Yotir hasegaterhe

device. 15 controlledlﬂhﬁﬁddﬁ¥3da pa®i1i4g.and Plerr] type llayer 146 are
formed by backside diffu s on a P—tépe substrate %i% osed within
Plerr] substrate layer 1 WELL-140, ANRLASEBATE the drain of

an njchannel Nﬁﬁﬂiﬂaﬂﬁénﬁ1aﬁnﬁhﬁﬂprddamtdamwﬁmmlaﬁ dSSQERhSdraﬁeﬂuﬁhher
C1igzlal(lpreferabl ré%,&atlve&d%a]g{ﬁ% ?E‘X:ihep ed Prd]t pe b gbgnan gﬁlzn
N-type well 15(91%qu¢1€°ﬂ i this sﬁntfcahmant cons15ts of a PNPN thyr:.stor in
series with a n-channel MOSFET and, in the reverse
direction, it consists of a NPNP thyristor with MOs-gate
control. Bidirectional thyristor 140 includes a P-type
10 substrate 148 having a N base region 144 and a P*+
backside diffusion region 146 disposed therein. An anode
142 on the hottom surface of the device covers both N-
type base layer 144 and P*1 backside diffusion 146. A
cathode 158 overlies the upper surface of the device.
15 An N-type layer 144 and P** type layer 146 are
formed by backside diffusions on a P-type substrate 148.
Disposed within P™ substrate layer 148 is an N-type well
150, which forms the drain of an n-channel MOSFET which
controls the device, as described in further detail
20 below. A pair of laterally spaced P-type body regions
152, 154_(preferably relatively highly doped, i.e. PY)
are disposed within N-type well 150 at the first surface
of the device. P* body region 154 forms the "channel"
- region of the n~channel MOSFET which is used to control

25 the device. A highly doped N*+ region 156 (forming the
source of the n-channel MOSFET) is disposed within P+
body 154.

A polysilicon insulated gate 160 is provided on
the first surface of the device in the form of a grid
30 (not shown) which includes a first section overlying NT+
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of the device. P[err] body region 154 forns the "channel" region of the

n- channel MOSFET .which is used to control 25 the device. A highly
doped N err] region 156 (form ng the source of the n-channel MOSFET) is

di sposed within P[err] body 154. A polysilicon insulated gate 160 is
provided on the first surface of the device in the formof a grid 30

(not shown) which includes a first section overlying N++- - 17 - region
156, P[err] body 154, N well 150 and P[err] body 152. A second section of
gate 160, electrically connected to the first section, overlies P[err] body
152, N well 150 and P[err] substrate 148. 5 The operation of
device 140 shown in Fig. 4 is as followg.~In the forward direction
(conduction fromanode to cathode, i.e. upward in Fig. 4), thyristor 140
operates in the sanme manner as the single-gate enbodi nent of Fig. 2. Thus,
as in the enbodi nent of Fig. 2, the 10 device is triggered to the
on-state by applying a positive voltage to gate 160 with respect to cathode
158, while sinUFQQ#ankﬁ@.dﬁﬁlybﬂg assufﬁiwekhtlsﬂrﬂ@#IE%Ibagﬁ t62anole 142
or applying ph ' r i r d sed
for triggering %ﬁéﬁd%étf&hﬁlﬁ%é?ﬁ%% {%‘%&?“’.an héag‘%%éag?t@t&%y%hg

mai nt ai ni ng a sEE¥stiWEetinri (overliss R bodyals2 10D welh }3@prrd BO

cat hode 158 to [ rsion n-channel in Plerr] body 154. Turning on
t hi s n-channel ﬁfﬁiﬁﬁgg%ngégis N well 150 to Nlerr] region 156, and permts
conducti o? through 20 The coperation Bk drwiiase 140 Ehewry ings Rig.gderdsd to

the on- as follows. In the forward direction (conduction from
anode to cathode, i.e. upward in Fig. 4), thyristor 140
operates in the same manner as the single-gate embodiment
of Fig. 2. Thus, as in the embodiment of Fig. 2, the

10 device is triggered to the on-state by applying a
positive voltage to gate 160 with respect to cathode 158,
while simultaneously applying a sufficiently high voltage
to anode 142 or applying photo (light) energy or applying
other well known methods used for triggering SCRs.

15 Thyristor 140 is kept in the on-state by maintaiﬁing a
sufficient positive voltage on gate 160 with respect to
cathode 158 to cause an inversion n-channel in P¥ body
154. Turning on this n~-channel MOSFET cénnects N well
150 to N**+ region 156, and permits conduction through

20 the device.

The device of Fig. 4 is triggered to the on-
state in the reverse mode by applying a sufficient
negative voltage to gate 160 with respect to cathode 158,
while simultaneously applying a negative voltage to anode

25 142, The negative voltage on gate 160 causes an
inversion p-channel in N well 150, which connects P~
substrate 148 to Pt body 152, which forward biases
N-base/P" substrate junction to latch (turn-on) the
thyristor. The device operates essentially as an MCT in

30 the reverse direction with current flow from cathode to
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state in the reverse node by applying a sufficient negative voltage to gate
160 with respect to.cathode 158, while sinultaneously applying a negative
voltage to anode 25 -142. The negative voltage on gate 160 causes an

i nversion p-channel in N well 150, which connects P[err] substrate 148 to
Plerr] body 152, which forward biases N-base/P[err] substrate junction to
latch (turn-on) the thyristor. The device operates essentially as an MCT in
30 the reverse direction with current flow from cathode to - 18 -
anode through P[err] region 152, N well 150, P substrate 148 and N base

| ayer 144. As in the enbodinment of Fig. 2, Nerr] region 156 and P[err]
backsi de diffusion 146 are inactive inighe reverse conduction node. Al so as
before, 5 the application of a sufficient positive voltage on gate 160
causes thyristor 140 to turn-off fromthe reverse conduction node. A
further enbodi nent of the present invention is illustrated in Fig. 5. This
enbodi nent is 10 structurally the sane as bidirectional thyristor 140
of Fig. 4, but amedecbmosugh Rbpregiandl82y r¥rwell o550 The's substrace 148

enmbodi nent of Fi , de. 182 vers, the er_surf.ace of deyj ce and
cat hode 184 covéex?dé l?h%g%%t %‘Fﬁ%uﬁ) ce %I}I(La{ﬂgee\ﬁn@eq W%% 5%%5‘%‘8\?"
positive with T regisredi5a andaPfolcbdeis el diffusionii4Giare!y
negative volta . ed. o, NS ted gate, 186, cur t f,l 0 rd in
thg forward di?g%€§g%¢ r%%1%%%d§¥&§§¥%%ﬁ35¥ngﬁfgh3ﬁ£%Férgygﬁgﬁﬁ%ﬁgﬁéfe'
through t%e n-chhmnapplieaion nof\=rsyf fixiento ositl venrwmidiage ot lgata?,
Nlerr] substr at 263 9dauBedOthyrifese |40 1AfANEN gl taskalviggll ffusion

198. In the
conduction mode.
A further embodiment of the present invention

is illustrated in Fig. 5. This embodiment is

10 structurally the same as bidirectional thyristor 140 of
Fig. 4, but with opposite doping and current flow. Thus,
in the embodiment of Fig. 5, anode 182 covers the upper
surface of the device and cathodg 184 covers the bottom
surface of the device. With anode 182 positive with

15 respect to cathode 184 and with a sufficiently negative
voltage applied to insulated gate 186, current flows
downward in the forward direction from anode to cathode
through P** region 188, through the n-channel formed in
Nt body 190, and through P well 192, N substrate 194, P

20 base layer 196 and N¥* backside diffusion 198. In the
reverse direction, with anode 182 negative with respect
to cathode 184, and with a sufficiently positive voltage
applied to insulated gate 186 to invert P well 192,
current flows from cathode to anode through P base layer

25 196, N” substrate 194, P well 192, and N body 191.

Figs. 6 and 7 shows cross-sectional views of

embodiments which are structurally similar to those of
Figs. 4 and S, respectively, but further include a deep,
highly doped portion in the well region. The N well 150

30 of Fig. 6 includes deep N* portion 151, and P well 192
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reverse direction, with anode 182 negative with respect to cathode 184, and
with'a suff|C|entIy positive voltage appli-ed to insulated gate 186 to
invert P well 192, current flows fromcathode to anode through P base |ayer
25 196, N[err] substrate 194, P well 192, ‘and N+ body 191. Figs. 6 and
7 shows cross-sectional views of enbodinents which are structurally simlar
to those of Figs. 4 and 5, respectively, but further include a deep, highly
doped portion in the well region. The N well 150 30 of Fig. 6 includes
deep N err] portion 151, and P well 192 - 19 - of Fig. 7 includes deep
Pl[err] portion 193. The devices shown in Figs. 4 and 5 are easily
fabricated. The devices shown in Figs.1% -and 7 require an extra diffusion
for the deep portions of the wells, but advantageously 5 have better
on-state current conduction characteristics in the forward direction
because of increased emtter- injection efficiency of the top transistor.
Figs. 8 and 9 show cross-sectional V|em§_of enbodi nents which are

structural Iy si9h Fd9-tJ dfedadss deep P ripprtiomddls, Tospeevigesy, except
that the cathodgdiRi aln GAYACl LAg! Igeagkegh%lggdggagggbgge&& ipfle’ €Moved in

Fig. 8 and the anode netal” contact to region 191 i's renoved in
Fig. 9. The defevdcesfhewn in Figsg §nand advaﬁpageoagl ¢xEE3cdbfifysion

current satur atﬁcﬁ:ﬂ tlﬁa deep pradloRls oiti ¢hel ﬂeb.QBb hhe E&ﬁ&ﬁtﬂgéﬂdsl?Ver se
directions. q eV|c s .shown in Fi

i ave, pa Ltic
Chyr i stom in Smiten HOTRBE FyPBUGLAgN ShATERtRELFLIBE  p
substrate 148 -:.ri\l ﬂimefcnsgnm difecridn\becans£90f inEBreakedléfittéferr |

substrate injection efficiency of the top transistor.
Figs. 8 and 9 show cross-sectional views of
embodiments which are structurally similar to those of
10 Figs. 6 and 7, respectively, except that the cathode
metal contact to the P' body region 152 is removed in

Fig. 8 and the anode metal contact to the Nt body region

191 is removed in Fig. 9. The devices shown in Figs. 8
and 9 advantageously have on-state current saturation

15 characteristics in both the forward and reverse
directions. 'However, the devices shown in Figs. 8 and 9
have parasitic thyristors in the reverse direction formed
by P body 154 - N well 150 - P~ substrate 148 ~ N base
region 144 and N body 190"t - P well 192 - N substrate

20 194 - P region 196, respectively. The deep, highly
doped portion in the well region helps to suppress latch-
up of the parasitic thyristor in the reverse direction,
while also helping to increase the emitter-injection
efficiency of the top transistor.

25 The devices shown in Figs. 6 and 7 require an
extra diffusion for the deep portions of the wells to
have increased emitter-injection efficiency and lower on-
state voltage drop in the forward direction. Ancther
embodiment shown in Figs. 10 and 11 achieves increased

30 ° emitter-injection efficiency and lower on-state voltage



200, 194 - P region 196, respectively. The deep, highly doped portion-
iR the well region helps to suppress. latch- up of the parasitic thyrlstor
in the reverse direction, while also helping to increase the
emtter-injection efficiency of the top transistor. 25 The
devices shown in Figs. 6 and 7 require an extra diffusion for the deep
portions of the wells to have increased emtter-injection efficiency and

| ower on- state voltage drop in the forward direction. Another enbodi nent
shown in Figs. 10 and 11 achi eves increased 30 emtter-injection
efficiency and | ower on-state voltage - 20 - drop without use of an
extra diffusion for the deep portions gp the wells. The devise shown in
Fig. 10 has a N++ |l ayer 253 on P[err] substrate 248. The N err] |ayer 253
can be forned in the sane process steps when the N++ 5 source region
256 is fabricated. The device shown in Fig. 11 has a Plerr] |ayer 295

whi ch can be fornmed in the sanme process steps when the Pl[err] region 288 is
fabricated. Thed®BPRi vithowharse hgf jan cextofa tdicf fwsdsamtfol) the dempention i s

preferably provyéeeléﬁ'saoéet&e'xgéliépo"ﬁ@’ AVidesH Rt e ﬂgs fl%s‘?;%sa%d

clainmed in (25, herein incorporated, erence

Figs. 2 and 4- 1 shgxﬁyfq'naﬂf’{j @} P oPURSEFRAESAAR nefthe AT uI I aﬁfﬁF‘-’t 2881 in
each case is obkahngd Byrmedli 19 &é"%éﬂéaﬂf&ﬁ%é)fsée%s whdr & et Ul e on

the left- hand side. Thus, for exa unit “cell e enbodlnent
of Fig. 25is sh®omree 1F¢§1011225¢h1as|fmc=aﬁed-s iThe elesritasd showrhen

preferred embodpight1Pynas 0N BFHY 1ayedr 995 WiIEh hnt BeSRobibh YA tne
same process steps when the p+™ region 288 is
fabricated.

The bidirectional thyristor of the present

10 invention is preferably provided in a cellular topology
similar to that disclosed and claimed in U.S. Patent No.
5,008,725, herein incorporated by reference. Figs. 2 and
4-11 show a half cell of each embodiment. A full unit
cell in each case is obtained by adding a mirror image of

15 the structure on the left-hand side. Thus, for example,
a full unit cell of the embodiment of Fig. 2 is shown in
Fig. 12. The invention is implemented in the preferred
embodiment by providing a large number of these full unit
cells in a polygonal shape and in a parallel-connection

20 on a single chip with a termination structure similar to
‘the power MOSFET design shown in U.S. Patent No.
5,008,725. Thus, gate 128 comprises a polysilicon gria
which overlays the channel regions of adjacent cells and
the "common conduction region" therebetween.

25 Fig. 13 shows alternative configuration of the
cell of Fig. 12 in which each of the body regions
includes a relatively deep P* body region 123 similar to
the power MOSFET design shown in U.S. Patent No.
4,642,666. Fig. 14 shows an embodiment which is

30 structurally the same as cellular design of Fig. 13, but
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~cells in a polygonal shape and in a parallel-connection 20 on a single
chip with .a termnation structure simlar to the power MOSFET design shown
~in:U. S Patent No. 5,008,725. Thus, gate 128 conprises a polysilicon grid
whi ch'overlays the channel regions of adjacent cells and.the "conmon :
. conduction region" therebetween. 25 Fig. 13 shows alternative
~configuration of the cell of Fig. 12 in which each of the body regions
includes a relatively deep P[err] body region 123 simlar to the power
MOSFET design shown in U S. Patent No. 4,642,666. Fig. 14 shows an
enbodi nent which is 30 structurally the sane as cellul ar design of Fig.
13, but - 21 - with opposite dopingpnd current flow, and which includes
a relatively deep N+ body region 223. A conparison of Figs. 13 and 14 with
t he power MOSFET cell cross-section shown in the '666 and ' 725 patents wil|
reveal that the 5 " present invention is simlar except that: 1) the
lightly doped drift layer (identified by reference nunerals 118, 218 in
Figs. 13 and l14ittesppdsite Hopihng heidoceztenti fiewt,i andi shiehnmtdctbdes

o} the 10 S peigbively W W0 B WG 44 of meeREL A
reference nunerflgs.1A3 ahd 14 Jitls the potretOMosFETeckllckypsehisebtion
backe de_a 11 ity UG SBY A, B pRE R e HATT, FRVDTEHAE Be
15 ard 14, presenh iinseption gs smilaxs exceptt shasd cidstheecdigbhiy
view of the prejsgde @it YWaerr Ylldeitidied" vy rePerbneetiumerals 118,
218 in Figs. 13 and 14, respectively) of the present
invention is formed of an opposite conductivity type
material as compared to that of a power MOSFET; 2) the
10 present invention includes a well region (identified by
reference numerals 120, 220 in Figs. 9 and 10,
respectively) which encompasses the base region; and 3)
the present invention includes a backside diffusion
(identified by reference numerals 116, 216 in Figs. 13
15 and 14, respectively).

Fig. 15 shows an extended cross-sectional view
of the preferred cellular configuration of the present
invention with the conductivity polarity of Fig. 13,
wherein like elements are indicated with like reference

20 numerals. A basic unit cell cluster cross-section of the
present invention, which is repeated over the surface of
the wafer, is identified by reference numeral 130. The
top view of two possible cell clusters is shown in Fig.
16 and Fig. 17. As shown in Fig. 15, a N** diffusion

25 132 may be provided in P" substrate layer 118 between
adjacent N well regions 120. The N** diffusion 132 is
optional and serves to increase the emitter-injection
efficiency of the NPN transistor in the forward
conduction mode. An alternative option (not shown) is to

i
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i nvention with the conductivity polarity of Fig. 13, wherein like elenents
atre indicated with like reference 20 - nunerals. A basic unit cell
cluster cross-section of the present invention, which is repeated over the
surface of ‘'the wafer, is identified by reference nuneral 130. The top . .view
of two possible cell clusters is shown in Fig. 16 and Fig. 17. As shown in
Fig. 15, a N++ diffusion 25 132 may be provided in Plerr] substrate

| ayer 118 between adj acent N well regions 120. The N++ diffusion 132 is
optional and serves to increase the emtter-injection efficiency of the NPN
transistor in the forward conduction node. An alternative option (not

shown) is to - 22 - provide a buriegigN+& region in sone cell areas bel ow
P body 122. As shown in Fig. 15, a plurality of term nation rings are
provi ded at the edge of the sem conductor 5 wafer. Specifically, the

edge of the upper surface of the wafer is provided with a plurality of
N-type termination rings 134 for the reverse bl ocking junction, whereas the
edge of the botEW%@ﬁ f%c@l@fecllﬂa woeaion simrsamelzely tareaschrlaw Bdge
Term nati on 13q?é§y forward bl ocking junction. A layer of field
oxi de and LTO (lo tenperature oxide), identified by reference nuneral 138
is provided at the edge &S tshowppar Eigl Béut ampdanRdddy of teamigpsionThe

bi directional th¥dgStoHFe PriPEadd GeHnel 2dge I Is%x%&d@b%@rbe
provided [n a Iat ral condugc E ] on conflguratlon Thus, for exanpl e, F|g 18

shows a |3ateral % uct$QﬁF esloe 1of Ehe WPBeT, SYTRATE ©
the wafer is prov1ded w1th a plurality of N-type

termination rings 134 for the reverse blocking junction,
whereas the edge of'the bottom surface of the wafer is
provided with a Contour Edge Termination 136 for the

10 forward blocking junction. A layer of field oxide and
LTO (low temperature oxide), identified by reference
numeral 138 is provided at the edge on the upper and
bottom surfaces of the wafer.

The bidirectional thyristor of the present

15 invention can also be provided in a lateral conduction
configuration. Thus, for example, Fig. 18 shows a
lateral conduction configuration of the Fig. 5 embodiment
of the invention. In the forward direction (anode
positive with respect to cathode), with a sufficiently

20 negative voltage applied to insulated gate 310 with
respect to the anode to create a p-channel in N body 314,
current flows from anode 312 to cathode 319 through Pt
source 313, p-channel in N body 314, P well 316, across
N epi 318 and through P well 317 and Nt+ region 322.

25 - In the reverse direction (anode negative with respect to
cathode), with a sufficiently positive voltage applied to
gate 310 witn respect to the anode to create an n-channel
in P well 316, current flows from cathode 319 to anode
312 through P well 317, N epi 318, P well 316, and N

30 body 315, A P* region 324 is formed in P substrate 320
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of the invention. In the forward direction (anode positive with respect to
cathode), with a sufficiently 20 negative voltage applied to insulated
gate 310 with respect to the anode to create a p-channel in N body 314,
currert flows from anode 312 to cathode 319 through P[err] source 313,
p-channel in N body 314, P well 316, across Nerr] epi 318 and through P
wel |. 317 and N++ region 322. 25 In the reverse direction (anode
negative with respect to cathode), with a sufficiently positive voltage
applied to gate 310 with respect to the anode to create an n-channel in P
“well 316, current flows from cathode 319 to anode 312 through P well 317,
N err] epi 318, P well 316, and N 3& 23 -body 315 A.Plerr] region 324 is
formed in P substrate 320 - 23 - on the right side of the cell under

cat hode 319 to isolate the cell fromother cells on the chip. A second

| at eral conduction enbodi nent of the invention is shown in Fig. 19. This
enbodi nent is 5 simlar to that of Fig. 18, but includes trench

i sol ati on 330 o Fhecrightppdde] ofeghencell nnder50phh0¢%uﬁhﬁI?Oadapted for

power | C app! | Galolame Whe' eelC sbBK! behaE BU2isbén! £QLALEREL MO Ot her pover
and control devices on the same chi 20 shows an

enbodi nent of the |nventPoﬁeﬁ&PﬁnéagﬁﬁaéaﬁﬁnéﬁFEéPﬂr%mﬁgd%?ﬁPVe?ﬁ|EB?
conduct i on enbdsivetiion iE @hoﬁn bﬂtF§b$019DC|QH£§ aénboditenet &g MOS- gated

Lorverd v ect IR U a0 k! oeHEa LR, el FRaes Sk hof o5 Lok

surface of the 38 dn place IoflPd' heigrigors 32dednkr dim amtliculad1yAn
adapted for power IC applications where the thyristor
must be isolated from other power and control devices on
the same chip.

10 Fig. 20 shows an embodiment of the invention
having the same structure as the vertical conduction
embodiment of Fig. 4, but also includes an integrated
MOS~gated forward direction turn-on cell. The turn-on
cell consist of an N well 170 encompassing a P body 172

15 which extends downward from the upper surface of the
wafer, N well 170 being spaced from N well 150. An
auxiliary electrode 174 is provided on the upper surface
of the wafer and contacts P body 172. A second insulated
gate 176 is also provided on the upper surface of the

20 wafer, gate 176 overlying the portion of N well 150 which
extends to the upper surface of the wafer, the portion of

" substrate 148 which extends to the upper surface of.-
the wafer between the spaced N wells, the portion of the
N well 170 which extends to the upper surface of the

25 wafer and at least the edge of the portion of the P body

172 which extends to the upper surface of the wafer.
In the operation of the device of Fig. 20,
auxiliary electrode 174 is biased to a potential slightly
higher (e.g. 1 volt) than the potential of cathode 158.
. 30 This enag}es the thyristor to be triggered on in the
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auxi I'jary el ectrode 174 is provided on the upper surface of the wafer and
contacts P body 172. A second insul ated gate 176 is also provided on the -
upper surface-of the 20 waf er, gate 176 overlying the portion of N well -
150 whi ch -extends to the upper surface of the wafer, the portion of P[err]
substrate 148 whi.ch extends to the upper surface of the wafer between the
spaced N wells, the portion of the N well 170 which extends to the upper
surface of the 25 waf er and at | east the edge of the portion of the P
body 172 which extends to the upper surface of the wafer. In the operation
of the device of Fig. 20, auxiliary electrode 174 is biased to a potenti al
slightly higher (e.g. 1 volt) thantjmbpqlential of cathode 158. 30

This enables the thyristor to be triggered on in the - 24 - forward
direction (anode positive with respect to cathode) using MOS gate control
(nanely, by applying a sufficiently positive potential to gate 160 with
respect to cathode 158 to create an n-channel in P[err] body 154 and 5

by ﬁpgl yiln?3 a Sﬁﬁ‘ﬁw'a}jer&ilnedﬁﬁgﬁi(\agoaﬁt 96|biiéh}r%0w|§:.;%her%§§e#tt kol ﬁspect to
g?ésg- gectSi otnoo rtg??’t‘%)?éfsf&qa%@sﬁ:ﬁ%& E\P’Eté'ﬁ bl(?’ﬁﬂlle%&- é’?\?g\gﬁi’éﬂgt 8rn-on
in 10 the fawifhaletitlye tpomi tiveo potentialy tongalter @Speati thoresphete,
Pespect 1o anods OIS ed Breled 'R popnaBRRaoH pltl i Has |
enbodi nerfi s of WY gpplitirgnch Ehfificidditiyonegatilve yotentdalt kyr gater 196 15
Fig. 4). with respect to cathode 158 to create a p-channel in N
well 170.
Fig. 21 shows the cross-section of an
alternative structure enabling MOS-controlled turn-on in
10 the forward direction (anode positive with respect to
cathode, gate 160 positive with respect to cathode 158,
and gate 176 negative with respect to anode 142). This
structure has a lateral thyristor like the embodiments of
Figs. 18 and 19 in addition to the vertical thyristor of
15 Fig. 4).
Other structures are possible utilizing a
single polarity gate drive. For example, the structure
shown in Fig. 20 can be modified as shown in Fig. 22, in
which N well 170 is replaced with a pair of spaced N
20 wells 171, 173, a P body 175 being formed in N well 173
and a Nt region 177 being formed in N well 171. P body
175 and Ntt region 177 are electrically connected by a

floating metal strap 179 on the upper surface of the
_ semiconductor wafer.

25 In the operation of the device of Fig. 22,
auxiliary electrode 174 is biased to a potential slightly
higher (eg. 1 volt) than the potential of cathode 158.
This enables the thyristor to be triggered on in the
forward direction (anode positive with respect to

30 cathode) Jusing MOS gate control (namely, by applying a



Qt her, structures are possible utilizing a single polarity gate drive. For
‘exanpl e, the structure shown in Fig. 20 can-be nodified as shown in Fig.
22, in which Nwell 170 is replaced with a pair of spaced N 20 wel |'s
171, 173, a P body 175 being formed in N well 173 and a N++ region 177
being fornmed in Nwell 171. P body 175 and N++ region 177 are electrically
connected by a floating netal strap 179 on the upper surface of the

sem conductor wafer. 25 . In the operation of the device of
Fig. 22, auxiliary electrode 174 is biased to a potential slightly higher
(eg. 1 volt) than the potential of cathode 158. This enables the thyristor
to be triggered on in the forward dlre% on (anode positive with respect to
30 cat hode) using MOS gate control %Lanely, by applying a - 25 -
sufficiently positive potential to gate 160 with respect to cathode 158 to
create n-channels in Plerr] body 154 and P[err] region 148 between N well
173 and 171). This connects the Plerr] region 148 close to the potential of

the auxiliary 5suff1eh.éﬁ1tﬂ.9d oéiéu&hgseaﬂtﬁ :ﬁ %%ée iéé %%htf@snﬁ%@l

strap 179, thro ?ﬁggkerr [ egi on e nz channe
Plerr] region 1 FPSCI?QtﬁnG‘Qnﬁnn?%$oH@hPth§°ﬂ¥+1§égﬁ8ﬁ R77.
This forward bi &&qsiohhue[ Bé&eéﬁgkoﬁeifsiﬂavﬁh 17y | UNBR{QNcdfhédLs e

injection of 10 carriers tr|§§er|ng t yrlstor Q her structures

are possibl e, uFPR B PR R M4 %I?EI &he puxdddazvur e
shown in Big. zeleanrbaemaduf . eﬁraagﬁhpwaoap fw Liirohdh Whé méeg) N el |
170 and MOS gate 176 igg %Hgyed LD the

ough the N region 177, through the n-

channel in the P” region 148 between N wells 173 and 171,

through the N*t+ region 177. This forward biases the

P” region 148/N well 150 junction to cause injection of
10 carriers, triggering the thyristor.

Other structures are possible, utilizing a
current turn-on gate. For example, the structure shown
in Fig. 20 can be modified as shown in Fig. 23, in which
the N well 170 and MOS gate 176 are removed. In the

15 operation of the device of Fig. 23, auxiliary electrode
274 is used to inject current into the P~ substrate 148.

This supplies the base drive current for the upper NPN
transistor formed by N well 150, P~ substrate 148 and N
region 144, and enables the thyristor to be triggered on

20 in the forward direction (anode positive with respect to
cathode) using gate control (namely, MOS gate 160 -
sufficiently positive with respect to cathode 158 to
create an n-channel in P* body 154, and gate 274

injecting current into P~ substrate 148 to trigger the
25 thyristor on).

Although the present invention has been
described in relation to particular embodiments thereof,
many other variations and modifications and other uses
will becgme apparent to those skilled in the art. It is

30 preferred, therefore, that the present invention be
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15 . operatlon of the device of Fig. .23, auxiliary electrode 274 is used
to inject current into the Plerr] substrate 148. This supplies the base
drive current for the upper NPN transistor formed by N well 150, Plerr]
substrate 148 and N.region 144, and enables the thyristor to be triggered
on 20 in the forward dlrectlon (anode positive with respect to cathode)
using gate control (nanely, MOS gate 160 - sufficiently positive with
respect to cathode 158 to create an n-channel in P[err] body 154, and gate
274 injecting current into P[err] substrate 148 to trigger the 25

thyristor on). Al though the present invention has been described in
relation to particular enbodinents theggof, many other variations and

nodi fications and other uses will beco apparent to those skilled in the
art. It is 30 preferred, therefore, that the present invention be -
26 - limted not by the specific disclosure herein, but only by the
appended cl ai ns. -27- CLAIMS 1. A MOS gate controlled bidirectional

t hyri stor, (XNHﬂlmmﬂﬁﬁ nthﬁyﬂtﬁg r%QEﬁHﬁ%EﬁogﬁEﬁrh@keQﬂv'?gtfbhi& and
second spaced, ,§£Ieldﬁﬁa§3 urfaces, at |least a portion of the

t hi ckness of sai+d éﬁ@@ﬂﬁ% fromsaid first planar surface
conprising a relatively lightly
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doped supstrate of a first conductivity type for receiving junctions, at
|.east a portlon of the thickness of said wafer which extends from said oo
second surface conprising a base region af a second conductivity type which
I's opposite to'said first conductivity type; at |east one well region of
said second conductivity type forned in said relativelylightly doped
substrate and extending fromsaid first sen1conductor ce to a first
dept h beneath said first sem conductor surface; M HLHE Iﬁulon of
from

said first conductivity type forned in said well reg
said first sem conductor surface to a - second depth beneath said

sem conductor surface which is shallower than said first depth, said body
region being radially inwardly spaced gyong said first sem conductor
surface fromsaid well region thereby to define a first channel region
along said first sem conductor surface between said body region and said
relatively lightly doped substrate; at |east one source region of said
second conductivity type formed in said body region and extending from said
first sem conductor surface to a - 28 - third depth beneath said

sem conduct or syifaageg Which is shall ower than said second depth, said
source region being radially inwardly spaced along said first sem conductor
surface fromsaid well region thereby to define a second channel region
along said first sem conddet or AsMOS agateé etomtawldeddbsddirectiegabn and said

thyristor, comprising: .

a wafer of semiconductor material having first
and second spaced, parallel planar surfaces, at least a
portion of the thickness of said wafer which extends from
said first planar surface comprising a relatively lightly
doped substrate of a first conductivity type for
receiving junctions, at least a portion of the thickness
of said wafer which extends from said second surface
comprising a base region of a second conductivity type
which is opposite to said first conductivity type;

at least one well region of said second
conductivity type formed in said relatively lightly doped
substrate and extending from said first semiconductor
surface to a first depth beneath said first semiconductor
surface; '

at least one body region of said first
conductivity type formed in said well region and
extending from said first semiconductor surface to a -
second depth beneath said semiconductor surface which is
shallower than said first depth, said body region being
radially inwardly spaced along said first semiconductor
surface from said well region thereby to define a first
channel region along said first semiconductor surface
between said body region and said relatively lightly
doped substrate;

at least one source region of said second
conductivity type formed in said body region and
Egtending from said first semiconductor surface to a



“well “region; first electrode nmeans disposed on said first sem conductor
surface and connected to said body region and said source region; gate
“insulation |ayer means on said first surface disposed at Ieast on sald
channel- regi ons; gate el ectrode neans on said gate in

and overlying said channel regions; at |east one relativel do ed
region of said first conductivity type forned in said ﬂ u ‘uiﬂfond
conductivity type and extending fromsaid second senic and
second el ectrode neans di sposed on said second seni conduct or sur ace and
connected to said rel atively highly doped region of said first conductivity
type and to said base region. 2. The bidirectional thyristor of claiml1,
further conprising a second body regLo%gﬁ_said first conductivity type
formed in said well region, said second body region being spaced fromsaid
relatively lightly 5 doped substrate by a portion of said well region,
and said first el ectrode neans being connected to said second body region,
said first body region and said source region fornmed in said first body

region. - 29 thgrd Pepili densathosalidt Aeniconducifor: |sunfiate whicheis
conprising a secgrah hewkr r&m:p%aqh sekdnfi febtir NG i9bhirtet fealaﬁr med in
said well region, said s |1¥ wy r-egi on bel ng. spaced frqnlsal relatively
lightly 5 dobeing By érHéVtFBﬂ°%¢ aeng Faid E&Esn, wherein

semiconductor surface from said well region thereby to
define a second channel region along said first
semiconductor surface between said source region and said
well region;

first electrode means disposed on said first
semiconductor surface and connected to said body region
and said source region;

gate insulation layer means on said first
surface disposed at least on said channel regions;

gate electrode means on said gate insulation
layer means and overlying said channel regions;

at least one relatively highly doped region of
said first conductivity type formed in said base region
of second conductivity type and extending from said
second semiconductor surface; and

second electrode means disposed on said second
semiconductor surface and connected to said relatively
highly doped region of said first conductivity type and
to said base region. - -

2. The bidirectional thyristor of claim 1,
further comprising a second body region of said first
conductivity type formed in said well region, said second
body region being spaced from said relatively lightly

5 doped substrate by a portion of said well region, and
said first electrode means being connected to said second
body region, said first body region and said source
region formed in said first body region.
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said wel| region has a profile which includes a relatively deep, relatively
hi ghl'y doped portion, and wherein said first el ectrode nmeans i s connected
to-said first body region and said source region forned in said 10

- first body region. 4. The bidirectional thyristor of claim1, further

conprising a plurality of parallel-connected SynﬂEtri;ﬁLLi.9%§§9§§iLix”41r
of pol ygonal shape having the structure recited in cl wher

said first 5 el ectrode neans conprises a grid which

regi ons of adjacent cells. 5. The bidirectional thyrist oﬁm

wherein each of said cells includes a relatively highly ped dtffused
regi on spaced fromsaid well region and extending fromsaid first

sem conductor surface, said - 5 rel.gtively highly doped diffused region
bei ng di sposed between respective well “egi ons of adjacent cells. 6. The
bidirectional thyristor of claiml1, further conprising an integrated
MOS-gated turn-on cell conprising: a second well region of said second 5

conductivity type fornmed in said relatively lightly doped substrate and
ext endi ng fron1said first $enﬂmnmdﬁﬂiﬁéctlonaBOthyﬁﬂsﬁh&C@f gdadmsegond wel |

hortion of sai EEhdr POGRBHA IR B8Ry b6AY rEftor De, Sa18 BEsRHCT {1
conductivity typ€°E§F6ﬁH%1§X)ﬁXPQﬁﬁQimPﬂrén sahd (webh ctegiodyur sadd secemdn
sai d spaced wel | pbagi pegioR K&l Gpaedd FPGhOSad Sautifvelyt 16gRGUGt I Vity
5 doped substrate by a portion of said well region, wherein
said well region has a profile which includes a
relatively deep, relatively highly doped portion, and
wherein said first electrode means is connected to said

first body region and said source region formed in said
10 first body region.

4. The bidirectional thyristor of claim 1,
further comprising a plurality of parallel-connected
symmetrically disposed cells of polygonal shape having
the structure recited in claim 1, and wherein said first

5 electrode means comprises a grid which overlays the body
regions of adjacent cells.

5. The bidirectiocnal thyristor of claim 4,
wherein each of said cells includes a relatively highly
doped diffused region spaced from said well region and
extending from said first semiconductor surface, said -

5 relatively highly doped diffused region being disposed
between respective well regions of adjacent cells.

6. The bidirectional thyristor of claim 1,
further comprising an integrated MOS-gated turn-on cell
comprising:

a second well region of said second

5 conductivity type formed in said relatively lightly doped
substrate and extending from said first semiconductor
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type  formed in said second well region, said second body region being
radrally i nwar dl y spaced al ong said first 15 sem conductor surface from
sai d second wel| region thereby to define a second channel regi on al ong
said first sem conductor surface in said second well region;
el ectrode neans di sposed on said first sem conductor surface and connected
to said second 20 body regi on; second gate msulﬂ‘“ﬂ“‘“ﬂﬁﬂ‘w
said first surface di sposed at | east on said second d on
said portion of said relatively lightly doped substrate of "a first
conductivity type extends up 25 to said first sem conductor surface
bet ween sai d spaced wel |l regions; second gate el ectrode neans on said gate
i nsul ation | ayer nmeans and overlying_ sggd second channel region and said
portion of said relatively lightly dope substrate of a first
conductivity type extends up to said first sem conductor surface between
said spaced well regions. 7. The bidirectional thyristor of claima1,
further conprising an integrated MOS-gated turn-on cell utilizing a single
polarity gate dr$wefammyprsiadidngecond-well -reyidmjbedngoiategadiyospaeed first

conductivity 5 epod yé?ﬁcf Qrtmigabﬂ SAb dw%ﬂ ar.té(?/edny shgﬂgrgﬁﬁtdgpegrﬁﬂgﬁtéﬁt €

second, third and Iourt regi ons sal d secon uct i
formed in said ridig |"\'%1Ia37:’-lved-ﬂft LygRBhE Aapasd isuhstrate oft énﬁ#ﬁﬁtf rom sai d
first sentoonducésnduatiivbas, typedestends wg!do rdicoF ikeitngemiconductor

surface between said spaced well regions;

a second body region of said first conductivity
type formed in said second well region, said second body
region being radially inwardly spaced along said first

15 semiconductor surface from said second well region
thereby to define a second channel region along said
first semiconductor surface in said second well region;

auxiliary electrode means disposed on said
first semiconductor surface and connected to said second

20 body region;

second gate insulation layer means on said
first surface disposed at least on said second channel
region and on said portion of said relatively lightly
doped substrate of a first conductivity type extends up

25 to said first semiconductor surface between said spaced
well regions;

second gate electrode means on said gate
insylation layer means and overlying said second channel
region and said portion of said relatively lightly doped

30 substrate of a first conductivity type extends up to said
first semiconductor surface between said spaced well
regions.

7. The bidirectional thyristor of claim 1,
further comprising an integrated MOS-gated turn-on cell
utilizing a single polarity gate drive comprising:

»
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10 -, laterally spaced fromsaid third well regi.on such that a portion of
said relatively lightly doped substrate of a first conductivity type
extends up to said first semiconductor surface between said spaced second
and third well regions and forms a second channel region 15 bet ween
sai d spaced second and third well regions, said.third well region being

laterally spaced from said fourth well region such that a portionmoef—sai-d
injector region contacts said relatively lightly doped st
conductivity type therebetween, said fourth well ﬁM’ ﬁ ,Iiﬂl m

| aterally spaced from said first wel | region such that a* OSIUIom 0
relatively lightly doped substrate of a first conduct|V|ty type extends up
to said first sem conductor surface betyeen said spaced first and fourth
wel | regions; 25 a second source region of said second

- conductivity type formed in said second well region; auxiliary el ectrode
means di sposed on said first sem conductor and connected to said second
source region; 30 a third source region of said second
conductivity type forned i nasainfjédtiich welglionegfosaid fintst cﬂndn@tdhipysed

O o i h, SeEpaAneUERSn PHTIAGE ANLI0RIGC1EGnt By SRiged a&&%%ce

regi on and i nj ec regl on
i nsul ation | ayer means on §ﬂ?ﬂn¢4rﬁhlﬁﬂJ@mdc§°§F§bogehlaE39¥Rﬂﬁ Q¥v§@1§ald

second channel regcond a8HdaeEDRIbEAydes!tRrheadenBal¢ Wl Adivelgat e
lightly doped substrate and extending from said first
semiconductor surface, said second well region being

10 laterally spaced from said third well region such that a
portion of said relatively lightly doped substrate of a
first conductivity type extends up to said first
semiconductor surface between said spaced second and
third well regions and forms a second channel region

15 between said spaced second and third well regions, said
third well region being laterally spaced from said fourth
well region such that a portion of said injector region
contacts said relatively lightly doped substrate of a
first conductivity type therebetween, said fourth well

20 region being laterally spaced from said first well region
such that a position of said relatively lightly doped
substrate of a first conductivity type extends up to said
first semiconductor surface between said spaced first and
fourth well regions;

-25 . a second source region of said second -
conductivity type formed in said second well region;

auxiliary electrode means disposed on said
first semiconductor and connected to said second source
region; '

30 a third source region of said second
conductivity type formed in said third well region;

a metal strap disposed on said first
semiconductor surface and connected to said third source
region and injector region;
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i nsul ation | ayer means and overlying said second channel. 40 region. 8.
A OS gate controlled bidirectional thyristor, conprising: a wafer of

sem conductor material having first and second spaced, parallel planar
surfaces, at least a 5 - portion of the thickness of said wafer which-

extends fromsaid first planar surface conprising a relatively |jaht

doped substrate of a first conductivity type for receiulmmmmuuﬁﬂj“mt.

| east a portion of the thickness of said wafer which e n

second surface 10 conprising a base region of a second conductivity
type which is opposite to said first conductivity type; a first well region
of said second conductivity type fornmed in said relatively lightly doped
substrate and extending fromsaid firstqgem conductor surface to a 15

first depth beneath said first sem conductor surface; at |east one body
region of said first conductivity type forned in said first well region and
extending fromsaid first sem conductor surface to a second depth beneath
sai d sem conductor surface which is 20 shal  ower than said first depth,
sai d body ¥%egi on bei ng radfesend igatke dinpudphien hayek means fqn said

sem conductor surfigee EhPpaséei disfided @ QBakbcsoby é@idlaiddthd dhantlel
channel region along said first sem conductor surface - 33 - between
sai d body regionrfﬁg°§ai8n?elatively lightly 25 doped substrate; at

| east one source region of seconkd sEmeleatdodei meays tgpesdisd gate n sai d

body region and jhgylation layer means and overlying said second channel
40 region.

8. A MOS gate controlled bidirectional
thyristor, comprising:
a wafer of semiconductor material having first
and second'spaced, parallel planar surfaces, at least a
5 portion of the thickness of said wafer which extends from
said first planar surface comprising a relatively lightly
doped substrate of a first conductivity type for
receiving junctions, at least a portion of the thickness
of said wafer which extends from said second surface
10 comprising a base region of a second conductivity type
which is opposite to said first conductivity type;
a first well region of said second conductivity
type formed in said relatively lightly doped substrate
and extending from said first semiconductor surface to a
15 first depth beneath said first semiconductor surface;.-
at least one body region of said first
conductivity type formed in said first well region and
extending from said first semiconductor surface to a
second depth beneath said semiconductor surface which is
20 shallower than said first depth, said body region being
radially inwardly spaced along said first semiconductor
surface from said well region thereby to define a first
channel region along said first semiconductor surface

°\
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extending fromsaid first sem conductor surface to a third depth beneath
sai'd seni conductor surface which is 30 shal | ower than said second
depth sai d source region being radially inwardly spaced along said first
sem conductor surface fromsaid first well region thereby to define a
second channel region along said first sem conduct or sur ﬂﬂﬂmﬂ&m&wtﬁ n
source region and said 35 first well region; first el u

di sposed on said first seniconductor surface and connected to sai d* bddy *
region and said source region; gate insulation |ayer neans on said first 40
surface disposed at | east on said channel region and on said first well

regi on; gate electrode neans on said gate insulation |ayer nmeans and
overlying said channel region and sakdsgell region; 45 a
second well region of said second conductivity type extending from said
first surface of said wafer, said second well region being |laterally spaced
fromsaid first well region; at |least one relatively highly doped region of

50 said first conductivity type fornmed within said second well region;
and second el ectief¥eeRegaid dPgﬁﬁs¥EH¥ﬁPsﬁﬂ@jqqlﬁsFe§éﬁi86ﬁﬂu%%%ﬁ Xrface and
connect ed28 o saidbped aubsekite; - 34 - highly doped region of said first

conductivity type and 55 ,¢ LQséa$£L%§§8Q9 Wi 090014 sdféna

bidirectional thyristor oft }
conduct1v1ty type formed in said body region and
extending from said first semiconductor surface to a
third depth beneath said semiconductor surface which is

30 shallower than said second depth, said source region

being radially inwardly spaced along said first
semiconductor surface from said first well region thereby
to define a second channel region along said first

semiconductor surface between said source region and said
35 first well region;

first electrode means disposed on said first
semiconductor surface and connected to said body region
and said source region;

gate insulation layer means on said first

40 surface disposed at least on said channel region and on

said first well region;

gate electrode means on said gate insulation
layer means and overlying said channel region and said
well region;

45 a second well region of said second -
conduct1v1ty type extending from said first surface of
said wafer, said second well region being laterally
spaced from said first well region;

at least one relatively highly doped region of

50 said first conductivity type formed within said second

well region; and
second electrode means disposed on said flrst
semiconductor surface and connected to said relatively

»
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further .conprising a second body regi-on of said first conductivity type
formed in said first well region, said second body region being spaced from
saird relatively 5 Ilghtly doped substrate by a portion of said first
wel | region, and said first el ectrode nmeans bei ng connected—+toe—saidsecond

body region, said first body region and said source re L on |d
first body region. 10. The bidirectional thyristor of M‘@Lﬁﬂ “‘1“3
conprising a second body region of said first conducti mne

said first well region, said second body regi on being spaced fromsaid
relatively 5 lightly doped epitaxially deposited region by a portion of
said first well region, and said first electrode nmeans being connected to
said first body region and said source §g£gion fornmed in said first body
region, and wherein said well region has a profile which includes a
relatively 10 deep, relatively highly doped portion di sposed bel ow t he

said first body region.
highly doped region of said first conductivity type and
55 to said second well region.

9. The bidirectional thyristor of claim 8,
further comprising a second body region of said first
conductivity type formed in said first well region, said
second body region being spaced from said relatively

5 lightly doped substrate by a portion of said first well
region, and said first electrode means being connected to
said second body region, said first body region and said
source region formed in said first body region.

10. The bidirectional thyristor of claim 8,
further comprising a second body region of said first
conductivity type formed in said first well region, said
second body region being spaced from said relatively

5 lightly doped epitaxially deposited region by a portion
of said first well region, and said first electrode means
being connected to said first body region and said source
region formed in said first body region, and wherein said
well region has a profile which includes a relatively

10 deep, relatively highly doped portion disposed below the
said first body region.

» AMDT\DC11788



