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MOS-; CCNTESLLEQ’THYRISTOR W TH CURRENT SATURATI ON CHARACTERI STI CS BACKGROUND
=f¥E IMNVENTI.ON 1. Field of Invention: 5 The present, ".' L

invéntion relates to a MOS- controlled,thyristor and nore: part|cu1arly

a MOS- controlled thyristor with current saturatlon characterlstics

wi t hout any parasitic-thyristor structure. 10 2. DESCLLpPrU of the

Rel ated Art: Power sem conductor structures that conbine bipolar conducting .

mechani sms Wi th a MOS control are well known. The lnsulate%{gqu bi pol ar
transistor (1GBT) is- ' . .
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MOS-CONTROLLED THYRISTOR
S TIO CT STICS
BACKG D O]
1. Field of Invention: _
5 S ‘The present invention relates to a MOS-

controlled thyrlstor and more particularly, to a MOS-
controlled thyrlstor-w1th current saturation
characteristics and without any'parasitic thyristor
structure. H '

10 = 2. Description of t e Related Ar
Power semlconductor structures that comblne
bipolar conducting mechanisms w1th a MOS control are well
 known. The insulated gate bipolar transistor (IGBT) is
an exampie'of such a device, in which the base current of
15 a bipolar structure is controlled via an integrated
MOSFET. The IGBT is'best suited for high-voltage power
electronic applications with blocking'voltages in the
- range of 600 volts. IGBTs capable of handling hlgher
. voltages have a hlgher on-state voltage drop, which is
20 disadvantageous._ Since a lower on-state voltage drop is
' - achievable by carrylng the on-state current through a
thyristor structure, MOS-gated thyristors have received
.considerable'ihterest for high current, high voltage
'appllcatlons. ' a
25 . - Two types of MOS-gated thyristors are the MOS—
. controlled thyrlstor (MCT) and the em1tter-sw1tched
'thyrlstor (EST) . In the MCT, as described in an article

__—______’_/____
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an exampl e of such a device, in which the base current of 15 a_bi pol ar...
structure is controlled via an integrated MOSFET. The | GBT & BEST SUIted
for “hi gh-vol tage power el ectronic appllcatlons Wi th bIockan voltages in-
the range of 600 volts.. | GBTs capabl e of handling higher v@lgﬂges Chavb g e
hi gher on-state voltage drop, which is 20 dlsadvantageuua Sl nce a

| oner on-state voltage drop is achievable by carrying the on-state current

t hrough a thyristor structure, MOS-gated thyristors have received

consi derabl e interest for high current, high voltage applications. 25

Two types of MOS-gated thyristors are the MOS- controlled thyrlstor (NCT)
and the emtter-swtched ' o= 2 -

- by V.A.K. Temple, IEEE International Electron Device
Meeting (IEDM) Technical Digest, San Francisco (December
1984), pp. 282-85, a cathode short circuit is switched
via a MOS gate.' However, the commercial development of
5 - the MCT has been limited because of complex fabrication
.requirements and current filamentation problems daring
turn-off, and because it does not have current saturation
characterlstlcs.
‘The EST, as shown in Fig. 1, basically consists
10 of a MOSFET in series with a thyristor, and is said to ba
. "emitter-switched." The EST lends itself to easier
fabrication than the MCT. While the EST exhibits current
saturation characteristics, it is, however, limited by an
inherent parasitic thyristor, shown in Fig. 1, which
15 bypasses the gate-controlled n-channel MOSFET.
' Accordingly, a need exists for an EST which has current
saturation characteristics, but is not limited by a
parasitic thyristor structure within the device.

SU Y OF T NVENTION

20 : The present invention overcomes the
disadvantages of the prior and'achieves the foregoing
objective by providing a MOs-controlled thyristor which,
in a first emhodiment comprlses a wafer of semiconductor
material hav1ng first and second spaced, parallel planar

25 surfaces. A relatively lightly doped N-type layer
extends from the first semiconductor surface, while a P--
type layer extends from the second semiconductor surface.

A P-type base is formed in the relatxvely

lightly doped N-type layer and extends from the first

30 - semiconductor surface to a first depth beneath the first
. e
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thyri stor (EST). In the MCT, as described in an article 2 by V.A K
Teﬁple, | EEE International Electron Device Meeting (IEDM . Technical -Di‘gest .
San®Franci sco (Decenber, 1984), pp. 282-85, a cathode shortycircuit i's - i
switched via a MOS gate. However, the conmercial" developnent 0?'5?“'*ithe_j
MCT has been |l'imted because of conplex fabrication requirenents-and
current filamentation problens during turn-off, and because it does not
have current saturation characteristics. ' - N

semiconductb: sufface. An N-type emitter region formed
in the P-type base extends from the first semiconductor
" surface to a second depth beneath the semiconductor
surface which is shallower than the firét-depth’to create
5 " an N-type emitter/P-type base_junction;'the N-type
emitter region being radially ihwardly spaced along the
first semiconductor surface along edges of the P-type
base, sﬁch that the edges of the P-type base extend to
the first semiconductor surface, thereby defining a first
10 ' channel regioﬁ along a first of the edges. A metal strap
is disposed on the first semiconductor surface and
connects the emitter region to the P-type base along a
second bf the edges. |
First and second P-type regions are formed in
15 -the relatively lighfly doped N-typellayer'and'extend from
the first surface of the wafer. The first and second P-
type regions are laterally spaced from the sécond and
first edges of the PQtype base, respectively, such that
the relatively lightly doped N-tYpe iayer which extends
'20_ to the first semiconductor surface therethrough forms
' second and third channel regions.
A first gate insulation layer is disposed on
the first Semiconductor surface and extends over at least
_ the second channel region. A first gate electrode is
25 disposed on the first gate insulation layer and overlies
the second channel region.

- A second gate insulation laYer is disposed on
the first semicondnctor surface and extends over at least
the first and third channel regions._'A second gate

30 - electrode is_diSposed on the second gate insulation layer
| ' means and overlies the first and third channel regions.
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The ES¥, as shown in Fig. 1, basically consists 10 - of a NCSFET I n
series - with a thyristor, and is said to be "emtter-swtched." The ESI.
‘lenfls itself to easier fabrication than the MCT. Wile the EST. i

i
e e e .

L 1,8 -
;ﬁlnherent_

current saturation characteristics, it is, however, |Iﬂ1ted by ~al
parasitic thyristor, shown in Fig.;l, mhich'15.. bypasse$xLh§===;;=:=::::==;.

gate-control l ed n-channel MOSFET. Accordingly, a need exists for an EST
which has current saturation characteristics, but is not limted by a -
parasitic thyristor structure within the device. SUMWARY OF THE | NVENTI ON

20 - The present invention overcones t he di sadvantages of the
prlor and achleves t he fore90|ng T =4 -

An anode electrode is connected to the P-type
layer disposed on the second semiconductor surface. A
cathode electrode is connected to the first and second P-
- type regions on the first semiconductor surface.

5 The Mos-controlled thyristor of the present
invention preferably further includes an N-type layer
disposed'between the P-type layer and the relatively
lightly doped N-type layer. The P-type layer and the N-
type emitter are preferably relatively highly doped.

10 o In the Mos-controlled thyristor of the first .«

'~ embodiment described above, the N-type emitter has a
'lateral length which creates a sufficient voltage drop in
the P—type'base to forward bias the'N-type emitter/P~type
base junction when the. thyristor is in an on-state, which

15 - is necessary for the thyristor to ‘latch on.

Consequently, the P-type base must be made relatively
long with light doping. An alternative embodiment
eliminates this requirement.

In the alternative embodiment, the first and

20 second P-type regions are adjacent to and laterally
spaced from one. another, and only the second P-type
region is adjacent to and laterally spaced from the P-
_type base region. A third P-type region is adjacent to
and laterally spaced from the P-type base region. The

25 metal strap in this embodiment connects the N-type
emitter to the second P-type base region. A first
insulated gate overlies_the channel region in the N-type
layer between“the'first and second;P-type regions, and a
second insulated'gate overlies the channel region in the

30 N-type layer between the second P-type region and the P~
type base. The second inSulated gate_a}sg_oyeriieg;tne
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obj ectéve by providing a MOS-controlled thyristor which, in a first

enbodi ment, conprises a wafer of sem conductor nmaterial havi.ng first and

second spaced, parallel planar 25 surfaces. ‘A relatively - I1ghtly doped

N-type layer extends fromthe first seniconductor surface, whil:@ 4 ‘P typed
| ayer extends fromthe second semi conductor surface. A P:type base is

formed in the relatively lightly doped N-type |ayer and extends fromthe

first 30 sem conductor surface to a first depth beneath the first 3

-5 =

channel region formed at the edge of the P-type base
between the N-type emitter and the relatively lightly
doped N-type layer. A third insulated gate overlies the
channel region in the N-type layer between the P-type
5 base and the third P-type region. The third insulated
gate also overlies the channel region formed at the |
second edge of the P-type base between the N-type emitter
and the relatively lightly doped N-type layer. The third
insulated gate is electrically connected to the second
- 10 insulated gate-or,_optiohally, the'second insulated gate
" can be left floating or be absent. The first and third
E-typé regions are contacted by the cathode metal on the
first semicohductor'surface. An anode electrode is
connected to the P-type layer disposed on the second
15 semiconductor surface.

As in the first embodiment, an N-type layer is
preferably disposed between the P-type layer and the -
,relatively lightly doped N-type layer.

The first, second and third P-type regions, .and

20 the P-type'base'are preferably relatively highly doped,
and the P-type layer and said N-type emitter are
preferably very highly doped. Optionally, a relatively
lightly doped P-type region may be p:ovided in the
"chanhel_tegidn between'the first and second P-type

25 regions to form a depletion p-channel MOSFET. Also
optionally, the third P-type region can be eliminated.

' 'Both the first and second embodiments of the
invention described above require . two gate and thus
result'in four terminal devices. In a third embodiment

= i



sem conductor surface. An N-type emitter region formed in the P-type base
extends fromthe first seniconductor surface to a second—depth beneath f_e
seni conductor surface which is shallower than the flr? depth to creare
an N-type emtter/P-type base junction, the N-type EHh ter teglnn d'
radially inwardly spaced along the first sem conductor~3urface along edges
of the P-type base, such that the edges of the P-type base extend to the
first sem conductor surface, thereby defining a first 10 channel region
along a first of the edges. A netal strap is disposed on the first -
"seni conduct or surface and connects the enmitter region to the P-type base

al ong a second of the edges. - g - :

In the third embodiment, a P-type well is
formed in the relatively lightly doped N-type layer and.
extends a first depth beneath the upper surface of the
wafer. An N-type well is formed within the P-type well,

5 the N-type well belng radially inwardly spaced along the
uppe: surface of the wafer from an edge of the P-type
well, thereby defining a first channel region disposed in
the P-type well. A ?-type base is formed in the N-type
well, the Potype;base being radially inwardly spaced

10 along the upper surface of the wafer from an edge of the
N-type weli;”thereby'defining a second channel region
disposed in the N-typé well;-”Finally, an N-type source
region is formed in the P-type base, the N-type source
region being radially inwardly spaced along the upper

15 - surface of the wafer from an edge of the P-type base,
thereby defining a third channel region disposed in the
P-type base. '

' A P-type region is formed in the relatively
lightly doped N-type layer, the P-type region being .

20 ° laterally spaced from the edge of the P-type well to
define a fourth channel region which is disposed in the
relatively 1ight1y doped N-type 1éyer between the P-type
reglon and the P-type well,

An insulated gate is disposed on the upper

25 - surface -of the wafer and overlies the first, second,
third and fourth channel regions. 'An anode electrode is -
connected to the P-type layer dispdsed on the bottom

.surfade of'thé wafer, while a cathode electrode is
connected to the P-type base; the N-type source and the

30 - P-type region on the upper surface of the wafer.
) T
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First and second P-type regions are fornmed in 15 ~ the relatlveJy L ght Ty

doped N-type layer and extend fromthe first surface of the wafes . The: o== i

t
first and second P- type regions are |laterally spaced fronﬂthe Setﬁﬂgggﬂgzzzﬂ

first edges of the P-type base, respectively, such that thé=

lightly doped N-type | ayer which extends 20 to the first sem conductor

surface therethrough forns second and third channel regions. A first gate .
‘insulation layer is disposed on the first sem conductor surface and extends
over at |east the second channel region. A first gate electrode is 25

di sposed on the flrst gate i nsul ation | ayer and overlies the second channel
regi on. . _ _ -7-

As in the first and second embodiments an N-
type layer is preferably disposed between the P-type
layer and the relatively llghtly doped N-type layer. The
P-type layer and the N-type source are preferably very

5 highly doped. The device of the third embodiment is |
preferably proVided'ih'a cellular geometry in which the
P-type well and the first P-type region each comprise
cells, the celis being preferably polygonal and disposed
side-byééide in a symmetric array and having a polygonal

10 shape with an overlying electrode grid. Optionally, the,
. P-type region and aSSociated'fourth channel region can be
eliminated.

In the fourth embodiment, the device is formed

_6f an array of clusters of cells. In this embodiment, a

15 P-type well is formed in the N-type layer and extends a
first depth beneath the upper surface of the wafer. An
N-type well is formed in a portion within the P-type
well, the N-type well being radially inwardly spaced
along the upper surface of the wafer from an edge of the

20 P-type well, thereby defining a first channel reglon
disposed in the P-type well. A P-type base is formed in
a portion within in the N-type well, the P-type base
beingfradially inﬁardly spaced along the upper surface of
the wafer from an edge of the N-type well, thereby

25 defining a second channel region disposed in the N-type

' well. An Nétype source region is formed in the P-type
base, the N-type source région'being_radially inwardly
spaced along the upper surface of the wafer from an edge
of the P-typé base, thereby defining a third channel

30 region'disposed in the P-type base. Finally, an N-type
emitter region is formed in a'portion_HEEEEB_EEE_E:EXPe

—_—
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A second gate insulation layer is disposed on the first sem.conduct-or.: -
surface and extends over at |east the first and third channal 4.eghonsy AT
second gate 30 el'ectrode is di sposed on the second gate,lnsulatlmnth
| ayer. means' and overlies the first and third channel reglonss_ =A-anode
el ectrode is connected to the P-type |ayer dlsposed on the second

~ sem conductor surface. A cathode electrode is connected to the flrst and

: second P- type reglons on the flrst sen1conductor sur f ace.

well, the N-type'emittet region being radially inwerdly
- spaced along the upper surface of the wafer from an edge
of the P-type base, thereby definlng a fourth channel
region disposed in the P-type well. :
5 - A P-type region is formed in the N-type layer,
the P-type region being laterally spaced from the edge of
the P-type well to define a fifth channel region which is
disposed in the N-type layer between the P-type region
and the P-tYpe_well. An insulated gate is disposed on
10 the dpper surface of the wafer and overlies the first,
' second, third; fourth and fifth channel regions. An
anode electrode is connected to the P-type layer disposed
“on the bottom surface of the wafer, while a cathode
electrode is connected to the P-type base, the N-type
15 source and the P-type region on the upper surface of the
wafer. o R
As in the first and second emhodiments, an N-
type layer is preferably disposed between the P-type
layer and the N-type layer. The P-type layer and the N-
20 type source and emitter are preferably very highly doped.
The fourth embodiment of the invention is
preferably_provided as an array of cells in which the P-
type well, N-type well, P-type base and N-type source
comprise a first oell, the N-type emitter disposed within
- 25 .the'P-type well comprises a second cell, and the P-type
region comprises a third cell, the cells being disposed
'slde-by—sxde in a symmetrlc array and hav1ng a polygonal
shape.
_AdVantegeously, all embodiments of the present
30 invention have current saturation characteristics without
any parasitio thyristor structure. Superlor turn-off and
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S
5 - The MOS-controlled thyristor of the present Lavenf?”h ‘”W
préferably further includes an N-type layer disposed between! bhe»P~typ§ 0 '
| ayer and the relatively lightly doped N-type layer. The P—type |&yEL aﬁd:"”"*
‘the N- type emtter are preferably rel atively highly doped. =
In-the MOS-controlled thyristor of the first enbodi nent described above,
the N-type emtter has a lateral length which creates a sufficient voltage
drop in the P-type base to forward bias the N-type enmtter/P-type base
junction when the thyristor. is in an on-state, which 15 I S necessary
for the thyristor to Latch on. Consequently, the P-type base nust be nade
“relatively long with |ight doplng Amr a|bernat|ve enbodi ment

a wider Safe-Ope:ating—Area afe-achieved by the pfesent
invention because all embodiments have the emitter/base
junotion reverse-biased during turn-off. Furthermore,
the junction patterns are easily fabricated.

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

BRI DESCRIPTI OF TH RAWINGS B - . .
10 ' Fig. 1is a cross-sectional view of a typical

prior art Emitter Switched Thyristor (EST).

_ Fig. 2 is a cross-sectional view of a first |

embodiment of the present invention.

Fig. 3 is a cross-sectlonal view of a second

15 embodiment of the present invention.

Fig. 4 is a cross-sectional view of a variation
of the embodiment of Fig. 3 w1thout a third P-type reglon
and without an associated thlrd gate.

~ Fig. 5 is a cross-sectional view of a variation
20 of the embodlment of Fiq. 3 using a depletion p-channel
- MOSFET.

-Fig. 6 is a cross-sectional view of a variation

of the emhodlment of Flg. 4 using a depletion p-channel

MOSFET.
25 Fig. 7 is a oross—sectional view of a third
| embodiment of the 1nventlon, which requires only a single
gate drive. '

Fiqs. 8A and 8B are top views showing two
dlfferent p0531b1e cellular layouts of the embodiment of
30 Fig. 7.
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elinnates this requirenent. In the alternative enbodi ment, the fikst- andf

- 20 second P-type regions are adjacent to and laterally s @Qed f.r.oM one
another, and only the second P-type region is adjacent to an \Iatera]lym-_ e
spaced fron1the P- type base region. A third P-type region |§Ladpae€ﬁf~fﬁ“””‘_“
and laterally spaced fromthe P-type base region. The 25 nmetal strap in
this enbodi ment connects the N-type emtter to the second P-type base

region. Afirst insulated gate overlies the channel region in.the N-type

| ayer between the first and second P-type regions, and a second i nsul at ed

gate overlies the channel region in the 30 N-type | ayer between the

‘second P-type region and the P- .= 10 - . '

'Figé. 9A is a cross-sectional view of the three
elements or cells which, when combined in a cluster, form
.a'fburth embodiment of the invention; Fig. 9B is a top
view of a unit bluSter of cells; Fig. 9C is a cross-

5  sectional view through section line 1-1 of Fig. 9B; Fig.
' 9D is a cross-sectional view through section line 2-2 of
Fig. 9B. ' '
DETAILED DESCRIPTION OF THE PREFERREQ MODIMENTS
10 A first embodiment of the MOS-controlled

thyristor of the present invention is shown in Fig. 2.
Mos-controlled thyrlstor 110 is a vertical conductlon
device.

An N-type layer 114 and a very highly doped

15 'P*"* region 116 are dlsposed on the underside of an N
layer 118. For lower voltage applications (<1200V),
layer 118'is:prefefably:epitaxially grown on an
N epi/Pt* substrate. For higher voltage applications
(>1206V), N- layer 118 is preferably the starting

20 substrate material and N layer 114 and P+* region 116
are backside diffusions. :

An anode electrode 112 on the bottom surface of
the dev1ce covers pt region 116. Anode electrode 112 is
coupled to an anode terminal A.

25 g ' "The layer thicknesses and concentrations depend

| on the device blocklng voltage. For 2,500 v device, the
doping density and thickness of N drift region are in
the rénge of 2 x 10" cm? and 500 pgm, respectively. The
doping density of P** region 116 is preferably greater

30 ‘than 5 x 10" cm®, with a thickneSS-greater than 1 pm.

| . This Sheet Has Been Refllaced
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‘type-base. The second insul ated gate al so overlies the 5 channel region
formed at the edge of the P-type base between the N-type emtter and t he
relatively lightly doped N-type layer. A third insulated gate -gverties” “fhr
channel region in the N-type | ayer between the P-type 5 basegiand 2
‘third P-type region. The third insulated gate al so overlies tihe channef::::=:~
"region forned at the second edge of the P-type base between thHe=Rtype

enmtter and the relatively lightly doped N-type |ayer. The.third

The doping denmsity of N layer 114 is preferably
approximately 5 x 107 cm3, with a thickness of
"approxlmately 7 pm. | h
Disposed within N° layer 118 is a P-type base

5 120, which also forms the source of the p-channel MOSFET

' of the device, as described in further detail below. An
N** emitter region 122 is disposed within P-base 120,
and is electrically shorted thereto by a floating metal

_ strap 124 (unconnected to any electrode of the device) on

10 - the upper surface of the device.- s

P-base_lzo is surrounded by P reqions.lzs, 128;

but is sepafated therefrom by relatively small regions of
N- layer 118 which extend to the surface of the wafer to
form respectxve channel reglons 130, 132.

15 A cathode electrode 134, coupled to a cathode
terminal K, makes ohmic contact to P regions 126 and 128.
A first insulated Qate 138, coupled to gate terminal Gy,
overlies channel region 130. A second insulated gate

. 140, coupled to gate terminal G;, overlies channel region

20 132 and; in addition, overlies the ‘portion of P base 120
between NT+ emitter region 122 and channel region 132 at
the upper surface_of the wafer. Gates 138, 140 are
preferably'comprised of polysilicon and are insulated
from ﬁhe'upper surface of the device by a layer of_oxide

25 (not shown in Fig. 2).

' ' The operation of dev1ce 110 shown in Fig. 2 is
as follows. In the on-state (with anode 112 at a '
ppsitive potentiel.with respect to cathode 134), the
voltage applied to gate 138 should be sufficiently

- i



i nsulrated gate is electrically connected to the second 10 i nsul at ed .
gate or, optionally, the second insulated gate can be left fl-vating or he
absent. The first and third P-type regions are contacted by:the- cathodé_
metal on the first sem conductor surface. An anode electrode is_ COﬂneCLEd
to the P-type | ayer disposed on the second 15 senm conductor surface. As
in the first enbodi nent, an N-type layer is preferably di sposed between the
P-type | ayer and the relatively lightly doped N-type layer. The first,

second and third P-type regions, and 20 the P-type base are preferably'
relatlvely hi ghly doped and the P-type | ayer and said N-type en1tter are
: - 12 -

p-channel MOSFET under gate 138, and the voltage applied
to gate 140 should be sufficiently positive to turn-on
the n-channel MOSFET (in P base 120) under gate 140.
"This triggers thyristor'llo to the on-state by creating a
5 conduction path from anode to cathode (upward in Fig. 2)
via P++'reglon 116, N layer 114, N layer 118, through
the n-channel in P base 120 at the surface of the wafer
(created by gate 140), across N** emitter 122, through
metal strap 124.to P base 120; through the p-channel
- 10 (created by gate 138) in channel region 130, and through'
' P region 126 to cathode 134.

The lateral length of N*+ emitter 122 is
designed to create a sufficient voltage drop so that part
of the Nt* emitter/P base Junctlon becomes forwarad

15 biased in the on-state to turn on the thyristor formed by
regions 122, 120, 118, 114, and 116, whereby the main
thyrietor current will bypass the n-channel under gate
140 and instead flow directly upward through the device
from P¥+ region 116 through layers 114, 118, and 120 to

20 N*+ emitter 122 and then through the floating metal

~ strap 124 to 120, then through p-channel MOSFET under
gate 138 and then through P region 126 to cathode 134.
- Since the p-channel MOSFET under gate 138 is in
series with the thyristor (116-114-118-120-122), the
25 current through the device is limited by the saturation
o current of the p-channel MOSFET under gate 138. Thus,
~ the device has current saturation characteristics. The
saturation current depends on the voltage applied to gate

— i




preferably very highly doped. Optionally, a relatively lightly doped P—type
region nay be provided in the channel region between the flrst and second

P-type 25 regions to forma depletlon p-channel MOSFET. Al so™ " :
~optionally,-the third P-type region can be elininated. Both the f|r§T‘and¢w~5
second enbodi nents of the invention described above reqU|rerim0 ‘gate and -

t hus result in four ternminal devices. In a third enbodi ment 30 of the
invention, only one gate is necessary. . 6 L
- 13 =

To turn-off the device, a zero or positive
potential with respect to the cathode is applied to gate
138 (to turn-off the MOSFET under gate 138), and a
sufficiently negative potential is applied to gate 140
5 with respect to cathode 134 (to turn-off the n-channel
MOSFET under gate 140 and turn-on the p-channel MOSFET
under gate 140, thereby coupling P base 120 to P region
128, which is in turn electrically connected to the
cathode. These respective potentials on gates 138, 140
10 are maintained in the forward blocking condition (anode .
~ at a positive”pqtential with respect to cathode). The
negative'potential on gate 140 results in a high
breakdown voltage for the device, because this keeps P
‘base 120 of the thyristor at a lower potent1a1 compared
15 to the N** emltter 122.

' It should be noted that, during the forward
blocking condition, the N*+ emitter/P base junction is
reverse biased. Supefior breakdown, turn-off
characteristics and a wider Safe Operating Area are

.20 achieved by the present invention because this is similar
to the case of the emitter-open turn off. In this
regard, see, e.g., B. Jackson and D. Chen, nEffects of
emitter-open switching on the turn-off characteristics of
high'voltage power transistors", Power Electronics

25 Speciz: t Conference, June 1980. - _

' The on-state voltage drop of the high-voltage
MOS-controlled thyristor of the present invention is the
sum of the voltage drop across the high voltage thyristor
(112-116-114-118f120_122) and the voltage drop across the
30 low voltage p-channel MOSFET (120-130-126-134) under gate
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In the-third enbodinment, a P-type well is forned in the relatively lightly
doped N-type | ayer and extends a first depth beneath the upper surface of
‘the-wafer. An N-type well is forned within the P-type mellr“5- e
N-type well being radially inwardly spaced al ong t he upper:sgt:face-of *I't
waf er froman edge of the P-type well, thereby defining a hlrst eantetl. . —
region disposed in the P-type well. A P-type base is forneéanﬁﬁﬁrﬂFtype
well, the P-type base being radially inwardly spaced 10 al ong the upper
surface of the wafer froman edge of the N-type well, thereby defining a
second channel region disposed in the NNtype well. Finally, an N—type

" source region is forned in the P-type bdse, the N-type source '

-

138. The voltage drop across the high voltage thyristor
does not increase much when the device is designed to
support higher breakdown voltage. In contrast, in an-
IGBT, the on-state voltage drop increases when the IGBT
5 is designed for higher breakdown voltages. This is
- because, in the IGBT, only the bottom part of the drift
region is conductivity modulated, while in a thyristor
" the entire drift region is conductivity modulated.
| Hence, advantageously,_the MOS~-controlled thyristor of
10 - the present invention has a_lower forward voltage'drop .
| than an IGBT for the same current for higher breakdown |
voltage (>1200 V) devices. ' '
' Additionally, advantageously, the present
invention requires no_ehort circuit protection because of
15 its on-state current saturation characteristics,
described previously. This is a major advantage compared
to a MCT. Also, advantageously, the present invention:
does not have any parasitic thyristor structure to
degrade performance. This is a major advantage compared
20 . to the prior-art EST.

Flnally, the present invention advantageously
has-lower turn-off losses as compared to a MCT. As
stated previously, in the device of the present-
invention, the P base is connected to ground potential

25 'through the lateral p-channel MOSFET, reverse biasing the
Nt+ emitter/P base junction. This inactivates the NPN
transistor-by'providing a reverse base drive, leading to
disruption of the thyristor action faster as compared to
a MCT and hence a faster decrease in current. The turn-

30 off time of the device of the present invention is thus

_—
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regi on being radially inwardly spaced al ong the upper.15 surface—ei‘r €. i
wafer froman edge of the P-type base, thereby defining a rﬁ?Td Qhanne1 :

region disposed in the P-type base. A P-type region is foried i n. thes i3
relatively lightly doped N-type |layer, the P-type region beLng—%Q—-f*'-

lateral |y spaced fromthe edge of the P-type well to definea fourth _
channel region which is di sposed in the relatively lightly doped N-type

| ayer between the P-type region and the P-type well. An insulated gate i's
di sposed on the upper 25 ‘surface of .the wafer and overlies the first,
second, third and fourth channel r.egions. An anode electrode is

-15-

close tb'thét of an IGBT (which has approximately an
open-base PNP trans1stor turn-off time)
| The embodiment of the present invention
described above and shown in Fig. 2 relies upon the
5 lateral voltage drop along P base 120 to forwardfbias the
NPN transistor to latch the thyristor. Consequently, P -
base 120 must be made relatively long with light doping.
An alternative émbodiment, shown in Fig. 3, eliminates
this requirement. -
10 . As in Fig. 2, the MOS-controlled thyristor 210.
of Fig. 3 is a vertical conduction device with an N layer
214 and a very highly doped P** region 216 disposed on
the underside_bf'an N- layer 218. An anode 212 on the
. bottom surface of the device covers P*+ region 216. The
15 iayerlthicknesses and concentrations depend on the device
blocking voltage and are the same as the device of
Fig. 2. | o | |
_ Disposed within N layer 218 are: 1) a P base
_ 221; 2) a Pt region 219 which forms the source of the p-
- 20 channel'MoSFET of the device, as described in further
detail below; and 3) pt regions 226 and 228, which form
the respective drains of p-channel MOSFETs of the devxce,
as’ descrlbed in further detail below. -
An N** emitter region 222 is disposed within a
25 Pt base 221, and is electrically shorted to P region
219 by a'floating'metal étrap 224 (unconnected to any
electrode of the dev1ce) on the upper surface of the
dev1ce. _
pt regionslzzsland 219, Pt regions 219 and
30 221, and Pt :egions 221 and 228 are separated by
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connected to the P-type |ayer disposed on the bottomsurface of the wafer,
whil e a cathode el ectrode is connected to the P-type base, "the, N—type f;[fﬁ
source and the 30 - P-type region on the upper surface: of - the mafer
.~ As in the first and second embodinents an N- type |ayer i s preferably .
di sposed between the P-type |ayer and the relatively lightly doped N—type
layer. The P-type layer and the N-type source are preferably very 5
hi ghly doped The device of the third enbodi nent |s

- 16 -

_felétiVely small regions of N° layer 218 which extend to

the surface of the wafer to form respective channel

regions 230, 231, 233. -

A cathode electrode 234 makes ohmic contact to

5 P+ regions 226 and 228. A first insulated gate 238

overlies channel region 230. A second insulated gate 240

overlies channel region 233 and, in addition, overlies

the portion of P base 221 between N** emitter region

222 and channel region 233 at the'upper surface of the
10 wafer. A third insulated gate 241 overlies channel .
region 231 ahd, in addition, overlies the position of pt
base 221 between N** emitter region 222 and channel '
region'zsl.of the upper surface of the wafer. Gates 238,
240, 241 are preferabiy comﬁrised of polysilicon and are
15 insulated from the upper surface of the device by a layer
| of oxide (not shown in Fig. 5). Gates 240 and 241 may be
tied together (connected electrically).
' The operation of device 210 shown in Fig. 5 is
"as follows. In the on-state (with anode 212 at a
20 positive potehtial with respect to cathode 234), the
voltage applied to gate 238 should'be_sufficiently
negative with respect to cathode 234 to turn-on the
p-channel MOSFET under gate 238, and the_voitage applied
' to'gates 241 and 240 should be sufficiently positive to
25 = turn-on the neehannel MOSFETs (in PT base 221) under
gates 241 and 240.
. | In this situation, N** emitter 222 is
connected'to ground potential by metal strap 224 and
through the lateral PMOS created by the inversion of

30 channel reglon 230, and the base drive for the vertical
SPEC\DC7684 Sheet Has Been\lll‘e(ilird



preferably provided in a cellular geonmetry in which the P-type well and the
first P-type region each conprise cells, the cells being preferably '
pol ygonal and di sposed side-by-side in a symetric array are—having-a__

pol ygonal 10 - shape with an overlying el ectrode grid. (ﬁtlohahh 5 RE
P-type regi-on and associ ated fourth channel region can be'elln1nabed'g3ﬂ N
‘the fourth enbodinent, the device is formed of an array of‘crus%9{3«1;~
cells. In this enbodinent a 15 P-type well is forned in the N-type
| ayer and extends a first depth beneath the upper surface of the wafer. An
N-type well is formed in a.portion-within the P-type well, the N-type well
being radially inwardly spaced ~ = 17 = _

- PNP transiétor formed by layers 216-214-218-221 is
provided through the n-chahhel MOSFETs under gates 240,
'241. When the P** region/N junction is forward biased
by about 0.7 volts, the P** region 216 starts injecting
5 holes which supplies the base drive for the NPN
transistor formed by layers 222-221-218-214, causing thé
thyristor formed by layers 216-214-218-221-222 to go into
the latched state. . :
Thus, this triggers thyristor 210 to the on-
10 state by creating a conduction path from anode to cathode
" (upward in Fig. 2) via p** region 216, N layer 214, N
layer 218, through the n-channels in PT base 221 at the
surface of the wafer (created by gates 241 and 240),
across Nt+ emitter 222, through metal strap 224 to P*
15 @ region 219, through the p-chahnel (created by gate 238)
' in channel regidn 230, and through Pt region 226 to
cathode 234. . _
After the thyristor formed by regions 216, 214,
. 218, 221 and 222 .is turned-on, a major portion of the
20 current will bypass the n-éhannellunder gate 241 and 240,
and instead'floﬁ directly upward through the device from
Pt+ region 216 through regions 214, 218, 221 to Nt
" emitter 222'ahd then through the floating metal strap 224
"to Pt region 219, through the p~channel MOSFET under
25 gate 238 to Pt region 226 and then to cathode 234.
Since the p-channel MOSFET under gate 238 is in series
with the thyristor (216-214-218-221-222), the current-
through the device is limited by the saturation current
of the p-channel MOSFET under gate 238; Thus, the device
30 of Fig. 3, like the device of Fig. 2, has current
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along the upper surface of the wafer froman edge of the 20 P-type
mell thereby defining a first channel region disposed |anh%<Prfym§ﬁmﬁ‘ '
A P—type base |s formed.in-a portion withinin the N—type wekt, the P—ty

2

froman edge of the N-type well, thereby 25 ~ defining a séébnd‘fﬁﬁﬁﬁel
regi on disposed in the N-type mell. An N-type source region.is fornmed in

‘the P-type base, the N-type source region being radially inwardly spaced
along the upper surface of the wafer froman edge of the P-type base,
‘thereby defining a third channel 30 region disposed in the P-type base.

Finally, an N-type emtter region i s fid ned |n a portlon mﬁthln the P-type

saturation characteristics.- The satﬁration current
B depends on the voltage applied to gate 238.
Advantageously, the thyristor can be turned-off by merelY _
reducing the'voltages of gates 238, 240, 241 to zero. |
5 : To turn-off the device faster, a zero or
p051tive potentlal with respect to the cathode is applied
to gate 238 (to turn-off the MOSFET under gate 238), and
a sufficient negative potential is applled to gate 240
and 241 with respect to qathdde 234 (to turn-off the n--
10 channel MOSFETs under gate 240 and 241 and turn-on the p<
channel MOSFET under gate 240, thereby coupling Pt base
221 to P* region 228, which is in turn electrically
connected to the cathode. These respective potentials on
gates 238, 240, 241 are maintained in the forward
15 blocking dondition’(anode at a positive potential with
- respect to cathode). The negative potential on gate 240
results in a high breakdown voltage for the device,
because this keeps P+ base 221 of the thyristor at a
lower potential compared to the N** emitter 222.
20 Fig. 4 shows a variation of_the structure of
| Fig. 3 by eliminating the pt region 228, associated
cathode metal 234 contact to this region, gate 240 and
channel region'233. In this embodiment, during turn-off
and forward blocking state, the N** emitter 222 is

25 merely shorted to the P* base 221 through the floating
" metal strap 224 and the p-channel region 231 under gate
241. '

Another variation of the structure 6f Fig. 3 is
| obtained by eliminating the gate 241 or by leaving it
30 electrically floating.

N ][]




well; ~the NNtype emitter region being radially inwardly spaced al ong the
upper surface of the wafer from an edge of the P-type baseh_rhereby
defining a fourth channel regi on di sposed in the P-type MeIL CBn ol b
A P-type region is formed in the N-type |ayer, the P-typ regn@niben"
laterally spaced fromthe edge of the P-type well to def llne—aFsi:f T
region which is disposed in the N-type layer between the“P’iype reglon and

the P-type well. An insulated gate is dlsposed on 10 t he upper surface
of the wafer and overlies: the first,

- 19 -

- Yet another variation of the structure of Fig.
3 is shown in Fig. 5 which uses a depletion p-channel
MOSFET, created by forming a F‘regioh 242 between P* .
- regions 219, 226 at the upper surface of the wafer. 1In
5 this embodiment, gate 238 oan be set at 0 volts with
respect to the cathode in the on-state. In the off-.
state, in this embodiment,_gete 238 has to be
sufficiently positive with respect to the cathode to
fully pinch-off the P° region.

10 _ Fig._s shows a variation of the structure of .
Fig. 4 u51nq a depletion p-channel MOSFET, created by
diffusing a P region 242 between P regions 219, 226 at
the upper surface of the wafer. 'In this embodiment, as
in the embodiment of Fig. 5, gate 238 can be set at 0

15 = volts with respect to the cathode in the onestate. In
the off-stete, gate 238 has to be sufficiently positive
with respect to the cathode to fully pinch-off the P~

. region.
_ The embodiments of the present invention

20 described above and shown in_Figs. 2-6 require two
separate gates and thus yield a devioe with four
terminals. An alternative embodiment of the invention,
shown in Fig. 7, uses a 51ngle gate drive and thus yields

-~ a three terminal structure. As in the devices of Figs.

25 '2-6 the MOS-controlled thyristor 310 of Fig. 7 is a

| vertical conduction device with an N layer 314 and a very
highly doped_P*"* region 316 disposed on the underside of -
an N- layer 318. As in the previoﬁs embodiments, an

anode 312 on the bottom surface of the device covers ptt

30 region 316. | -
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secohd, third,
.cohnected to the P-type | ayer disposed on the bot t om sur f agei6f:
while a cathode el ectrode is caonnected to the P-type base,
source and the P-type region on the upper surface of the

fourth and fifth channel regions. An anode el-ectrode i§.:
-the, majer
it he N
As in the

first and second enbodi ments, an N- type layer .is preferably di sposed.
between the P-type |layer and the N-type |l ayer. The P-type- |l ayer and the N
20 type source and emtter are preferably very highly doped. The fourth
“enbodi ment of the inventi-on is preferably provided as an array of cells in
which the P- type well, N-type well, P-type base and N-type source

10

15

20

- 25

30
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Disposed'withih N~ layer 318 and extending down
from the upper surface of the device is a P well 320,
which forms the source of a p-channel MOSFET and the
channel reglon 328 of an n-channel MOSFET, as descrlbed
in further detail below. Disposed within P well 320 is
an N well 322, which forms the drain of the n-channel
MOSFET and the channel region 330 of a p-channel MOSFET

- referenced above and described below. N well 322 is

radially inwardly spaced along the first semiconductor
surface from edges of P well 320, thereby defining .
channel region 328 of an n-channel MOSFET in the P well.

Disposed within N well 322 is a P-type base
324, which forms the channel region 332 of a n-channel
MOSFET, again as described below. P base 324 is radially
inﬁardly spaeed along the first semiconductor surface
from edges of N well 322, thereby defining channel region
330 of a p-channel MOSFET in the N well. P base 324
extends along the upper surface of the wafer and is
contacted by cathode electrode 334. An N** source
region 323 is disposed within P-base 324, and is also
contacted, along its upper surface, by cathode electrode
334. N** source 323 is radially inwardly spaced along
the first semiconductor surface from edges of P base 324,
thereby'defining channel region 332 of an n-channel
MOSFET in the P base. '

A P region 326 extends downward from the upper
surface of the wafer and is spaced from P well 320 by a
portion of N epi 318 which extends up to the surface of
the wafer to form a channel region 336. P region 326 is
electrically contacted by cathode electrode 334.
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conprisse a first cell, the Ntype emtter disposed within 25 = the P—type »
wel | conprises a second cell, and the P-type region conprises a. third,cell
the” cells being disposed si de- by-side in a symetric array! and hav;mg a
pol ygonal shape. Advantageously, all enbodi ments of the present:=30- :

I nvention have current saturation characteristics wthout any para5|t|c
thyristor structure. Superior turn-off and -9 a wider Saf e- Qper ati ng- Area -
are achi eved by the present '

- 21 -

A eingle insulated gate 338 overlies channel
region 336, and also extends laterally over channel
regions 328, 330 and 332. Gate 338 is preferably
comprised of polysilicon and is insulated from the upper

5 surface of the device by a layer of oxide (not shown in
Fig. 7). |

| The operation of device 310 shown in Fig. 7 is

as follows. In the on-state (w1th anode 312 at a
positive potential with respect to cathode 334), the

10 . voltage applied to gate 338 should be sufficiently
‘positive with respect. to cathode to invert channel
regions 328 and 332 and thereby turn-on both of the
n-channel MOSFETs under the gate, creating a forward
conduction path to N** source 323, which, as stated

15 previously and as shown in Fig. 7, is electrically
contacted by cathode 334. This provides the base drive
for the PNP transistor (formed by layers 316-314-318-320)
to latch the thyristor.' The device thus operates as a
thyristor (formed by layers 316-314-318-320-322) in

20 series with an n-channel MOSFET (formed by 322-332-323)

"~ in the on-state.

To turn-off the device, the voltage on gate 338
should be made sufficiently negative with respect to
cathode 334 to invert channel regions 330 and 336,

25 thereby turning-on both of the p=-channel MOSFETSs under-
gate 338 and connecting the P diffused regions to cathode

'(ground)-potential. As in the previously described
embodiments, the MOS-controlled thyristor of Fig. 7 has
current saturation characteristics because of the MOSFET

30 in'seties with the thyristor and fast turn-off because
the thyristor current is quickly drefgfg;fg_gfgggg_gz_ghe
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I nventyi on because all enbodi ments have the emtter/base Jun tien
rever se-bi ased during turn-off. Furthernore, the junction p@tterna*aﬁe

easily fabricated. 5 ' Ot her features and advant i
present invention wll becone apparent fromthe follow ng description of '
the invention which refers to the acconpanyi ng draw ngs. BRI EF DESCRI PTI ON

OF THE DRAW NGS 10 Fig. 1 is a cross-sectional view of a

~typical prior art Emtter Switched Thyristor (EST). Fig. 2 is a .
. cross-sectional view of a first enbodi nent of the present i nvention. Fig. 3
- is a cross-sectional view of a second

inversion of channel regions 336 and 330, creating p-
channels'which effectively shorts P well 320 to cathode
334 (ground). ' :
The embodlment of the present invention shown
5 in Fig. 7 can be implemented with a cellular layout, as
shown 1n the top views of Figs. 8A and 8B, wherein the
four layer P well region of Fig. 7 is identified as a
N++/pt/N/P cell. In the layout of Fig. 8A, the wafer
has 2/3 N*+/P*/N/P cells and 1/3 P* cells. Each
10 N*+/pt/N/P cell has three adjacent Pt cells. Fig. 8B =
' shows the top_view of another possible cellular layout
for the embodiment of Fig. 7.
' Yet another alternative embodiment of the

invention, shown in'Figs. 9aA, 9B, 9C and 9D, uses a

15 single gate drive and thus yields a three terminal

| _structure. This embodiment is formed of an array of
clusters of cells -- Fig. 9B shows a uhit_cluste;, each
cluster being formed of the three elements shown in Fig.
94, namely an Emitter-Switching cell (ES), an Emitter &

20 Turn-On cell (ET) and a Pt cell (p1). The unit cluster
shown in Fig. 9B 1s repeated to form the actlve area of
the chip. One or two lines of P' cells are preferably
disposed at the edge of the active area of the chip.

' as in the devices of Eigs.'2-7,-the MOS-

25 controlled thyristor 410 of Figs. 9A, 9B, 9C and 9D is a
vertical conduction device with an N layer 414 and a very
highly doped pt+ region 416 disposed on the underside of
an N° layer 418. As_ln the previous embodiments, an
anode 412 on the bottom surface of the device covers P*7

30  region 416. . —
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15 ° “enbodi nent of the present invention. Fig. 4.is a cross-sectional
VIeM/Of a variation of the enbodinment of Fig. 3 without a tfhfrrd P-type-
regi on and without an associated third gate. Fig. 5is a cro%s sectianal

‘view of a variation 20  of the enbodiment of Fig. 3 u3|ng a—depletlonfi'

p-channel MOSFET. Fig. 6 is a cross-sectional view of a variation of the
enbodi nent of Fig.. 4 using a depletion p-channel MOSFET. 25

Fig. 7 is a cross-sectional view of a third enbodi nent of the i nvention,
-mhlch requires only a single gate drive. :

- 23 =

As shown in Fiq. 9C and Fig. 9D, disposed
within N° layer 418 and extending down from the upper
surface of the device is a P well 420, which forms the
source of a p-channel MOSFET and the channel region 428

5  of an n~channel MOSFET, as describéd in further detail
below. Disposed within P well 420 is an N well 422, |
which forms the drain of the n-channel MOSFET. Dlsposed
within a reglon of the N well 422 is a Pt base 424,
which forms the channel region 432 of a n-channel MOSFET,

10 again as described below. P7Y base 424 extends along the
upper surface of the wafer and is contacted by cathode
'electrode 434. Nt+ source‘régiqn 423 is radially
inwardly spaced along the first semicbnductor surface
from edges of Pt base 424, thereby defining channel
15 region 432 of an n-channel MOSFET in the P' base. An
'Ntt emitter region 444 is disposed within P well 420 and
is connected to the N weil 422. N+ emitter region 444
is radially inwardly spaced along the first semiconductor
_ surface from at least one edge of P well 420, thereby
20 defining channel region 428 of an n-channel MOSFET in the
P well. _ _ | _

As shown in Fig. 9D, a Pt region 426 extends
downward from the surface of the wafer and is spaced from
P well 420 by a portion of N~ 418 which extends up to the

25 = surface of the wafer to form a channel region 436. pt
| region 426 is electrically contacted by cathode electrode
434. | - -
' A grid structure of a single insulated gate 438
overlies channel region 436, and also overlies channel

30 regions 428 and 432, Gate 438 is preferably comprised of
- SPEC\DC7684 ' '
Hﬁlfﬁﬁ\ifﬁird



Figs. ‘8A and 8B are top views showing two different possible ceIIuIar
Iayouts of the enbodi nent of 30 Fig. 7. - 10 - -Fi = .
cross-sectional view of the three elenments or cells Whlcﬁgr _ _hblb
a cluster, forma fourth enbodinent of the invention; Figjy 98 LCRF S i SVEE
of a unit cluster of cells; Fig. 9Cis a cross- 5 se07¥6ﬂaF;V|ew

t hrough section line 1-1 of Fig. 9B; Flg 9D is a cross-sectional view
through section line 2-2 of

polysilicon and is insulated from the upper surface of
the device by a layer of oxide (not shown).
The operation of device 410 shown in Figs. 93,
_ 9B, 9C and 9D is as follows. In the on-state (with anode -
5 412 at a positive potential with respect to'cathdde 434),
the voltage applied to gate 438 should be sufficiently
positive with respect to cathode to invert channel
 regions 428 and 432 and thereby turn-on both of the
n-channel MOSFETs under the gate, creating a forward
10 ~ conduction path to N** source 423, which, as stated
previously and as shown in Fig. 9C, is electrically
contacted by cathode 434. This provides the base drive
for the PNP'transisfor (416-414-418-420) to latch the
thyristor. The device thus operates as a thyristor

15 . (formed by layers 416-4144418—420-444) in series with an
n-channel MOSFET (formed by 444-422-432-423) in the on-
state.

To turn-off the device, the voltage on gate 438
should be made sufficiently'negative'with.respect to
20 cathode 434 to invert channel region 436, thereby
- turning-on the p-channel MOSFET under gate 438 and
connecting the P well regions to cathode (ground)
potential. As in the previously described embodiments,
the MOS-controlled thyristor of Figs. %A, 9B, 9C and 9D
25 has current saturation characteristics because of the
- MOSFET in series with the thyristor, and has fast turn-
off because the thyristor current is quickly drained to
ground by the inversion of channel region 436, creating a
p-channel which effectively shorts P well 420 to cathode
30 434 (ground). ' ' '

R
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Fi g.” 9B. DETAI LED DESCRI PTI ON OF THE PREFERRED ENBODINENTS ML‘
A first enbodi mrent of the MOS-controlled thyristor of the presen -OF
is showmn in Fig. 2. MOS-controlled thyristor 110 is a vertLea#zcﬁﬁﬂ“Etlon
device. An N-type layer 114 and a very highly doped 15 [err] region 116
~are disposed on the underside of an [err] layer 118. For |ower voltage
applications (<1200V), N layer 118 is preferably epitaxially grown on an N
~[err] substrate. For higher voltage applications (>1200\0 [err] layer 118
- is preferably the starting 20 substrate material and N |ayer 114 and
- [err] region 116 ' 25 _ - '

Although the present invention has been
described in relation to particular embodiments thereof,:
many other variations and modifications (such as using |
trench gates instead of surface planar gates and

5 different gate and channel region layout) will become
apparent to those skilled in the art. It is prefe:red,
therefore, that'the present invention be limited not by
‘the specific disclosure herein, but only by the appended
claims. ' -

X
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are backsi de diffusions. An anode t he botfﬁ,:gﬁ?ffhﬁ;; S}
the device covers [err] region 116r ﬂi lltM‘IE!H 112 i sl couplags
anode WHMTNI$ALAREDES : p 4 esses al y i

depend on the device bl ocking voltage. For 2,500 V device, the doping

density and thi ckness, o i r 5K | Q¢ ¢ e of 2 x [err
and 500 [err], ﬁgkpeé%?@%$§§6%%ﬂg%%%?ngﬂ%ggz??§'o?oigf%égﬁg°ion 116 Fs !
preferably great@rwafer of isgmicondugter paterigi hayip igkgﬁgsaﬁ eat er

than kd&yid -spaced, parallel planar surfaces, at least a portion of
| the thickness of the-ﬁafer which extends from said first |
semiconductor surface comprising a relatively lightly doped N=-
typeﬂlayer for reCéiving junctions, at least a portion of the
thickness of said wafer which extends from said second
semiconductor surface comprising a relatively highly doped P-type

layer; _ _

a P-type base formed in said relatively lightly doped
N-type epitaxially deposited layer and extending from said first
semiconductor surface to a first depth beneath said first
semiconductor surface;

_ an'N-type'emitter region formed in said P-type base and
extending from said first semiconductor surface to a second depth
beneath said semiconductor surface which is shallower than said
first depth to dreate_an N-type emitter/P-type base junction, .
said N-type emitter region being radially inwardly spaced'along.

 said first semiconductor surface along édges of said P-type base,
such that said edges of said P-type base extend to said first
semiconductor surface, thereby defining a first channel region
along a first of said edges, a metal strap being disposed on said
first semiconductor surface and connecting said emitter region to
said P-type base alonq a second of said edges; |
' first and second P-type regions formed in said
relatively lightly doped Nétype layer and extending from said
first surface of said_wafer, said first and second P-type regions
being laterally spaced from said second and first edges of said
P-type base, respectively, to form second and third channel
regions in said relatively lightly doped N-type epitaxial layer;

first gate iﬁsﬁlation layer means on said first |

' semiconductor surface disposed at least on said second channel
region; o ' ' '

'first gate electrode means on said first gate

insulation layer means and overlying said second channel region;

-_—
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11 The doping density of N |ayer prox1nate|w15:xt[err]
[err], with a thickness of apprOX| mvxﬂ 'ﬂﬂﬂm sposed w thin{eérfrf _
| ayer 118 is a P-type base 5 120, ns the source of the -
" p-channel MOSFET of the device, as descrlbed in further detail below An

Lorr] emiter reghaBn2gaks dh3Ra3ed o Wavdrhupase LiDsall fsrgl ootrical ly

o T hosemEPeBusROT0Sur facRe A FPOReR AadEa5E o S90R dAram BHvh B ds
SurroupHgAnBY PefgBh8Rs 126, 128, but is separated therefrom by relatlvely
smal | reglons ofsecond gate electrode means on said second gate .
insulation'layer means and overlying said first and third channel
regions; o .
_ ' - anode électrode means connected'to said P-type layef
dlsposed on said second semiconductor surface; and
cathode electrode means connected to said first and

_second P?type regions on said first semlconductor surface.

2. Armos-cdntrolled thyristor, comprising:
- a wafer of semiconductor material having first.and

second spaced, parallel plahar surfaces, at least a portion of
the thickness of said wafer_which extends from said first
‘semiconductor surface comprising a relatively lightly doped N-
type layer for receiving junctions, at least a portion of the .
thickness of said wafer which extends from said second |
semiconductor surface comprising a relatively highly doped P-type
layer; - ' | _
a P-type base fqrmed'in said relatively lightly doped
N-type layer and extending from said first semiconductor surface
to a first depth beneath said first semiconductor surface;

~ an N-type emitter region formed in said P-type base and
extendlng from said flrst semiconductor surface to a second depth
beneath said semlconductor surface which is shallower than said
first depth to create an N-type emitter/P-type base junction,
said N-tYpe emitter region being radially inwardly spaced along
said first semiconductor surface along edges of said P-type base,
such that.said'edges_of said P-type base extend to said first
Semicdnductor surfaqe,'theréby defining first and second channel
regions along said edges; _ '

first and second P-type regions formed in said

relatively lightly doped N—type layer and extending from said
first surface of said wafer,ISaid first and second P-type regions
being lateraily spaced.from'éach_other and from said P-type base

" SPEC\DC1I6A3 _ .
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[err] -l ayer 118 which extend to e mafer to forn1respech”
chtannel regions 130, 132. 15 ”'mmm’ !@Hrﬂﬁ'ﬂode el ect rode« 34, soup]'efd
to’a cathode termnal K, makes ohm cc can regi ONs=126-ant=128-—A .
first insulated gate 138, coupled to gate ternlnal [err], overlies channel

‘regio eco  t t &,
over | :%é’s?fom%ﬁscp%%‘??%ﬂze&i %efguﬁl n additi ofn)egg%’/g? ?{égktgﬁg portion
of P redatizelptlightly-deped tNrtype)i lavers %rﬂe%hnﬁﬁapeb?-bﬂglw at the

upper gr 35 n (18] 40¢ BF st @diRScdifuctidhd é\i@f@é@fﬁabédnﬁéﬁ’ﬁihqedaQﬁ
onS| on and are i1nsujated fromthe u lgg L urface of the device by a
X: -t

| ayer I‘b‘ftYdBG @nitfer regipn p,\farid 9P ype region;
a third P-type region formed in sa1d relatlvely llghtly

doped N-type layer and extending from sald first surface of said

wafer, said third P-type region being laterally spaced from said

P-type base to form a fifth channel region in said N-type layer}
| first gate insulation layér means on said first

semiconductor surface disposed at least on said third channel
region; . _
_ first gate'eiectrode means on said first gate
insulation layer means and overlying said third channel region;
| second gate insulation layer means on said first |
surface disposed at least'on said first and fourth channel
regions; ' ' o
_ - ‘'second gate electrode means on said second gate
insulation layer means and overlying said first and_fourth
channel regions;
third gate insulation layer means on said first surface
.dlsposed at least on said second and fifth channel regions;
third gate electrode means on said third gate
insulation layer means and overlylng said second and fifth
channel regions;
anode electrode means connected to said P-type layer
dlsposed on said second semiconductor surface; and
' cathode electrode means connected to said flrst and
third P-type regions on said first semiconductor surface.

3. A MOS-controlled thyristor, comprising:

_ _ a wafer. of semlconductor mater1a1 having first and
second spaced, parallel planar surfaces, at least a portion of
the thickness of said wafer which extends from said first |
semiconductor surface comprising a relatively lightly doped N-
type layer for receiving junctions, at least a portion of the
thickness'of'said wafer whigh extends from said second

SPEC\DC11643

eet Has Been Re ﬂlaced

TN



The "oper ati on of device 110 shomn as tolloms In. the on state'
(with anode 112 at a positive pot m ”E j t to cat hode, 134)-.: th ______
vol'tage applied to gate 138 shoul I negatlve HT T

,Eggpectdto cathode 134 to turn-on the - 12 - p- channel ‘MOSFET under gate
o e Aond SR P ORPREETob R PEA nd 08, BAPML EREySHih ey SBLRKAP SRS {©
thymfﬂayeﬁﬂo to the on-state by creating a _
P-type base formed in said relatlvely lightly doped
N-type layer and extendlng from said first semiconductor surface
to a flrst depth beneath said first semiconductor surface; '
an N-type emitter region formed in said P-type base and
extending from said first semiconductor surface to a second depth
beneath said semiconductor surface which is shallower than said
first depth to create an N-type emitter/P-type base junction,
said N-type emitter region being radially inwardly spaced along
said first semiconductor surface along one edge of said P-type
'base, such that said one edge of said P-type base extends to sald
first semiconductor surface, thereby defining a first channel
region along said edge; '
_ first and second P-type regions formed in said
relatively llghtly doped N-type layer and extending from said
first surface of said wafer, said first and second P-type regions*
being laterally spaced from each other and said second P-type
‘region being laterally spaced from said P-type base to form
respective second and third channel regions in said relatlvely
lightly doped N-type layer, a metal strap being disposed on said
first semiconductor surface and connecting said N-type emitter
region to said second P-type region;

. first gate insulation layer means on said first
semiconduCtor surface disposed at least on said second channel
region; . .

first gate electrode means on said first gate
insulation layer means and overlying said second channel region;
. second gate insulation layer means on said first
" surface disposed at least on said first and third channel
regions;_ ) |
: second gate electrode means on said second gate
insulation layer means and overlying said first and third channel
regions; - |
anode'electrode means connected to said P-type layer
disposed on said second semiconductor surface; and

SPEC\DC11643
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. . T - \ e “
5  .conduction path fromanode to cat : ig. 2)ivia [ertlis “
region 116, N layer 114, [err] layer 11 [I m “Ijmugltﬂmﬁchanﬂ’ﬂ_(_a__!ﬂmiﬂ_-fé_:ﬁ%- SR

120 at the surface of the wafer (created*bycgaten SN+

: , *aCr oss Nr+ emtter .
122, through netal strap 124 to P base 120, through the p-channel 10

(created by gate 138) .in chapnel region 130, apd.through.P.tegio 26 to
cat hode 134. Théc?%?é?ﬁle &f fﬂéﬁfmgﬁqseﬁ???%?giizg?ssgégi5ﬁgg£t%néreate a
suf fi cireitd ve+t e regpons odhasapdr finétt Sembdsonductorr s@rface.j unction
becones forward 15 bi ased in the on-state to turn on the thyristor
formed by regions 122, 120, 118, 114, and 116, whereby the main thyristor
current will bypass The MoSheonttolhedrthyristor of C{aim 3,

wherein said second gate electrode_is electrically floating or
absent.

5. The MOS-controlled thyristor of claims 2 or 3,
further comprising a relatively lightly doped P-tYpe region
disposed in said'second channel-region between said first and
second P-type regions to form a depletion P-channel MOSFET.

6. A MOS-controlled ﬁhyristor, 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
semiconductor surface comprising a relatively lightly doped N-
type layer for receiving junctions, at least a portion of the
thickness of said wafer which extends from said second
semiconductor surface comprising a highly doped P-tYpe layer;

a P-type well formed in said relatively lightly doped
N-type epitaxially deposited layer and extending from said first
semiconductor surface to a first depth beneath said first

semiconductor surface; .
an N-tYpe well formed in said relatively lightly doped

N-type layer and extending_from said first semiconductor surface
to a second depth beneath said first semiconductor surface which
is shallower than said first depth, said N-type well being
radially inwardly spaced along said first semiconductor surface
from an edge of said P-type well, thereby defining a first

' channel region, said first channel region being disposed in said
P-type well near said first semiconductor surface;

' a P-type base formed in said relatively lightly doped
N-type layer and extending from said first semiconductor surface
to a third depth beneath said semiconductor surface which is
shallower than said second depth, said P-type base being radially

SPEC\DC11643
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140 "and instead flow directly upward thro om[err] region: iy
126 through layers 114, 118, and 120 to Zﬂmmwﬁm mn’ 122 and the‘n*

t hrough the floating netal strap 124 to 126, ¢ p- channél™ NCSFET:“"‘
under gate 138 and then through P region 126 to cathode 134. Since the

(1561 10vaYaTy, pRiid ity S4id Sarke Hefiediddbocle GRAASE Xrom ap. g by
éhe_ saedget iodn said dhrtyyfe twed In- dﬂmn&hy N?[ﬂ%ﬂinm@rseﬁami 1<3&nn¢11,|s t he
EVI Cey Q%i tu” tq Y I aﬁ-{%}. Fedl 13§5é':§1g Hi"sp?@ééﬁ A Wb YK pe

depends vol tage applie
- well near sai flrst semlconductor surface;

. an N-type source region formed in said P-type base and
- extending from said first semiconductor surface to a fourth depth
beneath said semiconductor surface which is shallower than_said
third depth to create an N-type source/P-type base junction, said
N-type source region being radially inwardly spaced along said
first semiconductor surface from an edge of said P-type base,
thereby-defining a third channel region, said third channel
. region being'disposed'in said P-type base near said first
" semiconductor surface;-
P—type region formed in sald relatlvely lightly doped
N-type layer and extending from said first surface of said wafer,
said P-type region being laterally spaced from said edge of said
P-type well to define.a fourth channel region; said fourth
channel region being disposed in said relatively lightly doped N-
type epitaxial layer between said P-type region and said P-type
well near said first semiconductor surface;
gate insulation layer means on said first semlconductor
. surface disposed at least on said first, second, third and fourth

channel regions;

gate electrode means on said gate insulation layer
means and overlying said first, second, third and fourth channel
regions; | |

anode electrode means connected to said P-type layer
dlsposed on said second semiconductor surface; and
_ : - cathode electrode means connected to said P-type base,
said N-type emltter and said P- type region on said first
'semlconductor surface. _ '

7. The MOS-controlled thyristor of claim 6, wherein
said P-type well and said first P-type region each comprise
cells, said cells being disposed side-by-side in a symmetric

array.
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- 13 = To turn-off the device, a zero ﬁﬂﬂ@OSltlve Eotentlal Wi TR TESPEGE ot

t'fie cathode is applied to gate 138 (t ;ﬂ!’ﬂleﬂl’ "MxSFET inder g_ Lo BREN ||
e 140{5 Y 5 MR

and a sufficiently negative potenti al
respect to cathode 134 (to turn-off the n-channel NCSFET undér g gate 140 and

turn-on the p-chgnnel, MJSEEL4adgn regagﬁgy@gto&her ghng P base 120 to
icall

P region 128, which is in turn electr connected to e cat ho These
respective potenﬁlHﬁ§e§h°§hﬁ@@¥§9@du9Q@r1@aterhﬁﬁehﬁﬁ%ﬂﬁ@ﬂ%ﬁf r?Qéi

forwar debbfgkispdcea)diphiral 1€A"¢@nar surfaces, at least a portion of
‘the thickness of said wafer wnich extends from said first
semiconductor surface'¢omprisinq a relatively lightly doped N-
type layer for receiving junctions;'at least a portion of the
thickness of said wafer which extends from said second
semiconductor surface cemprising a heavily doped P-type layer;
a P-type well formed in said relatively lightly doped
_thype layer and extending from said first semiconductor surface
~to a first depth beneath said first semiconductor surface;
an N-type well formed in said relatively lightly doped
N-type layer and extending from said first semiconductor surface
to a second depth beneath said first semiconductor surface which
is shallower than said first depth, said N-type well being
radially inwardlj spaced along said first semiconductor surface
from an edge of said P-type well;
a P-type base formed in said relatively llghtly doped
N-type layer and extendlng from said first semiconductor surface
to a third depth beneath said semiconductor surface which is
- shallower than said second depth, said P-type base being radlally
inwardly spaced along said first semiconductor surface from an

edge of said N-type well; _

an N-type sou:ce'region formed in said P-type base and
extending from said first semiconductor surface to a fourth depth
beneath said semlconductor surface which 1s shallower than said
third depth to create an N-type source/P-type base junction, said |
N-type source reglon being radially inwardly spaced along sald
first semiconductor surface from an edge'ef said P-type base,
thereby defining a first channel region, said first channel
region being disposed in sa1d P- type base near said first
semlconductor surface; '

' an N-type emitter region formed in said P-type well and
extending from said first semiconductor surface to a fifth depth
beneath said semiconductor surface which is shallower than said
first depth, said N-type emitter region being radially inwardly

SPEC\DC11643
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at a positive potential wth respect negati ve- potenglah on
gdte 140 results in a high br eakdown Eﬁm% !Llj devi ce, becalss e —

keéps P base 120 of the thyristor at xal conpared 15 to-

the [err] emitter 122. It should be noted that, during the formard bl ocki ng

cOnc, ied Wit i L AR e A F UL oF R

achi ePetype tmﬂlpr dﬁrﬁnebm\daﬁmmmma:aﬁmndn@amai meqaxono saned case of

h _
E:hgneg‘eé) (racg% 1on H@I\Iﬁ "ﬁ?%r on theaﬁj%ndtd& J"ﬁéa:tr acterl stlcs of _

sald first semlconductor surface;

a P-type region formed in said relatlvely lightly doped
‘N-type layer and extending from said first surface of said wafer,
said P-type region belng laterally spaced from said edge of said
P-type well to define a third channel reglon, said third channel
region being disposed in said relatively lightly doped N-type
epitaxial layer between said P-type region and said P-type well
near said first semlconductor surface;

gate insulation layer means on said first semlconductor
surface disposed at least on said first, second and third channel
regions; _ - ' '
' ' gate electrode means on said gate-insulation layer
‘means and overlying said first, second and third channel regions;

anode electrode means connected to said P-type layer
dlsposed on said second semiconductor surface, and

cathode electrode means connected to said P-type base,
.said N-type source and said P-type region on said first
semiconductor surface. | '

9. The MOS-Controlled thyristor of claim 8, wherein
said P-type well, N-type well, said P-type base and said N-type
source together comprise a first cell, said N-type emitter
disposed within said P-type well comprises a second cell, and
said P-type region comprises a third cell, said cells being
disposed side-by-side in a symmetric array. |

10. The MOS-controlled thyristor of claims 7 or 9,
wherein said cells have a polygonal shape.

X -
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hi gh vol tage power -transistors”, Power SpeC|aI1st WS T '
Conf erence, June 1980. The on-state v [l “ﬁl “e hi gh-vol t.age:

MOS-control |l ed thyristor of the prese non s s *t he sum of . t-he=Vortage "
drop across the high voltage thyristor (112 116 114-118-120- 122) and t he

vol tage drop acr t - 191]% I\pég

(120-130- 126- 134$E€nd2ﬁhQQMos C$R@ﬁ%9ié§g§h e vol+ag rop acrosé t he
hi gh vavheggin Iﬁ@i%t‘?ﬁl%ﬁ)e%r%o@rrm‘ieésbn N2 haywRY) ¢ompEi$ing s desi gned
to plurality of parallel-connected symmetrically disposed polygonal-

shaped cells, and wherein said electrode means comprises a grid-
which overlies said array.
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suppbrT higher breakdown voltage. In contrast, in an | GBT, the .gp-state-——
vol tage drop increases when the | GBT 5 i's designed for highes-breakd®m

voltages. This is because, in the I GBT, only the bottom part: ofs&heﬁdruft

|

region is conductivity nodul ated, while.in a thyristor the leat=re=drft

region is conductivity nodul ated. Hence, advantageouslyz the MOS-controll ed
thyristor of 10 the present invention has a | ower forward vol tage drop
than an | GBT for the sanme current for higher breakdown voltage (>1200 V)

devices. Additionally, advantageously, the present invention requires no

short. circuit protection because of 15
characteristics,

SPEC\DC7684

IR-1051 -

- MOS—-CONTROLLED THYRISTOR
W S ON C c

ABSTRACT OF THE DISCLOSURE

A MOS-controlled thyrlstor which has current
saturatlon characteristics and does not have any
parasitic thyristor structure. In some embodlments, the
device has two gate drives and is a four terminal device.
In other embodiments, the device tequires only a single
gate drive and is_a.three terminal device. The device
can be constructed in a cellular'geometry. In all
embodiments, the device has superior turn-off
characterlstics and a wider Safe-Operating-Area because

- the N*+* emitter/P base junction is reverse biased during

turn-off.
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described previously. This is a major advantage conpared to a MCT. Al so,
advant ageously, the present invention does not have any paraS|trc~thyTTstptr@
stfucture to degrade performance. This is a maj or advant age COWpahgﬁ pf BEEN ]
to the prior-art EST. Finally, the present i nvention advantaaeous1v“ha§ J
| ower turn-off |osses as conpared to a MCT. As stated preV|oust, I n the
device of the present invention, the P base is connected to ground

potential 25 ~ through the |ateral p-channel MOSFET, reverse biasing the
[err] emtter/P base junction. This inactivates the NPN transistor by .

provi ding a reverse base drive, leading to disruption of the thyristor

action faster as conpared to : ' :
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a MCT and hence a faster decrease in current. The turn- 30 off tinme of

t he device of the present invention is thus - 15 - close to that of an

| GBT (which has approxi mately an open-base PNP transistor turn-off tlne)

The enbodi nent of the present invention described above and showi it TR
relies upon the 5 | ateral voltage drop al ong P base 120j FU“TOT
the NPN-transistor to latch the thyristor.. Consequently, P;
made relatively long with Iight doping.

e ;l?’ | e liP
N Ly |
Ph+ e

|
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An altérnative enbodi ment, shown in Fig. 3, elimnates this requirenent. 10
As in Fig. 2, the MOS-controlled thyristor 210. of Fig. 3 is a vertical

conduction device with an N layer 214 and a very highly doped [err] reglbn':f'

216 di sposed on the underside of an [err]- Iayer 218. An anpde 212.en.the
bottom surface of the device covers [err] region 216. The ¥5=—==kayer. ._.._
t hi cknesses and concentrati ons depend on t he device bl ocki ng vol t age and
are the sane as the device of Fig. 2. Disposed within [err] |ayer 218 are:
1) a [err] base 221; 2) a [err] region 219 which forns the source of the p-
20 - channel MOSFET of the device, as described in further

-_— e
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detai b below, and 3) [err] regions 226 and 228, which formthe respective’

drains of p-channel MOSFETs of the device, as described.in further detail _ .,
bel'low. An [err] emitter region 222 is disposed within a 25 L [err] b fiﬂ
221, and is electrically shorted to [err] region 219 by alfloatlng netal' B
'strap 224 (unconnected to any el ectrode of the device) onithe. pper . “surf.acel
of the device. [err] regions 226 and 219, [err] regions 219 and 30 221,

~and [err] regions 221 and 228 are Separated by

| ThlS Sheet Has Been Re ﬂ
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- 16 ¢ relatively small regions of[err] layer 218 which extend to the
sirface of the wafer to formrespective channel regions 230, 231, 233 Rt

cathode el ectrode 234 makes ohmic contact to 5 [err] nggFGﬁ%’ﬁ_@ and: '
228. A first insulated gate 238 overlies channel reglon (et qund)
I nsul ated gate 240 overlies channel region 233 and, in addutlggbwpy :
the portion of [err] base 221 between N++ emtter region 2ZZ= channel
region 233 at the upper surface of the 10 ‘wafer. A third insulated
gate 241 overlies channel region 231 and, in addition,
p05|t|on of [err] base 221 between [err] enmitter region Zﬁl nd c

et

e laced
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regi on 231 of the upper surface of the wafer. Gates 238, 240, 241 are :
preferably conprised of polysilicon and are 15 I nsul at_e,d::t_-_z,—_emct:hﬁz‘?@;ti;gﬁ?ﬂ
- )23.— i ) .

o

surface of the device by a layer of oxide (not shown in Fgf:r\-'.@ﬁl‘f*@é‘f'é_éf

and 241 may be tied together (connected €lectrically). The| oper atibi:-6t’ -
device 210 shown in Fig. 5is as follows. In the on-state {w=th——anode 212 .

at a 20 positive potential with respect to cathode 234), the voltage
applied to gate 238 should be sufficiently negative w tMe

234 to turn-on the p-channel MOSFET under gate 238, and mhhgnyphiage applied
to gates 241 and 240 should be sufficiently positive to 2 placehe -
n-channél MOSFETs (in [err] base 221) under ”l’l””l l
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gates 241 and 240. In this situation, [err] emtter 222 is connected to
ground potential by metal strap 224 and through the |l ateral PMOS created by
thé inversion of 30 .channel region 230, and the base drive for the
verti cal - 17 - PNP transistor fornmed by |ayers 216- 2_L4~218-2—‘21=‘" =\
provi ded t hrough the n-channel MOSFETs. under gates 240, 241 ‘-‘V\ﬁenff*“ e’ '
[err] region/Njunction is forward biased by about 0.7 viplts, #HETertl].
region 216 starts injecting L o
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5 *hol es which supplies the base drlve for the NPN tran5|stor forned by
| ayers 222-221-218-214, causing the thyristor forned by layers ™ = °* )
216-214-218-221-222 to go into the latched state. Thus, this trlggers v
thyristor 210 to the on- 10 state by creating a conductlon paih fr@ﬁa~<”~f
anode to cathode (upward in Fig. 2) via [err] region 216, N Iayer 214,

[err] layer 218, through the n-channels in [err] base 221 at the surface of
the wafer (created by gates 241 and 240), across N++ emitter 222, through
netal strap 224 to P+ 15 region 219, through the p-chamﬁsmwﬂm&%&hadl

gate 238) in channel regl on 230, and through [err] region Zﬁmlﬁlnmﬂlﬂﬂlll
234.
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Afteér-the thyristor formed by regions 216, 214, 218, 221 and 222 is
turned-on, a major portion of the 20 current will bypass_the n-channel

under gate 241 and 240, and instead flow directly upward ﬁhrough -the, aBVLQ?
from P++ region 216 through regions 214, 218, 221 to N++ | nlthQLg%%1“

then through the floating netal strap 224 to [err] region=238s. - ouUg
p-channel MOSFET under 25 ° gate 238 to [err] region ZZQ_QHQ_LEEE_EETh____
cathode 234. Since the p-channel MOSFET under gate 238 is in series W

the thyristor (216-214-218-221-222), the current through THiEShedHWhsIeel

limted by the saturation current of the p-channel MOSFET
Thus, the device 30 of- Fig. 3, like- the devi ce of Fig. Hﬂ{
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- 18 = saturation characteristics. The saturation current depends on the

vol tage applied to gate 238. Advant ageously, the thyristor can be _ T
tufned-of f by merely reducing the voltages of gates 238, 240, .241 to zerQ.:, ..
5 To turn-of f the device faster, a zero or positive-potepntjat:
. with respect to the cathode is applied to gate 238 (to turn-off the MOSFET"" "
- under gate 238), and a sufficient negative potential is applied=tov gate 240
~and 241 with respect to cathode 234 (to turn-off the n-
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10 # channel -MOSFETs under gate 240 and 241 and turn-on the [err] channel
MOSFET under gate 240, thereby coupling [err] base 221 to [err] region 228,
which is in turn electrically connected to the cathode. These LespecLLye_m,.*m,
potentials on gates 238, 240, 241 are maintai.ned in the formarq T
bl ocking condition (anode at a positive potentlal W th respect ji
The negative potential on gate 240 results in a high breakdownd: =
t he device, because this keeps [err] base 221 of the thyristor at a Iomer
potential conpared to the [err] emtter 222. 20 - - Fig. 4 shows
a variation -of the structure of Fig. 3 by elimnating the [err] region 228
assocj ated cat hode netal 234 contact to this region, gate 240 and
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- channel ~region 233. In this enbodi ment, during turn-off é d Fon%aﬁd“;“”“' I
bl dcking state, the [err] emtter 222 is 25 nerely sH rted tq err]é

base 221 through the floating netal strap 224 and the p ohan Y%%?

under gate 241. Another variation of the structure of Flg 3 I's” obtalned by

elimnating the gate 241 or by leaving it 30 electrically floating.
- 19 - Yet another variation of the structure of Fig.

MOS-CONTROLLED THYRISTOR

W c S ON C CTERISTICS
B G ) OF N
1. Field of Invention:
5 The present invention relates to a MOS-

controlled thyristor and more particularly, to a MOS-
controlled thyristor with current saturation
characteristics and without any parasitic thyristor

structure.
10 2. Description of the Related Art:

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

15 a bipolar structure is controlled via an integrated
MOSFET. The IGBT is best suited for high-voltage power
electronic applications with blocking voltages in the
range of 600 volts. IGBTs capable of handling higher
voltages have a higher on-state voltage drop, which is

20 disadvantageous. Since a lower on-state voltage drop is
achievable by carrying the on-state current through a
thyristor structure, MOS-gated thyristors have received
considerablé interest for high current, high voltage
applications. .

25 Two types of MOS-gated thyristors are the MOS-
controlled thyristor (MCT) and the emitter-switched
‘thyristor (EST). In the MCT, as described in-an article



* 3 i% shown in'Fig. 5 which uses a depl etion p-channel NDSEEIf,_ﬁ@ré&Be@QQyM

forming a [err] region 242 between [err] regions 219, 226..

-.thé. upper

surface of the wafer. In 5 this enbodi ment, gate 238 can be set at 0
volts with respect to the cathode in the on-state. In the off- state, in
this enbodi nent, gate 238 has to be sufficiently positive with respect to

the cathode to fully pinch-off the [err] region. 10

Fig. 6

shows a variation of the structure of Fig. 4 using a depletion p-channel

MOSFET, created by diffusing a [err] region 242 between [err] regions 219,

226 at the upper surface of the wafers ln this enbodinment, as in the
enbodi nent of Fig. 5, gate 238 can be set at O

10

15

20

25

30

by V.A.K. Temple, IEEE International Electron Device
Meeting (IEDM) Technical Digest, San Francisco (December
1984), pp. 282-85, a cathode short circuit is switched
via a MOS gate. However, the commercial development of
the MCT has been limited because of complex fabrication
requirements and current filamentation problems during
turn-off, and because it does not have current saturation
characteristics.

The EST, as shown in Fig. 1, basically consists
of a MOSFET in series with a thyristor, and is said to ba

-"emitter-switched." The EST lends itself to easier

fabrication than the MCT. While the EST exhibits current
saturation characteristics, it is, however, limited by an
inherent parasitic thyristor, shown in Fig. 1, which
bypasses the gate-controlled n-channel MOSFET.
Accordingly, a need exists for an EST which has current
saturation characteristics, but is not limited by a
parasitic thyristor structure within the device.

S Y O INVENTION
The present invention overcomes the

disadvantages of the prior and achieves the foregoing
ocbjective by providing a MOS-controlled thyristor which,
in a first embodiment, comprises a wafer of semiconductor
material having first and second spaced, parallel planar
surfaces. A relatively lightly doped N-type layer
extends from the first semiconductor surface, while a P--
type layer extends from the second semiconductor surface.

. A P-type base is formed in the relatively
lightly doped N-type layer and extends from the first
semiconductor surface to a first depth beneath the first



15 - volts with respect to the cathode in the on- state
off-state, gate 238 has to be sufficiently positive mﬁthnrespect to the'
cathode to fully pinch-off the [err] region. The enbodi :
i nvention 20 descri bed above and shown in Figs. 2-6 ) ,
separate gates and thus yield a device with four termnals. An alternatlve
enbodi nent of the invention, shown in Fig. 7, uses a single gate drive and
thus yields a three termnal structure. As in the devices of Figs. 25

2-6, the MOXS-controlled thyristor 310 of Fig. 7 is a vertical conduction

device with an N layer 314 and a veryg highly doped P++ region 316 di sposed
on the underside of

semiconductor surface. An N-type emitter region formed
in the P-type base extends from the first semiconductor
surface to a second depth beneath the semiconductor
surface which is shallower than the first depth to create

5 an N-type emitter/P-type base junction, the N-type
emitter region being radially inwardly spaced along the
first semiconductor surface along edges of the P-type
base, such that the edges of the P-type base extend to
‘the first semiconductor surface, thereby defining a first

10 channel regioh along a first of the edges. A metal strap
is disposed on the first semiconductor surface and
connects the emitter region to the P-type base along a
second of the edges.

First and second P-type regions are formed in

15 the relatively lightly doped N-type layer and extend from
the first surface of the wafer. The first and second P-
type regions are laterally spaced from the second and
first edges of the P-type base, respectively, such that
the relatively lightiy doped N-type layer which extends

20 to the first semiconductor surface therethrough forms
second and third channel regions.

A first gate insulation layer is disposed on
the first semiconductor surface and extends over at least
the second channel region. A first gate electrode is

25 disposed on the first gate insulation layer and overlies
the second channel regicn.

A second gate insulation layer is disposed on
the first semiconductor surface and extends over at least
the first and third channel regions. A second gate

30 electrode is disposed on the second gate insulation layer
means and overlies the first and third channel regions.



an f{err] Iayer 318. As in the previous enbodi nents, an anode 312 on=- the~w~m
bottom surface of -the device covers P++ 30 region 316.° & ~:a-r-"
Di sposed within [err] |ayer 318 and ext.endi ng down from t he uprrg $HTY 098
of the device is a P well 320, which forns the source of jla p4channel N!SFET
and the channel region 328 of an n-channel MOSFET, as deScribed 5 = = Fn
further detail below. D sposed within P well 320 is an N well 322, which
fornms the drain of the n-channel

An anode electrode is connected to the P-type
layer disposed on the second semiconductor surface. A
cathode electrode is connected to the first and second P-
type regions on the first semiconductor surface.

5 The MOS-controlled thyristor of the present
invention preferably further includes an N-type layer
disposed between the P-type layer and the relatively
lightly doped N-type ‘layer. The P-type layer and the N-
type emitter are preferably relatively highly doped.

10 In the MOS-controlled thyristor of the first .,
embodiment described above, the N-type emitter has a
lateral length which creates a sufficient voltage drop in
the P-type base to forward bias the N-type emitter/P-type
base junction when the thyristor is in an on-state, which

15 is necessary for the thyristor to latch on.

Consequently, the P-type base must be made relatively
long with light doping. An alternative embodiment
eliminates this requirement.

In the alternative embodiment, the first and

20 second P-type regions are adjacent to and laterally
spaced from one another, and only the second P-type
region is adjacent to and laterally spaced from the P-
type base region. A third P-type region is adjacent to
and laterally spaced from the P—typé base region. The

25 metal strap in this embodiment conniects the N-type
emitter to the second P-type base region. A first
insulated gate overlies the channel region in the N-type
layer between the first and second P-type regions, and a
second insulated gate overlies the channel region in the

30 N-type layer between the second P-type region and the P-
type base. The second insulated gate also overlies the



"MOSFET and t he’ channel region 330 of a p-channel MOSFET ref erenced-abave
and described below. N well 322 is radially inwardly spaced ¢ 18 - £1l
sem conductor 10 surface fromedges of P well 320, therepy definin
channel region 328 of an n-channel MOSFET in the P well. [)s’amﬁglﬁnF
wel | 322 is.a P-type base 324, which forms the channel regio —
n- channel MOSFET, again as described below. P base 324 is radially 15

i nwardly spaced along the first sem conductor surface from edges of N well
322, thereby defining channel region 330 of a p-channel MOSFET in the N
wel | . P base 324 extends al ong the upper surface of the wafer and is
contacted by cathode el ectrode 334. An N++ source

channel region formed at the edge of the P-type base
between the N-type emitter and the relatively lightly
doped N-type layer. A third insulated gate overlies the
channel region in the N-type layer between the P-type
5 base and the third P-type region. The third insulated

gate also overlies the channel region formed at the
second edge of the P-type base between the N-type emitter
and the relatively lightly doped N-type layer. The third
insulated gate is electrically connected to the second

10 insuléted gate or, optionally, the second insulated gate _
can be left floating or be absent. The first and third
P-type regions are contacted by the cathode metal on the
first semiconductor surface. An anode electrode is
connected to the P-type layer disposed on the second

15 semiconductor surface.

As in the first embodiment, an N~-type layer is
preferably disposed between the P-type layer and the
,relatively lightly doped N-type layer. |

The first, second and third P-type regions, and

20 the P-type base are preferably relatively highly doped,
and the P-type layer and said N-type emitter are
preferably very highly doped. Optionally, a relatively
lightly doped P-type region may be provided in the
channel region between the first and second P-type

25 regions to form a depletion p-channel MOSFET. Also
optionally, the third P-type region can be eliminated.

Both the first and second embodiments of the
invention described above require two gate and thus
result in four terminal devices. In a third embodiment

30 of the invention, only one gate is necessary.



20 - region’'323 is disposed within P-base 324, and is al so. aontacted““
along its upper surface, by cathode el ectrode 334. N++ sou J323 is:
radially inwardly spaced along the first seniconductor sur 1C g@s
of P base 324, thereby defining channel region 332 of an n thhﬁeFE%S
MOSFET in the P base. A P region 326 extends downward froW1the upper-
surface of the wafer and is spaced fromP well 320 by a portlon of [err]
epi 318 which extends up to the surface of the wafer to forma channel

region 336. P region 326 is 30 el ectrically contacted by cat hode
el ectrode 334. e

In the third embodiment, a P-type well is
formed in the relatively lightly doped N-type layer and
extends a first depth beneath the upper surface of the
wafer. An N-type well is formed within the P-type well,

5 the N-type well being radially inwardly spaced along the
upper surface of the wafer from an edge of the P-type
well, thereby defining a first channel region disposed in
the P-type well. A P-type base is formed in the N-type
well, the P-type base being radially inwardly spaced

i0 alohg the upper surface of the wafer from an edge of the
N-type well, thereby defining a second channel region
disposed in the N-type well. Finally, an N-type source
region is formed in the P-type base, the N-type source
region being radially inwardly spaced along the upper

15 surface of the wafer from an edge of the P-type base,
thereby defining a third channel region disposed in the
P-type base.

A P-type region is formed in the relatively

lightly doped N-type layer, the P-type region being

20 . laterally spaced from the edge of the P-type well to
define a fourth channel region which is disposed in the
relatively lightlj doped N-type layer between the P-type
region and the P-type well.

_ An insulated gate is disposed on the upper

25 surface of the wafer and overlies the first, second,
third and fourth channel regions. An anode electrode is
connected to the P-type layer disposed on the bottom
surface of the wafer, while a cathode electrode is
connected to the P-type base, the N-type source and the

30 P-type region on the upper surface of the wafer.



o021 - A éinglé I nsul ated gate 338 overlies channel region

extends laterally over channel regions 328, 330 and 332. Gat SEBBBCEN: '73'"CT;

=

surface of the device by a layer of oxide (not shown in Fi gi DE. - The -l

preferably conprised of polysilicon and is insulated fromt;

operation of device 310 shown in Fig. 7 is as follows. In
(w th anode 312 at a positive potential with respect to cat

336 “anealFso————

he upp$r3 FEB ¢

‘the on-stateé™
hode 334), the

10 vol tage applied to gate 338 should be suff|C|entIy positive with

respect to cathode to invert channel
-7-

As in the first and second embodiments an N~
type layer is preferably disposed between the P-type
layer and the relatively lightly doped N-type layer. The
P-type layer and the N-type source are preferably very

5 highly doped. The device of the third embodiment is
preferably provided in a cellular geometry in which the

P-type well and the first P-type region each

cells, the cells being preferably polygonal a

side-by-side in a symmetric array and having

10 shape with an overlying electrode grid. opti

. P-type region and associated fourth channel r
eliminated.

In the fourth embodiment, the devic

comprise

nd disposed
a polygonal
onélly, the
egion can be

e is formed

of an array of clusters of cells. In this embodiment, a
15 P-type well is formed in the N-type layer and extends a
first depth beneath the upper surface of the wafer. An

N-type well is formed in a portion within the
well, the N-type well being radially inwardly
along the upper surface of the wafer from an
20 - P-type well, thereby defining a first channel
disposed in the P-type well. A P-type base i

P-type
spaced
edge of the
region
s formed in

a portion within in the N-type well, the P-type base
being radially inwardly spaced along the upper surface of -
the wafer from an edge of the N-type well, thereby

25 defining a second channel region disposed in the N-type
well. An N-type source region is formed in the P-type

base, the N-type source region being radially

inwardly

spaced along the upper surface of the wafer from an edge
of the P-type base, thereby defining a third channel

30 region disposed in the P-type base. Finally,

an N-type

emitter region is formed in a portion within the P-type

=



regi ons 328 and 332 and thereby turn-on both of the n- Qﬁaﬁﬁ@FiNOSFE“"';
the gate, creati'ng a forward conduction path to N++ sour Ber8s3:" mhlch[“ésH
stated 15 previ ously and as shown in Fig. 7, is el g‘ptrlcaldyrrdp '
by cathode 334. This provides the base drive for the PN SeansL st or 1
by layers 316-314-318-320) to latch the thyristor. The: Vice thus operates
as a thyristor (fornmed by |ayers 316-314-318-320-322) in 20 series with
an n-channel MOSFET (formed by 322-332-323) in the on-state. To turn-off
~ the device, the voltage on gate 338 should be nade sufficiently negative
with respect to cathode 334 to invertg channel regions 330 and 336,

well, the N-type emitter region being radially inwardly
spaced along the upper surface of the wafer from an edge
of the P-type base, thereby défining a fourth channel
region disposed in the P-type well.
5 A P-type region is formed in the N-type layer,
the P-type region being laterally spaced from the edge of
' the P-type well to define a fifth channel region which is
disposed in the N-type layer between the P-type region
‘and thé P-type well. An insulated gate is disposed on
10 the upper surface of the wafer and overlies the first,
second, third, fourth and fifth channel regions. An
anode electrode is connected to the P-type layer disposed
on the bottom surface of the wafer, while a cathode
electrode is connected to the P-type base, the N-type
15 source and the P-type region on the upper surface of the
wafer.
As in the first and second embodiments, an N-
ﬁype layer is preferably disposed between the P-type
layer and the N-type layer. The P-type layer and the N-
20 type source and emitter are preferably very highly doped.
The fourth embodiment of the invention is
preferably provided as an array of cells in which the P-
type well, N-type well, P-type base and N-type source
comprise a first cell, the N-type emitter disposed within
25 the P-type well comprises a second cell, and the P-type
region comprises a third cell, the cells being disposed
side-by-side in a symmetric array and having a polygonal
shape. '
Advantageously, all embodiments of the present
30 invention have current saturation characteristics without
any parasitic thyristor structure. Superior turn-off and



25 thereby turning-on both of the p-channel MOSFETs und&f. .gate 338 and.-
connecting the P diffused regions to cathode (ground) potentlal '4§3|ﬁﬁﬁlﬂﬁﬁ
previously described enbodi ments, the MOS-controlled thyristor. of "Fig.. 7 ......... i

has current saturation characteristics because of the MOSFET., 30 L e
series with the thyristor and fast turn-off because the thyrlstor current
is quickly drained to ground by the - 22 - inversion of channel regions

336 and 330, creating p- channels which effectively shorts P well 320 to
cat hode '

—9-

a wider Safe-Operating-Area are achieved by the present
invention because all embodiments have the emitter/base
junction reverse-biased during turn-off. Furthermore,
the junction patterns are easily fabricated.

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

B F_DE TION OF THE WINGS .

10 Fig. 1 is a cross-sectional view of a typical
prior art Emitter Switched Thyristor (EST).

Fig. 2 is a cross-sectional view of a first
embodiment of the present invention.

Fig. 3 is a cross-sectional view of a second

15 embodiment of the present invention.

Fig. 4 is a cross-sectional view of a variation
of the embodiment of Fig. 3 without a third P-type region
and without an associated third gate. |

Fig. 5 is a cross-sectional view of a variation

20 of the embodiment of Fig. 3 using a depletion p;channel
MOSTET.

Fig. 6 is a cross-sectional view of a variation
of the embodiment of Fig. 4 using a depletion p-channel
MOSFET.

25 Fig. 7 is a cross-sectional view of a third
‘embodiment of the invention, which requires only a single
gate drive. '

Figs. 8A and 8B are top views showing two
different possible cellular layouts of the embodiment of

30 Fig. 7.



334 (ground). The enbodi nent of the present invention shown ﬁ
can be inplenmented with a cellular layout, as shown in the tg
Figs. 8A and 8B, wherein the four layer P well region of Fig
identified as a NW+/P+/ NP cell. In the layout of Fig. 8A ﬂ

2/3 N++/P+/N P cells and 1/3 [err] cells. Each 10 N+ P+/ N P cel | has“~

three adjacent [err] cells. Fig. 8B shows the top view of another possible

cellular layout for the enbodinment of Fig. 7. Yet another alternative
enbodi mrent of the invention, shown in Figs. 9A, 9B, 9C and 9D, uses a 15
single gate drive and thus yields a_t?aee term nal

Figs. 9A is a cross-sectional view of the three
eléments or cells which, when combined in a cluster, form
a fourth embodiment of the invention; Fig. 9B is a top
view of a unit cluster of cells; Fig. 9C is a cross-

S sectional view through section line 1-1 of Fig. 9B; Fig.
9D is a cross-sectional view through section line 2-2 of
Fig. 9B.
DETAI DESCRIPTION OF THE PR D oD TS

10 A first embodiment of the MOS-controlled .

thyristor of the present invention is shown in Fig. 2.
MOS-controlled thyristor 110 is a vertical conduction
device. :

An N-type layer 114 and a very highly doped

15 P*¥+ region 116 are disposed on the underside of an N
layer 118. For lower voltage applications (<1200V), N
layer 118 is preferably epitaxially grown on an
N epi/P*+ substrate. For higher voltage applications
(>1200V), N layer 118 is preferably the starting

20 substrate material and N layer 114 and p++ region 116
are backside diffusions.

An anode electrode 112 on the bottom surface of
the device covers P* region 116. Anode electrode 112 is
coupled to an anode terminal A.

25 The layer thicknesses and concentrations depend
on the device blocking voltage. For 2,500 V device, the
doping density and thickness of N° drift region are in
the range of 2 x 10” cm?® and 500 um, respectively. The
doping density of P** region 116 is preferably greater

30 than 5 x 10" cm?, with a thickness greater than 1 um.



striucture. Thi's embodiment is formed of an array of clusters of .cells - ... .. i

Fig. 9B shows a unit cluster, each cluster being formed of ;he three = 7

el ements shown in Fig. 9A nanmely an Emitter-Switching cell(ES), q@nr:‘“ m”“__i

Emtter & 20 Turn-On Cell (ET) and a [err] cell [err]. Tﬁe unit
cluster showmn in Fig. 9B is repeated to formthe active area of the chlp
One or two lines of [err] cells are preferably disposed at the edge of the
active area of the chip. As in the devices of Figs. 2-7, the MOS- 25
controlled thyristor 410 of Figs. 9A, 9B, 9C and 9D is a vertical
conduction device with an N layer 414 and a very. highly doped [err] region

416 di sposed on the underside of an‘[éﬂfr'layer 418. As in the previous
enbodi nents, an

The doping density of N layer 114 is preferably
approximately 5 x 10! cm3, with a thickness of
approximately 7 pm.
Disposed within N layer 118 is a P-type base
5 120, which also forms the source of the p-channel MOSFET
of the device, as described in further detail below. An
N** emitter region 122 is disposed within P-base 120,
and is electrically shorted thereto by a floating metal
strap 124 (unconnected to any electrode of the device) on
10 the.upper surface of the device. g
P-base 120 is surrounded by P regions 126, 128,
but is separated therefrom by relatively small regions of
N~ layer 118 which extend to the surface of the wafer to
form respective channel regions 130, 132.
15 - A-cathode electrode 134, coupled to a cathode
terminal K, makes ohmic contact to P regions 126 and 128.
A first insulated gate 138, coupled to gate terminal Gy,
overlies channel region 130. A second insulated gate
140, coupled to gate terminal Gy, overlies channel region
20 132 and, in addition, overlies the portion of P base 120
between N¥+ emitter region 122 and channel region 132 at
the upper surface of the wafer. Gates 138, 140 are
preferably comprised of polysilicon and are insulated
from the upper surface of the device by a layer of oxide
25 (not shown in Fig. 2). | |
The operation of device 110 shown in Fig. 2 is
as follows. In the on-state (with anode 112 at a
positive potential with respect to cathode 134), the
voltage applied to gate 138 should be sufficiently
30 negative with respect to cathode 134 to turn-on the



anode 412 on the bottom surface of the device covers [err] 238 =regior—
23 - As shown in Fig. 9C and Fig. 9D, disposed WIE

418 and extendi ng down fromthe upper surface of the deviceg is a-g EI s
420, which forms the source of a p-channel MOSFET and the chaﬂae1 Eg ---------
of an n-channel MOSFET, as described in further FaEF=Betow

a2 [CEF rr]“"i ‘éye‘? \

".

M
i

wid)

Di sposed within P well 420 is an N wel | 422, which forns the drain of the

416.
428 5
n- channel
5
10
15
20
25

MOSFET. Di sposed

p~-channel MOSFET under gate 138, and the voltage applied
to gate 140 should be sufficiently positive to turn-on
the n~-channel MOSFET (in P base 120) under gate 140.

This triggers'thyristor-llo to the on-state by creating a
conduction path from anode to cathode (upward in Fig. 2)
via P*+ region 116, N layer 114, N” layer 118, through
the n-channel in P base 120 at the surface of the wafer
(created by gate 140), across_N*"* emitter 122, through

metal strap 124 to P base 120, through the p-channel
(created by gate 138) in channel regxon 130, and through~*

P region 126 to cathode 134.

The lateral length of N*+ emitter 122 is

designed to create a sufficient voltage drop so that part
of the N+ emitter/P base junction becomes forward
biased in the on-state to turn on the thyristor formed by
regions 122, 120, 118, 114, and 116, whereby the main
thyristor current will bypass the n-channel under gate
140 and instead flow directly upward through the device
from P+ region 116 through layers 114, 118, and 120 to
N*t* emitter 122 and then through the floating metal

strap 124 to 120, then through p-channel MOSFET under
gate 138 and then through P region 126 to cathode 134.

Since the p-channel MOSFET under gate 138 is in
series with the thyristor (116-114-118-120-122), the
current through the device is limited by the saturation
current of the p-channel MOSFET under gate 138. Thus,
the device has current saturation characteristics. The
saturation current depends on the voltage applied to gate
138.



within a region of the Nwell 422 is a [err] base 424, which forns-—the-—=—=
channel region 432 of a n-channel MOSFET, 10 again as!d %bbeqsbékwﬁfwy
[err] base 424 extends al ong the upper surface of the maf% and’l e i
contacted by cathode el ectrode 434. N++ source region 423}|i$,4 adi BS[L_NJ ........ j
I nwardly spaced along the first sem conductor surface fro —s%erfr’“‘
base 424, thereby defining channel 15 region 432 of an n- channel MOSFET
inthe [err] base. An N++ enitter region 444 is disposed within P well 420
and is connected to the N well 422. N++ emitter region 444 is radially

I nwardly spaced along the first sem cgonductor surface fromat |east one

edge of P well 420, thereby 20 (k*qrnng channel region 428 of an
n--channel MOSFET in the

To turn-off the device, a zero or positive
potential with respect to the cathode is applied to gate
138 (to turn-off the MOSFET under gate 138), and a
sufficiently negative potential is applied to gate 140
5 with respect to cathode 134 (to turn-off the n-channel
MOSFET under gate 140 and turn-on the p-channel MOSFET
under gate 140, thereby coupling P base 120 to P region
128, which is in turn;electrically connected to the
cathode. These respective potentials on gates 138, 140
10 are maintained in the forward blockinq condition (anode .
at a positive potential with respect to cathode). The
negative potential on gate 140 results in a high
breakdown voltage for the device, because this keeps P
base 120 of the thyristor at a lower potential compared
15 to the N** emitter 122. |
It should be noted that, during the forward
blocking condition, the N*+ emitter/P base junction is
reverse biased. Sﬁperior breakdown, turn-off
characteristics and a wider Safe Operating Area are
20 achieved by the present invention because this is similar
to the case of the emitter-open turn off. 1In this
regard, see, e.g., B. Jackson and D. Chen, "Effects of
emitter-open switching on the turn-off characteristics of
high voltage power transistors", Power Electronics
25 Sgegig;igt Conference, June 1980.
The on-state voltage drop of the hlgh-voltage
MOS~controlled thyristor of the present invention is the
sum of the voltage drop across the high voltage thyristor
_ (112-116-114-118-120-122) and the voltage drop across the
30 low voltage p-channel MOSFET (120-130-126-134) under gate



Pwell. As shown in F|g 9D, a P+ region 426 extends domnmande vtk
surface of the wafer and is spaced fromP well 420 by a portlon of [err]

418 which extends up to the 25 surface of the wafer to; forn1 ﬁ@@n&ﬂ;
region 436. [err] region 426 is electrically contacted by:: cathogéf f
el ectrode 434. A grid structure of a single insulated gate 438 overlies

channel region 436, and al so overlies channel 30 regi ons 428 and 432.
Gate 438 is preferably conprised of

138. The voltage drop across the high voltage thyristor
does not increase much when the device is designed to
support higher breakddwn voltage. In contrast, in an
IGBT, the on-state voltage drop increases when the IGBT

5 is designed for higher breakdown voltages. This is
because, in the IGBT, only the bottom part of the drift
region is conductivity modulated, while in a thyristor
the entire drift region is conductivity modulated.
Hence, advantageously, the MOS-controlled thyristor of

10 the present invention has a lower forward voltage drop «
than an IGBT for the same current for higher breakdown
voltage (>1200 V) devices.

Additionally, advantageously, the present
invention requires no short circuit protection because of

15 its on-state current saturation characteristics,
described previouslj. This is a major advantage compared
to a MCT. Also, advantageously, the present invention
does not have any parasitic thyristor structure to
degrade performance. This is a major advantage compared

20 to the prior-art EST.

Finally, the present invention advantageously
has lower turn-off losses as compared to a MCT. As
stated previously, in the device of the present
invention, the P base is connected to ground potential

25 through the lateral p-channel MOSFET, reverse biasing the
Nt+ emitter/P base junction. This inactivates the NPN
transistor by providing a reverse base drive, leading to
disruption of the thyristor action faster as compared to
a MCT and hence a faster decrease in current. The turn-

30 off time of the device of the present invention is thus
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a |l ayer of oxide (not shown). The operation of device 410 Sh&ﬁB—Ln “Fgs.

9A, 9B, 9C and 9D is as follows. In the on-state (with anode 5 412 at a

positive potential with respect to cathode 434), the voltage applied to
gate 438 should be sufficiently positive with respect to cathode to invert

channel

regi ons 428 and 432 and thereby turn-on both of the n-channel

MOSFETs under the gate, creating a forward 10 conduction path to [err]
source 423, which, as stated previously and as shown in Fig. 9C is
electrically contacted by cathode 43;_1s This provides the base drive

10

15

20

25

30

close to that of an IGBT (which has approximately an
open-base PNP transistor turn-off time).

The embodiment of the present invention
described above and shown in Fig. 2 relies upon the
lateral voltage drop along P base 120 to forward-bias the
NPN transistor to latch the thyristor. Consequently, P
base 120 must be made relatively long with light doping.
An alternative embodiment, shown in Fig. 3, eliminates
this requirement.

As in Fig. 2, the MOS-controlled thyristor 210«
of Fig. 3 is a vertical conduction device with an N layer
214 and a very highly doped P¥¥ region 216 disposed on
the underside of an N- layer 218. An anode 212 on the
bottom surface of the device covers P+ region 216. The

layer thicknesses and concentrations depend on the device
blocking voltage and are the same as the device of
Fig. 2.

Disposed within N- layer 218 are: 1) a P* base
221; 2) a Pt region 219 which forms the source of the p-
channel MOSFET of the device, as described in further
detail below; and 3) P* regions 226 and 228, which form
the respective drains of p-channel MOSFETs of the device,
as described in further detail below.

An N** emitter region 222 is disposed within a
Pt base 221, and is electrically shorted to Pt region
219 by a floating metal strap 224 (unconnected to any
electrode of the device) on the upper surface of the

. device.

Pt regions 226 and 219, P¥ regions 219 and
221, and pt regions 221 and 228 are separated by

pol ysil'icon and is insulated fromthe upper surface oﬁ bher d%vlce Py



for the PNP transistor (416-414-418-420) to latch the thyristor. The device

t hus operates as a thyristor 15 (formed by |ayers 416-414- AT8=#20°444) 7~
in series with an n-channel MOSFET (forned by 444-422-432-423) i:nithe- o
state. To turn-off the device, the voltage on gate 438 should be nade

sufficiently negative with respect to 20 cat hode 434 to invﬁr%{éh%ﬁ@e@ﬂﬁ;j;
n

regi on 436, thereby turning-on the p-channel MOSFET under gate 438
connecting the P well regions to cathode (ground) potential. As in the
previously described enbodi nents, the MOS-controlled thyristor of Figs. 9A
9B, 9C and 9D 25 has current saturgtion characteristics because of the

relatively small regions of N° layer 218 which extend to
the surface of the wafer to form respective channel
regions 230, 231, 233. ' _

A cathode electrode 234 makes ohmic contact to

5 Pt regions 226 and 228. A first insulated gate 238
overlies channel region 230. A second insulated gate 240
overlies channel region 233 and, in addition, overlies
the portion of P* base 221 between N** emitter region
222 and channel region 233 at the'upper surface of the

10 wafer. A third insulated gate 241 overlies channel .
region 231 and, in addition, overlies the position of pt
base 221 between N** emitter region 222 and channel
region 231 of the upper surface of the wafer. Gates 238,
240, 241 are preferably comprised of polysilicon and are

15 insulated from the upper surface of the device by a layer
of oxide (not shown in Fig. S). Gates 240 and 241 may be
tied together (connected electrically).

The operation of device 210 shown in Fig. 5 is
as follows. In the on-state (with anode 212 at a

20 positive potential with respect to cathode 234), the
voltage applied to gate 238 should be sufficiently
negative with respect to cathode 234 to turn-on the
p-channel MOSFET under gate 238, and the voltage applied
to gates 241 and 240 should be sufficiently positive to

25 turn-on the n-channel MOSFETs (in P* base 221) under
gates 241 and 240.

In this situation, N** emitter 222 is
connected to ground potential by metal strap 224 and
through the lateral PMOS created by the inversion of

30 channel region 230, and the base drive for the vertical



MOSFET in series with the thyrlstor and has fast turn- oﬁ#‘bEEEHSE'The
thyristor current is quickly drained to ground by the |nve¥§h8h ‘of channer
regi on 436, creating a p-channel which effectively shorts'P wel fg ?Zﬂﬂing -
cat hode 30 434 (ground). - 25 - Although the present Bewvention Has_
been described in relation to particular embodi nents ther €6F=fany ot her
vari ations and nodifications (such as using trench gates instead of surface
pl anar gates and o

......~_s—....._..—-—-————-' """

PNP transistor formed by layers 216-214-218-221 is
provided through the n-channel MOSFETs under gates 240,
241. When the P** region/N junction is forward biased
by about 0.7 volts, the P** region 216 starts injecting
5 holes which supplies the base drive for the NPN
transistor formed by layers 222-221-218-214, causing the

thyristor formed by layers 216-214-218-221-222 to go into
the latched state. '

Thus, this triggers thyristor 210 to the on-
10 state by creating a conduction path from anode to cathode
" (upward in Fig. 2) via PT* region 216, N layer 214, N
layer 218, through the n-channels in P™ base 221 at the
surface of the wafer (created by gates 241 and 240),
across Nt+ emitter 222, through metal strap 224 to P¥
15 region 219, through the p-channel (created by gate 238)
in channel region 230, and through Pt region 226 to
cathode 234.
After the thyristor formed by regions 216, 214,
218, 221 and 222 is turned-on, a major portion of the
20 current will bypass the n-channel under'gate 241 and 240,
and instead flow directly upward through the device from
P*+ region 216 through regions 214, 218, 221 to N**
emitter 222 and then through the floating metal strap 224
to Pt region 219, through the p-channel MOSFET under
25 gate 238 to Pt region 226 and then to cathode 234.
Since the p-channel MOSFET under gate 238 is in series
with the thyristor (216-214-218-221-222), the current:
through the device is limited by the saturation current
of the p~channel MOSFET under gate 238. Thus, the device
30 of Fig. 3, like the device of Fig. 2, has current



5 dlfferent gate and channel region.layout) will becone apparent to:
those skilled in the art. It is preferred, therefore, that the ‘present” [
invention be linmted not by the specific disclosure herein, but omhﬂtﬁtﬁlﬁ@ﬁ
appended cl ai ns. VWHAT |S CLAIMED I S: ' 26 1 VA e
MOS-control l ed thyristor, conprising: a wafer of seni conduct or material

havi ng first and second spaced, parallel planar surfaces, at |east a

portion of the thickness of the wafer which extends fromsaid first

saturation characteristics. The saturation current
depends on the voltage applied to gate 238.
Advantageously, the thyristor can be turned-off by merely
reducing the voltages of gates 238, 240, 241 to zero.

5 To turn-off the device faster, a zero or
positive potential with respect to the cathode is applied
to gate 238 (to turn-off the MOSFET under gate 238), and
a sufficient negative potential is applied to gate 240
and 241 with respect to cathode 234 (to turn-off the n--

10 channel MOSFETs under gate 240 and 241 and turn-on the p<
channel MOSFET under gate 240, thereby coupling PY base
221 to PY region 228, which is in turn electrically

connected to the cathode. These respective potentials on
gates 238, 240, 241 are maintained in the forward

15 blocking condition (anode at a positive potential with
respect to cathode). The negative potential on gate 240
results in a high breakdown voltage for the device,
because this keeps PT base 221 of the thyristor at a
lower potential compared to the N** emitter 222.

20 Fig. 4 shows a variation of the structure of
Fig. 3 by eliminating the P region 228, associated
cathode metal 234 contact to this region, gate 240 and
channel region 233. In this embodiment, during turn-off
and forward blocking state, the N** emitter 222 is

25 merely shorted to the PT base 221 through the floating
metal strap 224 and the p-channel region 231 under gate
241, o

_ Another variation of the structure of Fig. 3 is
obtained by eliminating the gate 241 or by leaving it
30 electrically floating.
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for receiving junctions, at |least a portion of the thicknes —GF~saTd’mafer SET 1
whi ch extends from said second sem conductor ‘surface conpri si figh - St
relatively highly doped P-type | ayer; a P-type base forned q sai
relatively lightly doped N-type epitaxially deposited | ayer ﬁﬁ@ ext;;dL&gﬂa
fromsaid first sem conductor surface to a first depth beneatfsard first
sem conductor surface; an N-type emtter region forned in said P-type base
and extending fromsaid first sem conductor surface to a second depth
beneath said sem conductor surface which is shallower than said first depth
to create an N-type enitter/P-type Bas® j<uncti on,

Yet another variation of the structure of Fig.

3 is shown in Fig. 5 which uses a depletion p-channel
MOSFET, created by forming a P~ region 242 between P*
regions 219, 226 at the upper surface of the wafer. In

5 this embodiment, gate 238 can be set at 0 volts with
respect to the cathode in the on-state. 1In the off-
state, in this embodiment, gate 238 has to be
sufficiently positive with respect to the cathode to
fully pinch-off the P" region.

10 Fig. 6 shows a variation of the structure of -
Fig. 4 using a depletion p~channel MOSFET, created by
diffusing a P" region 242 between P+ regions 219, 226 at
the upper surface of the wafer. In this embodiment, as
in the embodiment of Fig. 5, gate 238 can be set at 0

15 volts with respect to the cathode in the on-state. 1In
the off-state, gate 238 has to be sufficiently positive
with respect to the cathode to fully pinch-off the P°
region.

The embodiments of the present invention

20 described above and shown in Figs. 2-6 require two
separate gates and thus yield a device with four
terminals. An alternative embodiment of the invention,
shown in Fig. 7, uses a single gate drive and thus yields
a three terminal structure. As in the devices of Figs.

25 2-6, the MOS-controlled thyristor 310 of Fig. 7 is a
vertical conduction device with an N layer 314 and a very
highly doped P** region 316 disposed on the underside of
an N- layer 318. As in the previous embodiments, an
anode 312 on the bottom surface of the device covers PTT

30 region 316.



sem conduct or surface al ong edges of said P-type base, sugh]

Pisald e

of said P-type base extend to said first sem conduct or surfaCeﬁggﬁeﬂeﬁﬁ

defining a first channel region along a first of said edgés, a metal stiap-=

bei ng di sposed on said first sem conductor surface and connectlng 'sai‘d

emtter

region to said P-type base along a second of said edges;

ges'

first and

second P-type regions forned in said relatively lightly doped N-type | ayer

and extending fromsaid first surface of said wafer,

said first and second

P-type regions being laterally spaced_fromsaid second and first edges of
said P-type base, respectively, to Tofth Second and third channel regions in
said relatively lightly doped N-type epitaxial |ayer;

10

15

20

25

30

Disposed within N~ layer 318 and extending down

from the upper surface of the device is a P well 320,
which forms the source of a p-channel MOSFET and the
channel region 328 of an n-channel MOSFET, as described
in further detail below. Disposed within P well 320 is
an N well 322, which forms the drain of the n-channel
MOSFET and the channel region 330 of a p-channel MOSFET
referenced above and described below. N well 322 is
radially inwardly spaced along the first semiconductor
surface from edges of P well 320, thereby defining .
channel region 328 of an n-channel MOSFET in the P well.
Disposed within N well 322 is a P-type base
324, which forms the channel region 332 of a n-channel
MOSFET, again as described below. P base 324 is radially
inwardly spaced along the first semiconductor surface
froﬁ edges of N well 322, thereby defining channel region
330 of a p-channel MOSFET in the N well. P base 324
extends along the upper surface of the wafer and is
contacted by cathode electrode 334. Aan NT* source
region 323 is disposed within P-base 324, and is also
contacted, along its upper surface, by cathode electrcde
334. NtT source 323 is radially inwardly spaced along

the first semiconductor surface from edges of P base 324,
thereby defining channel region 332 of an n-channel
MOSFET in the P base. '

A P region 326 extends downward from the upper
surface of the wafer and is spaced from P well 320 by a
portion of N” epi 318 which extends up to the surface of

the wafer to form a channel region 336. P region 326 is
electrically contacted by cathode electrode 334.



first gaté i nsul ation layer means on said first semiconductor surface #,;Q
di sposed at |east on said second channel region; first gaL_,eleﬁrﬁaﬁé”’~ ;W

T

PERS
on said first gate insulation |ayer nmeans and overl ying sglgwsacand»bhaHHEI

regi on: second gate insulation | ayer means on said fir t sea150@§®
surface disposed at least on said first and third channel gkdh econd.

gate el ectrode neans on said second gate insulation:|layer hagﬂs;aﬁd """""" -
overlying said first and third channel

-21 -

A single insulated gate 338 overlies channel
region 336, and also extends laterally over channel
regions 328, 330 and 332. Gate 338 is preferably
comprised of polysilicon and is insulated from the upper

5 surface of the device by a layer of oxide (not shown in
Fig. 7).

The operation of device 310 shown in Fig. 7 is
as follows. In the on-state (with anode 312 at a
positive potential with respect to cathode 334), the

10 voltage applied to gate 338 should be sufficiently
positive with respect to cathode to invert channel
regidns 328 and 332 and thereby turn-on both of the
n-channel MOSFETs under the gate, creating a forward
conduction path to N** source 323, which, as stated

15 previously and as shown in Fig. 7, is electrically
contacted by cathode 334. This provides the base drive
for the PNP transistor (formed by layers 316-314-318-320)
to latch the thyristor. The device thus operates as a
thyristor (formed by layers 316-314-318-320-322) in

20 series with an n-channel MOSFET (formed by 322-332-323)
in the on-state.

To turn-off the device, the voltage on gate 338
should be made sufficiently negative with respect to
cathode 334 to invert channel regions 330 and 336,

25 thereby turning-on both of the p-channel MOSFETsS under-
gate 338 and connecting the P diffused regions to cathode
(ground) potential. As in the previously described
embodiments, the MOS-controlled thyristor of Fig. 7 has
current saturation characteristics because of the MOSFET

30 in series with the thyristor and fast turn-off because
the thyristor current is quickly drained to ground by the



regi ons; anodé el ectrode means connected to said P-type hays _g“dlsposed en
sai d second seni conductor surface; and cathode el ectrode:ngans’ co
said first and second P-type regions on said first sen1cénductbﬂ

2. A MOS-controlled thyristor, conprising: a waf er of seﬂ1qgnductor et
mat eri al having first and second spaced, parallel planar Surfaces, at Ieast
a portion of the thickness of said wafer which extends from said flrst

sem conductor surface conprising a relatively lightly doped N- type |ayer
for receiving junctions, at |least a portion of the thickness of said wafer
whi ch extends from said second sem conductor surface conprising a
relatively highly doped P-type - 22 -

inversion of channel regions 336 and 330, creating p-
channels which effectively shorts P well 320 to cathode
334 (ground).
The embodiment of the present invention shown
5 in Fig. 7 can be implemented with a cellular layout, as
shown in the top views of Figs. 8A and 8B, wherein the
four layer P well region of Fig. 7 is identified as a
NT+/pt/N/P cell. In the layout of Fig. 8A, the wafer
has 2/3 N*+/pt/N/P cells and 1/3 Pt cells. Each
10 Nt+/pT/N/P cell has three adjacent P* cells. Fig. 8B -

' shows the top view of another possible cellular layout
for the embodiment of Fig. 7.
Yet another alternative embodiment of the
invention, shown in Figs. 9A, 9B, 9C and 9D, uses a

15 single gate drive and thus yields a three terminal
structure. This embodiment is formed of an array of
clusters of cells -~ Fig. 9B shows a unit cluster, each
cluster being formed of the three elements shown in Fig.
9A, namely an Emitter-Switching cell (ES), an Emitter &

20 " Turn-On Cell (ET) and a PT cell (P+). The unit cluster
shown in Fig. 9B is repeated to form the active area of
the chip. One or two lines of Pt cells are preferably
disposed at the edge of the active area of the chip.

As in the devices of Figs. 2-7, the MOS-

25 controlled thyristor 410 of Figs. 9A, 9B, 9C and 9D is a
vertical conduction device with an N layer 414 and a very
highly doped P** region 416 disposed on the underside of
an N~ layer 418. As in the previous embodiments, an
anode 412 on the bottom surface of the device covers P¥7

30 region 416.



| ayer; a P—type base formed in said relatively lightly doped N:tzgggtayéFﬁf?:ﬂ
and extending fromsaid first sem conductor surface to a fﬁfgfzﬁéﬁthzﬁfﬁﬁﬁﬁ? i
beneath sai d first semiconductor surface; an N-type emitterl F&gi‘on Ly

fo

: f
in said P-type base and extending fromsaid first sem condugt gnéhaf """

_________ Bee

a second depth beneath said seni conductor surface which is L ower=ttian ™
said first depth to create an N-type enmtter/P-type base junction, said
N-type emtter region being radially inwardly spaced along said first

sem conduct or surface al ong edges of said P-type base, such that said edges

of said P-type base extend to said first sem conductor surface, thereby
defining first and second channel r2g#3n3 al ong sai d edges;

As shown in Fig. 9C and Fig. 9D, disposed
within N- layer 418 and extending down from the upper
surface of the device is a P well 420, which forms the
source of a p-channel MOSFET and the channel region 428

S of an n~channel MOSFET, as described in further detail
below. Disposed within P well 420 is an N well 422,
which forms the drain of the n-channel MOSFET. Disposed
within a region of the N well 422 is a P* base 424,
which forms the channel region 432 of a n-channel MOSFET,

10 again as described below. Pt base 424 extends along the
upper surface of the wafer and is contacted by cathode
electrode 434. NT+ source region 423 is radially
inwardly spaced along the first semiconductor surface
from edges of Pt base 424, thereby defining channel

15 region 432 of an n-channel MOSFET in the P* base. An
N*t* emitter region 444 is disposed within P well 420 and
is connected to the N well 422. N1+ emitter region 444
is radially inwardly spaced along the first semiconductor

- surface from at least one edge of P well 420, thereby

20 defining channel region 428 of an n-channel MOSFET in the
P well. | |

As shown in Fig. 9D, a PT region 426 extends
downward from the surface of the wafer and is spaced from
P well 420 by a portion of N 418 which extends up to the

25 surface of the wafer to form a channel region 436. p¥
region 426 is electrically contacted by cathode electrode
434. |

A grid structure of a single insulated gate 438

overlies channel region 436, and also overlies channel
30 regions 428 and 432. Gate 438 is preferably comprised of



first and second P-type regions forned in said relatlvel¥»kﬁgﬁf1y doped ﬂ
N-type | ayer and extending fromsaid first surface of sahdﬂmafer sald i

first and second P-type regions being l|aterally spaced fron1eacg ______ “Eﬁd i
fromsaid P-type base to formrespective third and fouYth ch nnel e
regions in said relatively lightly doped N-type |ayer, a retdl Strap belng

di sposed on said first sem conductor surface and connectlng said N-type
emtter region to said second P-type region; a third P-type region forned
in said relatively lightly doped N-type | ayer and extendlng fromsaid first
surface of said - 24 -

polysilicon and is insulated from the upper surface of
the device by a layer of oxide (not shown).
The operation of device 410 shown in Figs. 93,

9B, 9C and 9D is as follows. In the on-state (with anode

5 412 at a positive potential with respect to cathode 434),
the voltage applied to gate 438 should be sufficiently
positive with respect to cathode to invert channel
regions 428 and 432 and thereby turn-on both of the
n-channel MOSFETs under the gate, creating a forward

10 conduction path to N** source 423, which, as stated .
previously and as shown in Fig. 9C, is electrically
contacted by cathode 434. This provides the base drive
for the PNP transistor (416-414-418-420) to latch the
thyristor. The device thus operates as a thyristor

15 (formed by layers 416-414-418-420-444) in series with an
n-channel MOSFET (fdrmed by 444-422-432-423) in the on-
state. '

To turn-off the device, the voltage on gate 438
should be made sufficiently negative with respect to
20 cathode 434 to invert channel region 436, thereby
turning-on the p-channel MOSFET under gate 438 and
connecting the P well regions to cathode (ground)
potential. As in the previously described embodiments,
the MOS-controlled thyristor of Figs. 9A, 9B, 9C and 9D
25 has current safﬁration characteristics because of the
" MOSFET in series with the thyristor, and has fast turn-
off because the thyristor current is quickly'drained to
ground by the inversion of channel region 436, creating a
p-channel which effectively shorts P well 420 to cathode
30 434 (ground).
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wafer, said third P-type region being laterally spaced frpmssaid:P-type’~-
base to forma fifth channel region in said N-type Iayer;ﬁfirst gagg
i nsul ation | ayer nmeans on said first sem conductor surfacﬁsdﬁshb ed-
| east on said third channel region; first gate el ectrode ® oS ¢
first gate insulation |ayer neans and overlying said third channel region;
second gate insulation |ayer neans on said first surface di sposed at | east
on said first and fourth channel regions; second gate el ectrode neans on
sai d second gate insulation |ayer neans and overlying said first and fourth
channel regions; ‘25 -

Although the present invention has been
described in relation to particular embodiments thereox, -
many other variations and modifications (such as using
trench gates instead of surface planar gates and

5 different gate and channel region layout) will become
apparent to those skilled in the art. It is preferred,
therefore, that the present invention be limited not by
the specific disclosure herein, but only by the appended
clainms. ' '



third gate insulation |ayer neans on jjum ml”i" d| spos“ed--a-t -l.east
on said second and fifth channel regi IW Wectr dEE! hﬁa,nSnﬁn
said third gate insulation |ayer neans “and oberfylhg=sa|d cond1

channel regions; anode el ectrode neans con §Ied to said P—t E@ IZ§

di sposed on sald second sem conductor surf ; and cat hode ETEE??%EE:Q@
connected t nd third P-type regions on said first

sem conduct or surface. 3 A MOS-controlled thyristor, conprising: a wafer
of seniconductor natdrial® MRSIRPFPILednBhYEEBReT s RRRRELSIAGA! | el pl anar
surfaces, at |east aapedfévrodfseniechBuekseshaatérbal hawiley firsehagyt ends

fr0n1sa|d fec%kd spaced, parallel planar surfaces, at least a portion of
the thickness of the wafer which extends from said first
semiconductor surface comprising a relatively lightly decped N-
type layer for receiving junctions, at least a portion of the
thickness of said wafer which extends from said second
semiconductor surface comprising a relatively highly doped P-type
layer; '

a P-type base formed in said relatively lightly doped

N-type epitaxially deposited layer and extending from said first
semiconductor surface to a first depth beneath said first
semiconductor surface;

-an N-type emitter region formed in said P-type base and
extending from said first semiconductor surface to a second depth
beneath said semiconductor surface which is shallower than said
£irst depth to create an N-type emitter/P~type base junction, .
said N-type emitter region being radially inwardly spaced along
said first semiconductor surface along edges of said P-type base,
such that said edges of said P-type base extend to said first
semiconductor surface, thereby defining a first channel region
along a first of said edges, a metal strap being disposed on said
first semiconductor surface and connecting said emitter region to
said P-type base along a second of said edges;

first and second P-type regions formed in said
relatively lightly doped N-type layer and extending from said
first surface of said wafer, said first and second P-type regions
being laterally spaced from said second and first edges of said
P-type base, respectively, to form second and third channel
regions in said relatively lightly doped N-type epitaxial layer;

first gate insulation layer means on said first
semiconductor surface disposed at least on said second channel
region;

first gate electrode means on said first gate
insulation layer means and overlying said second channel region:



sem conduct or surfa#” m,ﬂgm latively lightly doped N- ty e La
for receiving junctiensg ﬁ”weortloa7of t he thlckneSs of b *g
mh:ch exfengs fromsaid second 29 sem conduct or surfacek conprlsrﬁg s
relatively highly do e I [ se formed .

relatively lightly d%pe ‘%g;}‘pe a%eratéﬁﬁ 5é ? d’gl %n? rTin ssaa{'l d rst
sen1conducsemlsgn¢ﬂﬁﬁpt(ﬁQrﬁaqeﬂdhﬁﬂMSHdbeheh@hsta¢m $3¥dtf igsh ééﬁdﬁbﬁﬁﬂ
surface; apphnh¥per&piddLy region formed in said P-type base and

second gate electrode means on said second gate
insulation layer means and overlying said first and third channel
regions; '

anode electrode means connected to said P-type layer
disposed on said second semiconductor surface; and

cathode electrode means connected to said first and
second P-type regions on said first semiconductor surface.

2. A MOS-controlled 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
semiconductor surface comprising a relatively lightly doped N-
type layer for receiving junctions, at least a portion of the .
thickness of said wafer which extends from said second
semiconductor surface comprising a relatively highly doped P-type
layer; '

a P-type base formed in said relatively lightly doped
N-type layer and extending from said first semiconductor surface
to a first depth beneath said first semiconductof surface;

an N-type emitter region formed in said P-type base and
extending from said first semiconductor surface to a second depth
beneath said semiconductor surface which is shalloﬁer than said
first depth to create an N-type emitter/P-type base junction,
said N-type emitter region being radially inwardly spaced along
said first semiconductor surface along edges of said P-type base,
such that said edges of said P-type base extend to said first
semiconductor surface, theréby defining first and second channel
regions along said edges;

first and second P-type regions formed in said
relatively lightly doped N-type layer and extending from said
first surface of said wafer, said first and second P-type regions
being laterally spaced from each other and from said P-type base



extendfng fron1said , Hj' surface to a second dept ngBaﬁ@ﬁ

said sem conductor su ,!ﬂ H 'ﬁ mi&m,om | oxgr than said flPs dep 9

create an N-type en1tter/P—type basé j unct ron, sald N—type ALk

bei ng radiall 0QQ4S r st I conduct O surf ce along
?$ Ybfﬁwﬁgéﬂéétgase%ﬂlgk Qgﬁ ?$&Léﬂ Hark o& S5085; dnps g

one edge of salid P-type one’ e e base
ext ends t oF&RrtrYe il lahklyodanedoN-5ype daver ha él?}adefsﬁ:ﬁiaagbaln@r st

channel regisgosddnm =aiid edger fséihSéox@d\fbﬁﬁ:C@iﬂ-chTeéaﬂdr ?Ghﬁ@étixgé ][g-agla n
Sﬁlr?acrsgl g;k\s{ ¥ lé gé&sgl %igl rs%’ygﬁﬁés % %ﬁﬁ%%’&% H;Olr)ne;s(rj\“g I alt (r'-jgl ly
spaced from each ot Metthinrd Satypecremiomr- ﬂO}:p@dr dg smildeirrdyatavelnl1igaaced
from sai d dogedBypR 1ayee’ Bhd extending from said first surface of said
wafer, said third P-type region being laterally spaced from said
P-type base to form a fifth channel region in said N-type layer;
first gate insulation layer means on said first

semiconductor surface disposed at least on said third channel
region; _

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

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

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

third gate insulation layer means on said first surface
disposed at least on said second and fifth channel regions;

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

anode electrode means connected to said P-type layer
disposed on said second semiconductor surface; and

cathode electrode means connected to said first and
third P-type regions on said first semiconductor surface.

3. A MOS-controlled 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
semiconductor surface comprising a relatively lightly doped N-
type layer for receiving junctions, at least a portion of the
thickness of said wafer which extends from said second



respectlve second and l“u m II ions in said rel ati.v.-'é:| v liaht!y. . N
doped N-type |ayer, l ﬂ“ H di gposed on said fiﬁ$¥v ugrﬁ.Xr 990 4

semni conduct or surface and connectlng “sai d N-type enitter regkop-fFo-"said
second P-t ¥pRi&68dEdor i itradd! Sonpeilbdhy 08 TeVLEivEIRNhighlyatidpédrBitype
sen1conduc&or surface disposed at |east on said second channel region;

first gate 8¥&ttrode neans on said first gate insulation |ayer nmeans and
overlying sai d secoral Rtkypselbasegifonmed etnner idtrelativedyi dAghiyErdereds on

sai d firstysyphaceagd ﬁ%ﬁff&:&tenh&%t £09m S8 £ f £ 1:8de Ey&lbbhadceban&e&face

regi ons; second gate trode ans,qQn_sai d
d to a first éh beneat sa18 ffrst ggﬁggg%é%éior surface;

an N-type emitter region formed in said P-type base and
extending from said first semiconductor surface to a second depth
beneath said semiconductor surface which is shallower than said
first depth to create an N-type emitter/P-type base juncticn,
said N-type emitter region being radially inwardly spaced along
said first semiconductor surface along one edge of said P-type
base, such that said one edge of said P-type base extends to said
first semiconductor surface, thereby defining a first channel
region along said edge;

first and second P-type regions formed in said
relatively lightly doped N-type layer and extending from said
first surface of said wafer, said first and second P-type regionse
being laterally spaced from each other and said second P-type
region being laterally spaced from said P-type base to form
respective second and third channel regions in said relatively
lightly doped N-type layer, a metal strap being disposed on said
first semiconductor surface and connecting said N-type emitter
region to said second P-type region;

first gate insulation layer means on said first
semiconductor surface disposed at least on said second channel
region;

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

second gate insulation layer means on said first
surface disposed at least on said first and third channel
regions; _
second gate electrode means on said second gate
insulation layer means and overlying said first and third channel
regions;

anode electrode means connected to said P-type layer
disposed on said second semiconductor surface; and
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second sem conduct or surface Lant caffode el ectrode neans connect eéd ——=
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4. The MOS-contralle ristor n sard secon
el ectrode |§P*ﬂqe€FFV€&IF?gﬁPﬁﬁt?ﬁgs%ﬁdzﬁkﬂﬁR semiconductor surface.

4. The MOS-controlled thyristor of claim 3,
wherein said second gate electrode is electrically floating or
absent.

5. The MOS-controlled thyristor of claims 2 or 3,
further comprising a relatively lightly doped P-type region
disposed in said second channel region between said first and
second P-type regions to form a depletion P-channel MOSFET.

6. A MOS-controlled 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
semiconductor surface comprising a relatively lightly doped N-
type layer for receiving junctions, at least a portion of the
thickness of said wafer which extends from said second
semiconductor surface comprising a highly doped P-type layer;

a P-type well formed in said relatively lightly doped
N-type epitaxially deposited layer and extending from said first
semiconductor surface to a first depth beneath said first

semiconductor surface;

an N-type well formed in said relatively lightly doped
N-type layer and extending from said first semiconductor surface
to a second depth beneath said first semiconductor surface which
is shallower than said first depth, said N-type well being
radially inwardly spaced along said first semiconductor surface
from an edge of said P-type well, thereby defining a first
channel region, said first channel region being disposed in said
P-type well near said first semiconductor surface;

a P-type base formed in said relatively lightly doped
N-type layer and extending from said first semiconductor surface
to a third depth beneath said semiconductor surface which is
shallower than said second depth, said P-type base being radially
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5. The MOS-control |l ed ulj “M/mumlg‘mw ms 2 or 3, further (’:orrprl 51 angaB 1996.
relatively lightly do dlsposed in said second..channel...==

regi on between said first and. second P—typ egions to forma depletion
P-channel NOSRERlYsspacgd\aborgn$a il |t sthpemndconductapr serfase £nom en of

seni conducteagermtfeéaah hauyﬁe vf:éIE,t ﬁi&ewcaaélaaaees sa&sﬁ& | &larRieanar
sur f aces, c%§ts 180rt on,of, the r. whi ch ext ends

from sai d f | rs]‘t <o FREONTEEPER glbﬁréﬁf]e r@@ﬂﬁf‘l g’ler’rﬁgag?‘ﬁ?%’ﬁ?‘ge’r%/ S316h N FYBBped
N- type | aperllf pearesaiidi Artneeniganduattolregurfacporti on of the thickness
of said wafer which gyt ﬁnégaérsmlseé %a%an%i—ﬁaacQﬂdggi&rpggﬁea%ﬁsg and

conprising a_highly do ed e layer;] a P-t or me
relatlvelyqﬁ gd ﬁ@ﬂ sald irst semlconduc or surface to a fourth depth

beneath said semiconductor surface which is shallower than said

third depth to create an N-type source/P-type base junction, said
N-type source region being radially inwardly spaced along said '
first semiconductor surface from an edge of said P-type base,
thereby defining a third channel region, said third channel
region being disposed in said P-type base near said first
semiconductor surface; _

a P-type region formed in said relatively lightly doped
N-type layer and extending from said first surface of said wafer,
said P-type region being laterally spaced from said edge of said
P-type well to define a fourth channel region, said fourth .
channel region being disposed in said relatively lightly doped N-
type epitaxial layer between said P-type region and said P-type
well near said first semiconductor surface;

gate insulation layer means on said first semiconductor
surface disposed at least on said first, second, third and fourth
channel regions;

gate electrode means on said gate insulation layer
means and overlying said first, second, third and fourth channel
regions;

anode electrode means connected to said P-type layer
disposed on said second semiconductor surface; and

cathode electrode means connected to said P-type base,
said N-type emitter and said P-type region on said first
semiconductor surface. '

7. The MOS-controlled thyristor of claim 6, wherein
said P-type well and said first P-type region each comprise
cells, said cells being disposed side-by-side in a symmetric
array.
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and extending from said fhr%ﬁ
sem conduct or surfk pth bezeath said first se cpndm@tatq_] 936 il
surface; an N-type well forned in saidrélTatively lightly do eﬁ;bEfyﬁéﬁi'_ e
" layer and extendi n@ framnﬂmsﬁichmrsl1enﬂnuyrmhnnnn campi-deéngo a second depth

beneat h said flrst ;; f%b @&cggﬁ ﬁ% |nmar ff%l?% 8&8p§51£§@ id first

depth, said Nty q£1 y space sai |rst
sem condué%%‘?n%lﬁﬁaﬁ%l'f BHF eédgéa@r s‘aﬁfqﬂﬁtiﬂpé‘:\/\éela“tﬂe?%?l%ﬂﬂu ng a .

1;3 irst chaﬂﬂ@hﬁﬂﬂdr@ks o Gafidr wafehamiith reﬁguméam gdas@opPest n said
cai o1 el SEPRRTS I P aases ROPOpEsTg & T avead i Phe e T o
sem condutype kaydmd@®r receiving junctions, at least a portion of the
thickness of said wafer which extends from said second
semiconductor surface comprising a heavily doped P-type layer;
a P-type well formed in said relatively lightly doped

N-type layer and extending from said first semiconductor surface
" to a first depth beneath said first semiconductor surface;

an N~type well formed in said relatively lightly doped
N-type layer and extending from said first semiconductor surface
to a second depth beneath said first semiconductor surface which
is shallower than said first depth, said N-type well being
radially inwardly spaced along said first semiconductor surface
rom an edgé of said P-type well;

a P-type base formed in said relatively. lightly doped
N-type layer and extending from said first semiconductor surface
to a third depth beneath said semiconductor surface which is
shallower than said second depth, said P-type base being radially
inwardly spaced along said first semiconductor surface from an
edge of said N-type well;

an N-type source region formed in said P-type base and
extending from said first semiconductor surface to a fourth depth
beneath said semiconductor surface which is shallower than said
third depth to create an N-type source/P-type base junction, said
N-type source region being radially inwardly spaced along said
first semiconductor surface from an edge of said P-type base,
thereby defininq a first channel region, said first channel
region being disposed in said P-typé base near said first
semiconductor surface;

an N-type emitter region formed in said P-type well and
extending from said first semiconductor surface to a fifth depth
beneath said semiconductor surface which is shallower than said
first depth, said N-type emitter region being radially inwardly



C T -:-—-,--

'Ii x1l

toa third dept h ben MHIH juﬂﬂ MEuctor surface which i8 shal lﬁé\e{: than
sai d second dept h, ing radially inmarilwwsp d 536@@5
said first sen1conductor surface froman edfje of said N-typ —wet—thereby
defini ng %psaeandlshenasidrmw seMicdnafeens shAFd@d #RGl Qageel ag dhsgosed

in said ne st, sem conduct surface;, an N-type source
regi on fofhégpﬁnwgi}d Eﬂfﬁékyt)%é§@%%§ 8xFenat g#??ﬁﬁ%ﬁﬁ%?ﬁansfalxp
senlcondue@apnduchanaeloregiqnuhdlnmeﬂubpbee@aim saidl Baypeoweddt neasur f ace
which is §Qghl@wggttQgﬂlégﬁéhéggfwgd@%gEg to create an N-type source/ P-type

base junction, said
a P-type region formed in said relatively lightly doped
N-type layer and extending from said first surface of said wafer,

said P-type region being laterally spaced from said edge of said
P-type well to define a third channel region, said third channel
region being disposed in said relatively lightly doped N-type
epitaxial layer between said P-type regién and said P-type well
near said first semiconductor surface;

gate insulation layer means on said first semiconductor
surface disposed at least on saiad first, second and third channel
regions;

gate electrode means on said gate insulation layer
means and overlying said first, second and third channel regions;.

anode electrode means connected to said P-type layer
disposed on said second semiconductor surface; and

cathode electrode means connected to said P-ﬁype base,
said N-type source and said P-type region on said first
semiconductor surface.

9. The MOS-controlled thyristor of claim 8, wherein
said P-type well, N-type well, said P-type base and said N-type
source together comprise a first cell, said N-tyﬁe emitter
disposed within said P-type well comprises a second cell, and
said P-type region comprises a third cell, said cells being
disposed side-by-side in a symmetric array.

10. The MOS-controlled thyristor of claims 7 or 9,
wherein said cells have a polygcnal shape.



N-type source region being radially fﬁﬂérafy“§ﬁéced“arong sai-d first . ..
sem conduct or surface fron1an'edge of t her elpy:-def;
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P-type base near sald first sem conductor ‘suftfale;sa P-type
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in saidrelatively lightly doped N-type | ayer and extending LTOﬂ18a1d firsto . i

surface of said wafer, said P-type region being laterally spaced from said
edge of said P-type well to define a fourth channel region, said fourth
channel regi on being disposed in said rektivel y lightly doped N- type

_epitaxial layer betjeen 6l %o%—%ﬁ%:é?ﬂé&’ﬂ:zﬁib]dlé@:dd%@iﬂﬁm“@' b-ngar said
1 on

first senlcondgstorcfurg. ate insul at means on sard Tirst
sem conduf ? g7ein saiad cells are arranged in an array comprising a

plurality of parallel-connected symmetrically disposed polygonal-
shared cells, and wherein said electrode means comprises a grid
which overlies said array.



surface dlsposed at least on said first, second, third and; fourth anngl:-
regi ons; gate el ectrode neans on said gate |nsulat|on Iayer Frears ahd"
overlying said first, second, third and fourth channel regtons _4p@dk£8199§m
el ectrode means connected to said P-type | ayer disposed onﬂsafa Sedond oo
semi conductor surface; and cathode el ectrode neans connecté&d to said P-type
base, said N-type emtter and said P-type region on said first

sem conductor surface. 7. The MOS-contrblled thyristor of claim®6, wherein
said P-type well and said first P-type Tegion each conprise cells, said

cells being disposed side-by-side in a symmetric
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array. 8. 'A MOS-controlled thyristor, conprising: a wafer of

sem conductor material having first and second spaced, parallél pla

surfaces, at least a portion of the thickness of said wafer mhlch egéiﬂdﬁi 995
fron1sa|d first sem conductor surface conprising a relatively I'ightly: doped
N type layer for receiving junctions, at |east a portion of the thickness °
of said wafer which extends fromsaid second sem conductor surface

conprising a heavily doped P-type Iayer2 a P-type well fornmed in said
relatively lightly doped
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N-type Iayer and extending fromsaid first sem conduct or qufﬁt@i%b fan fiFSt §
depth beneath said first sem conductor surface; an Ntype |1 forqegi FEB ‘iggﬁ
said relatively lightly doped N-type | ayer and extending frg nb&ai.d.. fI st |
senmi conductor surface to a second depth beneath said first teonduct or—
surface which is shallower than said first depth, said N-type well being
radially inwardly spaced along said first sem conductor surface from an

edge of said P-type well; a P-type base ¥orned in said relatively lightly
doped N-type | ayer and extendlng fromsard first sem conductor surface to a
third depth beneath sai d sem conductor surface which is shallower than said
second depth, sdid P 2 baSe gel p rAd [y A nwgd d spdceyl al ong said

first sem conducf Om 4n

22¢ 221
N~ 218
l
| N 214
P+ 216

////////////// 4

212

FIG. 4



edge of said N-type well; an N-type source region forned in said P-type - -~ =
base and extending fromsaid first seniconductor surface to a‘fourth dep E \9,9,&
beneat h said sem conductor surface which is shallower than S‘Igthlrdaegﬁ_
to create an N-type source/P-type base junction, said N-typelsouree=region
being radially inwardly spaced along said first sem conductor surface from

an edge of said P-type base, thereby defining a first channel region, said
first channel region being disposed in said P-type base near said first

sem conductor surface; an N-type enmitteqd region formed in said P-type well

and extending fromsaid first sem conduttor surface to a fifth depth

beneat h said sem conductor surface which is shallower than said
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first depth, said N-type emtter region being radially ]nmardlwge;JggaQEQLQQiné
along said first sem conductor surface from edges of said P-type—wel]

t hereby defining a second channel region, said second channel region being
di sposed in said P-type well near said first sem conductor surface; a
P-type region formed in said relatively lightly doped N-type | ayer and
extending fromsaid first surface of said wafer, said P-type region being

| aterally spaced from said edge of said P-type well to define a third :
channel region, said third channel regi8n being disposed in said relatively
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epi taxi al |ayer between said P-type region and said P-type meiirnear sald
first sem conductor surface; gate insulation |ayer neans on}said first '
sem conduct or surface di sposed at |east on said first, secang: anﬁ PEB
channel regions; gate electrode nmeans on said gate i nsul at i‘on=t aydr. daess
and overlying said first, second and third channel regions; anode el ectrode
means connected to said P-type |ayer disposed on said second sem conduct or
surface; and cathode el ectrode nmeans connected to said P-type base, said
N-type source and said P-type region on said first sem conductor surface.
9. The MXS-controlled thyristor of clalm 8, wherein
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said P-type well, N-type well, said P-type base and said N-type=sbiFgBit Srithi
together conprise a first cell, said NNtype emtter disposed wWthin said |
P-type wel | conprises a second cell, and said P-type region qpRpFi:§<B {&h 1008+ |
third cell, said cells being disposed side-by-side in a symetric array. =
10. The MOS-controlled thyristor of clains 7 or 9, wherein said cells have

a pol ygonal shape. 34 11. The MXS-coqptrolled thyristor of claim?7 or 9,
wherein said cells are arranged in an artay conprising a
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plurality of harallel-connected symmetrical ly di sposed pol ygonal -

cells, and wherein said el ectrode neans conprises a grid

said array.
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MOS-CONTROLLED THYRISTOR

A MOS~-controlled thyristor which has current
saturation characteristics and does not have any
parasitic thyristor structure. In some embodiments, the
device has two gate drives and is a four terminal device.
In other embodiments, the device requires only a single
gate drive and is a three terminal device. The device
can be constructed in a cellular geometry. In all
embodiments, the device has superior turn-off
characteristics and a wider safe-Operating-—-Area because
the N** emitter/P base junction is reverse biased during
turn-off.

Figure 7



