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THREE-TERMINAL THYRISTOR WITH SINGLE
MOS-GATE CONTROLLED CHARACTERISTICS

BACKGROUND OF THE INVENTIQN
1. Field of Invention:

5 The present invention relates to a MOS-
controlled thyristor and more particularly, to a threé-
terminal 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 dfop, 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
considerable 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
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an exanpl e of such a device, i n which the base current of 15 |, a blpolar

structlre is controll éd via an integrated MOSFET. The | GBT i's best suited~—-

for hi gh-voltage power el ectronic applications with bloc vurggge§,gp¢N
the range of 600 volts. |GBTs capabl e of handl.ing highe 'ﬁtagg ‘;  e-a
hi gher on-state voltage drop, which is 20 di sadvant ageous Ftcﬁ%-

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

through a thyristor structure, MOS-gated thyristors have received

consi derable interest for high current, high voltage applications. 25
Two types of MOS-gated thyristors are the MOS- controlled thyrlstor (NCT)
and the emtter-sw tched - 2 -

by V.A.K. Temple, IEEE International Electron Device
Meeting (TFDM) 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 during
turn-off, and because it does not have current saturation
characteristics. _ .

The EST, as shown in Fig. 1, basically consists

10 of a MOSFET in series with a thyristor, and is said to be
"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.

SUMMARY OF THE INVENTION

20 | The preseht invention overcomes the
disadvantages of the prior and achieves the foregoing
objective by providing a MOS-controlled thyristor which,
in a first embodiment, comprises a wafer of semiconductor
material having first and second spaced, parallel planar

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

A P-type base is formed in the relatively

lightly dopéd N-type layer and extends from the first

30 semiconductor surface to a first depth beneath the first
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t hyri stor (EST). In the MCT, as described in an article - -2- by V.AK
Tenpl e, IEEE International El ectron Device Meeting (I EDV Technlcal Di gesL«.
San Franci'sco (Decenber 1984), pp. 282-85, a cathode short =FE |
switched via a MOS gate. However, the commercial devel op ;4g¢HEF‘“’”Ihe \
MCT has been |inited because of conplex fabrication requi enenm%ﬁﬁﬁﬁﬂﬂzﬂﬁs?“
current filanmentation problens during turn-off, and becau '
have current saturation characteristics.

semiconductor surface. An N-type emitter region formed
in the P-type base extends from the first semiconductor
su;face 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, thefeby defining a first
10 channel region 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 lightly 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 is disposed on

25 the first gate insulation layer and overlies the second
channel region. |

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

30 disposed on the second gate insulation layer -means and
overlies the first and third channel regions.
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The EST, as shown in Fig. 1, basically consists 10 of a MOSFET in

series wi.th'a thyristor, and is said to be "emtter-switched." The EST
lends itself to easier fabrication than the MCT. Wile the EST exhibits
current saturation characteristics, it is, however, lim e§1$ %ETFQ\EFEHI
parasitic thyristor, shown in Fig. 1, which 15 bypasfse o S BEEN
gat e-control |l ed n-channel MOSFET. Accordingly, a need ex Eﬁ¥qg¢r

whi ch has current saturation characteristics, but is not Iinited by a
parasitic thyristor structure within the device. SUMWARY OF THE | NVENTI ON
20 - The ‘present invention overcones the disadvantages of the

prior and.achi eves the foregoing 4

A gate electrode is connected to the second
insulted gate.
An anode electrode is connected to the P-type
layer disposed on the second semiconductor surface. A
.5 cathode electrode is connected to the first and second P-
type regions on the first semiconductor surface and is
also connected to the first insulated gate.
The MOS-controlled thyristor of the present
invention preferably further includes an N-type layer
10 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.
In the MOS-controlled thyristor of the first
embodiment described above, the N-type emitter has a
15 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 thyfistor is in an on-state, which
is necessary for the thyristor to latch on.
. Consequently, the P-type base must be made relatively
20 long with light doping. An alternative embodiment
eliminates this requirement.
_' In the alternative embodiment, the first and
second P-type regions are adjacent to and laterally
spaced from one another, and only the second P-type
25 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
metal strap in this embodiment connects the N-type
emitter to the second P-type base region. A first
30 insulated gate overlies the channel region in the N-type
layer between the first and second P-type regions, and a
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obj ective by providing a MXS-controlled thyristor which, in a first
enmbodi ment, conprises a wafer of sem conductor material hayi Sitst=and
second spaced parall el planar 25 surfaces. A rela'Lﬁgkx¢kkghﬁﬁy5u€b
N-type: | ayer extends fromthe first sem conductor surfage, whﬂtpl_ulFD t

| ayer extends fromthe second seniconductor. surface. A R SRR
formed in the relatively lightly doped N-type |l ayer and extends fromthe.
first 30 sem conduct or surface to a flrst depth beneath the first

-3- -

second insulated gate overlies the channel region in the
N-type layer between the second P-type region and the P-
type base. The second insulated gate also overlies the
channel region formed at the edge of the P-type base

5 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
base and the third P-type region. The third insulated
gate also overlies the channel region formed at the

10 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
insulated gate or, optionally, the second insulated gate
can be left floating or be absent. The first and third

15 P-type regions and the first insulated gate 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 semiconductor surface. A gate
electrode is connected to the third insulated gate.

20 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
the P-type base are preferably relatively highly doped,

25 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
regions to form a depletion p-channel MOSFET. Also

30 optionally, the third P-type region can be eliminated.
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sem conductor surface. An N-type emtter region formed in the P-type base

sen1conductor surface whi ch is shallower than the flrsﬂ'QQQ;h to. Qre E%N.
an N-type enmitter/P-type base junction, the N-type emter rﬁ%bﬂ”C@
radially inwardly spaced along the first sem conduct or lss . Cl ! :
of the P-type base, such that the edges of the P-type base ‘extend to the .
first sem conductor surface, thereby deflnlng a first 10 channel region .
along a first of the edges. A netal strap is dlsposed on the first

" sem conduct or surface and connects the en1tter region to the P-type base
al ong a second of the edges. '

- -

Advéntageously,.all embodiments of the present
invention have current saturation characteristics without
any parasitic thyristor structure. Superior turn-off and
a wider Safe-Operating-Area are achieved by the present

5 invention because all embodiments have the emitter/base
junction reverse-biased during turn-off. Furthermore,
the junction patterns are easily fabricated.

' Other features and advantages of the present
invention will become apparent from the following

10 description of the invention which refers to the
-accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a cross-sectional view of a typical
prior art Emitter Switched Thyristor (EST).
15 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
_ _ embodiment of the present invention.
Fig. 4 is a cross-sectional view of a variation
20 of the embodiment of Fig. 3 without a third P-type region
and without an associated third gate.

DETATITLED DESCRIPTION OF THE PREFERRED EMBODIMENTS
A first embodiment of the MOS-controlled

25 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

Pt* region 116 are disposed on the underside of an N

SPEC\DC3903 Sheet Has Been Replaced

i I




First and second P-type regions-are formed irn 15 the relatively lightly
doped N-type | ayer and extend fromthe first surface of the wafer. The
first and 'second P- type regions are laterally spaced, fnonmkhegsecond“anﬁ
first edges of the P-type base, respectively, such thgt-the:seliatiyeky
lightly doped N-type | ayer which extends 20 to the flrst.geﬁtb@nduct
surface therethrough forns sécond and third channel r TS %&f1rst“§afé

i nsul ation |ayer is disposed on the first sem conductor surface and extends
over at |east the second channel region. A first gate is disposed on 25

the first gate |nsulat|on | ayer and overlies the second channel region.

-7'_

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

5 substrate material and N layer 114 and PT* 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.

10 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 1083 cm? and 500 um, respectively. The
doping density of P** region 116 is preferably greater

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

The doping density of N layer 114 is preferably
approximately 5 x 107 cm?, with a thickness of
approximately 7 pum.

Disposed within N° layer 118 is a P-type base

20 120, 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

25 the upper surface of the device.

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 réspective channel regions 130, 132.
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‘A second gate insulation layer is disposed on the first seniconductor

surface and extends over at least the first and third channel regigns.-A.-

second gate is 30 di sposed on the second gate insu
and overlies the first and third channel regions. - 4-
I's econnected to the second insulted gate. An anode el ect

FiA Laver peans.

to the P-type |ayer disposed on the second sem conductor surface. A

10

15

20

25

30
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A first insulated gate 138 overlies channel

region 130. A second insulated gate 140, coupled to gate

terminal G, overlies channel region 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 the upper surface of
the device by a layer of oxide (not shown in Fig. 2). A
cathode electrode 134, coupled to a cathode terminal K,
makes ohmic contact to P regions 126 and 128, and to
first insulated gate 138. _

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 140 should be sufficiently
positive to turn-on the n-channel MOSFET (in P base 120)
under gate 140. This causes the P base 120 to rise in
potential when the anode voltage is increased. When the
potential of the P base 120 increases such that the
potential difference between gate 138 and P base 120 is
greater in magnitude than the threshold voltage of the p-
channel MOSFET under gate 138, the p-channel MOSFET under
gate 138 turns-on and connects the P base 120 to the P
region 126 through the inversion p-channel formed at
surface of N° layer 130. This triggers thyristor 110 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
NT+ emitter 122, through metal strap 124 to P base 120,
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first insul ated gate. The MOS-controll'ed thyristor of the pfesent |nwen$reh

5 cat hode el ectrode is connected to the first and second P- type )
regions on the first sem conductor surface and is also connected to.fhe- 7\
preferably further includes an N-type |ayer 10 dISpOS A dTitjet”
P-type layer and the relatively lightly doped N-type |ayen, The Pty
| ayer and the N- type emtter are preferably relatively hi y doped. I n
the MOS-controlled thyristor of the first enbodi.nent described above, the
N-type enmitter has a 15 | at eral I'ength which creates a sufficient
voltage drop in the P-type base to forward biias the NNtype emtter/P-type
base junction when the thyristor is in gn on-state, which

,,.fp-—"'

Weﬁ“.”‘@ e
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through the p-channel (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
5 of the Nt* 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 insﬁead flow directly upward through the device
10 from pt+ region 116'through layers 114, 118, and 120 to
NT+ 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
15 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.
- : To turn-off the device, a sufficiently negative
20 potential is applied to gate 140 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
25 potentials on gates 138, 140 are maintained in the
forward blocking 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

30 potential compared to the N** emitter 122.
SPEC\DC3903 R
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is necessary for the thyristor to latch on. Consequently, the P-type base
must be nade relatively 20 |l ong with |'ight doping. An alternative .
enbodi ment” el ininates thiss requirement. In the alternati yErergodimemthe=
first and second P-type regions are adjacent to and | at eflaltilp Spcciedh ¥ Pem
‘'one another, and only the second P-type 25 “region i-s|ladj acBRPLAEERNd
lateral |y spaced fromthe P- type base region. Athird P-Type region is
‘adj acent to and laterally spaced fromthe P-type base region. The netal
strap in this enbodi nent connects the N-type emitter to the second P-type
base region. A first 30 I nsul ated gate overlies the channel region in
the N-type T -

- 10 -

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

5 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, "Effects of
emitter-open switching on the turn-off characteristics of
high voltage power transistors",lpower Electronics

10 Specialist 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
(112-116-114-118-120-122) and the voltage drop across the

15 low voltage p-channel MOSFET (120-130-126-134) under gate
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

20 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

25 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

30 its on-state current saturation characteristics,
described previously. This is a major advantage compared
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| ayer between the first and second P-type regions, and a second
insul ated gate overlies the channel region in the N-type |layer between the
second. P-type region and the P- type base. The second |nsulated“gate also_li

“overlies the channel region formed at the edge of the P‘T
between the N-type emitter and the relatively lightly d
third insulated gate overlies the channel region in the Pr Y
bet ween the P-type base and the third P-type region. The t |rd |nsulated
gate al so overlies the channel region forned at the :

- 11 -

to a MCT. Also, advantageoﬁsly, the present invention
does not have any parasitic thyristor structure to
degrade performance. This is a major advantage compared
to the prior-art EST. ' |
5 - Finally, the present invention advantageouslj
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
through the'iateral p-channel MOSFET, reverse biasing the
10 N** 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-
off time of the device of the present invention is thus
15 close to that of an IGBT (which has approximately an
open-base PNP transistor turn-off time). B
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
20 NPN transistor to latch the thyristor. Consequeﬁtly, 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
25 of Fig. 3 is a vertical conduction device with an N layer
214 and a very highly doped P** region 216 dispoéed on
the underside of an N° layer 218. An anode 212 on the
bottom surface of the device covers pt+ region 216. The

layer thicknesses and concentrations depend on the device

30 blocking voltage and are the same as the device of
SPEC\DCS3903




10 second edge of the P-type base between the N-type emtter and the
relatively lightly doped N-type layer. The third insul ated gate S

electrically connected to the second i nsul ated gate Or—0pt--onal- Nz
second i nsul ated gate can be left floating or be abse
third 15 P-type regions and the first insulated g
the cathode netal on the first seni conduct or surf ace.

e

| it TH@E&@ TTiskS BREN _‘
fLe arreppAtagted by
=i o

connected to the P-type |ayer di sposed on the second senlconductor surface
A gate electrode is connected to the third insulated gate. 20
As in the first enbodinment, an N-type layer is preferably di sposed between
‘the P-type layer and the relatively Lightly doped N-type |ayer.

10

15

20

25

30

- SPEC\DC8903

Fig. 2. .

Disposed within N° layer 218 are: 1) a_P+ base
221; 2) a P' region 219 which forms the source of the p-
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 device,
as described in further detail below.

An N** emitter region 222 is disposed within a
Pt base 221, and is electrically shorted to P* 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, Pt regions 219 and
221, and Pt regions 221 and 228 are separated by
relatively small regions of N~ layer 218 which extend to
the surface of the wafer to form respective channel
regions 230, 231, 233.

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 Nt* emitter region 222 and channel
region 233 at the upper surface of the wafer. A third
insulated gate 241 overlies channel region 231 -and, in

addition, overlies the position of P' 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 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) Gate 240 is contacted
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The first, second and third P-type regions, and the P-t --has: S
preferably relatively highly doped, 25 ‘and the P-typerthayei=tand s
N-type emtter are preferably very highly doped. Optionglly, ak?b$’”'
[ightly doped P-type region may be provided in the chan
the first and second P-type regions to forma depletion p-channel MOSFET.
Al so 30 optionally, the third P-type regi on can be elinlnated 6
‘Advant ageously, all emnbodi ments of the present -

- 13 -

by a gate electrode. A cathode electrode 234 makes ohmic
contact to P* regions 226 and 228, and to first
insulated gate 238. '
| The operation of device 210 shown in Fig. 5 is’
5 as follows. In the on-state (with anode 212 at a
positive potential with respect to cathode 234), the
voltage applied to gates 241 and 240 should be
sufficiently positive to turn-on the n-channel MOSFETs
(in Pt base 221) under gates 24i and 240. This causes
10 the PT region 219 to rise in potential when the anocde
voltage is increased. When the potential of the Pt

region 219 increases such that the potential difference
between gate 238 and Pt region 219 is greater in
magnitude than the threshold voltage of the p-channel

15 MOSFET under gate 238, the p-channel MOSFET under gate
238 turns-on and connects the P* region 219 to the pt
region 226 through the inversion p-channel formed at
surface of N  layer 230.

In this situation, N** emitter 222 is

20 connected to ground potential by metal strap 224 and
through the lateral PMOS created by the inversion of
channel region 230, and the base drive for the vertical
PNP transistor formed by layers 216-214-218-221 is
provided through the n-channel MOSFETs under gates 240,

25 241. When the P** region/N junction is forward biased
by about 0.7 voits, the p**+ region 216 starts injecting
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
30 the latched state.
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" invention have current -saturation characteristics w thout any para5|t|c
thyristor structure. Superior turn-off and a wi der Saf e- t =2
achi eved by the present 5 i nvention because all e
em tter/base junction reverse-biased during turn-off.
junction patterns are easily fabricated. O her features } b e
the present invention will becone apparent fromthe follomﬁng 10 _
description of the invention which refers to the acconpanying draw ngs.
BRI EF DESCRI PTI ON-OF THE DRAWNGS Fig. 1 is a cross- sectlonal view of a
typical prlor art En1tter SMntched Thyrlstor (EST) :

—14 -

Thus, this triggers thyristor 210 to the on-
state by creating a conduction path from anode to cathode
(upward in Fig. 3) via P** region 216, N layer 214, N-
layer 218, through the n-channels in PT base 221 at the

5 surface of the wafer (created by gates 241 and 240),
across N** emitter 222, through metal strap 224 to Pt
rggion 219, through the p-channel (created by gate 238)
in channel region 230, and through Pt region 226 to
cathode 234.

10 After the thyristor formed by regions 216, 214,
218, 221 and 222 is turned-on, a major portion of the
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¥*¥

15 emitter 222 and then through the floating metal strap 224
to P+ region 219, through the p-channel MOSFET under
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

20 through the device is limited by the saturation current
of the p-channel MOSFET under gate 238. Thus, the device
of Fig. 3, like the device of Fig. 2, has current
saturation characteristics.

Advantageously, the thyristor can be turned-off

25 by merely reducing the voltages of gates 240, 241 to a
sufficiently negative value (this turns-off the n-channel
MOSFETs under gate 240 and 241 and turns-on the p-channel
MOSFET under gate 240, thereby coupling P' base 221 to

Pt region 228, which is in turn electrically connected

30 to the cathode). These respective potentials on gates
- —
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15 Fig. 2 is a cross-sectional view of a first enbodi nent_ g%
the present invention. Fig. 3 is a cross-sectional vie T =
embodi nent. of the present invention. Fig. 4 is a Ccross-
vari ati.on 20 of the enbodi ment of Fig. 3 without a|
and wi thout an associated third gate. DETAILED DESCRI PT
EMBODI MENTS A first enbodi nent of the MOS-controlled 25 thyristor of

the present invention is shown in Fig. 2. MXS-controlled thyristor 110 is a
vertical conduction device. An N-type |layer 114 and a very highly doped '

é@h&ﬁﬁaf‘vrgw/df
hi r d =1

e o AV O
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240, 241 are maintained in the forward 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

5 base 221 of the thyristor at a lower potential compared
to the N** emitter 222.

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

10 channel region 233. In this embodiment, during turn-off
and forward blocking state, the N** emitter 222 is.
merely shorted to the P* base 221 through the floating
metal strap 224 and the ﬁ-channel region 231 under gate
241.

15 Another variation of the structure of Fig. 3 is
obtained by eliminating the gate 241 or by leaving it
electrically floating.

Although the present invention has been
- : described in relation to particular embodiments thereof,

20 many other variations and modifications (such as using
trench gates instead of surface planar gates and
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

25 the specific disclosure herein, but only by the appended
claims.
.
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P++ region 116 are di sposed on the under5|de of an [err]
For .1 ower - vol t age applications (<I200V);" ferrf—kayer Tz

_epltaX|aIIy grown on an N epll[@mgsh1 r t For i
appl i cati-ons (>1200V), [err] Iay ably \_____J_
substrate material and N layer 1 lﬂ ion 116

ar e back5|dé
di f fusi ons. An anode el ectrode 1 n1surface of the devi ce
covers p+ region 116. Anode electrode 112 is

-_15..'

WHAT IS CIAIMED IS: )

1. 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 the wafer which extends from

5 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;

10 a P-type base formed in said relatively lightly
doped N-type léyer 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

15 base and extending from said first semiconductor surface
to a second depth beheath 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

20 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 aloﬁg a first of said edges, a metal strap
being disposed on said first semiconductor surface and

25 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 doﬁed N-type layer and extending from
said first surface of said wafer, said first and second

30 P-type fegions being laterally spaced from said second

- SPEC\DCS903
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coupled to an.anode termnal A _10 _ ~_____The layer t hi cknesses and
concentrations depend on the devi ce bIocklng voltage For 2,500. V.gdevice, -}
t he dopi ng density and thi cknesmmhex{tﬂasrﬂee:dk fabedr €i ON ar e’ N the sanpEENf!
2 x [err] [err] and 500 [err], r he dopi ng deﬁs[LyLn¢Ep++ M_]
region 116 is preferably greater X [err]

t hi ckness greater than 1 [err]. |ty of Nlayer 114 is
preferably approximately 5 x [err] [err] .mnth a thickness of . -
approximately 7 [err]. Disposed within [err] | ayer 118 is a P-type base 20
120, which also fornms the source of the p-channel MOSFET of the device,. as
described in further detail below Anjg -

and first edges of said P-type base, respectively, to
form second and third channel regions in said relatively
lightly doped N-type layer;
first gate insulation layer means on said first
35 semiconductor surface disposed at least on said second
channel region;
first gate means on said first gate insulation
layer means and overlying said second channel region;
second gate insulation layer means on said
40 first semiconductor surface disposed at least on said
first and third channel regions;
second gate means on said second gate
insulation layer means and overlying said first and third
channel regions;
45 _ anode electrode means connected to said P-type
layer disposed on said second semiconductor surface;
‘cathode electrode means connected to said first
and second P-type regions on said first semiconductor
surface, and to said first gate; and

50 ' gate electrode means connected to said second
gate.

2. The MOS-controlled thyristor of claim 1, .
further comprising a N-type layer disposed between said
P-type layer and said relatively lightly doped N-type
layer.

3. The MOS-controlled thyristor of claim 1,
wherein said N-type emitter has a lateral length which
creates a sufficient voltage drop in said P-type base to

SPEC\DC3903
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N++ emitter region 122 is disposed wi-thin P-base 120, and i .ekecﬁr1ca£["
shorted .thereto by a floating_netal _strap-124 {unconned egmggqanysﬁw"‘

of the device) on 25 t he upper -surface of the deV|c P s AN
surrounded by P regions 126, 128ms$mafhsB

small regions of [err] |ayer 118

to formrespective channel regio

138 overlies channel

- atively
o the surface of the wafer
-8- Afirst insulated gate

- 18 -

forward bias said N-type emitter/P-type base junction
5 when said thyristor is in an on-state.

4. The MOS-controlled thyristor of claim 1,
wherein said P-type layer and said N-type emitter are
relatively highly doped.

5. 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
5 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;
10 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
semiconductor surface;
an N-type emitter region formed in said P-type
15 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 jtnction, said N-type emitter
region being radially inwardly bspaced along said first
20 semiconductor surface alohg edges of said P-type base,
such that said edges of said P-type base extend to said
first semiconductor surface, thereby defining first and
second channel regions along said edges;

SPEC\DC3903 : —
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region 130. A second insulated gate 140, coupled to gate termn

overlies channel region 132 and in addltlon overli esf _,&}qq of E \h
base 120 between N++ enmitter Qme&ﬂ%m&d chan eTH‘ﬁe‘nglesz

upper surface of the wafer. Gates pr ef er al S
polysilicon and are insul ated froH![] Hmﬂgum rface of e deV| ce by a

| ayer of oxide (not shown in Fig el ectrode 134, coupled to a

cathode ternminal K 10 - makes ohm c contact. to P regions 126 and 128,
and to first insulated gate 138. The operation of device 110 shown i'n Fig.
2is as follows. In the on-state (wth anode 112 at a positive potenti al

with respect to cathode 134), the 19

first and second P-type regions formed  in said
25 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 anad
from said P-type base to form respective third and fourth
channel regions in said relatively lightly doped N-type
30 layer, a metal strap being disposed on said first
semiconductor surface and connecting said N-type emitter
region to said second P-type region;
a third P-type region formed in said relatively
lightly doped N-type layer and extending from said first
35 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
40 channel region;
first gate means on said first gate insulation
layer means and overlying said third channel région;
second gate insulation laYer means on said
first surface disposed at least on said first and fourth
45 channel regions;
second gate means on said second gate
insulation layer means and overlying said first and
fourth channel regions;
third gate insulation layer means on said first
50 surface disposed at least on sald second and fifth
channel regions; '
third gate means on said third gate insulation
layer means and overlying said second and fifth channel
regions;

SPEC\DC8903
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15 vol tage applied to gate 140'sﬁourd“be—suff|0|ently p05|t|ve to___
turn-on.the n-channel MOSFET (fh SEeP der gate &ggL@N
€

the P base 120 to rise in poten i ] I ode voltaggﬂﬁ§y' E‘@@ﬁ
H M s such thafl the BB
_ ase 120 is- . greater in

Wien the potential of the P bas lﬂ
potential difference between ga
magni t ude than the threshold voltage of the p- channel MOSFET under gate
138, the p-channel MOSFET under gate 138 turns-on and connects the P base
120 to the P region 126 through the inversion p-channel fornmed at 25
surface of [err] layer 130. This triggers thyristor 110 to the on-state by
creating a conduction path from anode to cathode (upward in Fig. 2) via p++
region 116, N layer :

55 anode electrode means connected to said P-type
layer disposed on said second semiconductor surface;
cathode electrode means connected to said first
and third P-type regions on said first semiconductor
surface, and to said first gate; and
60 gate electrode means connected to said second
and third gates.

6. The MOS-controlled thyristof of claim 5,
further comprising a N-type layer disposed between said
P-type layer and said relatively lightly doped N-type
layer. '

7. 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

5 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;

10 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
semiconductor surface; -

an N-type emitter reglon formed in said P-type

15 baée 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 junctioh, said N-type emitter

s
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114, [err] layer 118, through the n-channel in P base 120.at-.the.sw face=ef
the wafer (created by gate 140), across 30 NF+ enittenﬁﬁzgﬂgihﬁﬂughuﬂ !
metal strap 124 to P base 120, Thsﬂé&H
gate 138) in channel regi on 130,

The lateral length of [err] en1t igned to create a suff|C|ent
vol tage drop so that part 5 tter/P base junction becones
- forward biased in the on;state_to turn on the thyristor formed by

- 21 -

region being radially inwardly spaced along said first
20 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
25 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
said second P-type region being laterally spaced from
said P-type base to form respective second and third
30 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
35 semiconductor surface disposed at least on said second
channel region;
first gate means on said first gate insulation
layer means and overlying said second channel region;
second gate insulation layer means on said
40 first surface disposed at least on said first and third
channel regions; -
second gate means on said second gate '
insulation layer means and overlying said first and third
channel regions;
45 anode electrode means connected to said P-type
layer disposed on said second semiconductor surface;
| cathode electrode means connected to said first
P-type region on said first semiconductor surféce, and to
said first gate; and

SPEC\DCE903
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‘Wi || bypass the n-channel under-- gat e- 140--anrgd—nst ead f |;oWwidi F€61T A BRENd
t hrough t he device 10 fron1P++ reilon 116 t hr ough - ljayer sRE®*UACEDBS, an

regions 122, 120, 118; 114, and 116, whereby the nain thyrdsiowucurﬁent==l
120 to-N++ emitter 122 and th lattdoat i ng
120, then through p-channel

p-

138 and then through P region
126 to cathode 134. Since the under gate 138 is in 15 |

series with-the thyristor (116-114-118-120- 122) the current through the -
device is limted by the saturation .current of the p-channel MOSFET under
gate 138. Thus, the device has current saturation characteristics. To
turn-of f the device, a sufficiently negative '

50 _ gate electrode means connected to said second
gate.

8. 'The MOS-controlled thyristor of claim 5,
whereln said first, second and third P-type regions, and
said P-type base are relatively highly doped and said P-
type layer and said N-type emitter are relatlvely very
5 - highly doped.

9. The MOS~-controlled thyristor of claim 5,

wherein said second gate means is electrically floating
or -absent. '

SPEC\DC3903
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20 : potential Is applied to- gare—iﬁO mnth—Tespect t p-cat-hode i34 (to— 7
turn-of f .the n-channel MOSFET under...gd ate 4 and turn- anﬂhe’b;ﬁﬁé& %EN -

MOSFET under gate 140, therebfh 120 to ; r eqgi B
is in turn electrically connect m ode. These& Tespective 25
potentials on gates 138, 140 ar n the forward bl ocki ng

condition (anode at a positive potentlal W th respect to cathode). The
negative potential on gate 140 results in a high breakdown voltage for the

devi ce, because this keeps P base 120 of the thyristor at a | ower 30 .
potential conpared to the N++ enmitter 122.

IRfll75

THREE-TERMINAL THYRISTOR WITH SINGLE
MOS—-GATFE CONTROLLED CHARACTERISTICS

ABSTRACT OF THE DISCLOSURE E
A MOS-controlled thyristor which has current

saturation characteristics and does not have any

parasitic thyristor structure. The device requires only

a single gate drive and is a three terminal device. The
5 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.

SPEC\DC2903



- 10 - It should be noted that,:during the formard bl ocki ng cond|t|nn
N++ emtter/ P base Junctlon‘rs*reverse_bTased“—Super|or

characteristics and a wi der S Awe are 5
present .invention because t hi W het ‘ﬂe case 0 : :
turn off. In this regard, see, | on and D. Chen“ 'Ef fects of
emtter-open switching on the t teristics of high voltage

power transistors", Power Electronlcs 10 Speci al i st Conference, June
1980. The on-state voltage drop of the high-voltage

.
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drop across-the high vol tage thyritThis@heef HatBechepldckd- 11.8- 120~

MOS-controlled thyristor of the present invention is the sumof the volt age
~}

(120-130-126-134) under gate 138. T
t hyri stor does not increase nmuch wh I s designe
hi gher br eakdown voltage. In contrast, in an | GBT, the on-stat

vol tage drop across the 15 . low EH

1T g Lt

0 support
e vol tage

drop increasés when“the 1GBT:20 . is désigned for hi gher breakdown

vol t ages. Fﬂns i's becggse, in the I GBT, only the bot gom part
region is canductivity nodulated, while in a thyristpr the ent
region is c ductivit modul ated. Hence, advanfageo Iy t he-

of the drift
ireldrift
control |l ed

45_//10

thyristor o S 27 SN W L
‘ /133 [24 / lztf-
fL — A _, ’ ~/ A
130 - (32
126 120 123’
T g
AR — N L“. !
P+ e
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25 the present invention has a |ower forward vol tage drop than an IGBT
for the sane current ‘for hi gher—breakdown v’l"age (>]_2_Q0_._\Q____cievuces -
Addi tional [y, advantageously, the e?re ent |lnv§nt i on QH\ggécWOﬁshaﬂic'\l
circuit protection because of < ate curif ent $ERLASE:
characteristics, described prrehfﬁ ﬁs\ i S a maj ared
- 11 - .to a MCT. Also, advanta esent i nvention does not have
any, parasitic thyristor structure to
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degkade performance. This is _a major advantage conpared to the pri or-art . art
EST. 5 Finally, the present invention ad :_:_._.;-,_:_-,:----:===——*
| ower turn-off | osses as conpruisSHeck Qas®B lakdg St ated d‘\‘

devi ce’ of the present inventio | S connect €
potential through the |ateral Hm!lgmguﬂ HET,. rever seysEE=e '
N++ erfitter/ P base junction. es the NPN transi stor _by
ptoviding a reverse-base drive, .l eading to disruption of the thyristor
action fastér as-conpared to a MCT and hence a faster decrease i.n.current.

The.turn- off time of the device of the present invention is thus 15
cTose to that of an | GBT (V\:hICh has appr oxi mately an

T N e
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open-base PNP transistor turn-off tine). The embodi nent of the present

. invention described above and shown in Fig. 2 relies  EHON: t-he. | ateral =",
 voltage drop along P base 120 to forward-bias the 20l sy NN IE&ﬁSJStOr'tO
“tatch the thyristor. Consequently, P base 120 nust e made reI béﬁ?ly MOng.
wi t.h I'ight doping. An alternative enbodi nent, shown nnLFrg: HARe natas
this requirenent. As in Fig. 2, the MXS controlled thyr}stor PFO-RETE T of
"Fig. 3is a vertical conduction device with an N | ayer 214 and a very .

hi ghl'y -doped P++ region 216 disposed on the underside of an [err] |ayer
218. An anode 212 on the bottom surface of -the device covers P++ region
216. The :

THREE-TERMINAL_THYRISTOR WITH SINGLE
MOS-GATE CONTROLLED CHARACTERISTICS

BACKGROUND OF THE INVENTION
1. FEield of Invention:

The present lnventlon relates to a MOS-
controlled thyrlstor and more partlcularly, to a three-
terminal MOS-controlled thyristor with current saturation
characteristics and without any parasitic thyristor
structure. | |

Ut

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 tranSLStor (IGBT) is
an example of such a device, in whlch 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. IGﬁTs capable'of handling higher
| voltages have a hlgher 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
considerable lnterest for high current, high voltage

| applications. * - -

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



I ayer thicknesses and concentrations depend on the device 30 bl ocki ng
vol tage -and are the sane as the device of - 12 - Fig. 2. Disposed within
[err] layer 218 are: 1) a P+ base 221; 2) a p+ region_219 which fornms the
source of the p- channel MOSFET of the device, as de’cg£gqqthglug%qg'”$
detail bel ow, and 3) P+ regions 226 and 228, which f rﬁ?iﬁ@“ﬂé@ﬁéﬁ‘rvti
drai ns of p-channel MOSFETs of the device, as descri e’slﬂiqn-fﬂJMAfbﬂggﬂet aj |
bel OW. . If_ ALY ses s e Mstiir it eiroaasdanena J

et E i |

by V.A.K. Temple, IEEE International Zlectron 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 developmént of

(8]

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
10 of a MOSFET in series_wiﬁh a thyristor, and is said to be
"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.

s Y OF THE TION

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 embodiment, comprises a wafer of semiconductor
material having first and second spacéd, 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 relatively

lightly doped N-type layer and'extends from the first

30 semiconductor surface to a first depth beneath the first



An N++ enmitter region 222 is di sposed wi thin a P+ base 221 and IS
electrically shorted to P+ reglon 10 219 by a fl ogtErg—retal—strap—224
(unconnected to any el ectrode of the device) on the uppﬁirﬁﬁﬁﬁNﬁﬁéibﬁtrﬁe
~device. P+ regions 226 and 219, P+ regions 219 and 221, aneé fP+MARGEans 2p1
and 228 are separated by 15 - relatively snall regiOn@metn-epﬁ+~Layeﬁ 218
whi ch extend to the surface of the wafer to formrespectrve channet regrons
230, 231, 233. Afirst insulated gate 238 overlies channel region 230. A
second insul ated gate 240 overlies channel 20 region 233 and, in
addition, overlies the portion of P+ .

-3 =

v

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 enitter/P-type base junction, the N-type
emitter region being'redially inwardly spaced along the
first semiconductor surface alenq edges of the P-type
base, such that the edges of the P-type base extend to
the flrst semiconductor surface, thereby deflnlng a first
10 channel reglon along a first of the egges, 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 lightly doped N-type layer which extends
20 to the first semiconductor surface therethrough forms
‘second and third channel fegions.z '

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

25 the first gate insulation 1ayer and overlies the second
channel reglon.

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

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



base 221 between N++ enmitter region 222 and channel region 233 aLmthew% per
surface of the wafer. A third insulated gate 241 ovef I*es chann@ egto
231 and, i'n addition, overlies the position of P+ baie T betmgggm@f
‘N++ emtter region 222 and channel region 231 of the}u oI rﬁsﬁr ____________________
wafer. Gates 238, 240, 241 are preferably conprised dL:ﬁdLyélLtgeﬁ-aﬁd~‘re
i nsul ated fromthe upper surface of the device by a layer of oxide (not
shown in Fig. 5). Gates 240 and 241 may be tied 30 t oget her (connected
electrically). Gate 240 is contacted ' .

- A gate electrode is connected to the second
insulted gate. ' | |
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 and is
also connected to the first insulated gate. '
The MOS-controlled thyristor of the present
invention preferably further includes an N-type layer
10 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.
| In the MOS-controlled thyristor of the first
embodiment described above, the N-type emitter has a
15  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
is necessary for the thyristor to latch on.
Consequently, the P-type base must be made relatively
20 long with light doping. An alternative embodiment
eliminates this requirement.

In the alternative embodiment, the first and
seccnd'P-type regions_are adjacent to and laterally
spaced from one another, and ohlylthe second P-type

25 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 Patype base region. The
metal stfap.in this embodiment connects the N-type
emitter to the second P-type base region. A first

30  insulated gate overlies the channel region in the N-type

' layer between the first and second P-type regions, and a

(8]



- 13 - by a gate electrode. A cathode el ectrode 234 makes ohnic contact to
P+ regions 226 and 228, and to first insulated gate 23
device 210 shown in Fig..5is 5 as follows. In th paasAa$@—£mmﬁhrr
_anode 212 at a positive potentlal with respect to cath

" n-channel MOSFETs (in P+ base 221)  under gates 241 and 24
the P+ region 219 to rise in potenti al when the anode vol tage is increased.
When the potential of the P+ reglon 219 increases such that the potential
di fference :

-5-

second insulated gate overlies the channel reqion in the
N-type layer between the second P- type region and the P-
type base. The second 1nsulated gate also overlies the
channel region formed at the edge of the P-type base

5 between the N-type enitter 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
base and the third P-type region. The third insulated
gate also overlies the channel region formed at the

10 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
insulated gate or, optionally,'the second insulated gate
can be left floating or be absent. The first and third

15 P-type regions and the first insulated gate 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 semiconductor surface. A gate
"electrode is connected to the third insulated gate.

20 ' 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 regiqns,'and
_ the P-type base are preferably relatively highly doped,

25 and the P-type layer and said N-type emitter are

. preferably very highly dcpea. Optionally, a relatively
lightly doped P-tYpe region may“be provided in the:
channel region between the first and second P-type
regions to form a depletlon p-channel 'MOSFET. Also

30 | optlonally, the third P-type reglon can be eliminated.



between gate 238 and P+ region 219 is greater in nagnitude. tha.n_L.hJe__—I
t hreshol d vol tage of the p-channel 15 MOSFET urider Wii 38 s dite
p- channel MOSFET under gate 238 turns-on and connedtS‘f 'gégqggp 2119 to
the P+ region 226 through the inversion p-channel . rned:as _______ jgggmp '

-~ [err] Iayer 230. In this situation, N++ emtter 222 """" e
~ground potential by nmetal strap 224 and through the Iate “al PNCS creat ed by
the inversion of channel region 230, and the base drive for the vertical
PNP-transi stor formed by |ayers 216-214-218-221 is provided through the

n- channel MOSFETs under gates 240, 25 241. \Wen the P++ region/N
junction is forward biased -6 -

Advantageously, all embodiments of the preSent
invention have current saturation characteristics without
any parasitic thyristor structure. Superior turn-off and

- a wider Safe-Operating-Area are achieved by the present
5 invention because all embodiments'have the emitter/base
Junctlon reverse-biased during turn-off. Furthermore,
the junctlon patterns are easily fabricated.
- Other features and advantages of the present
invention will beconme apparent from the following
10 description of the invention which refers to the
accompanying drawings. |
BRIEF DESC N OF. DRAW S
| Fig. 1 is a cross-sectional view of a typical
prior art Emitter'Svitched_Thyristor (EST) . _
‘15 ' Fig. 2 is a cross-sectional view of a first
embodiment of the present lnventxon.
Fig. 3 is a cross-sectional view of a second
N embodiment of the present invention. _
Fig. 4 is a cross-sectional view of a variation

20 of the embodiment of Fig. 3 without a third P-type region
' and without an associated third gate.

DETAIL ' ON OF TH 0 TS
. A first embodzment of the Mos-controlled
25 thyristor of the present lnventlon is shown in Fig. 2.
MOS-controlled thyrlstor 110 is ‘a vertical conduction
device. B -
An N-type layer 114'and'a very highly doped

P** region 116 are disposed on the underside of an N



‘by about 0.7
supplies the
222-221-218-2
'to go into 30
thyristor 210
cat hode (upwa
218, through

wn

10

volts, the P++ region 216 starts injecting holes which
base dr|ve for the NPN transistor forned=byFrt+ayers—"=——j]
14, causing the thyristor formed by | ay&astpLEMEN-SHEET 2

the | atched state. - 14 - Thus]| this trig s -
to the on- state by creating a conducfiB8ig: -thRfﬁﬁé}ano.
rd in Fig. 3) via P++ region 216, N |ayer z
t he n-channels in P+ base 221 at the

layer 118. For lower voltage applications (s1200V), N~
layer 118 is'preferably epitaxially grown on an
N epi/PT* substrate. For higher voltage applications
(>1200V), N° layer 118 is preferably the starting
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.

The layer thicknesses and concentratlons depend
on the device blocking voltage. For 2,500 V device, the

- doping density and thickness of N drift region are in

15

20

25

the range of 2 x 10 cm? and 500 um, respectively. The
doping density of p** region 116 is preferably greater
than 5 x 10" cm?, with a thickness greater than 1 um.
The doping density of N layer 114 is preferably
approximately 5 x 107 cm?, with a thickness of
approximately 7 um. | |

Disposed within N° layer 118 is a P-type base
120, which also forms the source of the p-channel MOSFET
of the device, as descrlbed in further detail below. An
Nt+ emltter region 122 ls dlsposed within P-base 120,
and is electrically shorted thereto by a floating metal
strap 124 (unconnected to any electrode of the device) on
the upper surface of the device.

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.



‘5 surface of the wafer (created by gates 241 and“24O)L.across N+

emtter

222,
p- channel (created by gate 238) in channel region 230" and*thobquﬁir
Tegion 226 to cathode 234. 10 Af ter
r-egions 216, 214, 218, 221 and 222 is turned-on,

current will

through netal strap.224 to P+ region 219, THIO

P

gh~thé&==;

ey SHAR 100g med) by
k

_ rtion-of-the
bypass the n-channel under gate 241 and 240 Tand | NSt Ea

2}

“ | ow

directly upward through the device from P++ region 216 through regions 214,
218, 221 to N++ 15 . em tter 222 and then through the floating netal
strap 224 to P+ region 219, through the p- channel MOSFET under gate 238 to
P+ region 226 and then to cat hode 234.3 - _

v

10

20

25

30

. A first insulated gate 138 overlies channel
region 130. A second insulated gate 140, coupled to gate
terminal G, overlies channel region 132 and, in additien,

overlies the portion of P base 120 between NT* emitter

'regioh 122 and channel region 132 at the upper surface of
the wafer. Gates 138, 140 are preferably comprised of '

pclysilicon and are insulated from the upper surface of

the device by a layer'of'oxide (not shown in Fig. 2). A
cathode electrocde 134, coupled to a cathode terminal K,
makes ohmic contact to P regions 126 and 128, and to
first insulated gate 138.

~ 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 140 should be sufficiently
positive to turn-on the n-channel MOSFET (in P base 120)
under gate 140. This causes the P base 120 to rise in
potential when the ahode voltage is increased. When the
potential of the P base 120 increases such that the
potential difference between gate 138 and P base 120 is
greater in magnitude_than the threshold voltage of the p-
channel MOSFET under gate 138, the p-channel MOSFET under
gate 138 turns-on and connects the P base 120 to the P
region 126 through the inversion p-channel formed at
surface of N° layer 130. This triggers thyristor 110 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*t* emitter 122, through metal strap 124 to P base 120,



‘Since the p-channel MOSFET under gate 238 is in series with the thyrlsto

(216-214-218-221-222), the current 20 t hr ough —hed
the saturation current of the p-channel MOSFET uno-hEggAgEﬁgaTSHﬁmi t he
‘device of Fig. 3, like the device of Fig. 2, has dgurrent sgﬁy—ﬁ@g
characteristics. Advantageously, t he thyrlstor ca hgmiuﬂh ’%f ..... 5.
-merely reducing the voltages of gates 240, 241 t o0 \a=sdEkciertFyFReFati v

value (this turns-off the n-channel MOSFETs under gate 240 and 241 and

turns-on the p-channel MOSFET under gate 240, thereby coupling P+ base 2
to P+ region 228, which is in turn electrically connected 30 . to the
cathode). These respective potentials g0 gat es

10

15

20

25

30

through the p-channel (creéted by gate 138) in channel
region 130, and through P :eéion 126 to cathode 134.

The lateral length of N*¥+ emitter 122 is
designed to create a sufficient voltage drop so that part
of the NT7* emitter/P base jﬁnction 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 £1ow directly upward through the device
from pt+ region 116 through layers 114, 118, and 120 to
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 reglon 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.

To turn-off the device, a sufficiently negative
potential is applied to gate 140 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 cbnngcted to the cathode. These respective
potentials on gates 138, 140 are maintained in the

- forward blocking condition (anoge 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 to the N** emitter 122.

r

21



- 15 - 240, 241 are maintained in the forward bl ocking condition (anode at
‘a positive potential with respect to cathode). The negatlve pOLeasT
gate 240 results in a high breakdown voltage for ¢t 'g'”a_
‘keeps P+ 5 base 221 of the thyristor at a | ow ﬁxpofehtlaT 5@

the N++ emtter 222. Fig. 4 shows a variation of he s;BuMbBr@ f..Fi

elimnating the P+ region 228, associated cathode: neta[ 234 GQB#&G““ b this
region, gate 240 and- :

- 10 -

It should be noted that, during.the forward

" blocking condition, the N++ emitter/P base junction is
reverse biased. Superlor breakdown, turn-off
characteristics and a wider Safe Operatlng Area are
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, "Effects of
emitter-open switching on the turn-off characteristics of
high voltage power transistors", Powe ectronics
10 gec;al;st Conference, June 1580.

_ The on-state voltage drop of the high-voltage
MOS-controlled thyristor of the present_lnventlon is the
sum of the voltage drop across the high voltage thyristor
(112-116-114-118-120-122) and the voltage drop across the

15 low voltage p-channel MOSFET (120-130-126-134) under gate
138. The voltage drop across the high voltage thyristor
does not increase much when the device is designed to
suppcrt higher breakdown voltage. In contrast, in an

_ IGBT, the on-state voltage drop increases when the IGBT
20 . 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
25 the present invention has a lower forward voltage drop
than an IGBT for the same current for higher breakdown
~voltage (>1200 V) devzces. _ *
Addit;gnally, advantageously, the present
invention requires no short circuit protection because of

30 its on-state current saturation characteristics,

 described previously. This is a major advantage compared

wm



10 channel region 233. In this enbodi nent, during turn-off and forward
bl ocking state, the N++ emtter 222 is nerely shorted to the P+ base 221
through the floating nmetal strap 224 and the p-chgpmer—

‘gate 241. 15 "~ Another variation of tHeREPEAE Mﬁ@ﬂﬁ”ﬂﬁT |
obtained by elininating the gate 241 or by leaving|it elegtM\Rall0f
floating. Although the present invention has been 1] @r1bed'rn rehat onto
particul ar enbodi ments thereof, 20 many ot her VATT AlT O Afg s
nodi fications (such as using trench gates instead of surface planar gates
and different gate and channel region |ayout) will becone

- 11 =

to a MCT. Also, advantageously, the present invention
does not have any parasitic thyristor structure to
degrade performance. This is a major advantage compared
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
through the lateral p-channel MOSFET, reverse biasing'the
10 NTF emitter/P base junction. This inactivates the NPN

[§1]

transistor by providing a revefse base drive, leading to
disruption of the thyristor action faster as compared to
a MCT and hence a faster decrease in current. The turn-
off time of the device of the present invention is thus
15 - 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

20 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
25 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*f* region 216. The
layer thicknesses and concentrations depend on the device
30 blocking voltage and &:é the same as the device of



apparent to those skilled in the art. It is preferred, th
present invention be limted not by 25 the specific
but only by the appended cl ai ns. - 16 -  WHAT IS CLAI
. MOS-controlled thyristor, conprising: a wafer-of senico
having first and second spaced, parallel. planar surfaces;
portion of the thickness of the wafer which extends from

erebore. . that the
o FERCT
Dateor., éra“é

- 12 =

Fig. 2.

" ' Disposed within N° layer 218 are: 1) a Pt base
221; 2) a Pf region 219 which forms the source of the p-
channel MOSFET of the device, as deécribed in further

5 detail below; and 3) Pt regions 226 and 228, which form
the respective drains of p-channel MOS?ETs 6f the device,
as described in further detail below.
An N** emitter region 222 is disposed within a

P+ base 221, and is electrically shorted to P* region

10 219 by a floating metal strap 224 (unconnected to any
eléctrode of the device) on the upper surface of the

device. _
| Pt regions 226 and 219, P* regions 219 and
221, and P* regions 221 and 228 are separated by
15 relatively small regions of N° layer 218 which extend to
the surface of the wafer to form respective channel
‘regions 230, 231, 233. |
A first insulated gaté 238 overlies channel
_ région_23o. A second insulated gate 240 overlies channel
20 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 wafer. A third
insulated gate 241 overlies channel region 231 and, in
addition, overlies the position of PY base 221 between
25 = N** emitter region 222 and channel region 231 of the
upper surface of .the wafer. Gates 238, 240, 241 are
preferably comprised of poiysilicon and are 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
30 together (conngéted electrically). Gate 240 is contacted



5 said first sem conductor surface conprising a relatively lightly
doped N-type layer for receiving junctions, at |east a-poriten-et-the—m7
t hi ckness of said wafer which extends from said secon ‘&EPLEODdGGE@w-LT
surface conprising a relatively highly doped P-type |3yer;

a P-type base fornmed in said relatively lightly doped ﬂ®ypEEl@9@Hgg%d
extending fromsaid first: sem conductor surface to a flst=depth—befeat-
-said first sem conductor surface; an N-type enmitter region forned in said
P-type 15 base and extending fromsaid first sem conductor surface to a
second depth beneath said sem conductor surface mhlch I's shal |l ower t-han
said first depth to create an N _ 13 -

by a gate electrode. A cathode electrode 234 makes ohmic
_contact to Pt regions 226 and 228, and to first
insulated gate 238. |
The operation of device 210 shown in Fig. 5 is

és follows. In the on-state (with anode 212 at a
positive potential with respect to cathode 234), the
voltage applled to gates 241 and 240 should be
sufficiently positive to turn-on the n-channel MOSFETs
(in Pt base 221) under gates 241 and 240. This causes
10 the P* region 219 to rise in potential when the anode

voltage is lncreased. When the potential of the pt.

[§]]

" region 219 increases such that the potential dlfference'
between gate 238 and E+ region 219 is greater in
magnitude than the threshold voltage of the p-channel

15  MOSFET under gate 238, the p-channel MOSFET under gate
238 turns-on and connects the Pt region 219 to the P7
region 226 through the inversion p-channel formed at
surface of N  layer 230. i

In this situation, N** emitter 222 is
20 connected to ground.potentlal by metal strap 224 and
through the laterél PMOS created by the'inversion of
channel region 230, and the base drive for the vertical
PNP transistor formed by layers 216-214-218-221 is
provided through the nfchannel'MOSFETs under gates 240,
25 241. When the P** region/N junction is forward biased
by about 0.7 volts, the P** region 216 starts injecting
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
30 . the latched state.



‘type emtter/P-type base junction, said N-type emtter region being
radially inwardly spaced along said first 20 sen1conductor surface

al ong edges of said P-type base, such that said y base

-extend to said first sem conductor surface, therdp EHé&?gM@gﬁéﬂﬁﬁﬁﬂ

channel region along a first of said edges, a netjal stra osed on
said first sem conductor. surface and 25 conn cp?ﬁg -Sat-d--em-t-t.er {|regi on

to said P-type base along a second of said edges; Tirst and second—P-type

‘regions forned in said relatively lightly doped N-type | ayer and extendi ng

‘fromsaid first surface of said wafer, said first and second 30 P-type
regions being laterally spaced fromsajg second

Thus, this triggers thyristor 210 to the on-
state by creating a conductibﬁ path from anode to cathode
(upward in Fig. 3) via P*¥ region 216, N layer 214, N
layer 218, through the n-channels in P base 221 at the

5 surface of the wafer (created by gates 241 and 240),
across N** emitter 222, through metal strap 224 to Pt

region 219, through the p-channel (created by gate 238)
in channel region 230, and through pt region 226 to
cathode 234.

10 After the thyristor formed by regions 216, 214,
218, 221 and 222 is turned-on, a major portion of the
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 Nt+

15 emitter 222 and then throudh the floating metal strap 224
to P* region 219, through the p-channel MOSFET under
‘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

20 ‘through the device is limited by the saturation current
of the p-channel MOSFET under gate 238. Thus, the device
of Fig. 3, like the device of Fig. 2, has current
saturation characterlstlcs.

Advantageously, the thyrlstor can be turned-off

25 by merely reduclng the voltages of gates 240, 241 to a

sufficiently negative value (this turns-off the n-channel
MOSFETs under gate 240 and 241 and turns-on the p-channel
MOSFET under gate 240, thereby coupling Pt base 221 to
P* region 228, which is in turn electrically connected

30 to the cathode). These respective potentials on gates



‘- 17 - and first edges of said P-type base, respecfively, to forn1second

and third channel regions in said relatively Iightl¥ dopet—iF ;
first gate insulation |layer neans on said first 35 RERGH \bF
-surface disposed at | east on said second channel i on; fBrBMRgE@& mejans

on said first gate insulation |ayer means and overly|H@ sa1d secondchannel
regi on; second gate insulation |ayer neans on said

- 15 -

240, 241 are maintained in the forward blocking condition
(anode at a positive potential with respect to cathode).
The negative potentlal on gate 240 results in a high
breakdown voltaqe for the device, because this keeps P* '

w

base 221 of the thyristor at a lower.potentlal compared
to the N** emitter 222.
Fig. 4 shows a variation of the structure of
Fig. 3 by eliminating the pt fegion 228, associated
‘cathode metal 234 contact to this region, gate 240 and
.10 channel region 233. 1In this embodiment, during turn-off
and . forward blocking state, the N** emitter 222 is
merely shorted to the Pt base 221 through the floating
metal strap 224 and the p-channel region 231 under gate
241. ' |
15 Another va:iation of the structure of Fig. 3 is
obtained by eliminating the gate 241 or by leaving it
electrically floating. '
Although the present inVention has been
- described in relation to particular embodiments thereof,
20 many other variations and modifications (such as using
trench gates instead of surface planar gates and
different géte 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 |
. 25 - the specific disclosure herein, but only by the appended
claims. '



- 40 first sem conductor surface disposed at |east on said first and
third channel regions; second gate means on said sec
| ayer means and overlying said first and third channlﬂﬁﬂymGEMENnEHEET
-anode el ectrode means connected to said P-type |ayer| di sposdd :eu; S@hd

- second sem conductor surface; cathode el ectrode neans Dénect.ed..t.o..sai
first and second P-type regions on said first sem conductor-Sgrface=and to
said first gate; and 50 gate el ectrode neans Bo ABc to
sai d second gate. 2 The MOS- controlled thyristor of claim1l,

WHAT IS CLAIMED IS:
1. 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 the wafer which extends from
5 _ said first semiconductor surface comprlslng 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; :
10 a P-type base formed in said relatively llghtly
' 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
15 base and extending from said first semicondﬁCtor 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
20 semiconductor sﬁrface 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 flrst semiconductor surface and

25 connecting said emitter reglon 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
30 P-type regions being laterally spaced from said second

* [+ L M s *



-further conprising a N-type | ayer disposed between said P-type | ayer and

said relatively lightly doped N-type layer. 3. The MXS-gentrelH-ed=tH1yT| st or
of claim1, wherein said Ntype emtter has a |ater huhamgtwﬁmhhehfvr ates
-a sufficient voltage drop in said P-type base to

| b|a
said NNtype emtter/P-type base junction 5 wheni| aajg t@yrlstor Fn an
on-state. 4. The MOS- controlled thyristor of claimlis: :

- 17 -

and first edges of said P-type base, *espectlvely, to
form second and third channel regions in said relatively
lightly doped N-type layer;
first gate insulation layer means on said first
35 - semiconductor surface disposed at least on said second
channel region;. ' o
first gate means on said first qate ineulatien
layer means and overlying said second channel region;
second gate insulation layer means on said
40 first semiconductor surface disposed at least on said
‘£irst and third channel regions; |
' second-gate meanS'qn said second gate
insulation 1ayer'means and overlying said first and third
channel regzons, | '
45 anode electrode means connected to said P-type
layer disposed on Sald second semiconductor surface;
cathode electrode means connected to said first
and second P-type regions on said first semiconductor
surface, and to said first gate; and

50 ' gate eiectrode means connected to said second
' gate. ' o

2. The MOS-controlled thyristor of claim 1,
further comprising'a N-type layer disposed between said
P-type layer and said relatively lightly doped N-type
layer.

. . .

3. The MOS-controlled thyristor of claim 1,
wherein said N-type emitter has a lateral length which
creates a sufficient voltage drop in said P-type base to

* [ L M s *



‘wherein said P-type layer and said N-type emtter ar
doped. 5. A MOS-controlled thyristor, conprising: a
materi al having first and second spaced, parallel pl
‘a portion of the thickness of sai d waf er which exten Dak om
first sem conductor surface conprising a relatively LY “doped-N-t.ype
| ayer for receiving junctions, at |east a portion of the t hi CKNESS—of=

waf er whi ch extends from said second seni conductor surface conprising a
rel atively highly doped P-type |ayer; 10 - a P-type base forned
in said relatively lightly doped N-type |ayer and extending fromsaid first

relatively highly

- 18 -

forward bias said N-type emitter/P-tYpe base junction
when said thyristor is in an on-state.

w

4. The MOS-controlled thyristor of claim 1,
wherein said P-type layer and said N-type emitter are
relatively highly doped.

S. A MOS-controlled thyristor, comprising:
a wafer of semieonducter material having first
and second spaced, parallel planar surfaces, at least a
portion of the thickness of said wafer which extends from
5 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;
10 a P-type base formed in said relatively lightly
_ doped N-type layer and extending from said first
semiconductor surface to a flrst depth beneath sald first
_semiconductor surface;
' an N-type emitter region formed in said P-type
15 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 junctioh, said N-type emitter
region being radially inwardly Spaced along said first
20 semiconductor surface aiong edges of said P-type base,
such that said edges of said P-type base extend to said
first semiconductor surface, thereby defining first and
second channel regions along said edges;

* c L M S *



"sem conductor surface to a first depth beneath sald first sen1conductor

‘'sai d senm conductor surface which.is shall ower than sai

‘being radially inwardly 'spaced along said first 20 " seni conduct ot

surface; an N-type enmtter region formed in said P-typf
extending fromsaid first sem conductor surface to a s

% ——fase and—
&A&eﬁ%ﬂb“e«ﬁ%@t

1 £irs6 dHBt ylo q
Lﬁ%e “enitter-fegq

create an N type emtter/P-type base junction, said

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 regions al ong 'sai d edges;

-19-

first and second P-type regions formed in said
25 _relatlvely 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
from said P-type base to form respective third and fourth
channel regions in said relatively lightly doped N-type
30 layer, a metal strap being disposed on said first _
semiconductor surface and connecting said N-type emitter
region to said secon&-P-type region;
| a third P-tYpe'reqicn formed in said relatively
lightly doped N-type layer and extending from said first
35 surface of said wafer, said third P-type region being
laterally spaced from said P-type base to form a flfth
channel region in sald N-type layer;.
flrst gate insulation layer means on said first
semiconductor surface dlsposed at least on said third
40 channel region; _
first gate means on said first gate insulation
layer means and overlying said third channel region;
second gate insulation layer means on said
_ first.éufface disposed at least on said first and fourth
45 channel regions; _ |
second gate means on said second gate
insulation layer means and overlying said first and
fourth channel regions;
third gate insulation layer means on said first
50 surface disposed at least on sald second and £ifth
channel regions; S
third gaté means on said third gate insulation
layer means and overlying saxd second and fifth channel
regions;

* [ L M S *



- 19 - first and second P-type regions formed in said 25 relatively
lightly doped N-type |layer and extending fromsaid fgest_surface of said
waf er, said first and second P-type regions being |3l eral k¥ E%?
‘each other and fromsaid P-type base to formrespectve thb

channel regions in said relatively lightly doped N tlypge30
nmetal strap being disposed on said first sem conductsr=s

connecting said N-type emtter region to said second P—type reglon--a hi rd

P-type region formed in said relatively

- 20 -

(8]
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anode electrode means connected to said P-type
layer disposed on said second semiconductor surface; .
| cathode electrode means connected to said first
and third P-tYpe'régions on said first semiconductor
surface, and to said first gate; and

60 gate electrode means connected to said second
and third gates. '

6. The MOS-controlled thyristor of claim 5,
further comprising a N-type layer disposed between said
P-type layer and said relatively lightly'doped N-type
layer.

7. A MOS-controlled thyristor, comprising:
a wafer of semiconductor material havinq first

and second spaced, paréllel_planar surfaces, at least a

portion of the thickness of said wafer which extends from

said first semiconducto:'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;

10 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
semiconductor surface; |

wm

_ an N-type emitter reglon formed in said P-type
15 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 junctioh, said N-type emitter

Hllllll ] IIIll Hlll ll IIII



“lightly doped N-type |layer and extending fromsaid first 35 surface of
- said wafer, said third P-type region being Iaterallp ~spaeed--f.rom said_
P-type base to forma fifth channel region in . said Ntype: Iayen«njhﬁsﬂ
‘insulation |l ayer means on said first seniconductor%ﬁ?rface di @ogﬁ _
flrst

least on said third 40. channel region; first gdt&anean
gate insulation |ayer means and overlying said thir £
gate insulation layer nmeans on said first surface di sposed at Ieast ‘on said
first and fourth 45 channel regions;. second gate nmeans on said second
gate :

- 21 -

region being radially inwardly spaced along said first
20 semiconductor surface alohg one edge of said P-type base,
such that said one edge of said P-type base extends to
said first semiconducter surface, thereby defining a
first channel region along said edge;
first and second P-type regions formed in said
25 - relatively lightly doped N-type layer and extending from
- said first surface of said wafer, said first and second
P-type regions being leterally spaced from each other and
said second P-type fegion being laterally spaced from
said P-type base to form respective second and third
30 channel regiqns.in said relatively lightly doped N-type
- layer, a metal strap being disposed on said first
semiconductor surface and eonnecting said N-type emitter
region to said second P—type-reéipn;
first gate insulation layer means on said first
35 semiconductor surface disposed at least on said second
| channel region; | ) |
first gate means on said first gate insulation
layer means and overlying said second channel region;
_ second gate insulation layer means on said
40 first surface disposed at least on said first and third
channel regions; _
second gate means on said second gate
insulation layer means and overlylng said first and third
channel regions; _
45 ' anode electrode means connected to said P-type
1ayer disposed on said second semlconductor surface,
cathode electrode means connected to said first
P-type region on said first semiconductor surface, and to
said first gate; and |

* c L M S *



“insul ation | ayer neans and overlying said first and fourth channel regions;

thirdgate insulation |ayer neans on said first 50 . surfagg_ﬂjs t
I'east on said second and fifth .channel regions; thir gaie qragl
third gate .insulation |ayer nmeans and overlying said sbcon % -

to said P-type

-2‘2.‘.

50 _ gate electrode means connected to said second
' gate. o o

_ 8. The Mos-controlled thyristor of claim 5,
wherein said first, second and third P-type regions, and
said P-type bése are relatively highly doped, and said P-
type layer and said N—type emitter are relatively very
hlghly doped.

(8]

9. The MOS-controlled thyristor of claim 5,
wherein said second gate means is electrically floating
or absent. '

L]



| ayer di sposed vn sardsecond sem conductor surface; cathode el ectrode

nmeans conneclrhe S |d |rs ;and third P-type regions on sald first

semi conduct or sald first gate. and G~ PSS

el ectrode rrea o salqusr_gs%n @d\gt@é,\g E@L’“B““ﬁ*ﬁ AEET
fﬁg

_IVDScontroIIe cliai 5 rﬁrhforrprls ng & § MABeldByer
di sposed between sai d P type Iay ai-d-telati-dell Y49 ghtty-doped Nt ype
- layer. 7. A MOS-controlled thyristor, conprising: a Wafer of Séni conduct or

-~ material having first and second spac_grd_i_,_ paral | el planar surfaces, at |east
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portlon of the thickness of said wafer which extends from5 sal d first
seni conduct or surface conpri-si ng_a rel relatively li ghtly_dopes '

for recei ViThg shddf¥6h B Repidly | €28 T TUFFFBFT oftd ‘5 ﬁémgklmﬁ\l'DSHEETd:‘

whi ch ext end 2 nd ker'c Shdactoe BEEN dice cQ
et ﬂmym&ﬁﬂtype [over Pyt ”BPV%,)@B@&&E f or red
in said rel doped N-type ' ‘;~a;u~~r= ~~~~~~~~~ orrsart first

sem conductor surface to a first depth beneath said first sem conductor

‘surface; an N-type emtter regi on formed in said P-type 15 base and
~extending fromsaid first seniconductor surface to a second depth beneath
sai d senmi conductor surface 2
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\Ethh I's shallower than said first depth to create an N- type
em tter/ P-type-base junction, said N-type emtter - 21 - regl on bei ng

radially inwardly spaced aI ong i
ﬁé‘EBéI@GEB’F”ga-?’H"Eﬁ tlype
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- said first surface of said wafer, said first and second P-type regions.
being laterally spaced from each other and said sec

bgi ng
| aterally spaced fromsaid P-type base to formresp ﬁFVbAég@Eﬁgg#&%T ird

=30 - channel regions in said relatively lightly d ed'hL

metal strap being disposed on said first sem conductpPe®yr:

connecting said N-type emitter region to said second-P-type region; first
~gate insulation |layer neans on said first 35 sem conduct or surface

di sposed at |east on said second channel region; first gate means on said
first gate insulation |ayer neans and overlying said second channel region;

THREE-TERMINAL THYRISTOR WITH SINGLE
MOS-G CONTROLLED C CTERISTICS

ABSTRACT OF T SCLOSU
A MOS-controlled thyristor which has current
saturati@n characteristics and does not have any
parasitic thyristor structure. The device requires only
a szngle gate drive and is a three terminal device. The
=) device can be constructed 1n a cellular geometry. In all
embodiments, the device has superlor turn-off
characteristics and a wider Safe-Opefating-Area because
the N** emitter/P base junction is reverse biased during
turn-off.

_Figure 2



second gate insulation layer neans on said 40 first surface di sposed at
| east on said first and third channel regions; se = aid

- second gate insulation |ayer means and overlying gafe i 8t gt
" channel regions; 45 anode el ectrodelimean qﬂﬂg %ﬁ@ to,sald
P-type | ayer disposed on said second sen1conductomtsuf e edtfode

el ectrode neans connected to said first P-type region B S AT e R et

sem conductor surface, and to said first gate; and
1

FI1 G.1 PRIOR ART
| GATE

CATHODE '
\q_._.._-.‘ ﬁ' l/////J

TS XJ

T

%-

Z
|
~
2>

\ MAIN
CURRENT
PATH

p+'

\
N
N
N
A
N
N
N
A\
N
N
N
N
N
N
N
N
N

S Ny N IO

K \
------ . \paRASITIC
- THYRISTOR ANODE

| | \ J J
TJ/sz"o ), | (} 110
130 : N++ 132
126 |

(
Fle.2 L




Dat e

meams connected to said second gate.
claimb, wherein said first,
P-type base are relatively hlghly doped, and said

N-type enitter

MOS-control l ed thyristor of claim5, wherein said. %ﬁgp
electrically floating or absent.
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