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POWER DEVICE WITH HIGH SWITCHING 
SPEED AND MANUFACTURING METHOD 

THEREOF 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

TECHNICAL FIELD 

The present invention relates in general to the field of 
power devices, and more in particular to a power device 
usable as a power actuator. 

BACKGROUND ART 

As is known, power actuators must keep down to a mini 
mum the dissipation of power both when on and during 
Switching. 

For this reason, for implementing a power actuator, there 
has been a passage from bipolar transistors (which have low 
on-dissipation) and from MOS transistors, (which have low 
dissipation during Switching) to hybrid components that com 
bine the advantages of both types. 

In addition, power actuators must also have high input 
impedance and hence be driven with low-voltage pulses. 
Consequently, the various hybrid solutions that have been 
proposed (Such as, insulated-gate bipolar transistors—IG 
BTs, MOS-controlled thyristors MCTs, and emitter 
switched thyristors—ESTs), in addition to presenting differ 
ent levels of compromise between power dissipation when on 
and during Switching, have been designed so as to be able to 
meet also this requisite and hence are driven by an insulated 
gate electrode. 
Amongst the hybrid solutions proposed, the most versatile 

solution is the IGBT one, even though its characteristics do 
not render it suitable for applications requiring a high block 
ing Voltage (maximum reverse Voltage that the device is able 
to withstand without going into breakdown), which is typi 
cally higher than 1200V. In fact, at higher voltages, the power 
dissipation in the on state becomes important; on the other 
hand, in order to increase the blocking Voltage, it is necessary 
to increase the size of the device. With consequent increase in 
the cost. 

In order to overcome the above limitation, structures have 
been proposed based upon thyristors, which have a smaller 
forward voltage drop Vf during operation, and driven like 
MOSFETs, i.e., with a control voltage such as IGBTs, MCTs 
and ESTs belong to this category. 

Both of the solutions have, however, a rather modest 
reverse-bias safe-operating area (RBSOA) and long turning 
off times, so that their use has remained limited to very 
particular application fields. 

DISCLOSURE OF INVENTION 

The aim of the invention is thus to provide a power device 
having a low Voltage drop both during Switching and in the on 
state, and moreover having a low input impedance and a high 
Switching speed. 

According to the present invention, there are provided a 
power device, the operating method thereof, and the manu 
facturing method thereof, as defined in claims 1, 9 and 14, 
respectively. 
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2 
The power device according to the invention combines a 

thyristor structure, and hence has a low Voltage drop across its 
terminals in the on State, with a high input impedance, Such as 
an IGBT. The described power device has very short switch 
ing times, comparable with those of a MOSFET, by virtue of 
a fast removal of charges from the base during turning-off, in 
a way similar to gate-turnoff (GTO) thyristor devices, so that 
the present power device may be defined as a MOS-GTO. In 
addition, the present power device does not have parasitic 
components, so that it affords both a high forward-bias safe 
operating area (FBSOA) and a high reverse-bias safe-operat 
ing area (RBSOA). 

BRIEF DESCRIPTION OF THE DRAWINGS 

For an understanding of the present invention a preferred 
embodiment thereof is now described, purely by way of non 
limiting example, with reference to the attached drawings, 
wherein: 

FIG. 1 illustrates a cross-section through a device accord 
ing to the invention; 

FIG. 2 illustrates the equivalent electrical circuit of the 
device of FIG. 1; and 

FIGS. 3 to 7 are cross-sections through a semiconductor 
material wafer, in Successive manufacturing steps of the 
device of FIG. 1. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

FIG. 1 is a cross-section of an elementary structure of a 
power device 1 according to one embodiment of the inven 
tion. The power device 1 may in any case comprise a plurality 
of elementary structures arranged alongside one another. 
Each elementary structure may moreover comprise one or 
more MOSFET cells. In the embodiment illustrated in FIG. 1, 
the elementary structure comprises two elementary cells. 

According to FIG. 1. (not drawn to scale in the vertical 
direction), the power device 1 is formed by a body of semi 
conductor material, which has a bottom Surface 2 and a top 
surface 3 and comprises: a substrate 4 of P'-type; a first base 
region, also referred hereinafter as drift region 5, of N-type: 
a second base region, referred hereinafter as base region 6, of 
P-type; a cathode region 7, of N-type; and an epitaxial region 
8, of N-type. The epitaxial region 8 moreover accommodates 
body regions 10, Source regions 11, and a deep well 12. 
The bottom surface 2 of the power device 1, formed by the 

substrate 4, is coated with a metal layer 15, connected to an 
anode terminal A accessible from outside the power device. 
The drift region 5 is formed by a layer that is not accessible 

from outside and is grown epitaxially, as explained in greater 
detail hereinafter. The characteristics (thickness and resistiv 
ity) of the drift region 5 depend upon the voltage class of the 
power device 1. The thickness of the drift region 5 may be, for 
example, 70-80 Lum and the resistivity 50-70S.2.cm. It is more 
over possible to provide a thin N layer (not illustrated) 
between the drift region 5 and the substrate 4 so as to increase 
the breakdown Voltage of the device, in a perse known man 

. 

The base region 6 is formed by a buried region, connected 
with the top surface 3 by the deep well 12, of P-type, which 
extends through the epitaxial region 8 between the top surface 
3 and the base region 6 and connects the base region 6 to a 
base contact 16, which is in turn connected to a base terminal 
B accessible from outside. 
The cathode region 7 is formed by a buried region not 

connected with the outside of the device and delimited later 
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ally by the deep well 12, without necessarily being contigu 
ous to the latter. Typically, the cathode region 7 has a resis 
tivity of 0.02-1 C2.cm. 

The epitaxial region 8 preferably has the same resistivity as 
the drift region 5 (for example, 50-70 S2.cm) but a much 
Smaller thickness; typically, it has a thickness of 3-5 um. 
The body regions 10 are accommodated inside the epi 

taxial region 8 and are surrounded by the deep well 12. In the 
example illustrated, two body regions 10 are present, adjacent 
to one another; alternatively, just one body region 10 or more 
than two adjacent body regions may be provided. 

The source regions 11 are accommodated inside the body 
regions 10, similarly to what is known in the technology of 
power MOSFET devices. 

Gate regions 20, of polycrystalline silicon, extend on the 
top surface 3, are electrically insulated from the latter by a 
thin dielectric layer (gate oxide), and are connected to one 
another in a way not illustrated. In the illustrated example, 
three gate regions 20 are arranged adjacent to one another, on 
top of the portions of the body regions 10 comprised between 
the source regions 11 and the epitaxial region 8. The gate 
regions 20 are moreover partially arranged on top of an epi 
taxial region 8 and of the source regions 11, in a known 
manner. The gate regions 20 are moreover connected to a gate 
terminal G accessible from outside, in order to enable control 
(turning-on/turning-off) of the power device 1. 
A source metal region 21 extends on top of the Surface 3. 

between the portions of the gate region 20, contacts the Source 
regions 11 and body regions 10, and is connected to a source 
terminal Saccessible from outside. 

In practice, as illustrated in the equivalent electrical circuit 
of FIG. 2, the regions described above form a thyristor 25, 
which is connected in series to a vertical-flow MOS transistor 
26. In detail, the thyristor 25 is formed by the substrate 4 
(anode), by the drift region 5 (first base), by the base region 6 
(second base), and by the cathode region 7 (cathode). The 
MOS transistor 26, which is of a low-voltage type, is formed 
by the same cathode region 7 (drain) and by the epitaxial 
region 8, the body region 10 (forming the channel), the Source 
region 11, and the gate region 20. 

Turning-on of the power device 1 is obtained first by turn 
ing on the MOS transistor 26 by supplying the gate terminal 
G with a gate voltage of a higher value than the threshold 
Voltage, and then by turning on the thyristor 25. Turning-on of 
the thyristor 25 may take place in a traditional way, by Sup 
plying a current pulse to the base terminal B, or else by 
Supplying a constant Voltage of a few volts (for example, 2-4 
V) to the base terminal B. In this case, the voltage to the base 
terminal B is maintained throughout operation of the power 
device 1. This second solution simplifies the circuit for driv 
ing the power device 1. 
As in traditional thyristors, the turning-on current depends 

upon the common-base gain of the PNP and NPN transistors 
that form the thyristor 25. 

Turning-on of the device thus causes a passage of current 
from the anode terminal A to the source terminal S. 

In use, the MOS transistor 26 operates as a simple current 
Switch, which has a negligible Voltage drop, given the Small 
thickness of the epitaxial region 8. Consequently, the Voltage 
drop (Vf) between the anode terminal A and the source ter 
minal S is due basically to the Voltage drop across the thyris 
tor 25 and is hence very low. 
When the power device 1 is turned on, it can be turned off 

simply by removing the Voltage applied to the gate terminal 
So as to turn off the inversion channel. In this way, extremely 
short switching times are obtained, of the order of a few tens 
of nanoseconds. This time is therefore much shorter than the 
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4 
turning-off time of a traditional thyristor (approximately 10 
microseconds), and hence by three orders of magnitude, and 
shorter also than the IGBT turning-off time, which can vary 
between 100 ns and 3-4 us. 
When the MOS transistor 26 is turned off, all the anode 

current, that can no longer flow towards the source terminal S. 
is forced to be extracted from the base terminal B. The base 
current then reverses its direction: from incoming it becomes 
outgoing. In this way, all the charges stored in the base regions 
of the two PNP and NPN transistors which form the thyristor 
25 (drift region 5 and base region 6) are forcedly removed, 
and hence also the anode current is rapidly reduced to Zero. 
The power device 1 illustrated in FIG. 1 is manufactured in 

the way described hereinafter with reference to FIGS. 3-7. 
Initially (FIG. 3), the drift region 5 is grown epitaxially on 

top of a very-low-resistivity substrate 4 (for example, 5-10 m 
S2.cm). The growth can take place in a single step, or through 
Successive steps. As indicated above, the resistivity and the 
thickness of the drift region 5 depend upon the voltage class 
of the-device. 

After the growth of a thermal oxide layer (not illustrated), 
boron is implanted using an appropriate phototechnique and, 
following upon diffusion, originates the base layer 6. Next, 
through a further phototechnique, implantation of an N-type 
dopant (for example, As, Sb or P. or a combination of these), 
and diffusion, the cathode layer 7 is obtained. In this way the 
structure of FIG. 4 is obtained. As may be noted, the cathode 
layer 7 has a smaller width than the base region 6 to allow 
formation of the deep wells 12. 

After removing the deposited thermal oxide layer, as well 
as the one grown during diffusion, a second epitaxial growth 
is performed for forming the epitaxial layer 8 (FIG. 5). As 
indicated, the epitaxial layer 8, of N-type, has a similar 
resistivity to the drift region 5, but a much smaller thickness. 

Next (FIG. 6), the deep well 12 of P-type is implanted and 
diffused so as to reach the base region 6. As may be noted, the 
deep well 12 extends laterally with respect to the buried 
region 7; in the case of a device having more than one elemen 
tary structure, the deep well 12 is alternated with the buried 
region 7. So as to Surround it on three sides. 

Next, the MOS transistor 26 is formed, according to tradi 
tional techniques, by implanting first the body regions 10 and 
the source regions 11 (FIG. 7), and then forming the gate 
regions 20, and the source contact 21, the base contact 16, and 
the gate contact (not shown). 

Finally, the wafer thus obtained is thinned on the back, until 
the desired thickness of the substrate 2 is obtained; then, the 
metal layer 15 is formed, and the wafer is diced, thereby 
obtaining the power device 1 of FIG. 1. 
The advantages of the power device described herein are 

clear from the foregoing description. In particular, it is 
emphasized that, during turning-off, removal of the charges in 
the base of the thyristor by fast extraction, instead of by 
recombination, as in known devices, eliminates the current 
tails typical of bipolar devices, such as IGBTs and thyristors, 
thus guaranteeing extremely fast turning-off times. 

In addition, the structure described and, in particular, the 
vertical implementation of the MOS, prevent formation of 
parasitic components which would limit its operation, so that 
the device has a very high reverse-bias safe-operating area. 
The vertical implementation of the MOS transistor further 

enables a more compact embodiment, with a limited integra 
tion area. 

Finally, it is clear that numerous modifications and variants 
can be made to the device and to the manufacturing process 
described and illustrated herein, all falling within the scope of 
the invention, as defined in the attached claims. 
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For example, the charge-extraction terminal could be con 
nected to another region of the device. Such as the drift region 
5. 
The invention claimed: 
1. A power device, comprising: 
a first current-conduction terminal; 
a second current-conduction terminal; 
a control terminal configured to receive a control Voltage 

forturning on/turning off said to turn the device on and 
of: 

a field-effect transistor coupled to the second current-con 
duction terminal and having a gate electrode coupled to 
the control terminal 

a thyristorand a field-effect transistor connected in series 
between coupled to said first current-conduction termi 
nal and said second current-conduction terminal, said 
the transistor having a gate electrode connected to said 
control terminal; and 

a third current-conduction terminal connected coupled to 
said thyristorand configured to extract charges from said 
thyristor during turning-off as the device turns of 

2. The device according to claim 1, wherein said transistor 
is of a vertical-current flow type. 

3. The device according to claim 1, wherein the thyristor 
and transistor comprise a semiconductor body having: 

a first Surface and a second Surface; 
a substrate region defined by said first surface: 
a first base region on top of said Substrate region; 
a second base region on top of said first base region; 
a first conductive region on top of said second base region 

and defined by said second Surface; 
a second conductive region; 
a channel region separating said first conductive region 

from the second conductive region; and 
a deep region extending from said second Surface to one of 

said first and second base regions; said gate electrode of 
said transistor being arranged on top of and being elec 
trically insulated from said second Surface of said semi 
conductor body on top of said channel region; said first 
current-conduction terminal being connected coupled 
to said Substrate region, said second current-conduction 
terminal being connected coupled to said second con 
ductive region; and said third current-conduction termi 
nal being connected coupled to said deep region. 

4. The device according to claim 3, wherein said first con 
ductive region is formed by a buried region arranged on top of 
said second base region, and by an epitaxial region arranged 
on top of said buried region, said buried region having a same 
conductivity type and different conductivity level with 
respect to said epitaxial region. 

5. The device according to claim 4, wherein said buried 
region has a greater conductivity than said epitaxial region. 

6. The device according to claim 4, wherein said buried 
region has a first width and said second base region has a 
second width greater than said first width, and said deep 
region extends laterally with respect to said buried region up 
to said second base region. 

7. The device according to claim 3, wherein said first con 
ductive region accommodates a body region forming that 
forms said channel region and accommodating said the 
body region accommodates the second conductive region; 
said deep region extending through said first conductive 
region. 

8. The device according to claim 7, wherein said substrate 
region, said second base region and said body region are of P 
type, and said first base region, said first conductive region 
and said second conductive region are of N type. 
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6 
9. A method, comprising: Switching a power device that 

includes a thyristor and a field-effect transistor connected 
coupled together in series between a first conduction termi 
nal and a second conduction terminal, said Switching includ 
ing: 

turning on and turning off said power device through a 
control terminal of said transistor the turning of 
including: 

wherein said step of turning off comprises extracting 
electrical charges from said thyristor through a third 
current-conduction terminal connected coupled to said 
thyristor. 

10. The method according to claim 9, whereinsaid step of 
turning on comprises the power device includes applying a 
control Voltage to said control terminal and Supplying an 
electrical quantity to said third current-conduction terminal. 

11. The method according to claim 10, wherein said elec 
trical quantity is a current pulse. 

12. The method according to claim 10, wherein said elec 
trical quantity is a d.c. voltage. 

13. The method according to claim 12, wherein said step 
of turning off comprises the power devices includes inter 
rupting application of said d.c. Voltage. 

14. A method of manufacturing a power device, compris 
ing: 

forming, in a body of semiconductor material, a thyristor 
and a field-effect transistor connected in series coupled 
together, 

forming a first current-conduction terminal on a first Sur 
face of said body; 

forming a second current-conduction terminal on a second 
surface of said body; and 

forming a control terminal on top of said second Surface of 
said body; and 

forming an electric-charge extracting terminal connected 
coupled to said thyristor. 

15. The method according to claim 14, whereinforming the 
thyristor and transistor includes: 

providing a Substrate of a first conductivity type; 
forming a first base region of a second conductivity type, 

on top of said Substrate; 
forming a second base region of said first conductivity type 

on top of said first base region; 
forming a first conductive region of said second conduc 

tivity type on top of said second base region, said first 
conductive region forming a top surface of said body; 

forming a deep region, of said first conductivity type, 
extending from said top surface as far as one of said first 
and second base regions; 

forming at least one second conductive region adjacent to 
said first conductive region and separated therefrom 
through a channel region; 

forming at least one insulated-gate region on top of said top 
Surface and arranged on top of said channel region; and 

forming said first current-conduction terminal in contact 
with said Substrate, said second current-conduction ter 
minal in contact with said second conductive region, 
said charge-extraction terminal in contact with said deep 
region, and said control terminal in contact with said 
insulated-gate region. 

16. The method according to claim 15, wherein said step 
of forming a the second conductive region comprises 
includes forming at least one body region inside said first 
conductive region and forming said second conductive region 
inside said body region. 

17. The method according to claim 15, wherein said step 
of forming a the first conductive region comprises 
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includes forming a buried region on top of said second base 
region, and growing an epitaxial region on top of said buried 
region, said buried region and said epitaxial region having 
said second conductivity type and different conductivity lev 
els. 

18.The method according to claim 17, wherein said buried 
region has greater conductivity than said epitaxial region. 

19. The method according to claim 17, wherein said buried 
region has a lower smaller width than said second base 
region, and said step of the forming a of the deep region 
comprises includes introducing dopant species through said 
epitaxial region up to said second base region, laterally with 
respect to said buried region. 

20. The method according to claim 15, further comprising 
the step of thinning said substrate before forming said first 
current-conduction terminal. 

21. A power device, comprising: 
a first current-conduction terminal; 
a second current-conduction terminal; 
a control terminal; 
a thyristor, and 
a vertical field-effect transistor connected coupled with 

the thyristor between the first current-conduction termi 
nal and the second current-conduction terminal, the 
transistor having a gate electrode connected coupled to 
the control terminal, and 

a third current-conduction terminal coupled to the thyris 
tor; the third current-conduction terminal being config 
ured to extract charges from the thyristor. 

22. The device according to claim 21 further comprising: 
a wherein the third current-conduction terminal con 
nected to the thyristor and extracting is configured to 
extract the charges from the thyristor during turning-off 
of as the device is turned of 

23. The device according to claim 21 wherein the transistor 
is structured to isolate the thyristor from the first current 
conduction terminal when the transistor is off. 

24. The device according to claim 21 wherein the transistor 
includes: 

a first conduction region positioned in a semiconductor 
body and connected coupled to the first current-con 
duction terminal; 

a channel region positioned in the semiconductor body and 
below the gate electrode; and 

a second conduction region positioned in the semiconduc 
tor body on an opposite side of the channel region from 
the first conduction region, 

wherein the thyristor includes: 
a buried region underlying the second conduction region 

and isolated from the first current-conduction region 
terminal by the second conduction region; 

a first base underlying the buried region; 
a second base underlying the first base; and 
a substrate region underlying the second base and con 

nected coupled to the second current-conduction 
region terminal. 

25. The device according to claim 24, further comprising a 
deep region extending from a surface of the semiconductor 
body to a portion of the first base that extends laterally with 
respect to the buried region. 

26. The device according to claim 25, wherein the deep 
region laterally surrounds the first and second conduction 
regions and the channel region. 

27. The device according to claim 21 wherein the channel 
region includes a body region positioned completely within 
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8 
the second conduction region, the first conduction region 
being positioned completely within the body region. 

28. A power device, comprising: 
a first current-conduction terminal 
a second current-conduction terminal; 
a third current-conduction terminal, 
a thyristor having: 

a first terminal coupled to the first current-conduction 
terminal; 

a second terminal coupled to the third current-conduc 
tion terminal, the second terminal configured to 
extract charges from the thyristor as the device pow 
ers of and 

a third terminal 
a field-effect transistor having: 

a gate terminal configured to receive a control voltage to 
power on and power of the device, 

a first conductive terminal coupled to the second cur 
rent-conduction terminal and 

a second conductive terminal coupled to the third ter 
minal of the thyristor. 

29. The device according to claim 28 wherein: 
the first conductive terminal of the transistor is in a semi 

conductor body, 
a channel region of the transistor is in the semiconductor 

body below the gate electrode, and 
the second conductive terminal of the transistor is in the 

semiconductor body on an opposite side of the channel 
region from the first conductive terminal; 

a buried region of the thyristor is below the second con 
ductive terminal and is isolated from the second current 
Conduction terminal by the second conductive terminal 

a first base of the thyristor is below the buried region, 
a second base of the thyristor is below the first base, and 
a substrate region is below the second base and coupled to 

the first current-conduction terminal. 
30. A power device, comprising: 
a thyristor having a base, 
a field-effect transistor having a gate, 
a first current-conduction terminal coupled to the thyris 

tor, 
a second current-conduction terminal coupled to the tran 

sistor, 
a third current-conduction terminal coupled to the base of 

the thyristor and configured to extract charges from the 
thyristor as the device powers of and 

fourth current-conduction terminal coupled to the gate of 
the transistor. 

31. The device according to claim 30 wherein: 
the second current-conduction terminal of the transistor is 

Coupled to a first conductive region in a semiconductor 
body, 

a channel region of the transistor is in the semiconductor 
body below the gate electrode, and 

a second conductive region of the transistor is in the semi 
conductor body on an opposite side of the channel 
region from the first conductive region, 

a buried region of the thyristor is below the second con 
ductive region and is isolated from the second current 
conduction terminal by the second conductive region, 

a first base of the thyristor is below the buried region, 
a second base of the thyristor is below the first base, and 
a substrate region is below the second base and coupled to 

the first current-conduction terminal. 


