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FIELD OF THE INVENTION
The present invention relates to a process for
5 the manufacture of IGBTs ard the resulting structure.
More specifically, the present invention relates to an
IGBT with reduced channel length or déeper enhanced
concentration region that improves V. oy and that
improves switching power loss.

10 BACKGROUND OF THE INVENTION
Insulated gate bipolar transistors (IGBTs) are
" well known and a typical structure and process of
manufacture is described in British Patent No. 2,243,952.
The channel length in such devices is typically that

15 produced by a channel drive in of boron having an implant
dose of 6 E15 per cm? followed by a drive for
approximately 120 minutes, and followed again by an
arsenic source implanted at 3 E15 per cm? and driven in
at about 975°C.

20 This process has produced commercially
acceptable IGBT devices with given forward voltage drops
and switching power losses. Such devices are made by the
International Rectifier Corporation of El Segundo,

_ California. _ _

25 It is aiways desirable to reduce the forward
voltage drop of an IGBT and to decrease its switching
power loss, namely to increase its safe operating area
(S0A). It is also desirable to reduce the minority
carrier lifetime ("lifetime killing") to increase the

30 switching speed of the IGBT by reducing the lifetime of
the minority carriers in the silicon. Though electron

irradiation may be used to reduce minority carrier
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acceptabl e | GBT devices with given forward vol tage drops and sw tching
power | osses. Such devices are nade by the International Rectifier
Corporation of El Segundo, California. It is always desirable to reduce the
forward voltage drop of an 1 GBT and to decrease its switching power |oss,
nanely to increase its safe operating area £{S0OA). It is also desirable to
reduce the mnority carrier lifetime ("lifetinme killing") to increase the
switching speed of the IGBT by reducing the lifetime of the mnority
carriers in the silicon. Though electron irradiation may be used to reduce
mnority carrier - 2 - lifetime, the dose that can be irradiated into
the | GBT nust be }i&Gstiman mhaegasadth@b oapi de " tyradhpbel" inke ithe IGBT

typically less thafs8 PEORESLStnhh kSnbHRELALT €0 ULFH1ADNEWE RCRLRAKKI® d is
process typically less than 3 megarads.
It is therefore desirable to provide a process
5 which permits a substantial reduction in both forward
voltage drop and SOA and allows electron irradiation at
higher déses without switchback.
Moreover, the effect of the irradiation can be
annealed out at die bond temperatures. The device must
10 therefore be subsequently soldered at lower temperatures
to avoid this annealing, which'complicates the assenmbly
process. Therefore, doping.with a heavy metal, such as
platinum.or gold, is preferred for lifetime killing.
However, heavy metal doping increases the apparent
15 resistivity in the active region between bases.
It is therefore also desirable to be able to
use heavy metal doping in an IGBT without increasing
forward voltage drop above that of a comparable electron

irradiated IGBT.

20 BRIEF DESCRIPTION OF THE INVENTION
‘The present invention reduces the channel

length of the channels of individual cells of a cellular
IGBT by reducing the channel drive in time from the
customary 120 minutes at 1175°C to between 60 and 90

25 minutes at 1175°C. The process alsc then permits the use
of a higher minority carrier lifetime killing electron
radiation dose of 4 megarads instead of the prior art 3
megarad to improve switching power loss while reducing
SOA by only a small value. The device source is then

30 formed by an arsenic source implanted at 3 E15 followed
by an anneal temperature greater than about 975°C. The
new process reduces forward VOltage drop or,

\
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which permts a substantial reduction in both forward voltage drop and SOA
and allows electron irradiation at hi gher doses w thout sw tchback.
Moreover, the effect of the irradiation can be anneal ed out at die bond
tenperatures. The device nmust therefore be subsequently sol dered at | ower
tenperatures to avoid this annealing, which conplicates the assenbly
process. Therefore, doping with a heavy netal, such as platinumor gold, is
preferred for lifetine killing. However, heavy nmet al dopi ng i ncreases the
apparent resistivity in the active reg|9n3betmeen bases. It is therefore
al so desirable to be able to use heavy netal doping in an | GBT w thout

I ncreasing forward vol tage drop above that of a conparable el ectron
irradiated | GBT. BRI EF DESCRI PTION OF THE | NVENTI ON The present invention
reduces the channel length of the channels of individual cells of a

cel lular |1 GBT by aktexnaiglvabyehamisichdngyspeadt biyeabotih 208 .custhonedoA 120

mnutes at 1175[ egflE LOxheLHeRy BR19"919Ricroseconds to 16 microseconds
which is well within guaranteed withstand time for
commercial IGBTs.

5 Alternativély, the present invention reduces
forward voltage drop and switching loss by increasing the
enhancement diffusion time to 12 hours and by reducing
the channel drive in time from 2 hours to 1 hour. This
process likewise permits the use of a higher lifetime

10 ~ killing electron radiation dose of about 5 to 6 megarads
for a 1200 volt IGBT device and of about 6.4 to 16
megarad dose for a 600 volt IGBT device. The process
also permits the use of higher temperature lifetime
killing platinum diffusion.

15 In accordance with the present invention, a
power semiconductor device is manufactured by introducing
carriers of a first conductivity type into the exposed
surface of a thin semiconductor chip of the first
conductivity type. The carriers are diffused to a first

20 depth into the substrate to form a region of increased
concentration. A first mask layer having openings which
overlie the region of increased conduction is formed, and
a first given concentration of carriers of a second
conductivity type opposite to that of the first

25 conductivity type is applied to the chip surface thfough

- the openings. A thin gate dielectric and a conductive
gate electrode are formed over at least portions of the
surface of the region of increased concentration. A
second mask layer having openings is formed. The

30 openings surround and are at least adjacent to the

. locations of respective first mask layer openings and are
bounded by respective areas of the thin gate dielectric.
A second given concentration of carriers of the second

—_—
—_—
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m nutes at 1175[err]C. The process also then permts the use of a higher
mnority carrier lifetime killing electron radi ation dose of 4 negarads

i nstead of the prior art 3 negarad to inprove switching power |oss while
reduci ng SOA by only a small value. The device source is then fornmed by an
arsenic source inplanted at 3 E15 (3 x 10[err] atons per cnferr]) followed
by an anneal tenperature greater than about 975[err]C. The new process
reduces forward vol tage drop or, -3- alternatively, switching speed by
about 20% The SOA is thus reduced by only 21 mcroseconds to 16

m croseconds which is well w thin guaramtéed withstand tine for comerci al
| GBBTs. Alternatively, the present invention reduces forward voltage drop
and switching | oss by increasing the enhancenent diffusion tine to 12 hours
and by reducing

conductivity type, which is less than the first given
concentration, is introduced through the second mask
layer openings. The carriers of first and second given
concentration are then diffused at about a temperature of

5 1175° C for a time ranging from 60 to 90 minutes. The
carriers of the first given concentration form a body of
relatively high concentratlon, and the carriers of the
second given concentration channel region form a
relatively low concentration channel region which

10 surrounds the body of relatively high concentration and
underlies the thin gate dielectric. A high concentration
of carriers of the first conductivity type is introduced
through the second mask opening and diffused to form
shallow source regions. The shallow source regions

15 diffuse laterally to underlie the thin gate dielectric
and bound the inner edge of the low concentration
channel. A source electrode is formed on the source
regions as is a drain electrode which is electrically
connected to the chip.

20 In accordance with this aspect of the present
invention, a further mask layer'may be formed prior to
the step of introducing the carriers of the first
conductivity type. The first mask layer has openings
through which the carriers of the first conductivity type

25 are introduced into the exposed surface of the chip.

The carriers.of the first type that are
introduced into the exposed surface of the chip may be
diffused to a final depth which is reached by a diffusion
at about 1175°C for about 12 hours. '

30 The carrier lifetime of the chip may be
reduced. The completed chip may be exposed to a
radiation dose of about 4 megarads or a dose of about 5

_\““‘_ﬁ“““‘“~433\i5 megarads.
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the channel drive in time from2 hours to 1 hour. This process |ikew se
perimts the use of a higher lifetine killing electron radiati on dose of
about 5 to 6 nmegarads for a 1200 volt |1 GBT device and of about 6.4 to 16
megarad dose for a 600 volt | GBT device. The process also permts the use
of higher tenperature lifetime killing platinumdiffusion. In accordance
with the present invention, a nethod of manufacture of a power

sem conduct or device conprising the steps of: introducing carriers of a
first conductivity type into the exposed surface of a thin sem conduct or
chip which is of the first conductivity-tgpe and diffusing said carriers to
a first depth into said substrate to forma region of increased conduction;
forming a first mask | ayer havi ng openi ngs which overlie said region of

i ncreased conduction and applying a first given concentration of carriers
of a second conductivity type, which is of opposite conductivity type to,
said first conductivity typéeayy BafFalchAtpmgupagcke diffused into ‘the chip

to kill carrier lifetime. The heavy metal atoms may be
platinum atoms which are diffused at a temperature of
about 955°C or at a temperature of about 960°C to g970°C.

5 The heavy metal atoms may alternatively be gold atoms.

Other features and advantages of the present

invention will become apparent from the following
description of the invention which refers to the
accompanying drawings.

10 BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in greater
detail in the following detailed description with
reference to the drawings in which:

Figure 1 is a top view of the silicon surface

15 of a cellular IGBT device;

Figure 2 is a cross-sectional view of Figure 1
taken across the section line 2-2 and shows the active
area of several cells of the cellular IGBT; and

Figure 3 shows an enlarged view of the channel

20 area of one-half of one of the cells of Figure 2 for both
a known device as well as according to the invention.

DETAILED DESCRIPTION OF THE DRAWINGS
Referring first to Figures 1 and 2, there is
shown a portion of the active area of a typical IGBT
25 device. Only a few of the iarge number of hexagonal
cells in the IGBT device are shown. The IGBT device
comprises a silicon wafer 10 having a P* substrate 11, a
thin N* buffer layer 12, and N epitaxial junction
receiving layer 13, a plurality of P type spaced bases
30 14, 15 and 16 which are preferably polygonal in topology
and which contain respective annular source regions 17,



t hrough said openings; formng a thin gate dielectric and a conductive gate
el ectrode over. at | east portions of the surface of said region of increased
conduction; form ng a second mask | ayer havi ng openi ngs which surround and
are at | east adjacent to the | ocations of respective ones of said first
mask | ayer openi ngs and bounded by respective areas of said thin gate
dielectric, and introducing a second given concentration of carriers of the
second conductivity type, which is less than said first - 4 - given
concentration, to said chip through sai d $econd nask | ayer openi ngs;
diffusing said carriers of said first and second gi ven concentrations of
sai d second conductivity type at about a tenperature of 1,175[err]C for a
tinme ranging from60 to 90 mnutes, with said carriers of said first given

18 and 19 respectively. The surface area between the
~outer periphery of each source 17, 18 and 19 and the
ocuter periphery of respective bases 14, 15 and 16
respectively defines respective annular invertible

5 channel aréas. | '

The invertible channel areas are covered by a
polygonal web of gate oxide 20 which is in turn covered
by a polysilicon gate layer 21. The gate layer 21 is
covered by a low temperature oxide ("LTO") insulation

10 layer 22. An aluminum emitter contact 23 is then formed
atop the LTO 22 and a collector contact 24 is connected
to the bottom of substrate layer 11.

In known-proceéses, such as that of the

aforementioned British patent, the wafer 10 shown in

15 Figure 2 has flat parallel upper and lower surfaces and
has a substrate 11 of boron doped P+ material having a
thickness for example of 15 mils. The P+ material is
doped to a resistivity of, for example, less than about
0.02 ohm centimeter. A thin epitaxially grown N+ layer

20 12 is grown atop the P+ substrate 11. Region 12 could
also be a region which is diffused into substrate 11 or
could be formed by direct wafer bonding.

A second epitaxial layer which defines the main

. voltage blocking region of the device is the N- layer 13
25 into which all diffused junctions are formed and is
typically doped with phosphorus.
_ The first processing step on the wafer 10 is
the formation of a thin oxide layer (not shown) having a
thickness of, for example, about 400 angstroms. A
30 conventional photoresist is applied to the top surface of
oxide 1aYer and is patterned to a mesh-type pattern. The
exposed portion of the thin oxide layer is then etched
away and results is the formation of a plurality of



concentration formng a body of relatively high concentration and said
carriers of said second given concentration fornmng a relatively | ow
concentration channel region which surrounds said body of relatively high
concentration and underlies said thin gate dielectric; introducing a high
concentration of carriers of said first conductivity type through said
second nmask openings and diffusing said carriers to form shall ow source
regi ons which diffuse laterally to undeclye_said thin gate dielectric and
bound the inner edge of said | ow concentration channel region; and form ng
a source electrode on said source regions and a drain electrode which is
electrically connected to said chip. In accordance with this aspect of the
present invention, a further nask |layer nay be fornmed prior to the step of
i ntroduci ng the<xﬁ¢ﬁangnlartbgiﬁérislandductPhbsyhoyus ighéhenr dmplasited

| ayer has opent ngg, I aughe pN ot Be.S3LKT Ehs olihbe,[hash BARMUSH iy

type are |ntr0du Fie expose
the photore51st to mask the implant of the atoms. As an

example, the phosphorus implant is carried out at an

5 accelerating énergy of about 120 kev and at a preferred
dose of about.3 E12, though the dose can range between
about 2 E12 and 7 El12. Alternatively, the oxide is not
etched and the phosphorus is implanted at a higher energy
through the thin oxide into the silicon. _

10 As a further alternative, a uniform blanket

| implant of phosphorus is first applied to the bare
silicon surface over the active regions of the die prior
to the growth of the thin oxide.
After stripping the photoresist, the

i5 phosphorous implant is next driven deep below the surface
of N- region 13 to form an ultra-deep N* "enhancement"
region 30. In the known processes, the initial ultra-
deep N* "enhancement" implant is followed by a very long
drive time, typically about 8 hours.

20 In the next step in the process, an oxide layer
is grown atop the surface of the wafer, and a photoresist
layer is deposited atop and then appropriately patterned
to define windows. The oxide and the underlying thin
oxide are then etched through the spaced windows in the

25 photoresist to expose the silicon surface. Thereafter,
the photoresist is removed and a heavy boron dose is
implanted deep into the exposed silicon surface areas to
form the deep central body portions of regions 14, 15 and
16 in Figure 2. As an example, the boron implant is

30 carried out at an acceleration voltage of about 50 kev
~with a dose of about 6 E15. Following the implant step,
in the conventional process, there is a short initial

\
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The carriers of the first type that are introduced into the exposed surface
of the chip may be diffused to a final depth which is reached by a

di ffusion at about 1175[err]C for about 12 hours. The carrier lifetime of
the chip may be reduced. The conpleted chip my be exposed to a radiation
dose of about 4 negarads or a dose of about 5 to 16 negarads. -5- Heavy
nmetal atons nay be diffused into the chip to kill carrier lifetime. The
heavy nmetal atons may be platinum atons which are diffused at a tenperature
of about 955[err]C or at a tenperature of about 960[err]C to 970[err]C 5
The heavy netal atons may alternativel y"b8 gold atons. Cther features and
advant ages of the present invention will becone apparent fromthe follow ng
description of the invention which refers to the

drive of the implant, typically in dry nitrogen plus 1%
oxygen, to obtain an initial drive of 1-2 micrometers.
Thereafter, oxide segments are grown over the
) P+ regions 14, 15 and 16. The P+ regions are initially
5 driven for a short depth to avoid a substantial depletion
of the surface boron during the growth of these oxide
segments. A photoresist layer is then deposited atop the
surface and patterned to define a window pattern by which
all oxide except that overlying the P+ regions 14, 15 and
10 16 is etched away. The photoresist layer is subsequently
removed and a thin gate oxide layer 20 is grown over the
fully exposed active area of the wafer.
| A polysilicon layer 21 is then deposited atop
the wafer and a photoresist layer is deposited atop the
15 polysilicon. The photoresist is then patterned according
to another masking step forming openings and is used as a
mask to etch the polysilicon, thus forming windows above
the gate oxide layer 20. Thereafter, the gate oxide
layer is etched which exposes the remaining polysilicon
20 web and the surface of the silicon substrate, and boron
is implanted through the diffusion windows. The boron
dose here is about E13 at 50 kev, much lower than that of
the heavy boron dose. This boron dose, after diffusion,
will merge with the higher-dose boron region and will
25 form a low concentrétion P- type channel region 14a, 15a
and 16a which surround and are shallower than the P+ body
portions 14, 15 and 16 produced from the higher
concentration implants. These regions are then typically
driven in for about 2 hours at 1175°C to reach a depth of
30 about 4.5 microns. Thus, lighter doped boron regions
14a, 15a and 16a, which are annular regions, are formed
in Fiqure 2, though it is clear that where these regions
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acconpanyi ng draw ngs. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS The

invention will now be described in greater detail in the follow ng detail ed
description with reference to the drawings in which: Figure 1 is a top view
of the silicon surface 15 of a cellular |IGBT device; Figure 2 is a

cross-sectional view of Figure 1 taken across the section |ine 2-2 and
shows the active area of several cells of the cellular IGBT, and Figure 3
shows an enl arged vi ew of the channel 20 area of one-half of one of the
cells of Figure 2 for both a known deviGe?as well as according to the

i nventi on. DETAI LED DESCRI PTI ON OF THE DRAW NGS Referring first to Figures
1 and 2, there is shown a portion of the active area of a typical |GBT 25
device. Only a few of the |arge nunber of hexagonal cells in the IGBT

R e e R R R P
junction another.
The P(-) shallow "shelves" 1l4a, 15a and 16a,
which surround deep P+ regions 14, 15 and 16 are lightly
5 doped channel regions extending beneath the gate oxide.
| It will be noted that, in each drive including
the P- drive in, all junctions continue to move deeper.
The N+ region 30 moves to a lesser degree, and P+ regions
14, 15 and 16 move to a somewhat larger degree. It is
10 also known to those skilled in the art that as the
diffusions drive deeper they also move laterally, whereby
the shallow diffusions 1l4a, 15a and 16a ultimately
diffuse under the gate oxide. '
The surface is then appropriately de-glassed
15 and arsenic atoms are implanted at, for example, 50 kev
' at a dose of 3 E15 and are driven in at a temperature of
975°C for approximately 120 minutes, for example, to form
the annular N++ source regions 17, 18 and 19.
Thereafter, an interlayer silicon dioxide or
20 LTO coating 22 is formed over the surface of the chip and
is then coated with a photoresist layer which is
photolithographically patterned to define a contact mask
opening. The surface exposed through the openings in the
photoresist is then appropriately etched to expose the
25 - underlying inner peripheral portions of the N++ sources
| 17, 18 and 19 and the central body of the P+ regions 14,
15 and 16. After removing the photoresist, a
subsequently deposited aluminum layer is then
photolithographically patterned and etched to form source
30 and gate electrodes (not shown). The aluminum emitter
electrode 23 is a continuous electrode, which
electrically connects each cell in parallel and shorts
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receiving layer 13, a plurality of P type spaced bases 30 14, 15 and 16
which are preferably polygonal in topol ogy and which contain respective
annul ar source regions 17, -6- 18 and 19 respectively. The surface area
bet ween the outer periphery of each source 17, 18 and 19 and the outer

peri phery of respective bases 14, 15 and 16 respectively defines respective
annul ar invertible 5 channel areas. The invertible channel areas are
covered by a polygonal web of gate oxide 20 which is in turn covered by a
polysilicon gate |layer 21. The gate layer 21 is covered by a | ow _
tenperature oxide ("LTO') insulation 106- 10 4 ayer 22. An alumnumemtter
contact 23 is then fornmed atop the LTO 22 and a collector contact 24 is
connected to the bottom of substrate layer 11. In known processes, such as
that of the '

each of the P+ body regions and the inner periphery of
their respective annular N++ source regions.

An amorphous silicon layer (not shown) is then
deposited over the surface of the wafer which is

5 photolithographically patterned and etched to expose
appropriate emitter and gate pads. During this
operation, the amorphous silicon may be etched with a
suitable plasma etch. Thereafter, material is removed
from the bottom of the P+ layer 11, and a suitable

10 collector electrode 24 is then attached to the bottom
surface. '

This known process produces a junction pattern

~as shown by the dotted lines in Figure 3. The junction
pattern has a channel length is £¢,, which is the distance

15 between the edges of the source 17 and base 14 at the-
surface of region 13.

In accordance with a first aspect of the
present invention, the drive in of the P channel regions
is reduced from 120 minutes at 1175°C to a range of 60 to

20 90 minutes at 1175°C, and preferably about 20 minutes,
which provides a smaller channel length £¢,, shown in
Figure 3, resulting from the reduced lateral diffusion of
the P diffusion 14a, 15a and 16a.

The wafer is then subjected to lifetime killing

25 by either electron irradiation or by heavy metal
diffusion. For example, platinum lifetime killing can be
used by diffusing platinum into the silicon wafer at from
960°C to 970°C. Alternatively, in accordance with the

g ' invention, the wafer may be irradiated to a increased 4

| 30 megarad total dose.

The new process has been found to reduce
forward voltage drop or, élternatively, switching speed,

by about 20%. Thus, device SOA is reduced from about 21



aforenentioned British patent, the wafer 10 shown in 15 Figure 2 has
flat parallel upper and | ower surfaces and has a substrate 11 of boron

doped P+ materi al

havi ng a thi ckness for exanple of 15 mils. The P+

material is doped to a resistivity of, for exanple, |ess than about 0.02

ohm centi neter.
the P+ substrate

A thin epitaxially grown N+ |ayer 20 12 is grown atop
11. Region 12 could also be a region which is diffused

into substrate 11 or could be forned by direct wafer bonding. A second
epitaxial | ayer which defines the main voltage bl ocking region of the

device is the N

| ayer 13 25 into whitéh~all diffused junctions are

formed and is typically doped with phosphorus. The first processing step on
the wafer 10 is the formation of a thin oxide layer (not shown) having a
t hi ckness of, for exanple, about 400 angstrons. A 30 conventional

photoresist is applied to £ sur.f aof oxide |layer, a S tterned
to a mesh-type patf&IFe aé?‘b%ajtqed'}fccﬁos[eﬁ@q%ﬁﬂb&(f ?aggi‘i?s t hen
et ched away and mamnnnshhetguaﬁantﬂﬂd(wltﬁstaqﬂ|nmmetﬁonﬁcommercia1

10

IGBTs.

Different source implant doses can be used for
the N++ source regions 17, 18 and 19.- Using a P channel
implant of 8 E13 that is driven in for 20 minutes, the
process has been tested for a group of 24 wafers. The
test wafers were standard epitaxial wafers obtained from
Sumitomo. The group was divided among two different
enhancement diffusion drive-ins, namely 8 hours and 12
hours, respectively. Three values of source implant

. doses were also tested, 3 E15, 6 E15 and 1 Els6,

15

20

25

30

respectively, and four furnace platinum drive-in
temperatures of 905°C, §10°C, 915°C and 920°C,
respectively, were also tested. The tests produced the
following results shown in Table I in which the reverse
breakdown voltage BVDy, the threshold voltage V, and the
forward voltage drop Vo for these split lot experiments
are listed. It should be noted that wafers obtained from
other suppliers provide only slightly different results.

In accordance with another aspect of the
present invention, the ultra-deep N* "enhancement" region
30 is initially driven at a temperature of about 1175°C
for about 12 hours, rather than the customary 8 hours,
and the low concentration P- typé channel regions 14a,
15a and 16a are driven in at 1175 °C is reduced from 120
minutes to 60 minutes, resulting in a shorter channel
length.

The shorter channel length, when combined with
the deeper enhancement region, allows for even higher
lifetime killing electron radiation doses of up to 5 to 6
megarads without switchback for a 1200 volt IGBT device

_—
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-7 - rectangul ar oxi de islands. Phosphorus is then inplanted into the
silicon through the oxide w ndow pattern using the photoresist to mask the
i npllant of the atons. As an exanple, the phosphorus inplant is carried out
at an accel erating energy of about 120 kev and at a preferred dose of about
3 E12 (3 x 10[err] atoms per cnferr]), though the dose can range between
about 2 E12 (2 x 10[err] atons per cnferr]) and 7 E12 (7 x 10[err] atons
per cnferr]). Alternatively, the oxide is not etched and the phosphorus is
i mpl anted at a hi gher energy through the thin oxide into the silicon. As a
further alternative, a uniform blanket T ant of phosphorus is first
applied to the bare silicon surface over the active regions of the die
prior to the growh of the thin oxide. After stripping the photoresist, the
phosphorous inplant is next driven deep bel ow the surface

and doses of about 6.4 to 16 megarads for a 600 volt IGBT
device.

It has also been found that heavy metal doping,
such as platinum diffused in at 955 °C for 10 minutes, '

5 may also be used to kill lifetime in place of irradiation
while attaining acceptable forward voltage drops.

The process also reduces the blocking.voltage
by about 40 volts. It was found, however, that because
of variation in the epitaxial layér'thickness in the

10 supplied wafers, this reduced blocking voltage
occasionally resulted in devices that did not meet the
1200 volt specification. As a result, wafers having
thicker epitaxial layers are required for this process.

Although the present invention has been

15 described in relation to particular embodiments thereof,

' many other variations and modifications and other uses
will become apparent to those skilled in the art. It is
preferred, therefore, that the present invention be
limited not by the specific disclosure herein, but only

20 by the appended claims.



of N region 13 to forman ultra-deep N err] "enhancenment” region 30. In

t he known processes, the initial ultra- deep N err] "enhancenent" i npl ant
is followed by a very long drive tine, typically about 8 hours. In the next
step in the process, an oxide layer is grow atop the surface of the wafer,
and a photoresist layer is deposited atop and then appropriately patterned
to define w ndows. The oxide and the underlying thin oxide are then etched
t hrough the spaced wi ndows in the photoresist to expose the silicon
surface. Thereafter, the photoresist is ¥®noved and a heavy boron dose is

I mpl ant ed deep into the exposed silicon surface areas to formthe deep
central .body portions of regions 14, 15 and 16 in Figure 2. As an exanpl e,
the boron inplant is carried out at an accel eration voltage of about 50 kev
with a dose of about 6 E15 (6 x.10[err] atonms per cnferr]). Follow ng the

i npl ant step, in the conventional process,m,there is a short initial

R

HRS SOURCE WAFER DATA
ENHANC. | IMPLANT
DRIVE DOSE FURN 20 AMPS
WAFER | PT° C. BVDss Vth von
3 E15 1 SLOW 1220 3.2 1.55
3 E15 2 . 905 MIAa MIA MIA
3 E15 3 910 1220 3.6 2.55
3 E15 4 215 1230 3.6_ 2.75
3 E15 5 820 1240 3.7 2.75
8 HRS 6 E15 6 "~ 905 1240 3.4 2.15'
6 E1S 7 .910 1230 3.3 2.35
6 E15 8 915 1230 3.4. 2.80
6 E15 9 220 1240 3.45 3.00
1 E16 10 905 1190 3.6 2..00
1l E16 11 910 1180 3.25 2.10
1 E16 12 915 1200 3.45 2.40
1l E16 13 920 1230 3.4 2.30
3 E15 14 805 1210 3.75 2.05
3 E15 15 910 1210 3.6 2.20
3 E15 16 915 1200 3.6 2.25
3 E15 17 920 1200 3.6 2.50
12 HR'S 6 E15 18 905 1200 3.3 1.90
& E15 19 210 1200 3.3 2.15
6 E15 20 915 1200 3.45 2.25
6 E15 21 920 1210 3.45 2.40
1 El16 22 905 1200 3.3 1.90
1 E16 23 910 1200 3.5 2.05
1l E16 24 915 1240 . 3.4 2.40
is Sheet Has Been Replaced




-8- drive Oof thetnptant—typically in dry nitrogen plus 1% oxygen, to
obtain an injti ive of 1-2 mcroneters. Thereafter, oxide segnents are
grown over i"m@m‘ﬁ ﬂ ﬂm , 15 and 16. The P+ regions are initially
driven for a= avoi d a substantial depletion of the surface
boron during the growth of "t hese oxi de segnents. A photoresist layer is
then deposited atop the surface and patterned to define a w ndow pattern by
which all oxide except that overlying thq P+ regions 14, 15 and 16 is
etched away. The photoresist layer is subsequently renmoved and a thin gate
oxide layer 20 is grown over the fully exposed active area of the wafer. A
polysilicon layer 21 is then deposited atop the wafer and a photoresi st

| ayer is deposited atop the polysilicon. The photoresist is then patterned

according to arHHARISHIIATMEDSIISy form ng openings and is used as a mask to
etch the polysilicon, thus form ng w ndows above the gate oxide |ayer 20.

Thereafter, the gate oxide
1. A method of manufacture of a power

semiconductor device comprising the steps of:
introducing carriers of a first conductivity type
into the exposed surface of a thin semiconductor chip which is
5 of the first conductivity type and diffusing said carriers to
a first depth into said substrate to form a region of
increased conduction;
forming a first mask layer having openings which
overlie said region of increased conduction and applying a
10 first given concentration of carriers of a second conductivity
type, which is of opposite conductivity type to said first
conductivity type, to said chip surface through said openings;
forming a thin gate dielectric and a conductive gate
electrode over at least portions of the surface of said region
15 of increased conduction;
forming a second mask layer having openings which
surround and are at least adjacent to the locations of
respective ones of said first mask layer openings and bounded
by respective areas of said thin gate dielectric, and
20 introducing a second given concentration of carriers of the
second conductivity type, which is less than said first given
concentration, to said chip through said second mask layer
openings; _
diffusing said carriers of sald first and second
25 given concentrations of said second conductivity type at about
a temperature of 1,175 °C for a time ranging from 60 to 90
minutes, with said carriers of said first given concentration
forming a body of relatively high concentration and said
carriers of said second given concentration forming a
30 relatively low concentration channel region which surrounds



| ayer ts etched which exposes the remaining polysilicon web and the surface
of the silicon substrate, and boron is inplanted through the diffusion-

wi ndows. Th i s about E13 (10[err] atons per cnierr]) at 50
kev, much | ower than that- t he heavy boron dose. This boron dose, after

di ff usi on, M“nm&”ﬂtmmhe hi gher-dose boron region and will forma |ow
concentrati | region l1l4a, 15a and 16a which surround and
are shall owef than the P+ body portions 14, 15 and 16 produced fromthe

hi gher concentration inplants. These regi &8s~are then typically driven in
for about 2 hours at 1175[err]C to reach a depth of about 4.5 m crons.

Thus, lighter doped boron regions 14a, 15a and 16a, which are annul ar
regions, are fornmed in Figure 2, though it is clear that where these
regions overlan £hg.Peer 2019 vhly MAM Lot TR I%AY Whdlhies saia

anot her.

thin gate dielectric;
introducing a high concentration of carriers of said

first conductivity type through said second mask openings and
35 diffusing said carriers to form shallow source regions which

diffuse laterally to underlie said thin gate dielectric and

bound the inner edge of said low concentration channel region;

- and fofming.a source electrode on said source

regions and a drain electrode which is electrically connected

40 to said chip.

2. The method of claim 1 further comprising the
step of forming a further mask layer prior to said step of
introducing carriers of said first conductivity type, said
further mask layer having openings through which said carriers

5 of said first conductivity type are introduced into said
exposed surface of said chip._

3. The method of claim 1, which includes the
further step of reducing the carrier lifetime of said
semiconductor chip.

_ 4. The method of claim 1, in which said carriers
of said first type which are introduced into said exposed
surface of said chip are diffused to a final depth which is
reached by a diffusion at about 1175°C for about 12 hours.

5. The method of claim 4, which includes the
further step of reducing the carrier lifetime of said
semiconductor chip.

6. The method of claim 1, wherein said completed
chip is exposed to a radiation dose of about 4 megarads.



The P(‘;”%DQLLQMLlShELVESL”14a, 15a and 16a, which surround deep P+ regions
14, 15 and 16 are lightly doped channel regions extendi ng beneath the gate
oxi de. 1t, x4 “ﬁﬂ“ﬁi at, in each drive including the P- drive in, all
juncti onsuw“mm deeper. The N+ region 30 noves to a | esser.
degree, a e rEQan§ 14, 15 and 16 nove to a sonewhat | arger degree. It
is also known to those skilled in the art that as the diffusions drive
deeper they also nove |aterally, wherehy the shallow diffusions 14a, 15a
and 16a ultimately diffuse under the gate oxide. The surface is then
appropriately de-glassed and arsenic atons are inplanted at, for exanple,
50 kev at a dose of 3 E15 (3 x 10[err] atoms per cnferr]) and are driven in
at a tenperature of 975[err]C for approximately 120 m nutes, for exanple,
to formthe annul ar N++ source regions 17, 18 and 19. Thereafter, an

interlayer silicon dioxide gr LTO coating 22.is forned over the surface of
the chip and is then cbat edTaftBeERB o?grﬁi?é? 4 ay¥hehRiRnSpLd completed

chip is exposed to a radiation dose of about 5§ to 16 megarads.

8. The method of clainm 1, which includes the
further step of diffusing heavy metal atoms into said chip to
kill carrier lifetime.

9. The method of claim 8 wherein said heavy metal
atoms are platinum about which are diffused at a temperature
of about 960°C to 970°C.

10. The method of claim 4, which includes the
further step of diffusing heavy metal atoms into said chip to
kill carrier lifetime.

11. The method of claim 10, wherein said heavy
metal atoms are platinum atoms which are diffused at a
temperature of about 955°C.

12. The method of claim 10, wherein said heavy
metal atoms are gold atoms.



phot olithographically patterned to define a contact mask opening. The
surface exposed through the openings in the photoresist is then
appropriately etched to expose the underlying inner peripheral portions of
the N++ sources 17, 18 and 19 and the ggntral body of -the P+ regions 14, 15
and 16. After renoving the photoresist, a subsequently deposited al um num
| ayer is then photolithographically patterned and etched to form source and
gate el ectrodes (not shown). The alum numemtter electrode 23 is a
conti nuous el ectrode, which electrically connects each cell in parallel and
shorts - 10 - each of the P+ body regions and the inner periphery of
their respective annular N++ source regions. An anorphous silicon |ayer
(not shown) is then deposited over the surface of the wafer which is 5
photolithographica][g pSHORT nCHANNELeI€RBJWLIBH e XSDR@VED FORWARD

VOLTAGE DROP AND JMPROVED SWITCHING POWER IOSS

ABSTRACT OF THE DISCLOSURE

A cellular insulated gate bipolar transistor
("IGBT") device has a reduced length of the channels of the
individual cells that is formed by reducing the channel drive
in time from the customary 120 minutes at 1175°C to between 60
and 90 minutes at 1175°C. The process also permits the use of
a higher minority carrier lifetime killing electron radiation
dose to improve switching power loss while reducing SOA by
only a small value. Alternatively, the increased
concentration region located in the active region between
spaced bases is initially driven in at a temperature of about
1175°C for about 12 hours, rather than the customary 8 hours,
and the channel drive in time is reduced from 120 minutes to
60 minutes. The shorter channel length, when combined with
the deeper enhancement region, allows for higher lifetime
electron irradiation doses or heavy metal diffusion
temperatures.

Fig. 3



appropriate emtter and gate pads. During this operation, the anorphous
silicon may be etched with a suitable plasma etch. Thereafter, nmaterial is
renoved fromthe bottomof the P+ layer 11, and a suitable 10 col | ector
el ectrode 24 is then attached to the bottom surface. This known process
produces a junction pattern as shown by the dotted lines in Figure 3. The
junction pattern has a channel length is [err] which is the distance 15

bet ween the edges of the source 17 and 14 at the surface of region 13.
In accordance with a first aspect of the present invention, the drive in of
the P channel regions is reduce ICm nfPes at 1175[err]C to a range
of 60 to 20 90 m nut es ar-%mﬂir—ef‘erably about 90 m nutes,
whi ch provides a snaller channel length [err] shown in Figure 3, resulting
fromthe reduced lateral diffusion of the P[err] diffusion 14a, 15a and
16a. The waf er, | ' ' - '

electron irradiation or b metal '
| 4
| | /\ N++

P /\




di ffusion. For exanple, platinumlifetinme killing can be used by diffusing
pld&tinuminto the silicon wafer at from 960[err]C to 970[err]C.

Al ternatively, in accordance with the invention, the wafer may be
irradiated to a increased 4 30 megar ad total dose. The new process has
been found to reduce forward voltage drop or, alternatively, swtching
speed, by about 20% Thus, device SOA is reduced from about 21 - 11 -

m croseconds to about 16 m croseconds which is still within the guaranteed
withstand tinme for commercial | GBTs. DiBf@rent source inplant doses can be
used for the N++ source regions 17, 18 and 19 Using a P channel inplant of
8 E13 (8 x 10[err] atons per cnferr]) tha ég:h in for 90 mnnutes, the
process has been. tested for a group of f %E% test wafers were

st andard epitaxi al mafga;

Q’b
///// D777




ooy ot The group was divided anong tmo different |
A.éﬁﬂ W W‘ZET ve-ins, nanely 8 hours ang g&‘{“’“’f"”” Gt

FTES of sourceji fripl ant doses were also tes oH Dei)

e opferud 19986 F1p (6 x 10[err] atonms per chifgichl. BHRP pagdd -

gt ons per cnfe rj), respectively, and fourf fp 20US) pl atpa

drive- ifn -epperatures—of |905[err] C, 910[err]C, 91 [Ef HWN&)Qﬁ

L

respectfi vel y, were al so flested. The tests produce th et ond e esUF&B%xd
shown i TabTe T 1n which the reverse breakdown vpl BVD[ err

threshold voltage V[err] and the forward voltage & .
split |ot experiments are listed. It shoul d be noted t

.....

wi th anot her aspect VOLT: g : E s
"enhancenent” region 30 S |n|t|aIIy drlven at a tenperature of about
1175[err] C fo% . Eml%dg) UndvEN f%&ﬁr than the customary 8 hours, and the

| ow concent r ati ot P- type€ ctharnmer regi ons 1l4a, 15a and 16a are driven in at
1175 [err]C is reduced fihEnpmX@sentutreeniol@0 mlatess te eauprprgsenfer

shorter chann@he panufacture of IGBTs and the resulting structure.

More specifically, the present invention relates to an
IGBT with reduced channel length or deeper enhanced
concentration region that improves Vggoy and that
improves switching power loss.

BACKGROUND OF THE INVENTION

Insulated gate bipolar transistors (IGBTs) are
well known and a typical structure and process of
manufacture is described in British Patent No. 2,243,952.
The channel length in such devices is typically that
produced by a channel drive in of @oron_having an implant
dose of 6 E15 per cm® (6 x 10 atoms per cm?) followed by a
drive for approximately 120 minutes, and followed again by
an arsenic source implanted at 3 E15 per cm® (3 x 10 atoms
per cm?) and driven in at about 975°C.

This process has produced commercially
acceptable IGBT devices with given forward voltage drops
and switching power losses. Such devices are made by the
International Rectifier Corporation of El Segundo,
California. _

It is always desirable to reduce the forward
voltage drop of an IGBT and to decrease its switching
power loss, namely to increase its safe operating area
(Ssoa). 1t is also desirable to reduce the minority
carrier lifetime ("lifetime Xilling") to increase the
switching speed of the IGBT by reducing the lifetime of
the minority carriers in the silicon. Though electron
irradiation may be used to reduce minority carrier



| engt Egﬁﬁﬁﬁgﬁﬁﬁﬁﬁﬁnel | engt h, when conbined with the deeper
enhan nt region, arljldws for even higher lifetine killing el ectron

radi atf on dosgAGOLY4P [tQ 5 to 6 megarads wi thout switchback for a 1200 volt
'cg EB-O%E - land doses of about 6.4 to 16 nmegarads for a 600 volt

| GBT devéee—+H—has alSﬁ been found #hat-heavy netal doping, such as
platimumdiffused in at |955 [err]C for 10 m nutes, 5 may al so be used”
to kil e of irradiation while attaining acceptable forward

vol tage drops. The process al so reduces the bl ocking voltage by about 40
volts. It was found, however, that because of variation in the epitaxial
| ayer thicknespifdtide, khe doSepphaEdcarflgs Sirtddfatedutadoblaekire®T

voltage occasi onal Iy "l Gl s Y5¥b5E0ad "B VS NS PEEnbASK Y and is
typically less than 3 megarads.

It is therefore desirable to provide a process
which permits a substantial reduction in both forward
voltage drop and SOA and allows electron irradiation at
higher doses without switchback.

Moreover, the effect of the irradiation can be
annealed out at die bond temperatures. The device must
therefore be subsequently soldered at lower temperatures
to avoid this annealing, which complicates the assembly
process, Therefore, doping with a heavy metal, such as
platinum or gold, is preferred for lifetime killing.
However, heavy metal doping increases the apparent.
resistivity in the active region between bases.

It is therefore also desirable to be able to
use heavy metal doping in an IGBT without increasing
forward voltage drop above that of a comparable electron

irradiated IGBT.

BRIEF DESCRIPTION OF THE INVENTION

. The present invention reduces the channel
length of the channels of individual cells of a cellular
IGBT by reducing the channel drive in time from the
customary 120 minutes at 1175°C to between 60 and 90
minutes at 1175°C. The process also then permits the use
of a higher minority carrier lifetime killing electron.
radiation dose of 4 megarads instead of the prior art 3
megarad to improve switching power loss while reducing
SOA by only a small value. The device source is then

formed by an arsenic source implanted at 3 E15 (3 x 10%%
atoms per cm?’) followed by an anneal temperature greater
than about 975°C. The new process reduces forward voltage
drop or,



REPLACEMENT 3ifois :
1200 yolt speC|f|ca§|0n As a result, wafers having thicker epitaxial
| ayer $ q'¢ AEig9ged, for this process. Al though the present invention has
been 15 descrlbgd in relation to particul ar enbodi nents thereof, nmany
ot hgr frodi fi cati ons and other uses will becomne apparent to
thoge skilled in the art It is preferred, -therefore t hat the present
I nventron be.[imted ecific d Qrel u n 20
by the appeﬁbéﬁrE?E&W% ‘ g%#gEEi Ihrgeed §C6 e I S Tend BoR MY WAFER
DATA ENHANCGthus MPeéd\NMedDRbWEon1lyD@3Emicroseconds tBURNM microseconds

éEQ%VPS V\AE‘Q échpﬂ eucer%l. gwithiﬁvg}slégagtgfg ¥tirt]hs§and t\é.?-?ﬁ)gfoEzﬂ M Al
MA SbAner&ddl IGBTS. 910 1220 3.6 2.55

Alternatively, the present invention reduces
forward voltage drop and switching loss by increasing the
enhancement diffusion time to 12 hours and by reducing
the channel drive in time from 2 hours to 1 hour. This
process likewise permits the use of a higher lifetime
killing electron radiation dose of about 5 to 6 megarads
for a 1200 volt IGBT device and of about 6.4 to 16
megarad dose for a 600 volt IGBT device. The process
also permits the use of higher temperature lifetime

killing platinum diffusion.
In accordance with the present invention, a method of

manufacture of a power semiconductor device comprising the
steps of:

introducing carriers of a first conductivity type into
the exposed surface of a thin semiconductor chip which is
of the first conductivity type and diffusing said carriers
to a first depth into said substrate to form a region of
increased conduction;

forming a first mask layer having openings which
overlie said region of increased conduction and applying a
first given concentration of carriers of a second
conductivity type, which is of opposite conductivity type
to said first conductivity type, to said chip surface
through said openings;

forming a thin gate dielectric and a conductive gate
electrode over at least portions of the surface of said
region of increased conduction;

forming a second mask layer having openings which
surround and are at least adjacent to the locations of
respective ones of said first mask layer openings and
bounded by respective areas of said thin gate dielectric,
and introducing a second given concentration of carriers of
the second conductivity type, which is less than said first



3 effREPLACEMENT 3915 1230 3.6 2.75 3 E15 5

920 1240 3.7 2.75 8 HRS 6 EL5 6 905

1240) | 27AU61998 : 2.15 6 EI5 7 910 1230 3.3

2. 35| 6| E15 8 | i 915 1230 3.4 2.80 6 EL5 9
920 1730 ~3.45" " 3.00 1 E16 10 905 1190

3.6 2,00 1 El16: 11 910 - 4 -1180 3.25 2.10 1 E16
12 915 ., 1200 45 .40.1 E16 1 920

1230 3gyven C°“¢%F%6a§§EH5 to saié chip gggough sqéaosecong magk
2.05 3 E15 laye#Sopeningdf 1210 3.6 2.20 3 E15 16
915 1200 03,6 . .2.25 3 EI5 17.. 92 20

3.6 >80 6 Ri5Esing gaid cagglers of 1ga4d first g secondggyen,

HRS 6 E15 condéntrati®i® of sd280second cdnductivity.typd® &Sabout 20
918, 1200 apperatyd of 3,195 BE Y sing Apaing B £0 £ 9 o
minutes, with said carriers of said first given
concentration forming a body of relatively high

concentration and said carriers of said second given
concentration forming a relatively low concentration
channel region which surrounds said body of relatively high
concentration and underlies said thin gate dielectric;

introducing a high concentration of carriers of said
first conductivity type through said second mask openings
and diffusing said carriers to form shallow source regions
which diffuse laterally to underlie said thin gate
dielectric and bound the inner edge of said low
concentration channel region;

and forming a source electrode on said source regions
and a drain electrode which is electrically connected to
said chip.

. In accordance with this aspect of the present
invention, a further mask layer may be formed prior to
the step of introducing the carriers of the first
conductivity type. The first mask layer has openings
through which the carriers of the first conductivity type
are introduced into the exposed surface of the chip.

The carriers of the first type that are
introduced into the exposed surface of the chip may be
diffused to a final depth which is reached by a diffusion
at about 1175°C for about 12 hours.

The carrier lifetime of the chip may be
reduced. The completed chip may be exposed to a
radiation dose of about 4 megarads or a dose of about 5
to 16 negarads.
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1 Eie |REPLACEMENT SHEET| 1200 3.5 2.05 1 E16 24 915
1240 - 3.4 4. 40 where: "3 E15" is 3 x 10[err] atons per cnierr]
"6 Elﬁ' i s2& Xu&Opegrll dtoms per cnferr] "1 E16" is 1 x 10[err] atoms per
cn[erj] - 14 - WHAT I|S CLAIMED | S: 1. A nmet hod of manufacture of a

e i

power |semrcomductor—aevijce conprising the steps of: introducing carriers of
a firgt conductivity tyge into the exposed surface of a thin sem conduct or

chip which 1s 5 .,0f The Tirst  conductivity_t and_ di ffusing.sahd caryiers
S0 b firet ahaatATNbian o idBetitetyy TRPEndGs SiF ofFEA 01 BB Es A
conduction; fiertd rthed 411 BéoRaskrbayRr thavopidopeiidgs vt cérnvasling said
regi on of ingreased conduction and @pglging a 10 f%rﬁg gigen congentration
of carriers 6% THHEUEPi Pa$Y the implant of The atoms. AS an

example, the phosphorus implant is carried out at an
accelerating energy of about 120 kev and at a preferred
dose of about 3 E12 (3 x 102 atoms per cm?), though the
dose can range between about 2 E12 (2 x 10!* atoms per cm?)
and 7 E12 (7 x 10'? atoms per cm?). Alternatively, the
oxide is not etched and the phosphorus is implanted at a
higher energy through the thin oxide into the silicon.

As a further alternative, a uniform blanket
implant of phosphorus is first applied to the bare
silicon surface over the active regions of the die prior
to the growth of the thin oxide.

After stripping the photoresist, the
phosphorous implant is next driven deep kelow the surface
of N~ region 13 to form an ultra-deep N* "enhancement"
region 30. In the known processes, the initial ultra-
deep N* "enhancement” implant is followed by a very long
drive time, typically about 8 hours.

In the next step in the process, an oxide layer
is grown atop the surface of the wafer, and a photoresist
layer is deposited atop and then appropriately patterned
to define windows. The oxide‘and the underlying thin
oxide are then etched through the spaced windows in the
pPhotoresist to expose the silicon surface. Thereafter,
the photoresist is removed and a heavy boron dose is
implanted deep into ﬁhe'expoéed silicon surface areas to
form the deep central body portions of regions 14, 15 and
‘16 in Figure 2. As an example, the boron implant is
carried out at an acceleration voltage of about 50 kev
with a dose of about 6 E15 (6 x 10 atoms per cm?).
Following the implant step, in the conventional process,
there is a short initial



type, { tfe conductivity type to said first conductivity
type, t AEEN nrgmﬂiﬂce t hrough said openings; formng a thin gate

di el ect and a condudtijve gate el ectrode over at |east portions of the
surfac 24 AUGPBn |18 of increased conduction; forning a second nask

| ayer i ng openi ngs: Whijch surround and are at |east adjacent to the

| ocati ons of respective dnes of said first mask | ayer openi ngs and bounded
by reSpEQLLMemaLeas_ni_s‘ld thin gate dielectric, and 20 introducing a

second given concentration of carrierg of the second conductivity type,
which is less than said first given concentration, to said chip through
sai d second msive é(yﬁarthﬁ)emmysntdl typicajlyain @y rnbEsogens pilysf iL¥st and

Comperature Srohe Y el o FRIEIZECAPA LT i phuRRets 2O D

said carriers of sald1Thexegfben.cgnméat$egmamt$cﬁm¢n@rQWDon86fthe

oneivral ok SN B Py estte, SN S SR bttt

whi ch surroumsdsiven for a short depth to avoid a substantlal deple ion
of the surface boron during the growth of these oxide
segments. A photoresist layer:is then deposited atop the
surface and patterned to define a window pattern by which
all oxide except that overlying the P+ regions 14, 15 and
16 is etched away. The photoresist layer-is subsequently
removed and a thin gate oxide layer 20 is grown over the
fully exposed active area of the wafer.

A polysilicon layer 21 is then deposited atop
the wafer and a photoresist layer is deposited atop the
polysilicon. The photoresist is then patterned according -
to another masking step forming openings and is used as a
mask to etch the polysiliéon, thus forming windows above
the gate oxide layer 20. Thereafter, the gate oxide
layer is etched which exposes the remaining polysilicon
web and the surface of the silicon substrate, and boron
is implanted through the diffusion windows. The boron
dose here is about-ElB-(loh-atoms per cm?) at 50 kev, much
lower than that of the heavy boron dose. This boron dose,
after diffusion, will mexrge with the higher-dose boron

~region and will form a low concentration P- type channel
region 1l4a, 15a and 16a which surround and are shallower
than the P+ body portions 14, 15 and 16 produced from the
higher concentration implants. These regions are then
typically driven in for about 2 hours at 1175°C to reach a
depth of about 4.5 microns. Thus, lighter doped boron
regions 14a, 15a and 16a, which are ahnular'regions, are
formed in Figure 2, though it is clear that where these

regions



;;high concentration and underlies said thin gate
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sai d\ ﬂ’%m prmm— . ;‘}Y ﬁ

di el egtyiLs- deet-Rg ia hi gh concentration of carriers of said first
conduct i vi grQU h said second mask openings and 35 di ffusing said
carrieys|t | ljowy source regions which diffuse laterally to underlie
said thip_gate dielectlrijc and bound-t Be~i nner edge of said | ow

concentration channel reggion; and formng a source el ectrode on said source
region i trode which is electrically connected 40 to said
chip. 2. The nethod of claim1 further conprising the step of formng a
further mask layer prior to said step of introducing carriers of said first

conductivity domieapainh fpUt BegiBREK 1LY 85 BAMi 18 CRGY RESTdPLED oy ch
said carriers 5 oaﬁsgﬁld f%,ur:st J(’;:onducti\'/ity type are i?ltrodlﬁ:ed into said
exposed surf @&wdiemai d chip. 3. The met hod of claim 1, which includes

the The P(-) shallow "shelves" l4a, 15a and 16a,
which surround deep P+ regions 14, 15.and 16 are lightly
doped channel regions extending beneath the gate oxide.

It will be noted that, in each drive including
the P- drive ih, all junctions continue to move deeper.
The N+ region 30 moves to a lesser degree, and P+ regions
14, 15 and 16 move to a somewhat larger degree. It is
also known to those skilled in the art that as the
diffusions drive deeper they also move laterally, whereby
the shallow diffusions 14a, 15a and 16a ultimately
diffuse under the gate oxide.

The surface is then appropriately de-glassed
and arsenic atoms are implanted at, for example, 50 Kev
at a dose of 3 E15 (3 x 10*° atoms per cm’) and are driven
in at a temperature of 975°C for approximately 120 minutes,
for example, to form the annular N++ source regions 17, 18
and 19.

Thereafter, an interlayer silicon dioxide or
LTO coating 22 is formed over the surface of the chip and
is then coated with a photoresist layer which is
photolithographically patterned to define a contact mask
opening. The surface exposed through the openings in the
.photoresist is then appropriately etched to expose the
underlying inner peripheral portions of the N++ sources
17, 18 'and 19 and the central body of the P+ regions 14,
15 and 16. After removing the photoresist, a
subsequently deposited aluminum layer is then
photolithographically patterned and etched to form source
and gate electrodes (not shown). The aluminum emitter
electrode 23 is a continuous electrode, which
electrically connects each cell in parallel and shorts



=ing the carrier lifetime of said sem conductor chip.
im 1, in which said carriers of said first type which
di d exposed surface of said chip are diffused to a
eached by a diffusion at about 1175[err]C for about
hod of claim4, which includes the further step of

ifetinme of sa d1semnm conductor chip. 6. The net hod
: id conpleted chip is exposed to a radi ati on dose of
about 4 megar ads. - 16 - 7. The method of claim4, wherein said

.conpl eted chip is exposed to a radiation dose of about 5 to 16 negarads. 8.
The nmethod of claim 1, which includes the further step of diffusing heavy
met al at ons |mm¢rQ§§¢bmﬁspt®oak®mt tarmierosedandsewhich is still

within the guaranteed withstand time for commercial
IGBTs.

Different source implant doses can be used for
the N++ source regions 17, 18 and 19. Using a P channel
implant of 8 E13 (8 x 10'* atoms per cm?) that is driven in
for 90 minutes, the process has been tested for a group of
24 wafers. The test wafers were standard epitaxial wafers
obtained from Sumitomo. The group was divided among two
different enhancement diffusion drive-ins, namely 8 hours
and 12 hours, respectively. Three values of source implant
doses were also tested, 3 E15 (3 x 10'® atoms per cm®), 6 E15
(6 x 10 atoms per cm?®) and 1 El6 (1 x 10 atoms per cm?),
respectively, and four furnace platinum drive-in
temperatures of 905°C, 910°C, 915°C and 920°cC,
respectively, were also tested. The tests produced the
following results shown in Table I in which the reverse
breakdown voltage BVDg, the threshold voltage V, and the
forward voltage drop VbN for these split lot experiments
are listed. - It should be noted that wafers obtained from
other suppliers provide only slightly different results.

In accordance with another aspect of the
present invention, the ultra-deep N* "enhancement" region
30 is initially driven at a temperature of about 1175°C
for about 12 hours, rather than the customary 8 hours,
and the low concentration P~ type channel regions 1l4a,
15a and 16a are driven in at 1175 °C is reduced from 120
minutes to 60 minutes, resulting in a shorter channel
length.

The shorter channel length, when combined with
the deeper enhancement region, allows for even higher
lifetime killing electron radiation doses of up to 5 to 6
megarads without switchback for a 1200 volt IGBT device



- -

9. The nBLhod of cIa|n18 wherein said heavy netal atons are platinum
about \uhich=are=d S% at a tenperature of about 960[err]C to 970[err]C.

10. T REPEIS;@E ﬁiﬂn4 whi ch includes the further step of diffusing

heavy ons Int¢ $aid chip to kill carrier lifetine. 11. The net hod
of cl 1?,—7 x?gr’;g%'n aild heavy netal .atjgys. are plati num atons which are

di ffugeq ar- nper attuje of about 955[err]C. 12. The nethod of claim10,.
wher eifn alf atonms are gold atons.

TABLE I

HRS SOURCE WAFER DATA W
ENHANC. | IMPLANT
DRIVE DOSE FURN 20 AMPS
WAFER PT® C. BVDss Vth VYon
3 E15 1 SLOW 1220 3.2 1.55
3 E15 2 905 MIA MIA MIA |
3 E15 3 910 1220 3.6 2.55
3 E15 4 915 1230 3.6 2.75
3 E15 5 920 1240 3.7 2.75
8 HRS | 6 E15 6 905 1240 3.4 2.15
§ E15 7 910 1230 3.3 2.35
§ E15 8 915 1230 3.4 2.80 %
6 E15 9 920 1240 3.45 3.00 I
1 E16 10 905 1190 3.6 2.00 |
1 E16 11 910 1180 3.25 2.10 ﬂ
‘ 1 E16 12 915 1200 3.45 2.40
* 1 E16 13 920 1230 3.4 2.30 |
3 E15 14 905 1210 3.75 2.05
3 E15 15 910 1210 3.6 2.20
‘ 3 E15 16 915 1200 3.6 2.25
'3 E15 17 920 1200 3.6 2.50
12 1ms |8 E1S 18 905 1200 3.3 1.90
6 E15 19 910, 1200 3.3 2.15 |
6 E15 20 | 9as 1200 3.45 2.25
6 E15 21 920 1210 3.45 2.40
1 E16 22 905 1200 3.3 1.90
1 E16 23 910 | 1200 3.5 2.05
1 E16 24 915 1240 3.4 2.40

where: "3 E15" is 3 x 10'S atoms per cm?
“6 E15" is 6 x 10 atoms per cm?
"l E16" is 1 x 10 atoms per cm?



