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GRADED CONCENTRATION EPITAXIAI SUBSTRATE FOR
SEMICONDUCTOR DEVICE HAVING RESURF DIFFUSION

RELATED APPLICATION
This application claims the priority of
5 Provisional Application Serial No. 60/010,162, filed
January 18, 1996.

FIELD OF THE INVENTION
_ This invention relates to semiconductor
devices, and more specifically relates to a novel

10 epitaxial substrate for receiving the junctions of a high
voltage semiconductor device utilizing a double resurf

technique.

BACKGROUND OF THE INVENTION
High voltage semiconductor devices commonly

15 employ a resurf region which is a low concentration
region between areas of high potential difference. The
resurf region depletes as the voltage difference
increases, and is fully depleted before the maximum
voltage difference is applied. In the double resurf

20 technique, there are two resurf regions of opposite
polarities, both of which depleﬁe as the applied
potential difference increases. Such a device and the
advantages of using the double resurf technique is “
detailed in U.S. Patent 4,866,495.

25 In hlgh voltage devices employing the double
resurf technique, the resurf region of one polarity is
created by implantation and diffusion of appropriate
dopants into an epitaxially grown layer of opposite
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RELATED APPLI CATI ON This application claims the priority
of 5 Provi si onal Application Serial No. 60/010, 162, filed

January 18, 1996. FI ELD OF THE | NVENTI ON ' Thi s

i nvention relates to sem conductor devi ces, and nore specifically
relates to a novel 10 epi taxi al substrate for receiving the junctions of
a high vol t age sem conductor device utilizing a double resurf '

t echni que. BACKGROUND OF THE | NVENTI ON Hi gh
vol t age sem conduct or devi ces corrm)nl'.y2 -

polarity. The épitaxial region pinched by the diffused
resurf region serves as the second resurf region. High
breakdown voltage is achieved when the charge in the top
(diffused) resurf layer is controlled at approximately
5 1x10%cn? and the charge in the lower (pinched‘epitaxial)
resurf region is controlled at approximate}f 1.5 to
2x10%cm?. One outcome of such a construction is that as
the depth of the diffused resurf layer varies slightly,
the charge in the pinched epi region varies substantially
10 so that control over breakdown voltage is lost. This
effect has to be offset by using a thicker epitaxial
layer. The thicker epitaxial layer has several
drawbacks: .
1. Deeper isolation diffusions are needed to
15 electrically isolate different parts of the circuit on an
integrated circuit from each other, requiring longer
diffusion times at temperatures at oxr above 1200°C,
resulting in lower throughput.

2. Very long diffusion times at 1200°C or
20 above, causes more defects resulting in lower yield.
3. The long diffusion times at 1200°C or

above also results in a wider isolation diffusion, due to
greater lateral diffusion, thus reducing the amount of

useful area on a chip.

25 BRIEF DESCRIPTION OF THE INVENTION
In accordance with the present invention, -the

thickness of the epitaxial layer is substantially
reduced, but the charge distribution is modified. Thus,
the majority (greater than about 75% and preferably

30 greater than 80%) of the bottom resurf charge (pinched
epi'fégion) is contained #in the bottom 1 to 4 microns of
the epi or in about the bottom 25% or preferably 20% of
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15 ° enploy a resurf region which is a | ow concentration regi on
bet ween areas of high potential difference. The resurf region
depletes as the voltage difference increases, and is fully depleted
bef ore t he maxi num voltage difference is applied. In the double
resurf 20 techni que, there are two resurf regions of opposite
polarities, both of which deplete as the applied potential difference
i ncreases. Such a device and the dvant ages of using the double
resurf technique is detailed in U'S. Patent 4,866,495. 25

I n high voltage devices enpl oying the double resurf techni que, the
resurf region of one polarity is created by inplantation and

di ffusion of appropriate dopants into an epitaxially grown |ayer of

opposite the epi. The top portion of the epi is much more lightly
doped and contains a very small portion of the bottom
resurf éharge.

The increased charge in the lower epitaxial

5 region can be introduced at the beginning of the wafer
process by either of two means:

1. Through implantation of appropriate
dopants into the substrate wafers followed by diffusion,
prior to epitaxial growth of the lightly doped region.

10 2. Through an epitaxial growth process in
which a thin heavily doped epitaxy is grown first
followed by a thicker lightly doped epi growth.

In the resulting structure, a variation of the
depth of top (diffused) resurf region will have a much

15 smaller effect on the charge contained within the pinched
region beneath it. This results in a better control over
breakdown voltage with a much thinner epitaxial layer for
a given breakdown voltage. The thinner epitaxial layer,

_in turn, reduces the diffusion processing time needed for

20 forming isolation diffusions and the isolation diffusions
have a smaller lateral extent and take up less chip area.

As another feature of thé invention, the high
temperature reverse bias characteristics of a completed
device is substantially.improved through the use of

25 laterally spaced polysilicon rings in the insulation
oxide on the device surface, and through the use of
metallizing over the oxide covering the gate electrode to
prevent contaminant ions from the plastic housing from
drifting into the channel region.

30 ' Ruggedness of the completed device is improved
through the use of spaced shorting bars which partially
short an NMOS device in an N channel level shift device.
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-2-" . polarity. The epitaxial region pinched by the diffused

resurf region serves as the second resurf region. High br eakdown
vol tage i s achi eved when the charge in the top (di ffused) resurf
| ayer is controlled at approximately 5 1x10[err]cnferr] and the charge

in the | ower (pinched epitaxial)

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a cross-section of a portion of
a chip containing a high voltage diode in an isolated
well in a conventional prior art epitaxial layer.

5 Figure 2 shows the manner in which the present
invention redistributes charge in the epitaxial layer of
Figure 1, permitting the use of a thinner epitaxial layer
and better control of breakdown voltage.

Figure 3 shows the use of the invention for an

10 N channel lateral conduction MOSFET which may be in
another well of the chip of Figure 2.

Figure 4 shows the manner in which the
invention can be implemented in a high voltage P channel
MOSFET.

15 Figure 5 shows a polysilicon ring structure,
some rings of which are floating, for terminating the
high-voltage regions of the device of Figufe 3, and shows
periodic shorts of the NMOSFET.

Figure 5a is a plan view of Figure 5.

20 Figure 6 is a cross-sectional view of a source
contact bridge to prevent ionic contaminants from
reaching the channel area.

DETAILED DESCRIPTION OF THE DRAWINGS
Referring first to Figure 1, there is shown a
25 prior art, horizontal conduction diode, the junctions of
which are formed in an N well 10 of an N epitaxial layer
of monocrystalline silicon, deposited atop a P type
substrate 11. An N* diffusion provides a low resistance
contact to anode electrode 12 having terminal "A". Ring-
30 shaped electrode 13 is the device cathode "K".
The epitaxial layer 10 (sometimes termed '"epi")
is divided into a plurality of isolated wells 20, 21 and

Tl fin
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resurf fegion Is controlled at approximately 1.5 to

2x10[err]Jcnferr]. One outcone of such a construction is that as t he
depth of the diffused resurf |ayer varies slightly, the charge in
the pinched epi region varies substantially 10 so that control over
breakdown voltage is lost. This effect has to be offset by using a
t hi cker epitaxial | ayer. The thicker epitaxial |ayer has several

dr awbacks: 1. Deeper-isol ation diffusions are needed to
15 electrically isolate different parts of the circuit on an
integrated circuit fromeach other, requiring |onger di ffusion tines
at tenperatures at or above 1200[err]C, resulting in | ower

t hr oughput . 2. Very long diffusion tines at 1200[err]C
or 20 above2 GRIIES dHY ¥laierd sp r@&bétié@létfh.éﬁ)v@ifﬂthgiéns such as

S Long, AL U, A 00U G ahaceg A£0IS A3 TERHI 1 L1
reduci ng the amanﬂhaﬁe any ‘other desired topology. Cathode contact 13
is deposited atop P* region 23. Diffusion 23 must be
5 ' deep enough to intercept the P/N boundary between regions
10 and 11 in order to isolate regions or wells 20, 21 and
22. Wells 21 and 22 may contain any desired junction
pattern, forming diodes, MOSgated devices and/or bipolar
devices in any desired discrete or integrated circuit
10 configuration.

When the device of Figure 1 is a high voltage
device, for example, greater than 600 volts, a ring-
shaped resurf P region 30 may be provided, which has a
total charge of about 1x10? atoms/cm? and tends to fully

15 deplete when the maximﬁm reverse voltage is applied
between the electrodes 12 and 13 of the diode. 1In order
to prevent punch-through breakdown under reverse bias,
the prior art epitaxial layer 10 for high voltage
application, for example, 600 volts or greater, was made

20 about 20 to 25 microns thick and had a uniform N
resistivity measured at its surface of about -3 ohm cm.

As a result of the relatively thick epitaxial
layer 10, the P type isolation diffusion 23 also becomes
relatively wide due to lateral diffusion. This causes

25 the diffusion 23 to occupy a relatively large portion of
the total chip area, reducing the useful area of the
various junction-containing wells. Furthermore, the
thicker epitaxial layer 10 increases the cost of the
wafer from which the individual chips (or die) are

30 formed, increases processing time and causes additional
damage due to the need for longer high temperature

processing time.

_
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useful area on a chip. 25 BRI EF DESCRI PTI ON OF THE | NVENTI ON

I n accordance with the present invention, the t hi ckness of the
epitaxial |ayer is substantially - " reduced, but the charge
distribution is nodified. Thus, _ the majority (greater than about 75%
and preferably 30 greater than 80% of the bottomresurf charge (pi nched
epi region) is contained in the bottom1 to 4 mcrons of the epi or
in about the bottom 25% or preferably 260% of

Region 30 is typically about 5 microns deep.

As this depth changes as due to manufacturing variance,
the epi pinch beneath region 30 will have a major effect
on the underlying charge, unless that charge

5 concentration is reduced as by using a large epi volume
beneath region 30.

In accordance with the present invention and as

shown in Figure 2,'in which numerals similar to those of
Figure 1 designate similar elements, the same total

10 concentration of N carriers in layer 10 of Figure 1 is
employed in Figure 2, but is redistributed by putting a
larger percentage of the total concentration in a small
thickness portion 40 at the bottom of the epitaxial layer
10. For example, region 40 may have ‘a thickness of from

15 10 to 40% of the total thickness of layer 10, but will
have two to four times the concentration of layer 10.
However, the combination of thickness and concentration
of region 40 should result in a total charge of 1.2 to
1.5 x 102 cm? in this region. In the preferred

20 embodiment of the invention, region 40 is 2 microns thick
and has a doping concentration of about 7 x 10%cm?

By redistributing the total charge in region 10
as described above, the thickness of the epitaxial layer
or region 10 is reduced substantially, for example, from

25 20 microns to 10 microns for a breakdown voltage of 600V.
This then substantially reduces the depth needed for
isolation diffusion 23, and thus its lateral area.
Consequently, more area is preserved on the chip for
active circuits or components. Furthermore, the time

30 needed to drive the diffusion 23 is substantially
reduced, for example, from 24 hours for a 20 micron thick
epi to 6 hours for a 10 micron thick epi.
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-3 ‘ the epi. The top portion of the epi is nmuch nore lightly
doped and contains a very snmall portion of the bottom resurf charge.
The increased charge in the lower epitaxial 5 regi on can be introduced
at the beginning of the wafer + process by either of two neans:

1. Through inplantation of appropriate dopants into the substrate
wafers foll owed by diffusion,

Finally, since only a small part of the total
charge in the pinched epi region under the resurf region
30 comes from the top portion of the epi (region 10),
variation in the depth of region 30 will have a smaller

5 effect on the charge in the pinched epi region.

The substrate 11 may be any conventional P-type
substrate, and may have a thickness of from 5 to 25 mils.
The resistivity of the substrate is chosen based on the
breakdown voltage requirement. For examﬁle, for a 600V

10 breakdown voltage, the substrate 11 resistivity is about
60 ohm cm. and for 1200V its resistivity is approximately
150 ohm cm.

The epi layer portion 40 for a 600 volt device
is first grown with a relatively low resistivity, for

15 example, 0.5 to 1 ohm ¢cm. and a thickness of 1 to 4
microns. A combination of thickness and resistivity for
region 40 is chosen such that the total charge is this
layer is 1.2 to 1.5 x 10%cm? resulting in an epitaxial
sheet resistance of 3000 to 4000 ohms per square.

20 The relatively heavily doped region 40
(compared to region 10) can also be created by'implanting
phosphorus or arsenic ions directly into the P-type
substrate 11 followed by diffusion to drive the dopants
from 1 to 2 microns deep. The implant dose and drive-in

25 diffusion conditions are chosen to achieve a sheet
resistance of 3000 to 4000 ohms per square. The epi 10
is then grown atop the diffusion 40.

The thickness of the top epi layer (region 10)
is chosen depending upon the depth of P resurf region 30

30 and the dopant species in the heavily doped region 40.
For example, a thickness of about 8 microns is chosen for
region 10, if the P" resurf region 30 is approximately 5

microns deep and an arsenic dopant is used in region 40.
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pribr to epitaxial growth of the lightly doped regi on. 10 2.

Through an epitaxial growh process in which a thin heavily doped
epitaxy is grown first followed by a thicker lightly doped ep

gr owt h. In the resulting structure, a variation of the
depth of top (diffused) resurf region will have a nuch 15 smal l er effect
on the charge contained within the pinched regi on beneath it. This
results in a better control over breakdown voltage with a nmuch

t hi nner epitaxial |ayer for a g?ven breakdown vol tage. The thinner
epi taxi al |ayer, in turn, reduces the diffusion processing tine
needed for 20 formng isolation diffusions and the isolation diffusions

have a smaller lateral extent and take up | ess chip area.

As anot her featwirgs %oé@ﬂmlé‘Vt%ltf@f\théPer@d@@e the topC&per akegeonheyshse
bi as characteristi.cs of a c

e is.substanti.ally inproved
through the udeiifknmgss bYa]t’%&%?}?gs‘b%%e% 58?&‘5 | FegHoPi Afs t ﬁ‘ﬂrctkﬁé i
i nsul ati on oxi de OThé heestbat Deitsyréficeeghdr 1breaghbée hexrome20to 4

ohm cm., depending on the requirements imposed by other
5 parts of the integrated circuit. The lower the

resistivity of region 10, the more difficult it is to
control the charge in the P resurf region 30. The
selection of thickness and resistivity of the bottom epi
region 40 and the top epi region 10 must producé a

10 - pinched epi charge (under P resurf region 30) of 1.5 to
2.0 x 102cm? or a pinched epi sheet resistance of 2800 to
3500 ohms per square at the end of all processing steps.

The region 10 and its sub-region 40 may be

either phosphorus or arsenic doped. Arsenic is preferred

15 when thinner regions are desired, because arsenic has a
lower diffusion coefficient than phosphorus and therefore
has less auto-doping from the heavily doped region 40
into lightly doped region 10.

Figure 3 shows how the present invention can be

20 used when a lateral conduction MOSFET is formed in well
21 of Figure 2. Numerals similar to those of Figure 2
designate similar parts. In Figure 3, the junction
pattern includes a control drain diffusion 50 surrounded
by ring-shaped resurf diffusion 51. A ring-shaped P type

25 base 55 containing a source ring 56 is diffused into the
top surface of region 10. A suitable gate oxide 60 is
formed under the polysilicon gate ring 61 and the entire
surface of well 10 is covered by a passivation oxide 62.
Source electrode 65, which is ring-shaped, is connected

30 to source 56 and base 55, and drain electrode 66 is
connected to drain region 50. A gate electrode 57 is
connected to polysilicon gate 61.

\ .
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nefalli%ing over the oxide covering the gate el ectrode to pr event

cont am nant

ions fromthe plastic housing from drifting into the

channel region. 30 - Ruggedness of the conpleted device is

i npr oved

t hrough the use of spaced shorting bars which partially

short an NMOS device in an N channel |evel shift device.

10

15

20

25

30
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In operation, the sﬁructure of Figure 3 will
withstand a high reverse voltage between source electrode
65 and drain electrode 66, for example, 600 volts and
above. To turn the device on, a voltage is applied to
gate 61 which causes inversion of the channel region
within base 55. Electron current can then flow from
source electrode 65, through the inverted channel, quer
resurf diffusion 51 to drain 66.

It is to be noted that the junction pattern
shown in Figure 3 could be any other desired and known
junction pattern, and could be cellular,-interdigitatéd
or the like. .

In a 600 volt embodiment, the lateral distance
from the outer edge of gate ring 61 to the edge of
isolation diffusion 23 is about 25 microns. The gate

ring 61 has a width of about 10 microns. The lateral

distance between the inner edge of ring 61 to the outer
edge of junction 50 is about 70 microns for a 600 volt
device and about 140 microns for a 1200 volt device.
Substrate 11 is a 60 ohm centimeter boron-doped
body which is 5 to 25 mils thick. Epitaxial layer 10
(measured from its upper surface to the top of region 40)
is 8 microns thick and has a resistivity of about 3 ohm
cm. plus or minus about 10%. Region 40 has a thickness
of about 2 microns and a shéet resistance of 3000 to 4000
ohms per square. Regions 10 and 40 may be either
phosphorus or arsenic doped. P resurf region 51 may
have a depth of about 5 microns. Note that manufacturing
variations in the 5 micron depth will have a small effect
on the "epi pinch" beneath the region 51 since only a
relatively small percentage of the total charge is in the

pinch region.
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-4- ' BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1

shows a cross-section of a portion of a chip containing a high

vol tage diode in an isol ated well in a conventional prior art
epitaxial layer. 5 Figure 2 shows the manner in which the

pr esent I nvention redistributes charge in the epitaxial |ayer of
Figure 1, permtting the use of a thinner epitaxial |ayer and better
control of breakdown voltage. - - 10 - Fi gure 3 shows the use of
the invention for an 10 N channel [Tateral conduction MOSFET whi ch nmay be
in anot her well of the chip of Figure 2. Figure 4
shows the manner in which the I nvention can be inplenented in a high

vol tage P channe
In the case of a 1200 volt device, the above

dimensions can be retained. However, the resistivity of
the substrate is then increased from 60 to 150 ohm cm.

Figure 4 shows the invention with a high

5 voltage PMOS implementation. In Figure 4, components
which are similar to those of Figures 2 and 3 have the
same identifying numerals. Thus, the structures of
Figures 2 and 3 are combined, and gate 61 overlies the
invertible channel between P* region 100 and a central ¥

10 region 101. A central P* contact region 102 is provided
to contact drain contact 66. An N* contact region 103 is
also provided, in contact with the edge of region 100.
Ground contact 13 is connected to P* region 23.

A passivation insulation region 62a may contain

15 spaced polysilicon plates which help terminate the
lateral electric field across the underlying silicon
surface. Figure 5 shows the left-hand half of Figure 3
along with the added feature of overlapping capacitively
coupled polysilicon rings which act as the means to

20 terminate_thé high voltage between the source and drain
electrodes 65 and 66.

Thus, as shown in Figure 5, it was previously
known to employ capacitively coupled polysilicon (poly)
rings 200 to 206 (any desired number of rings can be

25 used). The three rings labeled 201, 203 and 205 are put
down on the first poly level and the other four rings
labeled 200, 202, 204 and 206 are patterned on the second
poly level. Both poly layers are doped to make them '
conductive. A dielectric layer 62a of approximately 500

30 nanometers is provided between the two poly layers to
electrically isolate them from each other. Each
successive ring on the second poly level overlaps the
‘nearest rings on the first poly level by two to five

SPEC\184520 :
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MOSFET. " 15 Figure 5 shows a polyéilicon ring structure,

sonme rings of which are floating, for term nating the hi gh vol t age

regi ons of the device of Figure 3, and shows periodic shorts of the
- NMOSFET. . Figure 5a is a-plan view of Figure 5. 20

Figure 6 is a cross-sectional view of a source contact bridge to

prevent ionic contam nants from - reachi ng the channel area.

DETAI LED DESCRI PTI ON OF THE DRAWNGS_ ., _ Referring first to

Figure 1, there is shown a 25 prior~art, horizontal conduction diode,

the junctions of which are forned in an Nerr] well 10 of an Nerr]

epi taxial |ayer of nonocrystalline silicon, deposited atop a P type

substrate 11. An N err] diffusion provides a | ow resistance cont act

to anode el ect Rad@ohethad NGd YHEWRin Aigurdd BY- to capacitively couple
the rings to each other The dielectric layer 62a can be
created by thermal oxidation of the first poly layer or
it can be a deposited silicon oxide or any other
5 " dielectric material such as silicon nitride. This
dielectric must be capable of withstanding about 100
volts per single gap. Finally the whole structure is
covered with passivation oxide 62.
The first ring 200 is connected to the source
10 65, or the lowest potential across the device and the
last ring 206 which is connected to the highest potential
of the device, or drain 66. The series of capacitively
coupled poly rings divides the potential drop across the
device into smaller discrete values, thereby reducing the
15 tendency to concentrate the electric field near the
surface of a high voltage device. This improves the
breakdown voltage of the device. In addition, the
proposed structure shields the surface of the high
voltage device from stray electrostatic charges common in
20 integrated circuits, due to ionic contaminants found in
overlying plastic housing (not shown) in contact with the
upper surface of the device of Figure 5. The rings 200
to 206 dramatically improves the reliability of the high
voltage device, especially when tested under High
25 Temperature Bias (HTB) conditions.

The multiple ring structure can be used in
lateral or vertical conduction high voltage devices such
as diodes, MOSFETs IGBTs, BJTs and the like, and to both
traditional and resurf type devices. The polysilicon

30 rings can be replaced by any other conductors such as
metals or silicides.
In accordance with a further feature the
present invention, and as shown in Figure 5, the floating
K
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30 ° Shaped el ectrode 13 is the device cathode "K". The
epitaxial layer 10 (sometines terned "epic) Is divided into a
plurality of isolated wells 20, 21 and

- 12 -

ring termination structure is used in combination with a
double resurf device of the type shown in Figures 3
and 4.
Figure 5 also contains a novel structure for

5 making more "rugged" a level shift circuit, which may be
employed in the chip. More specifically, a P type body
ring 255 is diffused concentrically with the P type body
55 and it abuts the P resurf region 51. This forms an

_ NMOSFET under gate 61. A plurality of spaced P type body

10 shorts 256 then periodically short the P body 55 and P
body 255 as shown in Figure 5a.

The regions 256 short the N channel DMOSFET
which reduces its total channel width. This reduces the
‘device saturation current and can substantially increase

15 device ruggedness.

Figure 6 shows a further feature of the
invention for providing an improved shield against ionic
contaminants in the plastic housing cap 300. Figure 6
also shows a small portion of Figure 5, but adds thereto

20 a novel source metal 65 which is deposited continuously
across the top of low temperature oxide 62 which is atop
gate 61. More specifically, in pribr art lateral
devices, the source metal was cut or segregated as shown
in Figure 5 and did not extend over the top of the low

25 temperature oxide 62 over gate 61. The channel region
between P body 55 and source 56 is very sensitive to
ionic contaminants. In accordance with a feature of the.
invention, the source metal 62 extends across the
sensitive channel region to provide a physical metal

30 (aluminum) shield against the migration of ionic
contaminants formed in the plastic housing 300,
especially at high temperature. Thus, the novel metal
shield of Figure 6 substantially improves the device

SPEC\184520
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22 as by one or nore P type isolation diffusions such as di ffusion
23 which may be ring-shaped in topol ogy, but can have any ot her
desired topol ogy. Cathode contact 13 is deposited atop P[err] region
23. Diffusion 23 nust be 5 deep enough to intercept the P/ N boundary
bet ween regi ons 10 and 11 in order to isolate regions or wells 20,
21 and 22. Wells 21 and 22 may contain any desired junction
pattern, form ng di odes, MOSgated devi ces and/or bi pol ar . devices in
any desired discrete or integrated crrédit 10 configuration.

When the device of Figure 1 is a high voltage devi ce, for exanple,
greater than 600 volts, .a ring- shaped resurf Pl[err] region 30 may
be provided, which has a total charge of about 1x10[err]

Vol tage | o appripdecteristigh shdd nidlfRdifetiild MBI TS 1,
or der (HTB) . _
Although the présent invention has been
described in relation to particular embodiments thereof,
5 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

by the appended claims.
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to brevént punch-t hrough breakdown under reverse bias, the prior art
epi taxial layer 10 for high voltage application, for exanple, 600
volts or greater;, was made 20 ‘about 20 to 25 microns thick and had a

uniform N err] id i @It Y. neasured at its surface of about 3 ohm
cm Lllll“”“lwnmeanlt of 'the relatively thick epitaxial

| ayer 10, the Pstype tsov ats ot di ffusion 23 al so becones . relatively
wide due to lateral diffusion. This cayges 25 the diffusion 23 to
occupy a relatively large portion of the total chip area, reducing
t he useful area of the various junction-containing wells.

Furt hernore, the t hi cker epitaxial |layer 10 increases the cost of

t he waf er from which the individual chips (or die) are 30

formed, increaggaTPIGCeIANIMED iTge and causes additi onal damage due

to the need for Tonger Nigh temerature. ccor aRiORPWALIEs a 1ar

substrate of silicon having an epitaxial layer of
monocrystalline silicon deposited thereon having a given
total charge concentration therein; said epitaxial layer

5 having a generally uniform thickness and a graded
concentration, whereby at least about 75% of the total
charge in said epitaxial layer is within the bottom 6f
the remainder of the thickness of said epitaxial layer;
said epitaxial layer having P-N junctions formed in the

10 upper surface thereof; one of said junctions comprising a
resurf junction having a depth substantially less than
about 75% of the thickness of said epitaxial layer,
whereby the epi pinch beneath said resurf junction is in
a lower concentration region so that a slight Variation

15 in the depth of said resurf junction has a relatively
small effect on the operation of said device.

2. The device of claim 1 wherein said device
has a voltage rating in excess of 600 volts, and wherein
said epitaxial layer has a thickness of about 10 microns.

3. The device of claim 2 wherein said at
least 75% of the total charge of said epitaxial layer is
in less than about the bottom 1-4 miqrons of said

epitaxial layer.

4. The device of claim 3 wherein said bottom
1-4 microns of said epitaxial layer have a sheet
" resistance greater than about 3000 ohms per square, and
wherein the sheet resistance of the upper eight microns
5 of said epitaxial layer is greater than about 4000 ohms
per square.

—_—
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Regfon 3075 typr cal Ty about—5 m crons deep. As this depth changes
as due to

Wil |

10

15

M e e

5. The device of the preceding claims wherein
said device has a voltage rating in excess of 600 volts,
and wherein said epitaxial layer has a thickness of about

10 microns.

6. The method of preparing a silicon wafer
into which a plurality of laterally spaced semiconductor
chips are to be prepared, and wherein each of said chips
is for a high voltage device having at least first and
second junction isolated areas; said method comprising
the steps of selecting a silicon wafer substrate of a
concentration chosen for a given reverse voltage rating;
forming a first region of less than about 2 microns thick
which has a first concentration of a given doping atom;
forming an epitaxial layer atop said first region which
has a thickness greater than about 7 microns and having a
second concentration of a given doping atom which is.of
the same polarity as said doping atom in said first
region, but has a substantially lower concentration than
that in said first region, whereby at least about 75% of
the total charge in said first region and said epitaxial
layer is disposed in said first region.

_—
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on‘the'underlying charge, unl ess that. charge 5 concentration is

reduced as by using a large epi volunme |- ‘:beneath re

I n accordance with the present invention and as i ﬁﬁTd‘M&BEEN
in which nunerals simlar to those of Figure 1 de nnat

el ements, the same total 10 concentration of N carriers in Iayer 10
Figure 1 is ~enployed in Figure 2, but is redistributed by putting a
| arger percentage of the total concentration in a smaldR-1177 thjckness
portion 40 at the bottom of the epitaxial |ayer 10. For exanpl e,
region 40 may have a thickness of from 15 10 to 40% of the total

t hi ckness of layer 10, but will have tmn to four tlnes t he
concentration of | ay@RADE R i3 ER ; ORj ckness -and

concentration p V o] i of 1.2 to
1.5 X 10[err] cﬂeH%ﬂhQ%%%%%%%#ﬁﬁﬁ#%ﬂ%gé%g%%%§¢ﬂ£QQ%omnem of

the invention, region 40 is 2 mcrons thick and has a dopi ng

concentrati onAgngglA@qt ofF xHEO pascoxfuer | -

The epitaxial substrate of a semiconductor chip
device has a resurf diffusion in at least one of its
isolated wells in the device chip surface. The wells are
separated by junction diffusions. The thickness of the
epitaxial layer is reduced by placing an increased
percentage of its total charge for a given breakdown
voltage (punch-through voltage) in the lower portion of

the layer.

——
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By'redistributing t he total chafge fh;region 10 as descri bed above,

the thickness of the epitaxial {ayei-“ - “or region 10 is reduced
substantially, for exanple, from 25 20 mcrons to 10 mcrons for a
br eakdown vol t age of 600V. This then substantially reduces the depth
needed fgr i solation diffusion 23, and thus jts lateral area. .
CbnsequemtryT“ﬂUrE“aréa is préserved on the chip for' =~ ™ "attive ciTCUity
or conponents. Furthernore, the tinme 30 needed to drive the diffusion 23
is substantially reduced, for exanple, from 24 hours for a 20 mnicron
t hi ck = epi to 6 hours for a 10 mcron thick epi.
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-7- Finally, since only a small part of the total
charge in the pinched epi region under the resurf region 30 cones
fromthe top portion of the epi (region 10), variation in the depth
of region 30 will have a smaller 5 effect on the charge in the pinched
epi regi QA—-- ... The substrate 11 nmay be any conventi onal .
P-type T substrate, and may have a thickness of from5 to 25 mls. ‘
The reS|st|V|ty of the substyr.ate is chosen based on the .
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br eakdown vol tage requirenent. For exanple, for a 600V 10 br eakdown

vol tage, the substrate 11 resistivity is about 60 ohmcm and for
1200V its resistivity is approximtely 150 ohm cm
The epi layer portion 40 for a 600 volt device is first gromn with a
relatively low resistivity, for: 15 exanple, 0.5 to 1 ohmcm and a
t hi ckness of 1 to 4 m croons. A cqubi ration—of—thi-ekress and
resistivity for region 40 i s chogei~ ' the—tofal charge is
this layer is 1.2 to 1.5 x [ n an epitaxi al
sheet resistance of 3000 to 4000 o%§s The
relatively heavily doped reglon 40 < I pn 10) can al so
be created by inplanting ph _ Ji rectly into
the P-type substrate 11 follomed PN to dripe the dopants
froml to 2 mcrons deep. The |nplant d@s iye-in 2%’ di ffusion
conditions are chosen to achi evye a sheef“ sistancegaf 3000 to 4000
ohnms per square. The epi 10 \:. D

h \

A\

‘\

n\:

2

(LRSI, B 0 R L LRI L BT Y S DO

————————————ana . . .

This Sheet Has Been R

A

[/




I's tthen grown atop the diffusion 40. The thijckness of the
top epi |ayer (region 10) I s chosen dependi ng upon theg depth of

Plerr] resurf region 30 30 and the dopant species in the|heavily doped
region 40. - For exanple, a thickness of about 8 mcrong is chosen for

region 10, if the Presurf region 30 is approximately 5. . m crons deep
and an arsenic dopant is used in region S
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- 8- It is possible to further reduce the top epi (region 10)
t hi ckness by reducing the Pl[err] resurf region 30 thickness.

The resistivity of region 10 can be from2 to 4 ohm cm , dependi ng
on-the.requirenents jnposed by other .5 parts of the integrated circuit.
The | ower the resistivity of region 10, the.pore.difficult it is to
control the charge in the Plerr] resurf region.30. The sel ection of
t hi ckness an Lstivi .. Lhe bottomepi - ton 40 and the top
epi region ;g:%z;;géégazééfgglpqzl_pinched'épi 8¢ P[err] resurf
region 30) of 1.5 to 2.0 x 10[err]cnferr d epi sheet

resi stance of 2800 to 3500 ohms per s
processi ng steps. -
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The region 10 and its sub- reg4 on RWLMEI\MT SHEETSeItbsr p osprﬂrzga(“; 0
agsenic doped. Arsenic is pref @ Descrigtion qﬁﬁxuqal papéd .[8e ions are

desired, because arsenic has ed?(ﬂmnmg|0 ﬂ%u@ @sf i cient than
.\Ehosphor us and therefore L DRgwing iﬂgﬁf dom ,ﬁ@i‘f 5

egi on 40 into Iightl Qpﬁggnkgglo """ Figure 3
shows how t he present inventijon can be 20 d§ég)ﬁﬁ§W'a ‘| 4t eral conduction
MOSFET is formed in well e 2. s simlar to those
of Figure 2 - desi gnat e tsd ?hﬁéhﬂﬁhPﬂ‘<__¢ﬂ§Z72 t he junction
pattern includes-a control drain diffusion 50 surfounded by
ri ng-shaped resurf diffusion 51. A ring-shaped P type 25 base 55
containing a source ring 56 is diffused into the top surface of
region 10. A suitable gate oxide 60 is - 1 - fornmed under the polysilicon
gate ring 61 and the entire surface of well 10 is covered by a
passi vati on oxi de 62. Source electrode 65 mhlch S rlng shaped, is

connected 30

SEMICONDUCTOR DEVICE HAVING RESURF DIFFUSION

RELATED APPLICATION
This application claims the priority of
S Provisional Application Serial No. 60/010,162, filed
" January 18, 1996. |

FIELD OF THE INVENTION

This invention relates to semiconductor
devices, and more specifically relates to a novel
10 epitaxial substrate for receiving the junctions of a high
voltage semiconductor device utilizing a double resurf

technique.

BACKGROUND OF_ THE INVENTION
High voltage semiconductor devices commonly
15 employ a resurf region which is a low concentration
region between areas of high potential difference. The
) resurf region depletes as the voltage difference
:-4 increases, and is fully depleted before the maximum
voltage difference is applied. In the double resurf

20 technique, there are two resurf regions of opposite
polarities, both of which deplete as the applied
potential difference increases. Such a device and the
advantages of using the double resurf technique is
detailed in U.S. Patent 4,866,495.

25 In high voltage devices employing the double
resurf technique, the resurf region of one polarity is
created by implantation and diffusion of appropriate
dopants into an epitaxially gréWn layer of opposite
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connected to drain region 50. A gate electrode 57 is connected to
pol ysil.icon gate 61. - 9-

10

15

20

25

30 .

polarity. The epitaxial region pinched by the diffused
resurf region serves as the second resurf region. High
breakdown voltage is achieved when the charge in the top
(diffused) resurf layer is controlled at approximately
1x102%cm? and the charge in the lower (pinched epitaxial)
resurf region is controlled at approximately 1.5 to
2x10%cm?*. One outcome of such a construction is that as
the depth of the diffused resurf layer varies slightly,
the charge in the pinched epi region varies substantially

.so that control over breakdown voltage is lost. This

effect has to be offset by using a thicker epitaxial
layer. The thicker epitaxial layer has several
drawbacks:

1. Deeper isolation diffusions are needed to
electrically isoclate different parts of the circuit on an
integrated circuit from each other, requiring longer
diffusion times at temperatures at or above 1200°C,
resulting in lower throughput. .

2. Very long diffusion times at 1200°C or
above, causes more defects resulting in lower yield.

3. The long diffusion times at 1200°C or
above also results in a wider isolation diffusion, due to
greater lateral diffusion, thus reducing the amount of

useful area on a chip.

BRIEF DESCRIPTION OF THE INVENTION

In accordance with the present invention, the
thickness of the epitaxial layer is substantially
reduced, but the charge distribution is modified. Thus,
the majority (greater than about 75% and preferably
greater than 80%) of the bottom resurf charge (pinched
epi region) is contained in the bottom 1 to 4 microns of
the epi or in about the bottom 25% or preferably 20% of
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I n operation, the structure of Figure 3 wll wi t hstand a high
reverse voltage between source el ectrode 65 and drain el ectrode 66,
for exanple, 600 volts and above. To turn the device on, a voltage
is applied to 5 gate 61 which causes inversion of the channel region

wi thin base 55. Electron current can then flow from source el ectrode
65, through the inverted channel, under resurf diffusion 51 to drain
66. It is to be noted that the junction pattern 10

shown in Figure 3 could be any other gesired and known junction
pattern, and could be cellular, interdigitated or the Ilike.

In a 600 volt enbodinent, the |lateral distance . fromthe outer edge
~of gate ring 61 to the edge of 15 ~isolation diffusion 23 is about 25

m crons. The gate - ring 61 has a width of about 10 m crons. The

| ateral théjieﬁia.hcerli@tt!@@“péf*@iéﬂn@f ehdgeepl Lsnaubh %x@Qi@fﬁtﬂfy
doped and contains a very small portion of the bottom

resurf charge.
The increased charge in the lower epitaxial

5 region can be introduced at the beginning of the wafer
process by either of two means:
1. Through implantation of appropriate

dopants into the substrate wafers followed by diffusion,
prior to epitaxial growth of the lightly doped region.

10 2. Through an epitaxial growth process in
which a thin heavily doped epitaxy is grown first
followed by a thicker lightly doped epi growth.

In the resulting structure, a variation of the
depth of top (diffused) resurf region will have a much

15 smaller effect on the charge contained within the pinched
region beneath it. This results in a better control over
breakdown voltage with a much thinner epitaxial layer for
a given breakdown voltage. The thinner epitaxial layer,
in turn, reduces the diffusion processing time needed for

20 forming isolation diffusions and the isolation diffusions
have a smaller lateral extent and take up less chip area.

As another feature of the invention, the high
temperature reverse bias characteristics of a completed

_ device is substantially improved through the use of

‘25 laterally spaced polysilicon rings in the insulation
oxide on the device surface, and through the use of
metallizing over the oxide covering the gate electrode to
prevent contaminant ions from the plastic housing from
drifting into the channel region.

30 Ruggedness of the completed device is  improved
through the use of spaced shorting bars which bartially
short an NMOS device in an N channel level shift device.
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edge of junction 50 is about 70 mcrons for a 600 volt devi ce and

about 140 microns for a 1200 volt device. 20 Substrate 11 is
a 60 ohm centineter boron-doped body which is 5 to 25 nils thick.
Epitaxial layer 10 - (measured fromits upper surface to the top of
regi on 40) Is 8 mcrons thick and has a resistivity of about 3 ohm
cm plus or mnus about 10% Region 40 has a thickness 25 of about 2

m crons and a sheet resistance of 3000 to 4000 ohns per square.

Regi ons 10 and 40 may be either _ zbhosphorus or arsenic doped. Plerr]
resurf region 51 may have a depth of about 5 mi crons. Note that
manuf act uri ng variations in the 5 mcron depth will have a snal
effect 30 on the "epi pinch" beneath the region 51 since only a
relatively small percentage of the total charge is in the pi nch
region. BRIEF DESCRIPTION OF THE DRAWINGS :

Figure 1 shows a cross-section of a portion of
a chip containing a high voltage diode in an isolated
well in a conventional prior art epitaxial layer.

5 - Figure 2 shows the manner in which the present
invention redistributes charge in the epitaxial layer of
Figure 1, permitting the use of a thinner epitaxial layer
and better control of breakdown voltage.

Figure 3 shows the use of the invention for an

10 N channel lateral conduction MOSFET which may be in
another well of the chip of Figure 2.

Figure 4 shows the manner in which the
invention can be implemented in a high voltage P channel
MOSFET.

15 Figure 5 shows a polysilicon ring structure,
some rings of which are floating, for terminating the
high voltage regions of the device of. Figure. 3,. and shows
periodic shorts of the NMOSFET.

Figure Sa is a plan view of Figure 5.

20 Figure 6 is a cross-sectional view of a source
contact bridge to prevent ionic contaminants from
reaching the channel area.

DETAILED DESCRIPTION OF THE DRAWINGS
, Referring first to Figure 1, there is shown a
25 prior art, horizontal conduction diode, the junctions of
which are formed in an N well 10 of an N epitaxial layer
of monocrystalline silicon, deposited atop a P type
substrate 11. An N* diffusion provides a low resistance
contact to anode electrode 12 having terminal "A"... Ring-.
30 shaped electrode 13 is the device cathode "K".
The epitaxial layer 10 (sometimes termed "epi'")
is divided into a plurality of isolated wells 20, 21 and
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- 10 - In the case of a 1200 volt device, the above
dimensions can be retained. However, the resistivity of t he

substrate is then increased from60 to 150 ohmcm Fi gure
4 shows the invention with a high _

10

15

20

25

30

22 as by one or more P type isolation diffusions such as
diffusion 23 which may be ring-shaped in topology, but
can have any other desired topology. Cathode contact 13
is deposited atop P* region 23. Diffusion 23 must be
deep enough to intercept the P/N boundary between regions
10 and 11 in order to isolate regions or wells 20, 21 and
22. Wells zi_and 22 may contain any desired junction
pattern, forming diodes, MOSgated devices and/or bipolar
devices in any desired discrete or integrated circuit
configuration.

When the device of Figure 1 is a high voltage
device, for example, greater than 600 volts, a ring-
shaped resurf P° region 30 may be provided, which has a
total charge of about 1x10%2 atoms/cm’ and tends to fully
deplete when the maximum reverse voltage is applied
between the electrodes 12 and 13 of the diode. In order
to prevent punch-through breakdown under reverse bias,
the prior art epitaxial layer 10 for high voltage
applicétién, for example, 600 volts or greater, was made
about 20 to 25 microns thick and had a uniform N
resistivity measured at its surface of about 3 ohm cm.

As a result of the relatively thick epitaxial
layer 10, the P type isolation diffusion 23 also becomes
relatively wide due to lateral diffusion. This causes
the diffusion 23 to occupy a relatively large portion of
the total chip area, reducing the useful area of the
various junction-containing wells. Furthermore, the
thicker epitaxial layer 10 increases the cost of the
wafer from which the individual chips (or die) are
formed, increases processing time and causes additional
damage due to the need for longer high temperature

processing time.
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5 vol tage PMOS inplementation. |In Figure 4, conponents whi ch are
simlar to those of Figures 2 and 3 have the sane identifying

numer al s.

Thus, the structures of Figures 2 and 3 are conbi ned, and

gate 61 overlies the i nvertible channel between P[err] region 100

and a central
I s provided

Plerr] 10 region 101. A central P[err] contact region 102
to contact drain contact 66. An N err] contact region

103 is al so provided, in contact with the edge of regi on 100.
Ground contact 13 is connected to PLegr] region 23. A
passi vation insul ation region 62a may contain 15 spaced polysilicon
pl ates which help term nate the | ateral electric field across the
underlying silicon surface. Figure 5 shows the |eft-hand half of
Figure 3 along with the added feature of overl apping capacitively

coupl ed polysilicon ringsegyehcBoaghk 8$piba1MPaBS e 20 micrdry s € the

hi gh vol t age between the souyce and drgin | ect rqdes 65 and 66.
Thus, as show%si¥ﬁ¥§ gt§,c$§nqgg 5§eapsu§pymanu%actur1ng variance,

10

15

20

25

30

the epi pinch beneath region 30 will have a major effect
on the underlying charge, unless that charge
concentration is reduced as by using a large epi volume
beneath region 30.

In accordance with the present invention and as
shown in Figure 2, in which numerals similar to those of
Figure 1 designate similar elements, the same total
concentration of N carriers in layer 10 of Figure 1 is
employed in Figure 2, but is redistributed by putting a
larger percentage of the total concentration in a small
thickness portion 40 at the bottom of the epitaxial layer
10. For example, region 40 may have a thickness of from
10 to 40% of the total thickness of layer 10, but will
have two to four times the concentration of layer 10.
However, the combination of thickness and concentration
of region 40 should result in a total charge of 1.2 to
1.5 x 10® cm? in this region. 1In the preferred
embodiment of the invention, region 40 is 2 microns thick
and has a doping concentration of about 7 x 10%cm3.

By redistributing the total charge in region 10
as described above, the thickness of the epitaxial layer
or region 10 is reduced substantially, for example, from
20 microns to 10 microns for a breakdown voltage of 600V.
This then substantially reduces the depth needed for
isolation diffusion 23, and thus its lateral area.
Consequently, more area is preserved on the chip for
active circuits or components. Furthermore, the time
needed to drive the diffusion 23 is substantially
reduced, for example, from 24 hours for a 20 micron thick
epi to 6 hours for a 10 micron thick epi.
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known to enpl oy capacitively coupled polysilicon (poly) rings 200 to
206 (any desired nunber of rings can be 25 used). The three rings

| abel ed 201, 203 and 205 are put down on the first poly |evel and

t he other four rings | abel ed 200, 202, 204 and 206 are patterned on
t he second poly level. Both poly layers are doped to nmake them
conductive. A dielectric |ayer 62a of approximately 500 30 nanonet ers
is provided between the two poly |ayers to electrically isolate them
from each other. Each succes§hyq_ring on the second poly |evel

overl aps the nearest rings on the first poly level by two to five

Finally, since only a small part of the total
charge in the pinched epi region under the resurf region
30 comes from the top portion of the epi (region 10),
variation in the depth of region 30 will have a smaller

5 effect on the charge in the pinched epi region.

The substrate 11 may be any conventional P-type
substrate, and may have a thickness of from 5 to 25 mils.
The resistivity of the substrate is chosen based on the
breakdown voltage requirement. For examﬁle, for a 600V

10 breakdown voltage, the substrate 11 resistivity is about
60 ohm cm. and for 1200V its resistivity is approximately
150 ohm cm.

The epi layer'portion 40 for a 600 volt device
is first grown with a relatively low resistivity,. for

15 example, 0.5 to 1 ohm cm. and a thickness of 1 to 4
microns. A combination of thickness and resistivity for
region 40 is chosen such that the total charge is this

layer is 1.2 to 1.5 x 10Z%cm? resulting in an epitaxial
sheet resistance of 3000 to 4000 ohms per square.

20 The relatively heavily doped region 40
(compared to region 10) can also be created by implanting
phosphorus or arsenic ions directly into the P-type
substrate 11 followed by diffusion to drive the dopants

_ from 1 to 2 microns deep. The implant dose and drive-in

25 diffusion conditions are chosen to achieve a sheet
resistance of 3000 to 4000 ohms per square. The epi 10
is then grown atop the diffusion 40.

The thickness of the top epi layer (region 10)
is chosen depending upon the depth of P resurf region 30

30 and the dopant species in the heavily doped region 40.
For example, a thickness of about 8 microns is chosen for
region 10, if the P resurf region 30 is approximately 5
microns deep and an arsenic dopant is used in region 40.
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m croneters, as shown in Figure 5, to capacitively couple the rings

to .edch other The dielectric |layer 62a can be created by thernal

oxidation of the first poly layer or it can be a deposited silicon

oXi de or any other 5 dielectric material such as silicon nitride. This

di el ectric nmust be capabl e of w thstandi ng about 100 volts per

single gap. Finally the whole structure is covered with passivation

oxi de 62. The first ring 200 is connected to the source
-8 -

It is possible to further reduce the top epi (region 10)
thickness by reducing the P° resurf region 30 thickness.
The resistivity of region 10 can be from 2 to 4
ohm cm., depending on the requirements imposed by other
5 parts of the integrated circuit. The lower the
resistivity of region 10, the more difficult it is to
control the charge in the P resurf region 30. The
selection of thickness and resistivity of the bottom epi
region 40 and the top epi region 10 must produce a
10 pinched epi charge (under P resurf region 30) of 1.5'£o-
2.0 x 10%cm? or a pinched epi sheet resistance of 2800 to
3500 ohms per square at the end of all processing steps.
The region 10 and its sub-region 40 may be
either phosphorus or arsenic doped. Arsenic is preferred
15 when thinner regions are desired, because arsenic has a
lower diffusion coefficient than phosphorus and therefore
has less auto-doping from the heavily doped region 40
into lightly doped region 10.
Figure 3 shows how the present invention can be
20 used when a lateral conduction MOSFET is formed in well
21 of Figure 2. Numerals similar to those of Figure 2
designate similar parts. In Figure 3, the junction
pattern includes a control drain diffusion 50 surrounded
_ by ring-shaped resurf diffusion 51. A ring-shaped P type
25 base 55 containing a source ring 56 is diffused into the
top surface of region 10. A suitable gate oxide 60 is
formed under the polysilicon gate ring 61 and the entire
surface of well 10 is covered by a passivation oxide 62.
Source electrode 65, which is ring-shaped, is connected '
30 to source 56 and base 55, and drain electrode 66 is
connected to drain region 50. A gate electrode 57 is
connected to polysilicon gate 61. '
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10 65, or the | owest potential across the device and the | ast
ring 206 which is connected to the highest potenti al of the device,
or drain 66. The series of capacitively coupl ed poly rings divides
t he potential drop across the device into smaller discrete val ues,

t hereby reducing the 15 tendency to concentrate the electric field near
t he ' surface of a high voltage device. This inproves the

br eakdown vol tage of the device. In addition, the proposed structure
shields the surface of the high - g voltage device fromstray

el ectrostatic charges comon in 20 integrated circuits, due to ionic
contam nants found in overlying plastic housing (not shown) in
contact with the upper surface of the device of Figure 5. The rings
200 to 206 dramatically inproves the reliability of the high

vol t age devi ce, especi din yopdwatims echelnsierudtghe 26f FidagpeBawtild Bi as

(HTB) Condit':fﬁ tand a h%gﬁ reveLl%T%é&%é%#rﬁ%#y@gns%éﬂgégrSlggﬁrg%eused-

in | at'e ST VeEr t con evi Ces
65 and drain electrode 66, for example, 600 volts and

above. To turn the device on, a voltage is applied to -
5 gate 61 which causes inversion of the channel region
 within base 55. Electron current can then flow from
source electrode 65, through the inverted channel, under
resurf diffusion 51 to drain 66.
It is to be noted that the junction pattern

10 shown in Figure 3 could be any other desired and known
junction pattern, and could be cellular,-interdigitatéd
or the like.

In a 600 volt embodiment, the lateral distance
- from the outer edge of gate ring 61 to the edge of

15 isolation diffusion 23 is about 25 microns. The gate

| ring 61 has a width of about 10 microns. The lateral
distance between the inner edge of ring 61 to the outer
edge of junction 50 is about 70 microns for a 600 volt
device and about 140 microns for a 1200 wvolt device.

20 Substrate 11 is a 60 ohm centimeter boron-doped
body which is 5 to 25 mils thick. Epitaxial layer 10
(measured from its upper surface to the top of region 40)
is 8 microns thick and has a resistivity of about 3 ohm

_ cm. plus or minus about 10%. Region 40 has a thickness

25 of about 2 microns and a sheet resistance of 3000 to 4000
ohms per square. Regions 10 and 40 may be either
phosphorus or arsenic doped. P resurf region 51 may
have a depth of about 5 microns. Note that manufacturing
variations in the 5 micron depth will have a small effect

30 on the "epi pinch" beneath the region 51 since only a
relatively small percenﬁage of the total charge is in the
pinch region.

This is the replacement shest

Date: 27 MAR 1397



as di odes, MOSFETs | GBTs, BJTs and the like, and to both traditional

and. resurf type devices. The polysilicon 30 rings can be replaced by any
ot her ‘conductors such as netals or silicides. In
accordance with a further feature the present invention, and as shown

in Figure 5, the floating

< 10 -

In the case of a 1200 volt device, the above
dimensions can be retained. However, the resistivity of
the substrate is then increased from 60 to 150 ohm cm.

Figure 4 shows the invention with a high

5 - voltage PMOS implementation. In Figure 4, components
which are similar to those of Figures 2 and 3 have the
same identifying numerals. Thus, the structures of
Figures 2 and 3 are combined, and gate 61 overlies the
invertible channel between P* region 100 and a central P°

10 region 101. A central P* contact region 102 is provided
Eo contact drain contact 66. An N* contact region 103 is
also provided, in contact with the edge of region 100.
Ground contact 13 is connected to P* region 23.

A passivation insulation region 62a may contain

15 spaced polysilicon plates which help terminate the
lateral electric field across the underlying silicon
surface. Figure 5 shows the left-hand half of Figure 3
along with the added feature of overlapping capacitively
coupled polysilicon rings which act as the means to

20 terminate the high voltage between the source and drain
electrodes 65 and 66.

- Thus, as shown in Figure 5, it was previously
known to employ capacitively coupled polysilicon (poly)
rings 200 to 206 (any desired number of rings can be

25. used). The three rings labeled 201, 203 and 205 are put
down on the first poly level and the other four rings
labeled 200, 202, 204 and 206 are patterned on the second
poly level. Both poly layers are doped to make them
conductive. A dielectric layer 62a of approximately 500

30 nanometers is provided between the two poly layers to
electrically isolate them from each other. Each
successive ring on the second poly level overlaps the
nearest rings on the first poly level by two to five

“This is the replacement shest

Date: 27 MAR ]997



- 12 - ring termination structure is used in conbination with a

doubl'e resurf device of the type shown in Figures 3 and 4.

Figure 5 also contains a novel structure for 5 maki ng nore "rugged" a

| evel shift circuit, which may be enpl oyed in the chip. Mre
specifically, a P type body- ring 255 is diffused concentrically with
the P type body 55 and it abuts the P resurf region 51. This forns
an NMOSFET under gate 61. A plurality of spaced P type body 10
shorts 256 then periodically short _t P body 55 and P body 255 as
shown in Figure Sa. e regions 256 short the N channe

DMOSFET whi ch reduces its total channel width. This reduces the

micrometers, as shown in Figure 5, to capacitively couple
the rings to each other The dielectric layer 62a can be
created by thermal oxidation of the first poly layer or
it can be a deposited silicon oxide or any other
5 " dielectric material such as silicon nitride. This
dielectric must be capable of withstanding about 100
volts per single gap. Finallf the whole structure is
covered with passivation oxide 62.
The first ring 200 is connected to the source
10 65, or the lowest potential across the device and the.
last ring 206 which is connected to the highest potential
of the device, or drain 66. The series of capacitively
coupled poly rings divides the potential drop across the
device into smaller discrete values, thereby reducing the
.15 tendency to concentrate the electric field near the
surface of a high voltage device. This improves the
" breakdown voltage of the device. 1In addition, the
proposed structure shields the surface of the high
voltage device from stray electrostatic charges common in
20 integrated circuits, due to ionic contaminants found in
overlying plastic housing (not shown) in contact with the
upper surface of the device of Figure 5. The rings 200
to 206 dramatically improves the reliability of the high
_ voltage device, especially when tested under High
25 Temperature Bias (HTB) conditiomns.

The multiple ring structure can be used in
lateral or. vertical conduction high voltage devices such
as diodes, MOSFETs IGBTs, BJTs and the like, and to both
traditional and resurf type devices. The polysilicon

30 rings can be replaced by any other conductors such as
metals or silicides.

In accordance with a further feature the
present invention, and as shown in Figure 5, the floating
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device saturation current and can substantially increase 15 devi ce
r.uggédness. Figure 6 shows a further feature of the

i nvention for providing an inproved shield against ionic

contam nants in the plastic housing cap 300. Figure 6 al so shows a
smal | portion of Figure 5, but adds thereto 20 a novel source netal 65
whi ch is deposited continuously across the top of | ow tenperature
oxi de 62 which is atop gate 61. More specifically, in prior art

| at er al - devices, the source.ngpal was cut or segregated as shown

in Figure 5 and did not extend over the top of the |ow 25 tenperature
oxi de 62 over gate 61. The channel region bet ween P body 55 and
source 56 is very sensitive to ionic contam nants. In accordance with
a feature of the i nvention, the source nmetal 62 extends across the
sensitive chainglteemhmauimqmamnumturqﬂiﬁﬂusﬂdlﬁneﬁomﬁinatiénluhthua)

hi el d i q oh
E| ot Cagghglasﬁuio%go@e%% AeAAicd Y¥ Ghe type YHAH NAM P FLEdz i n the
an

Figure 5 also contains a novel structure for
5 making more "rugged" a level shift circuiﬁ, which may be
employed in the chip. More specifically, a P type body
ring 255 is diffused concentrically with the P type body
S5 and it abuts the P resurf region 51. This forms an
NMOSFET under gate 61. A plurality of spaced P type body
10 shorts 256 then periodically short the P body 55 and'?
body 255 as shown in Figure S5a.

The régions 256 short the N channel DMOSFET
which reduces its. total channel width. This reduces the
device saturation current and can substantially increase

15 device ruggedness.

Figure 6 shows a further feature of the
invention for providing an improved shield against ionic
contaminants in the plastic housing cap 300. Figure 6
also shows a small portion of Figure 5, but adds thereto

20 a novel source metal 65 which is deposited continuously
across the top of low temperature oxide 62 which is atop
gate 61. More specifically, in prior art lateral
devices, the source metal was cut or segregated as shown

. in Figure 5 and did not extend over the top of the low

25 temperature oxide 62 over gate 61. The channel regibn
between P body 55 and source 56 is very semsitive to
ionic contaminants. ' In accordance with a feature of the
invention, the source metal 62 extends across the
sensitive channel region to provide a physical metal

30 (aluminum) shield against the migration of .icnic
contaminants formed in the plastic housing 300,
especially at high temperature. Thus, the novel metal
shield of Figure 6 substantially improves the device
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especially at high tenperature. Thus, the novel netal shi el d of
Figure 6 substantially inproves the device :
- 13 :

- 13 -

characteristics under high temperature reverse bias
(HTB) .
Although the present invention has been
described in relation to particular embodiments thereof,
5 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
by the appended claims.
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characteristics under high tenperature reverse bias (HTB)

Al t hough t he—present_invention has been described in relation to
particul ar. ﬁm@ﬁ nents t hereof, 5 many ot her variations and

modi fi catl "m ﬂmﬂﬂns wi || become apparent to those skilled in
the art. ed, therefore, that the present invention be
limted not by the speC|f|c dlsclosure herein, but only by the

appended cl ai ns.
' - 14 -

WHAT IS CLAIMED IS:

1. A semiconductor device comprising a flat
substrate of silicon having an epitaxial layer of
monocrystalline silicon deposited thereon having a given
total charge concentration therein; said epitaxial layer

5 héving a generally uniform thickness and a graded
concentration, whereby at least about 75% of the total
charge in said epitaxial layer is within the bottom of
the remainder of the thickness of said epitaxial layer;
said epitaxial layer having P-N junctions formed in the

10 upper surface thereof; one of said junctions comprising a
resurf junction having a depth substantially less than
about 75% of the thickness of said epitaxial layer,
whereby the epi pinch beneath said resurf junction is in
a lower concentration region so that a slight variation

15 in the depth of said resurf junction has a relatively
small effect on the operation of said device.

2. The device of claim 1 wherein said device
has a voltage rating in excess of 600 volts, and wherein
said epitaxial layer has a thickness of about 10 microns.

3. The device of claim 2 wherein said at
least 75% of the total charge of said epitaxial layer is
in less than about the bottom 1-4 microns of said

epitaxial layer.

4. The device of claim 3 wherein said bottom
1-4 microns of said epitaxial layer have a sheet
resistance greater than about 3000 ohms per square, and
wherein the sheet resistance of the upper eight microns
5 of said epitaxial layer is greater than about 4000 ohms
per square.
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- 14 - VHAT |S CLAINMED | S: 1. A sem conductor

device conprising a flat substrate of silicon having an epitaxial
I ayjlllﬂ“ﬂug“m(wwmrryst alline silicon deposited thereon having a given
t ot ¢ : ation therein; said epitaxial layer 5 havi ng a
general Iy Gni Yor t'hi ckness and a graded concentration, whereby at
| east about 75% of the total charge in said epitaxial |ayer is
wi thin the bottom of ' t he remai nder of the thickness of said
epitaxial layer; . - 15 -

5. The device- of the preceding claims wherein

said device has a voltage rating in excess of 600 volts,
and wherein said epitaxial layer has a thickness of about

10 microns.

6. The method of preparing a silicon wafer
into which a plurality of laterally spaced semiconductor
chips are to be prepared, and wherein each of said chips
is for a high voltage device having at least first and

5 second junction isolated areas; said method comprising
the steps of selecting a silicon wafer substrate of a
concentration chosen for a given reverse voltage rating;
forming a first region of less than about 2 microns thick
‘which has a first concentration of a given doping atom;

10 forming an epitaxial layer atop said first region which
has a thickness greater than about 7 microns and having a.
second concentration of a given doping atom which is of
the same polarity as said doping atom in said first
region, but has a substantially lower concentration than

15 that in said first region, whereby at least about. 75% of
the total charge in said first region and said epitaxial
layer is disposed in said first region.
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sai d epitaxial layer having P-N junctions fornmed in the 10 gpper sgrface.;l

thereof; one of said junctions conprising a resurf |

dept h Substantially | ess than about 75% of the thic

epit axi al | ayer; wher eby the epi pinch beneath said

s in a |l ower concentration regi ag so that a slight

in the depth of said resurf junction has a relatively

t he operation of said device. 2. The

wherein said -device has a voltage rating in excess jof 600 volts and
wherein " said epitaxial layer has a thickness of abdu-t----éke-m"‘mnQ

3. The device of claim?2 wherein said at | east 75% of the total
charge of said epitaxial layer is in less than about the bottom 1-4

m crons of said GRADED CONCENTRATION EPITAXIAL SUBSTRATE FOR
SEMICONDUCTOR DEVICE HAVING RESURF DIFFUSION

ABSTRACT OF THE DISCLOSURE
The epitaxial substrate of a semiconductor chip
device has a resurf diffusion in at least one of its

isolated wells in the device chip surface. The wells are
separated by junction diffusions. The thickness of the
epitaxial layer is reduced by placing an increased
percentage of its total charge for a given breakdown
voltage (punch-through voltage) in the lower portion ‘of
- the layer.

FIG. 2,
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epi taxi al |ayer. 4. The device of claim3 wherein said

hott om 1-4 mcrons of said epitaxial |ayer have a sheet

resi stance greater than about 3000 ohns per square, and wherein the
sheet resistance of the upper eight mcrons 5 of said epitaxial layer is
greater than about 4000 ohns per ‘square. ‘
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- 15 - 5. The device of the preceding clainms wherein

sai d*device has a voltage rating in excess of 600 volts, ' and wherein
said epitaxial layer has a thickness of about 10 m crons.
6. The nethod of preparing a silicon wafer into which a plurality

of laterally spaced sem conduct or

2/5

I 5.
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chips are to be prepared, and wherein each of said chips Is for a

hi gh* vol t age device having at |east first and 5 second junction

i sol ated areas; said nmethod conpri sing the steps of selecting a
silicon wafer substrate of a concentration chosen for a given
reverse voltage rating; formng a first region of |ess than about 2
m crons thick which has a first concentration of a given doping
atom 10 form ng an epitaxi al Iayer;? said first region which

has a thickness greater than about 7 é? ggps and having a second
concentration of a given doping | IS Q the sane polarity as
said doping atomin said first as a substantially | ower
concentration than 15 t hat , Whereby at | east about
75% of the total cha and sai d epitaxi al

| ayer is disposed in said
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