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This invention relates to metal semiconductor (MOS)

field effect devices and more specifically to lateral double-

diffused MOS (DMOS) field effect transistors or transistor

structures.

Lateral double-diffused metal-inde-semiconductor

(lateral DMOS) transistors of the type having a light-doped

drain (LDD) region (or "LDD lateral DMOS transistors™) are

often found in high-voltage. integrated circuits. BAmong these

LDD lateral DMOS devices, the self-isolated devices are

especially desirable because of their relative ease of

integration with low-voltage devices, which are often used to

perform logic functions. The self-isolated devices are so

described because, for N-channel devices, each transistor's

N+ drain and source regions are separated from the N+ drain

7 and source regions of other transistors by the reverse-biased

PN-junction formed between each of these drain and source

regions and the P-type substrate. Because of self-isolation,

the self-isolated DMOS devices occupy less area and are

relatively less costly than either the junction-isolated LDD

lateral DMOS devices or the dielectric-isolated LDD lateral

DMOS devices discussed above can be found in "Power

- Integrated Circuits ~- A Brief Overview" by B. Baliga, IEEE

Transactions on Electron Devices, Vol. ED-33, No. 12,
December 1986, pp.1936-9.

Reference is now made to the accompanying drawings, in

which:
Figure 1 shows a self- lsolated LDD lateral DMOS
transistor in the prlor art,

_ Figure 2 shows the electrical equipotential dlstrlbutlo}/
‘for the self-isolated LDD lateral DMOS transistor of Figure
11

Figure 3 shows the electrical equipotential distribution
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so, described because, for N-channel devices, each transistor's N+
drain and source regions are separated fromthe N+ drain and source regions
of other transistors by the reverse-biased PN-junction forned between each
of st hese drain and source regions and the P-type substrate. Because of
self-isolation, the self-isolated DMOS devices occupy |l ess area and are
relatively less costly than either thej|ﬂﬁﬁﬁinrisolated LDD | ateral DMOS
devices or the dielectric-isolated LDD | ateral DMOS devi ces di scussed above
can be found in "Power Integrated Crcuits -- A Brief Overview' by B
Bal i ga, | EEfPTr anPxdamr bnseldctiaml aeedc DD \I@t el 3BMORo t iy sistor
December 198faving 193%afe gPabé/08R4 and JP 357278 discl ose a device having

a buried | ayer of_jhe same conductivity as the epitaxial |ayer.
Figure 4 shows a prior art RESURF type lateral DMOS

transistor having a buried P+ layer.

Figure 1 is a cross section of an N-channel LDD lateral
DMOS transistor 100 showing the double-diffused N+ source
region 102 and P-body region 103. The P-body and

This Sheet Has Been Replaced




The present invention provides a sem conductor structure, conprising a
buried layer of a first conductivity fornmed on one surface of a substrate
of the first conductivity; an epitaxial |ayer of the first conductivity
formed on the surface of the substrate; _an,insulating |layer formed on top
la” of the epitaxial layer, the insulating Tayer partially covering the

epi taxial | ammc@ He dg'toﬂﬁmom aMd AL SOREbILTY \ddnhddtd® by N the
epi t axi al Iayer r

ft h rt t uat ed d
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causes the elthet m&aiorﬁmnmategliorallolnesm’wrmin td® transistor 100 is
formed by the N- LDD or drift region 122 and the N+
5 contact region 107. Transistor 100 is controlled by the
voltage of gate 109, which is situated above the gate
- oxide 110 and enclosed by insulation layer 121. Optional-
ly, a deep P+ region 104 can be formed to provide a good
contact to the P- substrate 105. This deep P+ fegion 104
10 does not significantly impact the breakdown voltage of
transistor 100, nor increases the parasitic capacitance
associated with the transistor 100. An optional N-well
106 can also be formed to provide a "deep" drain region
suitable for longer-drift high-voltage devices requiring a
15 higher breakdown voltage. Transistor breakdown often
occurs at the high electric field associated with the edge
of the drift region 122 next to the N+ contact region 107
("drain-~edge"), if the drift region 122 is very lightly
doped. Alternatively, breakdown is more likely to occur
20 at the edge of the drift region 122 next to the gate 109
("gate-edge"), if the drift region 122 is relatiVely more
heavily doped. A higher dopant concentration in the drift
region 122 reduces the on-resistance of the transistor
100, thereby allowing a higher saturation current. How-
25 ever, a breakdown at the surface near the gate-edge of
drift region 122 may leave an amount of charge in the gate
oxide 110, resulting in reliability problems and an
unstable breakdown voltage.
Figqure 2 shows the electrical potential distribution
30 when transistor 100 is in the "off" state. (In Figure 2,
the optional deep P+ region 104 and the optional N-well
106 are not shown). As shown in Figure 2, high electric
fields are indicated by the closely-spaced electrical
equipotential lines "crowding" at the gate-edge of the
35 drift region 122. The distribution of high electric fields
at the gate edge lowers the breakdown voltage of transis-
tor 100.



surface of the substrate to spread laterally in the direction of
the boundary of a first region, and that the electric field intensity
profile along the surface of the 10 substrate is substantially uniform
fremthe portion of the drift region abavg the buried |ayer to the boundary
of “the drift region adjacent the first region, the first region being of

t he second conducpigﬁfg andlbestgatesnmene methedednt dhiealpriiayearadjtacent

the drift f
bur i ed | ayerPeLhavs EneLSRordEndy of oladtrital’ shipbieenie ialiadhedi0) e | 1€
epi taxi al | aged therebyf uo:menseﬁ the be'gnaéndomd vol&agei ptf f"-éfgﬂ'@ﬁ-St%

present | nvegahon fLSenBiAY ifckiguiel Bod 20bofluctorPaay),dcadied a
sem conductor  structure, conpri si t hé steps of provid ngl% buri ed

of a f|rst5C6hah€tp%PF? fUFﬁEH 1s 1ectr1c4%1y connected her to th
gate 109 or the source region 102, is situated above the

gate-edge of the drift region 122. As shown in Figure 3,
the presence of the field plate 111 reduces the crowding
of equipotentials at the gate-edge of the drift region 122
10 above the silicon surface, and hence lowers the electric
field intensities at the gate-edge. The field plate 111
can be formed using polysilicon or metal. (When the field
plate is electrically connected to the gate 109, the field
plate is also known as the "gate plate"). However, there
15 still remains high electric fields at the sidewalls
(indicated by arrow A) of the N- drift region 122. Hence,
the relief of electrical equipotential crowding using the

gate plate approach is not satisfactory, particularly
because reasonable and expected process variations in the

20 doping concentration of the N- drift region 122 can
exacerbate such field crowding.

Another method to increase breakdown voltage of a LDD
lateral DMOS transistor is achieved by the reduced surface
field (RESURF) technique, discussed in "High Voltage Thin

25 Layer Devices (RESURF Devices)," by J. Appels et al,
International Electron Device Meeting Technical Digest,
December 1979, pp. 238-41. The RESURF technique provides
the LDD lateral DMOS transistor in a lightly doped N-
epitaxial layer on top of a P- substrate. In the RESURF

30 technique, adjacent transistors are junction-isolated by
P+ regions.

Figure 4 shows a junction-isolated RESURF lateral
DMOS transistor 200 having a field-shaping P+ buried layer
201. In Figure 4, transistor 200 is fabricated in an N-

35 epitaxial layer 206 formed on top of the P- substrate 205.
Transistor 200 comprises the N+ source and drain regions
202 and 207, the P-body region 203, and gate 209, which is
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on one surface of a substrate of the first conductivity; providing an
epitaxial layer of the first conductivity formed on the surface of the
substrate; providing an 25 i nsul ated | ayer formed on top of the

epi taxial layer, the insulating |ayer paryially covering the epitaxial

| ayer; providing a drift region (522) of a second conductivity forned in
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of isolation 204 and reaches horizontally underneath the gate
) region beyond the gate-edge of the drift region 222. 1In
Figure 4, in addition to the increased breakdown voltage
due to the RESURF effects, the field-shaping P+ buried
10 layer 201 enhances the breakdown voltage further by
"uncrowding" the equipotential lines in the N- epitaxial
layer 206 next to the gate region underneath 209. A
similar transistor is disclosed in U.S. Patent 4,300,150,
entitled "lateral Double-diffused MOS transistor Device,"
15 by S. Colak, filed Jun. 16, 1980 and issued Nov. 10, 1981.
While RESURF lateral DMOS transistor 200 of Figure 4
has its breakdown voltage enhanced, due to both the use of
the RESURF technique and the field-shaping P+ buried layer
201, RESURF lateral DMOS transistor 200 is expensive from
20 the packing density stand point because additional area is
required by the P+ isolation region 204. 1In addition, the
P+ isolation regibn 204 must be appropriately shaped, as
shown in Figure 4, to short the emitter-to-base junction
of the high-gain parasitic vertical NPN transistor formed
25 by the N+ source region 202, the P-body region 203, and
the epitaxial region 206. Shorting the emitter-to-base
junction prevents a phenomenon known as “"common-~emitter
base-open breakdown voltage snap-back" ("BV., snapback"),
which can destroy the device. 1In fabricating the P+
30 isolation region 204, care must be taken to ensure that
the P+ diffusion penetrates the N- epitaxial layer into
the P- substrate to ensure complete isolation.
Further, the P-body region 203 of RESURF lateral DMOS
transistor 200 of Figure 4 forms a reversed-bias junction
35 with the N- epitaxial layer 206. Such reversed-biased
junction increases the likelihood of punchthrough (barrier
lowering) breakdown degradation in RESURF lateral DMOS



1b_the drift region adjacent the first region; providing the first region
of "the second conductivity fornmed in the epitaxial |ayer adjacent the drift
region away fromthe portion of the drift regi on above the buried | ayer,
and 5 provi ding a second region of the5f+rst conductivity formed in the

epi t axi al layer_spaced fromthe first lon and_the drift lon.
Ref erence is ?EﬁF%bﬂE O¥2Pfe abﬁoﬁpﬁﬁﬁpﬂg dithei aAgdlity ﬁﬁ,ént%ggate
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art, design considerations of the RESURF lateral DMOS
transistor.
5 Therefore, a self-isolated LDD lateral DMOS
transistor having reduced peak electric field at the
- gate-edge of the drift region is highly desirable. Such
transistor would allow a higher dopant concentration in
the drift region without reliability or breakdown voltage
10 degradation. Further, such self-isolated LDD lateral DMOS
transistor provides the breakdown voltage and reliability
characteristics without incurring the area penalty of the
P+ isolation in a RESURF type lateral DMOS transistor, and
allows the designer further freedom to select and use
15 thicker epitaxial layers for other purposes, such as for
providing a vertical NPN transistor.

In accordance with a structure and a method of the
present invention, a self-isolated LDD lateral DMOS
20 transistor is provided having reduced peak electric fields
at the gate edge without the added area cost of a RESURF
transistor. The self-isolated LDD lateral DMOS transistor
is formed in a lightly-doped epitaxial layer having the
same conductivity type as the conductivity types of the
25 substrate, a double-diffused body region and a buried
layer. The buried layer extends from a position
substantially beneath the source region to a position
substantially beneath the drift region. _
In one embodiment, a conductive gate plate (which may
30 be metal, doped polysilicon, or any other appropriate
conductive material) is provided above the gate region of
the self-isolated ‘lateral DMOS transistor. In another
embodiment, a deep body diffusion region is provided in
the self-isolated DMOS transistor. In another embodiment,
35 a deep drain diffusion region is provided in the
self-isolated DMOS transistor. In yet another embodiment,

)



Fi gure 2 shows t he el ectrical equi potential distribution for
the self-isolated LDD lateral DMOS transistor of Figure 1, 15

Fi gure 3 shows t he el ectrical equi potential distribution for a
pri or art self-isolated LDD | ateral DMOS—t@armsi stor having a gate plate,

and Figure 4 shows a prjior art RESURF type |ateral DMQS transjstor having a
buried P+ | aydte ke, the bupigd B+ layer, and,dhe;aniith, "{ﬁg:‘é’ﬁ‘sf\l-qg:émfel -

LDD | ateral [RMIF¥+isobatédrLBD01akewangDMOs drransdsticr (£t M+ source
region 102iﬂELﬁéé§§Qi£f9§OgnﬁgfarTg rac SNA %%%rouﬁ%ing the drain
region. In these embodiments, the buried layer, in
5 conjunction with the structure or structures mentioned
above, provides field-shaping flexibility to increase the
- breakdown voltage by relieving electric field crowding.

In another embodiment of the present invention, the

drift and the buried P+ regions form a substantially

10 annular structure surrounding the drain region. However,
in this embodiment, only one portion of the drift region
is bordered by the channel region; another portion of the
drift region abuts an “"inactive edge" formed by a field
oxide layer and the drift region. A P+ buried layer

15 underneath the inactive edge is provided to reduce the
electric field intensity at the inactive edge.

In another embodiment of the present invention, a
diode is formed by eliminating the active channel region
of an LDD lateral DMOS transistor. The P+ buried layer

20 reduces the electric fields at the drift/field oxide
interface, and improves the cathode-to-anode
reverse-recovery characteristics.

In another embodiment of the present invention, a
field oxide region is formed over the drift region prior

25 to formation of the gate. The gate is extended over the
field oxide region so as to reduce the electric field
intensity at the interface between the channel and the

drift regions.



source. regions 103 and 102 are commonly connected by conductor 120, which
connects the P-body region 108 via the P+ contact region 101. The drain of
transistor 100 is forned by the N LDD or drift region 122 and the N+ 5
cantact region 107. Transistor 100 is centrelled by the voltage of gate
109, which is situated above the gate oxide 110 and encl osed by insulation
| ayer 121. Optional- |y, a deep P+ region 104 can be fornmed to provide a
good contact to the P- substrate 105. This deep P+ region 104 10 does not
significantly inpact the breakdown voltage of transistor 100, nor increases
the parasitic capacitance associated with the transistor 100. An optional
N-well 106 can also be fornmed to provide a "deep" drain region suitable for

longer-drift hi ghykal bagsedleviaoentedn (" ¢udehe,"udler1BEE2KATMN VOl a0e:
way of example, with reference to the remaining figures of
- the accompanying drawings, in which:

Figure 5 shows a self-isolated LDD lateral DMOS
transistorwith a field-shaping P+ buried layer,
in accordance with an embodiment of the present invention.

Figure 6 shows the electrical equipotential
distribution for the self-isolated LDD lateral DMOS
transistor 500 of Figure 5.

Figure 7 shows a self-isolated LDD lateral DMOS
transistor 600 with an N-well 606, in accordance with
another embodiment of the present invention..

Figure 8 compares the electric field distributions of
the LDD lateral DMOS transistor of Figure 1, the LDD
lateral DMOS transistor of Figure 2 (i.e. with a gate

7 plate) and the LDD lateral DMOS transistor 500 of Figure
5, provided in accordance with the present invention.

Figure 9 shows high-voltage LDD lateral DMOS
transistor 900 in. accordance with the present invention
integrated with low~voltage CMOS transistors 903 and 904

. each using P+ and N+ buried layers to suppress the CMOS
latch up phenomenon.

Figure 10a is a cross section of a self-isolated LDD
lateral DMOS transistor 1000 having a partial inactive
edge 1051 and a P+ buried layer 501 underneath the partial

- inactive edge, in accordance with the present invention.

Figure 10b is a top view of the self-isolated lateral
DMOS transistor 1000 shown in Figure 10a.

Figure 11 is a cross section of a self-isolated LDD
diode 1100 having a P+ buried layer 501 underneath a drift
region 522, the drift region 522 being formed beneath a
field oxide layer 1050, in accordance with the present
invention.



occurs at the high electric field associated with the edge of the drift
region 122 next to the N+ contact region 107 ("drain-edge"), if the drift
region 122 is very lightly doped. AIterna%lver, breakdown is nore |ikely
tozoccur 20 at the edge of the drift region 122 next to the gate 109
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2 shows t e X2%@} rinaacpordancel wiltbt theupresef8® whwentiensistor 100 is in
the "off" state. (In Figure 2,

Figure 5 shows a cross section of an LDD lateral DMOS
transistor 500 provided in accordance with one embodiment
of the present invention. LDD lateral DMOS transistor 500

10 is a substantially annular structure in which the gate
509, the drift region 522 and the P+ buried layer 501 (see
below) surround the drain region on all sides.

In this embodiment, as shown in Figure 5, LDD lateral
DMOS transistor 500 is formed in a lightly-doped P-

15 epitaxial layer 512 on top of a P~ substrate 505. The
epitaxial layer 512 has a dopant (e.g. boron)
concentration typically 1.0 x 10%/cm’® to 5.0 x 10Y/cn’,
although the dopant concentration can be as high as 8.0 x
10%/cw’. The depth of the epitaxial layer is chosen

20 according to the intended operational conditions of all
devices in the integrated circuit. Likewise, the
resistivity of the P- (e.g. boron-doped) substrate 505 is
chosen with consideration of the intended maximum
operational voltage of all devices integrated with

25 transistor 500 in the integrated circuit. For up to 500
volts, a 30-50 ohms-cm resistivity can be used. However,
for higher voltage operations (e.g. 1000 volts or higher),
a higher resistivity, even up to several hundred ohms-cm,
can be used.

30 The P- epitaxial layer S12 can be deposited by high
temperature chemical vapor deposition, or any other
suitable technique known in the art. Before forming the
P- epitaxial layer 512, the P+ buried layer 501 is formed
by conventional technique, such as ion implantation, near

35 the surface of the P- substrate 505. In the course of
forming the P- epitaxial layer 512, the P+ buried layer



the optional deep P+ region 104 and the optional N-well 106 are not shown).
As shown in Figure 2, high electric fields are I ndi cated by the

cl osel y-spaced el ectrical equipotential lines "crowding" at the gate-edge
of -the 35 drift region 122. The dlstrlbutéon of high electric fields at the
gate edge | owers the breakdown voltage of transis- tor 100. -3- Figure 3
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the process, an initial dopant concentration is provided

such that the final dopant concentration of the P+ buried
5 1ayef 501 is in the order of 10'%/cm’. 1In this embodiment,

a 5.0 x 10%/cm’® implant dose of boron at 60 KeV provides

the desirable final dopant concentration in the P+ buried

layer 501. Since the back diffusion can be as much as 8

microns, this thickness limits the minimum depth the P-
10 epitaxial layer 512 can be.

Figure 5 shows a deep P+ region 504 which, though not
necessary, provides a better contact between the P-body
region 503 and the P- substrate 505. If ion implantation
is used to form the deep P+ region 504, a boron dose in

15 excess of 10”/émﬁ at 60KeV can be used. Alternatively, the
P+ region 504 can be formed using a P+ predeposition from
a gaseous or solid boron source. The P-body region 503
determines the threshold voltage of the LDD lateral DMOS
transistor 500. The implant dose (at 60 KeV) used to form

20 the P-body region 503 ranges from 1.0x10%/cm® to
9.0x10%/cm?, dependent upon the desired threshold voltage,
with a typical dose of 5.0x10%/cm’. The threshold voltage
for common N+/P-body junction depths vary from 0.7 volts
to 3.0 volts, depending on the net profile as determined

25 by the interaction in the junction between N+ 502 and P-
body region 503. In this embodiment, in the course of
fabrication, the P-body region 503 down-diffuses as deep
as 4 microns into the substrate. Unlike the RESURF type
1DD lateral DMOS transistor, such as transistor 200 shown

30 in Figure 4, there is no reversed-bias junction in the
vicinity of the P-body region 503. A reversed-bias
junction is formed between the N+ drain 507 and the P-
epitaxial layer 512, which is too far from the P-body
region 503 to contribute to punchthrough breakdown

35 degradation of the transistor 500.

The N+ source region 502 and the N+ drain region 507
are formed using conventional techniques with an implant

4



S field plate, which is electrically connected either to the gate 109 or
the source region 102, is situated above the gate-edge of the drift region
122. As shown in Figure 3, the presence of the field plate 111 reduces the
crewdi ng of equipotentials at the gate=eti@e~of the drift region 122 10
above the silicon surface, apd Qence | owers the electric field in%@ sities
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. (e.g. phosphorous) up to 4.0x10%/cm?, which is
approximately four times the dopant implant dose of drift
regions attainable in the prior art. The on~resistance of
this transistor 500 is therefore much reduced from that of
10 LDD lateral DMOS transistors in the prior art.
An optional N-well 506 can also be provided. When
provided, N-well 506 can be 3-12 microns deep, with a
dopant concentration (e.g. phosphorous) between 1.0x10%/cnm®
to 2.0x10%/cm’. If the N-well 506 is implanted, an implant
15 dose (e.g. phosphorous) of 3.0-8.0x10%/cm’ at 60-100KeV can
be used to provide a typical surface concentration of
substantially 8.0x10%/cm®. In addition to allowing
integration with P-MOS transistors, the optional N-well
506 provides additional field-shaping flexibility
20 (explained below).
An optional P+ region 513 (e.g. boron-doped) provides
a source-P-body shunt and provides better contact to the
P-body region 503. If the P+ region 513 is not provided,
the P-body region 503 contacts the source/body contact 520
25 directly, or in combination with deep P+ region 504. The
gate oxide 510 and the gate 509 of transistor 500 are
formed using conventional method.
Significantly, in the structure shown in Figure 5,
unlike the RESURF type lateral DMOS transistor, there is
30 not a high-gain parasitic vertical NPN transistor
susceptible to BV, snapback. The BV snapback
phenomenon is discussed above in conjunction with the
RESURF type DMOS transistor 200 of Figure 4. In this
embodiment, there is only a parasitic lateral NPN
35 transistor having a long base (hence, lower gain) formed
by the source and drain regions 502 and 507, and the P-
epitaxial and P-body regions 512 and 503. Hence,




20- dopi ng concentration of the N- drift region 122 can exacerbate such
field crowdi ng. Another nethod to increase breakdown voltage of a LDD

| ateral DMOS transistor is achieved by the reduced surface field (RESURF)
teehni que, discussed in "H gh Voltage Hiil 25 Layer Devi ces ( RESURF
Devices)," by J. Appels et al, International Electron Device Meeting
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the LDD |ateral DMShEignandb@imbRtd hthb’tloﬂQEegaNe gihtexisah l@yg. on
top of a P- subsirate. ., In URE 30 techniq gEFgent tra i stors are

junction- |sd?%&%&Pﬂw)P*srBﬁPBﬁgegFfﬁﬁrEeguEHBﬁstBe & 5AS; £ ed RESURF
| at eral DMOcrowdbhgton £€A8 kBaliognashirfhdesliapthe ﬂanharladrbaﬁgr 201. In

Figure 4, grégﬁiééggdzggo%a Egb bﬁghggtkgnaQiQE the gate plate shown
in Figure 2. Significantly, if reduction of the electric
field at the drain-edge of the drift region 522 is
desired, the conducting material 508 at the drain contact
region 507 can also be made to extend over the insulation

10 layer 521 beyond the drain-edge of the drift region 522
forming a field plate.

The electrical equipotential distribution of
transistor 500 is shown in Figure 6. As shown in Figure
6, the presence of the P+ buried layer 501 pushes the

15 electrical equipotential lines beneath the silicon surface
laterally further and more evenly in the direction of the
drain contact region 507. 1In this 'manner, the crowding of
electrical equipotentials indicated by arrow A in Figure 3
is relieved by the presence of P+ buried layer 501.

20 Hence, the breakdown voltage of LDD DMOS transistor 500 is
enhanced by both the reduction of the electric fields at
the gate-edge of the drift region 522, and by the shifting
of the electric fields into the bulk silicon away from the
surface charges. Because of this breakdown voltage

25 enhancement, the dopant concentration in the drift region
522 can be increased up to four times over the prior art,
correspondingly reducing the on-resistance of the
transistor 500, thereby increasing LDD lateral DMOS
transistor 500’s ability to sustain a higher current.

30 Furthermore, because the breakdown remains in the bulk,
the avalanche breakdown voltage remains stable, and the
charging of the overlylng oxide 521 is minimized.

Figure 7 shows in another embodiment of the present
invention the electrical equipotential distribution of an

35 LDD lateral DMOS transistor 600 having an N-well 606. For
convenience of comparison, like structures of transistors
500 and 600, respectively, of Figures $ and 7 are given

)



35- epitaxial layer 206 fornmed on top of the P- substrate 205. Transistor
200 conprises the N+ source and drain regions 202 and 207, the P-body
region 203, and gate 209, which is -4- formed above a gate oxide |ayer
210 and enclosed in the insulator |ayer_ %ﬁ}. The N+ source region 202 and

t he P—body reglon 203 are commonly connected by the netal - I|zat|on 220. In

addi ti on, |hfe 20PelanBOKiEadsd 1 kabilya9PERGRERSE hakei 201,

whi ch extend romthe P+ 1solation ches orlzontal y un erneat h
the gate red?®h drgengushesghbe. G&&EtEﬂCPHeeﬂP#PPtﬁéﬁﬂéASZQZ. In Figure 4,
in addition ¢rahdbstoer eaoctubtBakdontovehlea®lk silicon and away from

the surface charges. Hence, controlling the depth of
5 N-well 606 provides further field-shaping flexibility for

' tailoring transistor 600 to the desired breakdown charac-
teristics. N-wells, such as N-well 606, are commonly used
for operating voltages above 200 volts, but are less
commonly used if the operating voltage is less than 200

10 volts. This is because desirable breakdown
characteristics are more easily achieved at less than 200
volts. An N-well also reduces the on-resistance of the
high voltage transistors.

Figure 8 compares the electric field intensities

15 along the silicon surface of (a) an LDD lateral DMOS
transistor in the prior art similar to that shown in
Figure 1; (b) an LDD lateral DMOS transistor similar to
the transistor in (a), but having a gate plate such as the
gate plate 802 shown; and (c) an LDD lateral DMOS

20 transistor having a P+ buried layer, such as P+ buried
layer 801 shown in accordance with the present invention.
In Figure 8, the transistor in (a) is represented by the
structure 800, minus the gate plate 802 and the P+ buried
layer 801; the transistor in (b) is represented by the

25 structure 800, minus the P+ buried layer 801; and the
transistor in (c) is represented by the structure 800,
with both the gate plate 802 and the P+ buried layer 801.
All three transistors in (a) and (b) and (c) have the
drain plate 804. The drain plate 804 modifies the field

30 distribution at the drain-edge of the drift region 805, in
the manner discussed above.

In Figure 8, the electric field intensities along the
surface of the silicon is plotted against the distance in
the x-direction. As shown in Figure 8, the curves

35 labelled 820, 821 and 822 represent respectively the
electric field intensity profiles of the transistors in
(a), (b) and (c) described above. It is readily seen that



due to the RESURF effects, the field-shaping P+ buried 10 | ayer 201
ephances t he breakdown voltage further by "uncrowdi ng" the equi potenti al
lines in the N epitaxial |layer 206 next to the gate region underneath 209.
A simlar transistor is disclosed in U_S., _Patent 4,300,150, entitled

"| at er al Double dlffused MOS transi stor 6€VICE " 15 by S. Colak, filed Jun.

16, 1980 an e 8rvd88a0Wobe ERSUES:| cbeoka DUERIL! aisial o 200
of Figure 4 as |ts down vol tade enhanced, {due to both .the usﬁ}of t he

RESURF techrﬁrﬁ‘b@%\h@twﬁ e?l- §hﬁp9ﬂ5ep¢dgar (Bainky¥y) Rf the at er al
DMOS transi &té&l&QOaw eéiﬂ&népyﬁoééﬁé‘sZQeEBeaﬁaﬁKéndrdQﬁSeayesKpadnpoI nt

addi 1 on- ¢ H) PRE SBeRBRT SHAIET P o AR S P RERY ao

shown in B @lectrid oftémunhensmtﬂ at-poibtse, jammtdéspends to the
transistor in (a). In the transistor of (a), the electrlc
field intensity (curve 820) rapidly falls off as the
distance from the gate-edge of the drift region increases.
The electric field in this instance, decreases at a rate

10 which is moderated by the presence of the drain plate 804
between points x%; and %,. In the transistor of (b), the
electric field intensity (curve 821) is more or less level
for the region underneath the gate plate 802, and then
decreases at a substantially constant rate similar to the

15 rate of decrease shown in curve 820, as one moves beyond
the extent of the gate plate 802 at point x, towards point
X, As curves 820 and 821 illustrate, both the gate and
the drain plates 802 and 804 have a levelling effect on
the electric field intensity along the silicon. surface

20 under these plates. However, in accordance with the
present invention and shown by the curve 822, transistor
(c) having the P+ buried layer 801 has a substantially
uniform electric field intensity profile along the entire
length (¥, to %) of the drift region 805.

25 In addition to the benefits discussed above, the P+
buried layer, such as P+ buried layer 501 of transistor
500 of Figure 5, reduces the injected minority carrier
lifetime, thereby improving the reverse-recovery charac-
teristics in the diode formed by the drain 507, the P-

30 epitaxial layer 512 and the P- substrate 505. Further, at
the same time when the P+ buried layer 501 is formed, P+
buried layers can also be formed beneath the 1ow-vol£age
NMOS transistors used to implement the circuits, such as
logic circuits, integrated on the same semiconductor

35 substrate. The buried layers under such low-voltage NMOS
transistors reduce the integrated circuit’s susceptibility
to the CMOS latch-up condition.



of -t he high-gain parasitic vertical NPN transistor fornmed 25 by the N+
source region 202, the P-body region 203, and the epitaxial region 206.
Shorting the emtter-to-base junction prevents a phenomenon known as
"canmon-eni tter base-open breakdown vol+t ddge -snap- back™ ("[err] snapback"),
whi ch can destroy the device. In fabricating the P+ 30 isqlation region
204, care nust beFigRER PosbRver ant RRP dp&epaldPMPOFstsAngSdFEorafodd the N
Epi : ﬁxi al t Lafgf%égt @nt A Enxz'n‘glbi]'g Eghnﬁgg,leaméglra%al agmeth&p Istain'eo g f

urt her, e_P: regio 0 r DMOS, t ransi.st ot 0
Flgure 4 1 or TRPSETEEE, 88 ENPaloRGYRLEaHC5H0R: ArRRE IRECER P03 BP9 404 206,
Such rever selin bF iguetiej ApcthenPinburieds lalyerksi OS5I hndd 966 pemyiet modugh
(barrier |9vghiPodsPEeakHOMRaHAEAdRELRRURRESHRErAREIER0rYER, but

also as a latch-up suppressing structure for NMOS
transistor 904. Hence, from a top view, the drift, drain,

P-body, the various P+ buried regions, and other
structures of LDD lateral DMOS transistor 901 are annular

10 structures. For example, as shown in Figure 9, the
conductor 910 which connects both the P-body regions and
source regions of LDD lateral DMOS transistor 901 is shown
in Figure 9 as annular.

_Figure 10a shows an LDD lateral DMOS transistor 1000,

15 which is similar to transistor 500 of Figure 5, except
that in transistor 1000, only a portion of the drift
region 522 borders an active channel region under the gate
1009. That is, unlike gate 509 of transistor 500, gate
1009 of transistor 1000 is not an annular structure-

20 surrounding the drain region 507. Again, for convenience
of comparison, the same reference numerals in Figures 5
and Figures 10a denote structures which are functionally
and structurally alike. Further, even though given
different reference numerals, the source/bulk contact

25 1020, the P+ region 1013, and the P-body region 1003 of
transistor 1000, are similar in function to corresponding
source/bulk contact 520, the P+ region 513 and the P-body
region 503 of transistor 500, and can be formed in
substantially the same manner as described above for

30 transistor 500. '

As shown in Figure 10a, a field oxide region 1050 is
formed by a LOCOS process known in the art. This oxide
region 1050, which is typically between 5000A to 2 microns
thick, is formed prior to formation of gate 1009 and shown

35 in Figure 10a to abut the drift region 522 on the side of
the drift region 522 away from the channel region. The
interface 1051 between the drift region 522 and the field

)



-5-. transistor 200. As a result, the ability to integrate other bipolar or
hi gh vol tage devices may be restrlcted by design considerations of the
RESURF | ateral DMOS transistor. 5 Therefore, a self-isolated LDD

| ateral DMOS transi stor having reduced penk €lectric field at the gate-edge
of the drift region is highly desirable. Such transistor would allow a

hi gher dopanPxidec¥egiem G950 itsh&ndwr tas ddieo!' inadtdve regidedhi |and the

br eakdown vokh%a%f&%eda_@rs@dq;émeftﬁﬂéﬁ%rmﬂl%g%ﬁ yzaolaa{detiﬂ&D | ateral
DMOS transi st des the breakdown vol ta e and rellabl |2¥

characteristF h51?9’1%d1sr KPWh@s e PachH%e sogere

mentioned above, as in the gate-edge, dependent upon the
5 resistivity of the drift region 522, an adverse high
electric field may develop at the inactive edge 1051.
This adverse high electric field may be further increased
by the presence of P-type field dopant, or by stress-
induced crystalline defects present at the interface

10 between oxide region 1050 and the drift region 522. One
source of such crystalline defects is the LOCOS field
oxidation step mentioned above. Therefore, in accordance
with the present invention there is provided underneath
the inactive edge a portion of the P+ buried layer 501.

15 This portion of the P+ buried layer 501 pushes the
electrical equipotential lines away from the inactive edge
1051 and into the bulk silicon in substantially the same
manner as provided by the P+ buried layer 501 underneath
the active edge 1052 described above. o

20 The top view of one possible layout of the transistor
1000 is shown in Figure 10b. In Figure 10b, the inactive
edge 1051 and the active edge 1052 are shown to be on
opposite sides of the drain region 507. The extent of the
P+ buried layer 501, the drift region 522, and the

25 optional gate plate 511 are indicated respectively by
bidirectional arrows 1061, 1062 and 1063. Field oxide
1050 lies outside the solid rectangle, 1057. Gate 509,
source/bulk contact 520, and the source region 502 are
also indicated.

30 In the technology described above, a diode structure
can result from eliminating the active gate from an LDD
lateral DMOS transistor, such as transistor 1000 of Figure
10a. Such a diode is shown in Figure 11, giving the same
reference numerals to corresponding structures in Figures

35 10a and 11i. In Figure 11, a diode is formed by the P
substrate 505 (anode), the P-epitaxial layer 512 and the
drain region 507 (cathode). The P substrate layer is

[



P+_ isolation in a RESURF type |lateral DMOS transistor, and allows the
designer further freedomto select and use 15 thicker epitaxial layers for
ot her purposes, such as for providing a vertical NPN transistor. In
accordance with a structure and a nethed x8 4 he present invention, a
self-isolated LDD | ateral DMOS 20 transistor is provided having reduced
peak el ectriconnettedaint bempanewitihe thet sourcehconddet 029 ,cand dhen

RESURE {1 anshplPlqidhe1 5gh! - '1§9' 2herahlildis” dlodd/Oy ?L $ShirQled s formed

in a Ilghtly dope itaxial layer_having t Same ‘con ct|V|ty type as the
conduct i vi t y13¥§%es591 Puehes §BBSPF~&F§I'1§aé-oGBl“é-P& BddES &¥ah and a

buried | ayergrdhiethier ifdctaver edyeendsif aad dntes ithied bulkbsliadidon o
nglegtnh the 2011 &S "RORN18cBrR25 el RHRY 2k everRpaaht e drift
inactive edge. 1In addition, as mentioned above, the P+
' buried layer 501 reduces the injected minority carrier
lifetime, and thereby improves the cathode-to-anode
reverse-recovery characteristics of the diode.
10 Figure 12 is another embodiment of the present
invention in an LDD lateral DMOS transistor 1200, in which
a field oxide region 1250 is formed over the drift region
1222, Like transistor 500 of Figure 5, transistor 1200 is
a substantially annular structure having gate 1209, drift
15 region 1222, and the P+ buried layer 501 surround the
drain region 507. Again, for the convenience of
comparison, like structures of the transistors 500 and
1200 (Figures 5 and 12) are given the same reference
numerals. The like structures of transistors 500 and 1200
20 can be formed in substantially the same manner as
described above for transistor 500. In addition, the
drift region 1222 can be formed in the same manner as the
drift region 522 of transistor 500. Of significance in
transistor 1200 is the field oxide layer 1250 not found in
25 transistor 500 of Figure 5. This field oxide region 1250,
which may be formed by the LOCOS process mentioned above,
is distinguished from other available oxide layers in that
it can be any thick oxide formed prior to the formation of
gate 1209, thereby allowing an overlap of the gate 1209 to
30 be formed over part of the field oxide 1250, as shown in
Figure 12. This overlap by the gate over the field oxide
1250 forms an effective .gate plate to prevent high
electric field at the interface 1251 between the channel
region 1253 and the drift region 1222, thereby further
35 enhancing the breakdown voltage of transistor 1200.
The above detailed description and the accompanying
drawings are intended to illustrate the specific embodi-



I n.one enbodi nent, a conductive gate plate (which nmay 30 be netal, doped
pol ysilicon, or any other appropriate conductive material) is provided
above the gate region of the self-isolated |ateral DMOS transistor. In
anat her enbodi ment, a deep body diffusio reglon is provided in the
self-isolated DMOS transistor. In anotﬁea enmbodi ment, 35 a deep drain

diff i t t t t
G 10 on © oty 62 PRy fedbhe Nivagt fohSeha! O-DUREChaBRStS! Bpatn vel
of the self %l@ﬁ%ﬁl&b@!ﬂ&%ﬁawnmﬁ%&@96%f;6aman§u5§tiamirwry

annul ar st r ugidh® WLEN D NEhEIsédPe dbLI thé egFe8ent NihleALisADAdeMENt S, the
buri ed Ia'yepossxble. For example, it is within the ability of one of
5 ordinary skill to provide P-channel analog of the N-
channel LDD lateral DMOS transistor 500, by reversing the
conductivity of all the relevant semiconductor regions,
upon consideration of the above detailed description and
the accompanying drawings. As another example, it is also
10 known that the P+ body contact region 513 and the N+
contact region 502 may be separated électrically, allowing
a low voltage reversed bias of a few volts to be impressed
across the source-to-body junction without significantly
altering the conduction or breakdown characteristics of
15 the device. Such modification is within the scope of the
present invention. The scope of the present invention is
defined by the following claims.



Ve
5:gonj unction with the structure or structures mentioned above, provi des
field-shaping flexibility to increase the breakdown voltage by retieving -

electric field crowding. In another enbodi nent of the preggRfee eoLi0 sced
iﬁﬁmw
i H

the drift and the buried P+ regions forma substantially

structure surrounding the drain region. Howgver, in this M 'm My

one portion of the drift region is borderéd by the channel er

portion of the drift region abuts an "inactive edge" forned by a field

oxi de laye 1 fhe drift region. A P+ buried layer 15 ynderneath t he

I nactive e provided to reduce the electric field intensity at the

i nactive edge. On amotlateral) ®HOS Hradsiston stIeutiture/,ctionPrisdnyode is

e oy R Do AP ARS T Y $£% °Ri 26t Bonductivity fdrmea
on one surface of a substrate of the first conductivity;

a source region of a second conductivity formed in
the epitaxial layer opposite the first conductivity;

a body region of the first conductivity formed in
the epitaxial layer adjacent the source region, a
portion of the body region being exposed on the surface
of the epitaxial layer;

a drift region of the second conductivity formed
in the epitaxial layer and spaced from the source and
the body regions by an exposed portion of the epitaxial
layer on the surface of the epitaxial layer away from
the surface of the substrate, such that the exposed
portion of the body region and the exposed portion of
the epitaxial layer form a channel region between the
source region and the drift region;

a drain region of the second conductivity formed
in the epitaxial layer adjacent the drift region away
from the channel region;

a gate region formed above the channel region; and

a buried layer of the first conductivity having a
portion located underneath the interface between the
channel and the drift regions.

2. A structure as claimed in claim 1 having a gate
plate located above the gate and extending over the interface
between the channel and drift regionms.

3. A structure as claimed in claim 1 or 2 having a
drain plate located above the drain région and extending over
the interface between the drift and drain regions.

4. A structure as claimed in claim 1, 2 or 3 which is
substantially annular about the drain region.

5. A lateral DMOS transistor structure, comprising:

%« €6 L WM s x



( _ o
20 reduces the electric fields at the drift/field oxi-de-interface;,—and-

i nproves the cathode-to-anode reverse-recovery pharaqﬁi;'sg'c I an t her
enbodi ment of the present invention, a field oxide re er
the drift region prior 25 to formation of the gate. Th i“ zﬁﬁﬁﬁﬁlnded
over the field oxide region so as to reduggdthe el ectr ity at
the interface between the channel and the drift regions. -7- The present
invention is further described below, by way of exanple, with reference to
the remaining figuresa%fepitaxial layer of a first conductivity formed
on one surface of a substrate of the first conductivity;

a gate region above the epitaxial layer, the gate
defining on the surface of the epitaxial layer a channel
region underneath the gate;

. a source region of a second conductivity opposite

the first conductivity in the epitaxial layer having a

portion exposed on the surface of the epitaxial layer

region adjacent the channel région;

a body region of the first conductivity formed in
the channel region in the epitaxial layer adjacent the
source region; ' . '

a drift region of the second conductivity formed
in the epitaxial layer adjacent the channel region away
from the body region;

a drain region of the second conductivity formed
in the epitaxial layer adjacent the drift region;

an oxide region adjacent the drift regiom and
located away from the interface between the channel
region and the drift region; and

a buried layer of the first conductivity having a
portion located underneath the interface between the
drift region and the oxide region. '
6. A structure as claimed in claim 5 wherein the buried

layer has a second portion located underneath the interface
between the channel and drift regions.

7. A structure as claimed in claim 5 or 6 having a gate
plate above the gate extending over the interface between the
channel and the drift regions and extending along the
boundary of the drift region to provide a portion of the gate
pPlate above the interface between the oxide layer and the
drift region.

8. A structure as claimed in any preceding claim having
a deep diffusion region of the first conductivity in the

* [ L M 1] *



t he acconpanying drawings, in which: Figure 5 shows a self-isolated LDD
| ateral DMOS transistor with a field-shaping P+ buriedayer, i n-accordance
wi th an enbodi ment of the present invention. Figure 6 shows_th L&Ptrical

equi potential distribution for the self-isolated L

transi-stor 500 of Figure 5. Figure 7 shows a self-i I ||Hg er al DMOS
transistor 600 with an N-well 606, in accgydance wt di ment of
the present invention... Figure 8 conparés the electric field distributions

of the LDD | ateral DMOS transistor of Figure 1, the LDD | ateral DMOS
transistor of Figure 2 (i.e. with a gate plate) and the LDD | ateral DMOS
t ransi st oepibexiplrilgyexr mndasdjasant the kadyakegi@Mh the present

i nventi on. 9. A structure as claimed in any preceding claim having
a deep diffusion region of the second conductivity in the
epitaxial layer and adjacent the drain region.

10. An LDD DMOS transistor structure, comprisings:

a buried layer of a first conductivity formed on a
surface of a substrate of the first conductivity;

an epitaxial layer of the first conductivity
formed on the surface of the substrate;

a drift region of a second conductivity formed in
the epitaxial layer, a portion of the boundary of the
drift region being located above the buried layer;

an oxide layer formed above the drift region;

a gate formed above the epitaxial layer such that
the portion of the epitaxial layer underneath the gate
is adjacent the portion of the boundary of the drift
region, the portion of the epitaxial layer forming a
channel region;

a body region formed in the epitaxial layer and
having a portion in the channel region exposed on the
surface of the epitaxial layer, the exposed portion of
the body region being located away from the drift
region;

a source region of the second conductivity formed
in the epitaxial layer adjacent the channel region and
the exposed portion of said body region;

a drain region of the second conductivity formed
in the epitaxial layer adjacent the drift region away
from the channel region.

11. A structure as claimed in claim 10 having a
deep diffusion region of the first conductivity in said
epitaxial layer adjacent the body region and the buried
layer.

12. A structure as claimed in claim 10 or 11

* c L M N *



Fi.gure 9 shows hi gh-voltage LDD | ateral DMOS transistor 900 in accordance
with the present invention integrated with | ow voltage CMOS. t+ansi-stors 903
and 904 each using P+ and N+ buried | ayers to suppress the atch, up

CMVOS |
phenonenon. Figure 10a is a cross section of a self- iThig %ﬁ%ﬂ
DMOS transi stor 1000 having a partial inactive edge 1 \ ried
| ayer. 501 underneath the partial inactive ggge, in acc he
present invention. Figure 10b is a top view of the self-1solated |ateral

DMOS transistor 1000 shown in Figure 10a. Figure 11 is a cross section of a

ri Tt region 52MERELE: LhE BRREFRERIRATPT Fib PHIRATIIT (ST £

| ayer 1050, in agatedplateiabovectheciatierface between the channel and
drift regions. ' :

13. A self-isolated diode structure, comprising:

a buried layer of a fist conductivity formed on
one surface of a substrate of the first conductivity;

an epitaxial layer of the first conductivity
formed on the surface of said substrate;

an oxide layer formed on top of the epitaxial
layer, the oxide layer partially covering the epitaxial
layer, and exposing first and second regions of the
epitaxial layer, a portion of the boundary of the first
region being located above the buried layer;

a drift region of a second conductivity formed in
the first region of the epitaxial layer adjacent the
oxide layer at the potion of the boundary;

a cathode region of the second conductivity formed
in the first region of the epitaxial layer adjacent the
drift region away from the portion of the boundary, and

an anode region of the first conductivity formed
in the second region of the epitaxial layer adjacent the
oxide layer.

14. A structure as claimed in claim 13 having a deep
diffusion region of the first conductivity in the epitaxial
layer adjacent the anode region and the buried layer.

15. A structure as claimed in any preceding claim
wherein the first conductivity is p-type and the second
conductivity is n-type. _ :

16. A method of providing an LDD lateral DMOS
transistor, comprising the steps of:

providing a buried layer of a first conductivity
on one surface of the substrate of the first
conductivity;

providing an epitaxial layer of the first

L
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i nvention. -8- Figure 12 is a cross section of a self-isolated LDD
| ateral DMOS transistor 1200 having a P+ buried | ayer -501-partialtly
overl apped by the N- drift region 1222; the N- drift_re i‘éi 2 Zehfaded

farmed beneath a field oxide |ayer 5 1250, in accor&&ﬁie resent
|nvention. Figure 5 shows a Cross sectiopqef an LDD | “ n?nsistor
500 provided in accordance with one enbodinent of the I on
LDD | ateral DMOS transistor 500 10 is a substantially annular structure in
which the gate B0 suelivity’ hbovd Phe’sarfade’ 0F the shhstratdy’ S0t (see
providing a gate above the surface of the
epitaxial layer, thereby defining a channel region
underneath the gate on the surface of said epitaxial
layer; ' _
providing a drift region of a second conductivity
adjacent the channel region such that the interface
between the channel and drift regions is located above
the buried layer; ]
providing a body region of the first conductivity
having a portion exposed on the surface of the epitaxial
layer in the channel region away from the drift regionj

and .

providing source and drain regions of the second
conductivity in the epitaxial layer, the source region
being adjacent the channel region and the exposed
portion of the body region; and the drain region being
adjacent the drift region away from the channel region.

17. A method as claimed in claim 16 having the step of
providing a gate plate above the gate extending over the
interface between the channel and drift regions.

".18. A method as claimed in claim 16 or 17 having the
step of providing a drain plate above the drain region
extending over the interface between the drift and drain
regions.

19. A method as claimed in claim 16, 17 or 18 wherein
the transistor structure is substantially annular about the
drain region.

20. A method of providing an LDD lateral DMOS
transistor, comprising the steps of: | .

providing a buried layer of the first conductivity
above one surface of a substrate of the first
conductivity;

providing an epitaxial layer of the first

* ¢ L M s x



bengb surround -the drai n-region on all sides. In this enbodinent, as shown

in Figure 5, LDD Iateral

512 has a dopan
although
depth of the epi taxial layer is chosen AL
conditions of all devices in the integrated circuit. Likew se,

[err],

oper at i onal

ncentration ggn be as high as 8.0 x [err].
iccording to the intended

ransistor 500 is fornmed in a lightly-doped
P- 15 ep|taX|éI'hls op of a P- substrate 505. The epitaxial |ayer
u concentration typically 1.0 x [err] to 5.0 x

The

the resistivity of the P- (e.g. boron-doped) substrate 505 is chosen with

consi deration sﬂondwhm:dmm rhbe munfaes of dhe snlistxatest al |

devi ces

integrated with 25 tr30%idiolg P éﬁ&@eléﬁéfgéﬁ&€9 EhéCHthaE@r off e 500

vol ts,

a 30-50

ohns- cn1re5|st|V|t can
epitaxial layer, the oxide layer partlally covering the

surface of the epitaxial layer and exposing a region of
the epitaxial layer;

providing a gate above the region of the epitaxial
layer away from the oxide layer, thereby defining
underneath the gate in the region of the epitaxial layer
a channel region, and such that a portion of the
boundary of the channel region lies above a first
portion of the buried layer;

providing a drift region of a second conductivity
at the surface of the epitaxial layer adjacent the
portion of the boundary of the channel region and
adjacent the oxide layer, such that the interface
hétween'thejoxide layer and the drift region lies above
a second portion of the buried layer;

providing a body region in the epitaxial layer and
having a portion of the body region exposed on the
surface of the epitaxial layer in the channel region
away from the drift region; and .

providing source and drain regions of the second
conductivity at the surface of the epitaxial layer, the
source fegion'being adjacent the exposed portion of the
body region;_and the drain region located between the
oxide layer and the channel region adjacent the drift
region. _
21. A method as claimed in claim 20 having the step of

providing a gaté plate above the gate and extending over the
portion of the boundary of the channel region.

step

22. A method as claimed in claim 20 or 21 having the
of providing a drain plate above the drain and extending

over the interface between the oxide and drift regiomns.

23. A method as claimed in any‘one of claims 16-22

HIIIIII |I|I|| IIIII Illll || |II|



for higher voltage operations (e.g. 1000 volts or higher), a higher

resistivity,
P- epitaxi al
deposi tion,

conventi onal

the P- substrate 505. In the course of for

or any ot her suitable technique known in
formng the P- epitaxial layer 512, the P+ buried | ay
t echni que, such as ion inplanh? | on, near

even up to several hundred ohns-cm can -be-used.” 300 "~ The
| ayer 512 can be deposited by high tenpe&ﬁtﬁkgfﬁp L R llaclADOT
er

T

g the P- epitaxial |ayer 512,

the P+ buried |ayer -9- 501 back diffuses towards the surface of the P-

epi t axi al

having the step of providing a deep diffusion region of the

first conductivity in the epitaxial layer adjacent the body

region.

'24. A method as claimed in any one of claims 16-23

having the step of providing a deep diffusion region of the
second conductivity in the epitaxial layer adjacent the drain

region.

25. A method of providing an LDD DMOS tramnsistor

structure, comprising the steps of:

providing a buried layer of a first conductivity
on a surface of a substrate of the first conductivity;

providing an. epitaxial layer of the first
conductivity on the surface of the substrate;

providing a drift region of a second conductivity
in the epitaxial layer, a portion of the boundary of the
drift region being located above the buried layer;

providing an oxide layer above the drift region;

providing a gate above the epitaxial layer such
that the portion of the epitaxial layer underneath the
gate and adjacent the portion of the boundary of the
drift region forms a channel region;

providing a body region in the epitaxial layer,
the body region having a portion exposed on the surface
of the epitaxial layer in the channel region, the
exposed portion of body region being located away from
the drift region; and

providing source and drain regions of the second
conductivity, the source region being formed in the
epitaxial layer adjacent the portion of the body region
and the drain region being formed in the epitaxial layer
adjacent the drift region away from the channel region.
26. A method as claimed in claim 25 having the step of

providing a deep diffusion region of the first conductivity
in the epitaxial layer adjacent the body region and the

A



!ayér_512. Dependent upon the number of thermal cycles in the_process, an
initial dopant concentration is provided such that the final dopant
concentration of the P+ buried 5 layer 501 is i nﬁipg,earmaeeoi{&iﬁ?dr] . In

this enbodinent, a 5.0 x [err] inplant dose of bor rovi des the
desirable final dopant concentration in tg; P+ bur} I Since the
back diffusion can be as nuch as 8 nicron$?"this t SsS [imts the

m ni mum depth the P- 10 epitaxial layer 512 can be. Figure 5 shows a deep
P+ region 504.mhich, t hough not necessary, provides a better contact
bet ween t HmPidddlayeni on 503 and the P- substrate 505. If ion inplantation

Is used to formyhe degpiRbd o Q?l d 3 ROLPRiA026 ok W aseséinf therr]
at 60KeV can be used. ternatively, the P+ reglon 504 can be forned gsing
a P+ predéﬁgggtegﬁepﬂgmover the oxide region formed prior to the gate
providing step, thereby forming a gate plate above the
interface between the channel and drift regionms. |
28. A method of providing a self-isolated diode
structure, comprising the steps of:
providing a buried layer of a first conductivity
on oge surface of a substrate of the first conductivity;
providing an epitaxial layer of the first
conductivity on the surface of the substrate;
providing an oxide layer on top of the epitaxial
layer, the oxide layer partially covering the epitaxial
layer, and exposing first and second regions of the
epitaxial layer, a portion of the boundary of the first
region being located above the buried layer;
providing a drift region of a second conductivity
in the first region of the epitaxial layer adjacent the
oxide region at said portion of the boundary;
providing a cathode region of the second
conductivity in the first region of the epitaxial layer
adjacent the drift region away from said portion of the
boundary; and
providing an anode region of the first
conductivity in the second region of the epitaxial layer
adjacent the oxide region.
29. A method as claimed in claim 28 having the step of
providing a deep diffusion region of the first conductivity
in the epitaxial region adjacent the anode region and the

buried layer.

AR



a.gaseous or solid boron source. The P-body region 503 determ nes the
threshol d voltage of the LDD | ateral DMOS transi stor 500. The inplant dose
(at 60 KeV) used to form 20 the P-body region 503 ranges from[err] to
[err], dependent upon the desired threshold voltage, with a typical dose of
[err]. The threshold vol tage for commn2&/P-body junction depths vary from
0.7 volts to 3.0 volts, depending on the net profile as determ ned 25 by
the interaction in the junction between N+ 502 and P- body region 503. In
this enbodinment, in the course of fabrication, the P-body region 503

down-di ffuses as deep as 4 mcrons into the substrate. Unlike the RESURF
type LDD | ateral DMOS transistor, such as transistor 200 shown 30 in Figure

gOBt hir reei,fuﬁcﬁsar aégiag{rgéa&,ﬁa&éﬁgn& i&iﬁl&Dvi cinity of the P-body region

CTr=o<T<a

- 5 ABSTRACT _
An LDD lateral DMOS transistor is provided in a

lightly-doped epitaxial layer of a first conductivity
above a substrate of the same conductivity. A
highly-doped buried layer of the first conductivity is

10 provided under the LDD lateral DMOS transistor to relieve
crowding of electrical equipotential distribution beneath
the silicon surface. In one embodiment, a gate plate is
provided above the gate and the gate-edge of the drift
region. An optional N-well provides further flexibility

15 to shape electric fields beneath the silicon surface. The
buried layer can also reduce the electric field in a LDD
lateral diode and improves cathode-to-anode reversed-
recovery characteristics.
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junction is formed between the N+ drain 507 and the P- epitaxial-1ayer-512, .

which is too far fromthe P-body region 503 to contribute sﬂJa‘un hthrouglh ’
B

0
breakdown 35 degradation of the transistor 500. The N+ sour
~and the N+ drain region 507 are formed using conventional t

an i npl ant - 10 - dose of 5.0 x [err] or higher. In thi
50% 50% m xture of phosphorus and arsenic is used, although either dopant
can be used without the other. Because of the benefits of the present

i nvention (explained below), 5 the drift region can be forned with a total

I mpl ant dose \ M-1294 US
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(e.g. phesphorous) up to 4.0 x [err], which is approxinately four tinmes the

ddpant inplant dose of drift regions attainable gk or art The
on-resi stance of this transistor 500 is therefore m cbmthat of
wel | 506

1Q LDD lateral DMOS transistors in the prior art.
506 c ons deep,

can al so be provided. Wien provided, N-well
with a dopant concentration (e.g. phosphorous) between 1.0Ox [err] to 2.0x

If the NNwell 506 is inplanted, an inplant 15 dose (e.g.

[err].
phosphorous) of 3.0-8.0x [err] at 60-100KeV can be used to provide a
N e

typi cal surface concentration of substantially 8.0x [err].
Btors, the optional £ 13

-allow ng integration with P-MOS transi
fi el d- shapi ng erxrbiIity 20 (expl ai ned bel ow) .
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P+ region 513 (e.g. boron-doped) provides a source-P-body shunt

An opti onal
and provides better contact to the P-body region 503. If the P+ regi,on 513
is not provided, the P-body region 503 contacts t heraiheat act 520
25 directly, or in conbination with deep P+ region 5 ! “ i de 510
and the gate 509 of transistor 500 are formed using t hod.

e the RESURF type

in the structure shown in Figure 5, unl
| ateral DMOS transistor, there is 30 not a high-gain parasitic vertical NPN
transi stor susceptible to [err] snapback. The [err] snapback phenonerion

i s discussed above in eonjunction with the RESURF type DMOS traq;igtor 200
of Figure 4. In this enbodinent, there s only a parasitic Iatg;;ree :#Ey1§5

transi stor having a | ong base (hence, lower gain) fornmed

Significantly,
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by the source and drain regions 502 and 507, and the P- epitaxial and
P-body regirons 512 -and~ 503. Hence, transistor 500 is less likely to
exhi bi t [eﬁﬂ¥8¢£ﬁﬂgﬁ&ﬁke£kéhis enbodi ment, an optional gate plate 511
(g.g. alumn | g for reducing the electric field crowding on the
silicon surf m Fumner al ready 5 di scussed above in conjunction with

the gate pl & gure 2. Significantly, if reduction of the
electric field at the drain-edge of the drift region 522 is desired, the

conducting material 508 at the drain contact regiom 507 can=al so be mage,iH
extend over the insulation 10 | ayer 52& beyond t headr ai n-edge of the %

regi on 522
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forming a field plate. The electrical equipotential distribution of
transistor 500 is shown in Figure 6. As shown in Figure 6, the presence of

the P+ buried | ayer 501 pushes the 15 electrical equipotential |ines

beneath the silicon surface laterally further and nore evenly in the
t he crowdi ng of

direction of the drain contact region 507. In this manner,
el ectrical equipotentials indicated by arrow A i'n Figure 3 Is relieved by
the presence of P+ buried layer 501. 20 Hence, the breakdown voltage of LDD

DMOS transi stor 500 is enhanced by both the reduction of the electric
fields at the gate-edge of the drift region 522, and by the shi¥tle¥yUsf t he
aFheek 5 of 13

electric fields into the bulk silicon @away fromthe surfjace ch
Because of this breakdown voltage 25 enhancenent? t he dbpant concentration
in the drift region g }__~__,//’{
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e

522 can be increased up to four tines over the prior art,

reduci ng the on-resistance of the transistor 500, thereby increasing LDD

“lateral DMOS transistor 500's ability to sustain a higher current. 30
Furt hernore, because the breakdown remains in the bul k, the aval anche

. breakdown vol tage remmins stable, and the charging of t he overlying oxide

correspondi ngly

*521 is ninimzed. Figure 7 shows in another embodi nent of the present
di stribution of an 35 LDD | ateral

i nvention the electrical equipotential

DMOS transi stor 600 having an N-wel |

606. For conveni ence of c 3l 5ON,
| i ke structures of tran5|stors 500 and 600, respectively, \of Figuétes & ahd
7 are given “ S
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- 12-- the sane reference nunerals. Figure 7 shows that N-well 606 al so
pushes the electrical equipotentials of transistor 600 further into the
bul k silicon and away fromthe surface charges. Hence, controlling the
depth of 5 N-well 606 provides further field-shaping flexibility for
tailoring transistor 600 to the desired breakdown charac- teristics.

N-wel I's, such as N-well 606, are conmonly used for operating voltages above
200 volts, but are less conmonly used if the operating voltage is | ess than
200 10 volts. This is because desirable breakdown characteristics are nore
easily achieved at | ess than 200 volts. An N-well also rqeduces the

on-resi stance of the high voltage trag5|stors-F|gure SHconggres tHd294 US
Sheet 7 of 13
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13 along-the silicon surface of (a) an LDD |ateral DMOS transistor in the
‘pfior art sinmilar to that shown in Figure 1; (b) an LDD |ateral DMOS
transistor simlar to the transistor in (a), but having a gate plate such
ag the gate plate 802 shown; and (c) an LDD |ateral DMOS 20 transi stor
having a P+ buried |ayer, such as P+ buried | ayer 801 shown in accordance
with the present invention. In Figure 8, the transistor in (a) is
represented by the structure 800, mnus the gate plate 802 and the P+
buried | ayer 801; the transistor in (b) is represented by the 25 structure
800, mnus the P+ buried | ayer 801; and the transistor in (c) is
represented by t ure 800 i.th both the gate plate 802 and MRE29R+US
buried |ayer 801@%\%(0}[{%&% Ot'r anSi 8¢ (& Snd6b) oand { §)p have Shéms 8 of 13

drain plate 804. The drai @hglﬁg 80405;‘08Iéf|es the field
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region 805, in the manner

30 distribution at the drain-edge of the drift
the electric field intensities along the

di'scussed above. In Figure 8,
surface of the silicon is plotted against the distance in the x-direction.

As shown in Figure 8, the curves 35 | abelled 820, 821 and 822 represent
respectively the electric field intensity profiles of the transistors in
(a), (b) and (c) described above. It is readily seen that - 13 - in al
three curves 820, 821 and 822, the electric field intensity peaks at the
regi on 805, and approaches zero at the

gat e-edge (point [err]) of the drift
dr ai n- edge (poi nt SE— M-1294 US
Sheet 9 of 13
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[err] of the drift region 805. As expected,

| itensity at point [err] corresponds to the transistor

transi stor of (a),

off as the distance fromthe gate-edge of the drift

electric field in this instance,

by the presence of the drain plate 804 between, points [err] and [err].
the electric field intensity (curve 821)

for the region underneath the gate plate 802, and then decreases

rate simlar to the 15 rate of decrgﬁse shown

the transistor of. (b),

| ess | evel
at a substantially constant

the electric field intensity (curve 820)
region increases. The

the highest 5 electric field
in (a).

In the

rapidly falls

decreases at a rate 10 which is noderated

in curve 820, as one 'noves beyond the extent of the gate plat
bot

x2 towards point [err]. As curjves 88D apd 821 ilflustrate,
the drain plates 802 and 804 fHavle aQevpl @ngIedfect of
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the electric field intensity along the silicon surface 20 under these
plates However, in accordance with the present invention and shown by the
curve 822, transi st or (c) having the P+ buried |layer 801 has a
substantially uniformelectric field intensity profile along the entire

| ength [err] to [err] of the drift region 805. 25 In addition to the
benefits di scussed above, the P+ buried | ayer, such as P+ buried |ayer 501
of transistor 500 of Figure 5, reduces the injected mnority carrier
lifetime, thereby inproving the reverse-recovery charac- teristics in the

di ode formed by the draln 507, the P- 30 epitaxial layer 512 ,apd,t P-
substrate 505. Further, at the same tine when the P+ buried Iga¥ar 1PGE i3S

formed, P+ buried Iayers can al so be fornmed beneath the | ow voltage NMOS
transistors used to inplenment the circuits, such as
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logic circuits, integrated on the same sem conductor 35 substrate. The
buried | ayers under such | ow voltage NMOS transi stors reduce the integrated
Citcuit's susceptibility to the CMOS | atch-up condition. - 14 - Figure 9
shows an LDD | ateral DMOS transistor 901 formed in an annul ar fashion,

I ntegrated on the sane substrate as two | ow voltage CMOS transi stors 903
and .904. In Figure 9, the P+ buried |layers 905 -and 906 serve not 5 only as
fiel d-shaping structures for transistor 901, but also as a latch-up
suppressing structure for NMOS transi stor 904. Hence, froma top view, the
drift, drain, ' J iy M-1294 US
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P-body, the various P+ buried regions, and other structures of LDD |ateral
DMOS transi stor 901 are annul ar 10 structures. For exanple, as shown in
Fi gurre 9, the conductor 910 which connects both the P-body regi ons and
source regions of LDD |lateral DMOS transistor 901 ijs shown in Figure 9 as
annul ar. Figure 10a shows an LDD | ateral DMOS transistor 1000, 15 which is
simlar to transistor 500 of Figure 5, except that in transistor 1000, only
a portion of the drift reégion 522 borg®rs fan aqtjye cphaangl rggion under
' t Nan¥issggr| 5007 gafe 9{ of¥-1294 -Us
i d{R@i n)r YPeh 13 of

the gate 1009. That is, i ke gate 599 o RS
2 4] .
u:ref°eﬁanp nusera}ls in

transi stor 1000 is not
507. Again, for conveni
Figures 5 and Figures nalﬁ
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and structurally alike. Further, even though given different reference
nuneral s, the source/bul k contact 25 1020, the P+ region 1013, and the

P- body regi on 1003 of transistor 1000, are simlar in function to
correspondi ng source/ bul k contact 520, the region 513 and the P-body
region 503 of transistor 500, and can be forned in substantially the sane
manner as descri bed above for 30 transi sto@#500. As shown in Figure 10a, a
field oxide region 1050 is forned by a L process known in the art. This
oxi de region 1050, which is typically between 5000A to 2 microns thick, is
fornmed prior to formation of gate 1009 and shown 35 in Figure 10a to abut
the drift region 522 on the side of the drift region 522 away fromthe
channel region. The interface 1051 between the drift region 522 and the
field '

DMOS TRANSISTOR STRUCTURE & METHOD

. 5 ABSTRACT
An LDD lateral DMOS transistor is provided in a

lightly-doped epitaxial layer of a first conductivity
above a substrate of the same conductivity. A
highly-doped buried layer of the first conductivity is

10 provided under the LDD lateral DMOS transistor to relieve
crowding of electrical equipotential distribution beneath
the silicon surface. In one embodiment, a gate plate is
provided above the gate and the gate-edge of the drift
region. An optional N-well provides further flexibility

15 to shape electric fields beneath the silicon surface. The
buried layer can also reduce the electric field in a LDD
lateral diode and improves cathode-to-anode reversed-
recovery characteristics.
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= 15 - oxide regi'on 1050 is known as the "inactive edge", and the interface
1052ibetMeen'the drift region 522 and the channel region is known as the
‘"active edge." As nentioned above, as in the gate-edge, dependent upon the
5 resistivity of the drift region 522, an adverse high electric field may
devel op at the inactive edge 1051. This adverse high electric field may be
further increased by the presence of P-type field dopant, or by stress-

i nduced crystalline defects present at the interface 10 between oxi de
region 1050 and the drift region 522. 1Qu3 source of such crystalline
defects is the LOCOS field .
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oxi dation step nentioned above. Therefore, in accordance with the present
l.nvention there is provided underneath the inactive edge a portion of the
P+ buried layer 501. 15 This portion of the P+ buried |ayer 501 pushes the
el ectrical equipotential |ines away fromthe inactive edge 1051 and into
the bulk silicon in substantially the sanme nmanner as provided by the P+
buried layer 501 underneath the activez?Qge 1052 described above. 20

The top view of one possi bl e ayout of the transistor 1000 is shown in
Figure 10b. In Figure 10b, tlg inactive edge 1051 and the active edge 1052
are shown to be on opposite sjdes of the drain region 507. The extent of
the P+ buried |ayer 501, thefdrift region 2, and t tional gate
plate 511 are indica Sem I direc alrowsY1061, 1062 and

1063. Field oxide

Ll B e e e e o U —

o
.-.~._
-——-———-————-—-—ﬁ———--—.-.-—.—u—

|
i
|
|
|
I
|
{
|
o)
—t g |
- =
§ l
\\\ S :
L 4 :
c 2 =
|t | Sz
= | .
o | [ 99
= ]
T TN l ; LL-EE
~d - l | ~
a>o ~ =y 1 } |
,_:::tﬁqif . i z
/’QQ\*’/ 7 |
<k \ / ]
< N\
/| !
SN\ /

S/B
77,
.

P+ L N+ |
~ P BODY
/
/
/
[
\
\
N

101
~F

P - SUBSTRATE
105

103

This is the replacement sheet

Date: 295 JUL 199



1050 lies outsidé the solid rectangle, 1057. Gate 509, source/bul k contact .
'520,, and the source region 502 are al so indicated. 30 In the
technology descri bed above, a diode structure can result fromelimnating
the active gate froman LDD |lateral DMOS transistor, such as transistor
1000 of Figure 10a. Such a diode is shown in Figure 11, giving the same
reference nunerals to corresponding st3/ddtures in Flgures 35 10a and 11. In
Figure 11, a diode is formed®y the P substrate 505 (anode)," the
P-epitaxial layer 512 and-thé& drain region 507 (cathode). The P substrate
| ayer is - 16 - -Z-
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connected in conmon with the source contact 1020, and the P+ region 1013.
As in transistor 1000, the P+ buried | ayer 501 pushes the el ectrical

equi potential lines away fromthe inactive edge 1051 and into the bul k
silicon to 5 relieve high electric field that can devel oped at the inactive
edge. In addition, as nentioned above, the P+ buried | ayer 501 reduces the
injected mnority carrier lifetine, anq/ggereby i nproves the |

cat hode-t o- anode reverse-recovery characteristics of the diode. 10

Figure 12 is another embodi medt of the present invention in an LDD |ateral
DMOS transistor 1200, in whickVa field oxide region 1250 is forned over the
drift region 1222. Like transiptor 500 of Figure 5, transigtor 1200 is a
substantially annul ar str ' ion 1222, and
the P+ buried | ayer
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drain region 507. Again, for the convenience of conparison, |ike structures
of the transistors 500 and 1200 (Figures 5 and 12) are given the sane
reference nunerals. The |like structures of transistors 500 and 1200 20 can
be formed in substantially the sane manner as descri bed above for
transistor 500. In addition, the drift region 1222 can be fornmed in the
same nmanner as the drift region 522 of 5/dd@nsi stor 500. O significance in
transi stor 1200 is the field i de layer 1250 not found in 25 transistor
500 of Figure 5. This field opde region 1250, which may be formed by the
LOCOS process nentioned above,) i s distinguished from other avail abl e oxi de

| ayers in that it can be_guy Qngrgékggauy rio formation of
gate 1209, thereby_al Jaho off t he gate 9 to 30 be forned
over part of the fég £§3501 as shgwn}in
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Figure 12. This overlap by the gate over the field oxide 1250 forns an
effective gate plate to prevent high electric field at the interface 1251
bet ween the channel region 1253 and the drift region 1222, thereby further
35 enhanci ng the breakdown voltage of transistor 1200. The above detail ed
description and the acconpanying drawings are intended to illustrate the
speci fic enbodi - - 17 - nments of theqpyesent invention and not intended
tolimt the present invention. Various nodifications and varia- tions
within the scope of the presenf’invention are possible. For exanple, it is
within the ability of one of
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5-+ordinary skill to provide P-channel analog of the N channel LDD | atera
DMOS transi stor 500, by reversing the conductivity of all the rel evant

sem conduct or regions, upon consideration of the above detail ed description
and the acconpanying draw ngs. As another exanple, it is also 10 known 't hat
the P+ body contact region 513 and the N+ contact region 502 may be
separated electrically, allowing a | owZydBt age reversed bias of a few volts
to be inpressed across the sourse-to-body junction without significantly
altering the conduction or breafglown characteri'stics of 15 the device. Such
nodi fication is within the scopg of the present invention. The scope of the
present invention is defined_byfthe follown
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18 CLAIMS 1. . A semiconductor structure, conprising: a buried |ayer (501)
of a first conductivity formed on one surface of a substrate (505) of the
first conductivity; 5 an epitaxial layer (512) of the first
conductivity formed on the surface of the substrate (505); an insulating

| ayer (521) formed on top of the epltaX|aI | ayer (512), the insulating

| ayer (521) partially coveri the epi&/ad al |ayer (512); 10 . a
drift region (522) of a sec&ﬁg conductivity formed in the epitaxial |ayer
(512), the drift region having a portion situated above and consi derably
over | appi ng the buried Iaye(£§501) such that the buried | ayer causes the
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el ectrical equipotential |ines beneath the surface of the 15 Substrate
to spread laterally in the direction of the boundary of a first region
(507) and that the electric field intensity profile along the surface of
the substrate is substantially uniformfromthe portion of the drift region
above the buried |layer to the boundary of the drift 20 regi on adj acent
the first region; the first region 8507) being . of the second
conductivity and being forngd in the &filBaxial |ayer (512) adjacent the
drift region (52%% awa & the portion of the drift region above the

25

buried | ayer, an \ s .re?ip_a’e-éo.L_S 13) of the
first conductivi for NN iepi faxifal _1dyer (512) fromthe
first region and-the drif (o, 2 A i rfucture as claimell inclaimi,
wherein the firste . J = |
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30

regi on (507) forms a cathode (507) of a diode (1100) and
second region (1013) fornms an anode (1013) of the diode (1100).

-19- the

3. A

structure as clainmed in claim2 having a deep diffusion region (504) of the

first conductivity in the epitaxial

(1013) and the buried layer (501). 4.

wherein the first

transi stor (500);
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the surface of the epitaxial |ayer (512) and the body region (503) is

spaced fromthe drift
| ayer (512) on the surface of the epitaxial
surface of the substrate (505);
a hi gher dopant concentration than the substrate (505);
a source region (502) of the second conductivity type

has.

further conprising:

and wherein the

region (522) by an exposed portion of the epitaxial
| ayer (512) away fromthe

buried layer (501)

the structure

formed in the epitaxial layer (512) adjjgaent the body region (503) and away

fromthe drift
region (503) and the exposed portion of the epitaxial
regi on between the source region (502) and the

channel

regi on (522),

(11
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-20- drift reggion (522), wherein the channel region overlies a portion of
the buried layer (501); and a gate region (509) overlying the channel

regi on. 5. A structure as clained in claim4 having a gate plate (511)

| ocat ed above the gate region (509) and extending over the interface -

bet ween the channel and drift regions (522). 6. A structure as clained in
claim4 or 5 having a drain plate (804) |ocated above the drain region
(507) and extending over the interface between the drift region (522) and
the drain region (507). 7. A structl$4élds claimed in cLam4, 5 or 6

which is substantially appear _about theera ~Yalle)»
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8. A strugture as claimed in claim1, wherein the first region (507)
_farms a drain region (507) of a transistor (1000) and the second region
(503) forns a body region (503) of the transistor(1000); wherein a portion
of the body region (503) is exposed on the surface of the epitaxial |ayer
(512) and the body region (503) is spaced fromthe drift region (522) by an
exposed portion of the epitaxial |layer (512) on the surface of the
-epi taxial layer (512) away fromthe 54" égce of the substrate (505); and
wherein the buried |ayer (501) A a hi gher dopant concentration
than the substrate (505); g
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«»f’r'\e structure further conprising: a source regi gu T ﬁg -1,11‘|ul
1

conductivity type formed in the epitaxial |ayer {( 5h Dy SC !
region (503) and away fromthe drift region (52 )Etl :k ﬁ%tp¥ﬁ yépgéﬁdégvf
portion of the body region (503) and the exposed | f8 of - FifEdehi aRggsd

| ayer (512) forma channel region between the s u ?%Bzf’fﬁnm&eﬁe ;
drift region (522); a gate region (509) formed &b b¥ﬁ€‘chaﬁﬁ%ﬁ Felgi pagedan.
oxi de region adjacent the drift region (522), |@cated away fromthe,

i nterface between the channel region and the dri fDRTBg%R@}E&T..aDdB JUL 1998

over|yi ng ‘apMOsS TRANSL5POROE TRUETURE @dMEaNep (50I). T ATStructrure—as
claimed in clarm 8 wherern the burred l'ayer (501) has a second portion
| ocat ed und®ESERIBTIAN j nterface

This invention relates to metal semiconductor (MOS) field

effect .devices and wmore specifically to lateral
double-diffused MOS (DMOS) field effect transistors or
transistor structures. |

Lateral double-diffused metal-oxide-semiconductor
{lateral DMOS) transistors of the type having a light-doped
drain (LDD) region (or "LDD lateral DMOS transistors") are
often found iJi'high—voltage integrated circuits. Among
these LDD lateral DMOS devices, the self-isolated devices
are especially desirable because of their relative ease of
integration with low-voltage devices, which are often used
to perform logic functions. The self-isolated devices are
so described because, for N-channel devices, each
transistor's N+ drain and source regions are separated from
the N+ drain and source regions of other transistors by the
reverse-biased PN-junction formed between each of these
drain and source regions and the P-type substrate. Because
of self-isolation, the self-isolated DMOS devices occupy
less area and are relatively less costly than either the
junction-isolated LDD lateral DMOS devices or the
dielectric-isolated LDD lateral DMOS devices discussed
above can be found in "Power Integrated Circuits -- A Brief
Overview" by B. 'Baliga, IEEE Transactions on Electron
Devices, Vol. ED-33, No. 12, December 1986, pp.1936-9.

JP-5670662 and JP 357278 disclose a device having a
buried layer of the same conduct1v1by as the epitaxial
layer. _

The present invention provides a semiconductor structure,
comprising a buried layer of a first conductivity formed on
‘one surface of a substrate of the first conductivity; an
‘epitaxial layer of the first conductivity formed on the
surface of the substrate; an insulating layer formed on top

This is the replacement sheet
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“*between the channel and drift regions (522). 10. A structure as clained in
claim8 or- 9 having a gate plate (511) above the gate regi on (509)
extendi ng over the interface between the channel and the drift regions
(522) and extendi ng over the oxide Iaye{ to providé a portion of the gate
pl ate (511) above the interface between % he -22- oxide layer and the
drift region (522). 11. A structure as clainmed in any of clains 4-10 having
a deep diffusion region (504) of the first conductivity in the epitaxial

| ayer (51%farcheadppdtrixiidle Begyrregtbe (iG08)latlihg Alstexctpaethaltiai med

in any of é%@ég§né'£%émgﬁfgaﬁial layer, a drift region of a second

conductivity formed in the epitaxial 1layer, the drift

region having a portion situated above and considerably

5 overlapping the buried layer such that the buried layer

causes the electrical equipotential lines beneath the

surface of the substrate to spread laterally in the

direction of the boundary of a first region, and that the

electric field intensity profile_élong the surface of the

10 substrate is substantially uniform from the portion of the

drift region above the buried layer to the boundary of the

drift region adjacent the first region, the first region

being of the second conductivity and being formed in the

epitaxial layer adjacent the drift region away from the

15 portion of the drift region above the buried layer, and a

second region of the first conductivity formed in the

epitaxial layer spaced from the first region and the drift
region.

The present invention also provides a method of

20 providing a semiconductor structure, comprising the steps

of providing a buried layer of a first conductivity formed

on one surface of a substrate of the first conductivity;

providing an epitaxial layer of the first conductivity

formed on the surface of the substrate; providing an

25 insulated layer formed on top of the epitaxial layer, the

insulating layer partially covering the epitaxial layér;

providing a drift region (522) of a second conductivity

formed in the epitaxial 1layer (512), the drift rregion

having a portion situated above and considerably

30 overlapping the buried layer (501) such that the buried

layer causes the electrical equipotential 1lines beneath

said surface of the substrate to spread laterally in the

direction of the'boundary of a first region (507) and that

the electric field intensity profile along the surface of

35 the substrate is substantially uniform from the portion of

the drift region above the buried layer to the boundary of
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deep diffusion region (504) of the second conductivity in the epitaxial

| ayer (512) and adjacent the drain region (507). 13. A structure as cl ai ned
in claim4, further conprising an oxide region (1250) fornmed above the
drift region (1222). 14. A structure as g ained in claim13 having a deep
di ffusion region (504) of the first conJuct|V|ty in the epitaxial |ayer
(512) adjacent the body region (503) and the buried |l ayer (501). 15. A
structure as clainmed in claim13 or 14 wherein the gate region (1209)

ext ends ovmmerdrnﬁtdeegéQMOmdj&EEntamUefﬁirEErregdpmiapnpwiQﬁnga¢ﬁate

M sttuotur & gt BegidH ok, LREC SRRt RABII Iy | (e shi e 10
conductlV|Bpn&axnaypéamart¢@Jeeeohdummddrnf0|m¢9n9n1aypp.fron the
portion of the drift region above the buried layer, and

5 providing a second region of the first conductivity formed
in the epitaxial layer spaced from the first reglon and the
drift region.

Reference is now made to the accompanying drawings, in
which:

10 Figure 1 shows a self-isolated LDD 1lateral DMOS
transistor in the prior art,

Figure 2 shows the electrical equipotential
distribution for the self-isolated LDD lateral DMOS
transistor of Figure 1,

15 Figure 3 shows the electrical equipotential
distribution for a prior art self-isolated LDD lateral DMOS
transistor having a gate plate, and

Figure 4 shows a prior art RESURF type lateral DMOS
transistor having a buried P+ layer.

20 Figure 1 is a cross section of an N-channel LDD
lateral DMOS transistor 100 showing the double-diffused N+
source region 102 and P-body region 103. The P-body and
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*+ 23 17. A nethod of providing a sem conductor structure, conprising the
steps of: providing a buried layer (501) of a first conductivity fornmed on
one surface of a substrate 5 (505) of the first conductivity;
provi ding an epitaxial |ayer (512) of the first conductivity fornmed on the
surface of the substrate (505) ; providing an insulating |ayer (521) forned
on top 10 of the epitaxial Iay r (512), the insulating | ayer (521)
partially covering the epitaxial |ayer §512); providing a drift region
(522) of a second :

CLAIMS
1. A semiconductor structure, comprising:

a buried layer (501) of a first conductivity formed on
one surface of a substrate (505) of the first conductivity;

5 an epitaxial layer (512) of the first conductivity
formed on the surface of the substrate (50S5);

an .insulating layer (521) formed on top of the
epitaxiél layer (512), the insulating layer (521) partially
- covering the epitaxial layer (512);

10 a drift region (522) of a second conductivity formed
in the epitaxial layer (512), the drift region having a
portion situated above and considerably overlapping the
buried layer (501) such that the buried layer causes the
electrical equipotential lines beneath the surface of the

15 substrate to spread laterally in the direction of the
boundary of a first region (507) and that the electric
field intensity profile along the surface of the substrate
is substantially uniform from the portion of the drift

" region above the buried layer to the boundary of the drift

20 region adjacent the first region;

the first region (507) being of the second
conductivity and being formed in the epitaxial layer (512)
adjacent the drift region (522) away from the portion 6f

- the drift region above the buried layer, and

15 a second region (503 or 1013) of the first
conductivity formed in the epitaxial layer (512) spaced
from the first region and the drift region.

2. A structure as claimed in claim ‘1, wherein the first
30 region (507) forms a cathode (507) of a diode (1100) and
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“»conductivity fornmed in the epitaxial |layer (512), the drift region having a
portion situated above and 15 consi derably overl apping the buried
| ayer (501) such . that the buried layer causes the electrical

equi potential |ines beneath said surface of the substrate to spread
laterally in the direction of the boundary of a first region (507) and that
the electric 20 field intensity profile along the surface of the
substrate is substantially uniformfgomthe portion of the drift region

above the burt'h%dsLaéMR& tdyilde (Roungaryrid dihandaéfir0e0 @ adgacent the
first region; providing the first region (507) of the

second condu@PP@Ptyli%ﬁhed in the epitaxial |ayer (512) adjacent the drift
region (522) away fromthe portion
3. A structure as claimed in claim 2 having a deep diffusion
region (504) of the first conductivity in the epitaxial layer (512)

adjacent the second . region (1013) and the buried layer (501).

4. A structure as claimed in claim 1,

wherein the first? region (507) forms a drain region (507)
of a transistor (500) and the second'reéion (503) forms a body
region (503) of the transistor (500);

wherein a portion of the body region (503) is exposed on
the surface of the epitaxial layer (512) and the ,bddy region
(503) is spaced from the drift region (522) by an exposed
portion of the epitaxial layer (512) on the surface of the
epitaxial layer (512) away from the surface of the substrate
(505); and

wherein the: _ ;uried layer (501) has a higher

dopant concentration than the substrate (505);

the structure further comprisingﬁ
a source region (502) of the second conductivity
type formed in the epitaxial layer (512) adjacent the
body region (503) and away from the drift region (522),
such that the exposed portion of the body region (503)
-and the exposed portion of the epitaxial layer (512) form

_ a channel region between the source region (502) and the
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»of the drift region above the buried |ayer, and providing a second region
(503 or 1013) of the 30 ‘first conductivity forned in the epitaxial
| ayer (512) spaced fromthe first region and the drift region. -24- 18.
A nmethod as claimed in claim 17, wherein the first region (507) forns a
cat hode of a diode (1100) and the second region (1013) forms an anode
(1013) of the diode (1100). 19. A nethod as clained in claim 18 having the
step of providing a deep diffusion region (504) of the first conductivity
in the epitaxial Iager (512).adjacenr'QHe anode regi on and the burieqjlgyer
(501). rift region (522), wherein the Channel reglon overlie

a portion of the buried layer (501); and

a gate region (509) overlying the channel region.

5. A structure as claimed in claim 4 having a gate plate
(511) located above the gate region (509) and extending over the

interface between the channel and drift regions (522).

6. -A structure as claimed in claim 4 or 5 having a drain
plate (804) located above the drain region (507) and extending over
the interface between the drift region (522) and the drain region

(507).

7. A structure as claimed in claim 4, 5 or 6 which is

substantially annular about the drain region (507).

8. A structure as claimed in claim 1,

wherein the firsfféeéion (507) forms a drain region (507)
of a transistor (1000; and the Secondii;gion (503) forms a
body region (503) of the transistor(1000);

wherein a portion of the body region (503) is exposed on
the surface of the epitaxial layer (512) and the -body region
(503) is spaced from the drift region (522) by an exposed
portion of the epitaxial layer (512) on the surface of the

epitaxial layer (512) away from the surface of the substrate

(505); and
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'20. A nethod as clained in claim 17, wherein the first region (507) forns
a drain region (507) of a transistor (500) and the second region (503)
forms a body region (503) of the transistor (500); wherein a portion of the
body region (503) is exposed on the surface of the epitaxial layer (512)
and the-- body region (503) is spaced fromthe drift region (522) by an
exposed portion of the epitaxial |ayer (512) on the surface of the
epitaxial |ayer (512) away fromthe spfface of the substrate (505); and

wherein the bur‘}("g%f)jl’?yeéhe(Soé%}"fi@ ilag'é]ghe_r(sgq_ganthggncgnhégﬁélon

than the substrate _ the neth urther onpri'sing the steps _
providing a sgyparmt (REceAttaPZdn Hhadnh@neesabsk eradysbsyity type formed in

the epitaxial |ayer (512)
the structure further comprising:

a source region (1002) of the second conductivity
type formed in the epitaxial iayer (512) adjacent the
body region (503) and away from the drift region (522),
such that the exposed portion of the body region (503)
and the exposed portion of the epitaxial layer (512) form
a c}_iannel region between the source region (1002) and the
drift region (522);

a gé.te region (509) formed above the channel region;

-an oxide region adjacent the drift region (522),
located away from the interface between the channel
region and the-\-:drift region (522), and overlying a

' first portion of the buried layer (501).

9. A structure as claimed in claim 8 wherein the buried
layer (501) has a second portion located underneath the interface

between the channel and drift regions (522).

10. A structure as claimed in claim 8 or 9 having a gate
plate (511) above the gate region (509) extending over the
interface betweén the channel and the drift regions (522) and
extending over the oxide layer to provide

a portion of the gate plate (511) above the interface between the
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"adj acent the body region (503) and away fromthe drift region (522),
such that the exposed portion of the body region (503) and the exposed
portion of the epitaxial |ayer (512) forma channel region between the
source region (502) and the drift region (522), wherein the channel region
overlies a portion of the buried |layer (501); and providing a gate region
(509) overlying the channel region. 21. A nethod as clainmed in claim20
having the step of providing a gate plate (511) | ocated above the gate

region (5QQ);andagxt-eqHhngn8Vveri Fhe-ddid f @ )bet ween the channel and drift
11. A structure as claimed in any of claims 4-10 having a =
deep diffusion region (504) of the first conductivity in the

epitaxial layer (512) and adjacent the body region (503).

12. A structure as claimed in any of claims 4-11 having a
deep diffusion region (504) of the second conductivity in the

epitaxial layer (512) and adjacent the drain region (507).

13. A structure as claimed in claim 4, further comprising an

oxide region (1250) formed above the drift region (1222).

14. A structure as claimed in claim 13 having a deep
diffusion region (504) of the first conductivity in_the'epitaxial
layer (512) adjacent the body region (503) and the buried layer

(501).

15. A structure as claimed in claim 13 or 14 wherein the gate
region (1209) extends over the oxide region (1250) and further
.comprising a gate plate (511) above the interface between the

channel and drift regions (1222).

16. A structure as claimed in any pfeceding claim wherein the

first conductivity is p-type and the second conductivity is n-type.

A
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regions (522). 22. A nethod as claimed in claim20 or 21 having the step of
providing a drain plate (804) -l ocated above the drain region (507) and
extending over the interface between the drift region (522) and drain
region (507). 23. A nethod as clainmed in claim?20, 21 or 22, wherein the
sem conductor structure i-s substantiaJI§3annuIar about the drain region
(507). 24. A nethod as clainmed in claim17, wherein the first region (507)
forns a drain region (507). of a transistor (1000) and the second region

(503) formgsa A -@8thod of providing a semiconductor structure,
comprising the steps of:
providing a buried layer (501) of a first
conductivity formed on one surface of a substrate
5 (505) of the first conduttivity;
providing an epitaxial layer (512) of the first
conductivity formed on the surface of the substrate
(50S) ;
providing an insulating layer (521) formed on top
10 of the epitaxial layer (512), the insulating layer
(521) partially covering the epitaxial layer (512);
providing a drift region (522) of a second
conductivity formed in the epitaxial layer (512), the
drift region having a portion situated above and
15 considerably overlapping the buried layer (501) such
that the buried layer causes the electrical
equipotential lines beneath said surface of the
substrate to spread laterally in the direction of the
boundary of a first region (507) and that the electric
20 field intensity profile along the surface of the
substrate is substantially uniform from the portion of
the drift region above the buried layer to the
boundary of the drift region adjacent the first
region;
providing the first region (507) of the second

o
W

conductivity formed in the epitaxial layer (512)
~adjacent the drift region (522) away from the portion
of the drift region above the buried layer, and
providing a second region (S03 or 1013) of the
30 first conductivity.formed in the epitaxial layer (512)
' spaced from the first region and the drift region.

- N B
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"body region (503) of the transistor (1000); wherein a portion of the body
.region. (503) is exposed on the surface of the epitaxial |ayer (512) and the
body region (503) is spaced fromthe drift region (522) by an exposed
portion of the epitaxial |ayer (512) on the surface of the epitaxial |ayer
(512) away fromthe surface of the substrate (505); and wherein t he
buried layer (501) has a higher dopant concentration than the substrate
(505); the method further conprising tQE_steps of : providing a source

regi on (1002) 49f t U j3 V4 e.for | ist-axi-al; Jnayer
(512) adj acen%gf heﬂg’g%?g?&e%sg%a gg‘%é)i %’E\?lﬁé‘ﬁ‘ylho‘%‘%ﬂhﬁﬁﬁ?g& )glr?%l 5°|1212),

such t haf(sbhz PeRased Nedtnede 0brt Heahedy r@goon Gpa3thanskddid expegadn
portion of the epitaxial -
~ (1013) forms an anode (1013) of the diode (1100).

19. A method as claimed in claim 18 having the step of
providing a deep diffusion region (504) of the first conductivity
in the epitaxial layer (512) adjacent the anode region and the

buried layer (501).

20. A-method as claimed in claim 17,

wherein the firstregion (507) forms a drain region (507)
of a transistor.(sdo)iénd theSecondi;eéion (503) forms a body
region (563) of the transistor (500);

wherein a portiqn of the body region (503) is exposed on
the surface of the epitaxial layer (512) and the- Sody.region
(503) is spaced from the drift region (522) by an exposed
portion of the epitaxial layer (512) on the surface of the
epitaxial layer (512) away from the surface of the substrate
(505); and

wherein the ;buried layer (501) has a higher

dopant concentrétion than the substrate (505);

‘the method further comprising the steps of:
providing a source region (502) of the second
conductivity type formed in the epitaxial layer (512)

adjaceﬂt the body region (503) and away from the drift
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"layer (512) form a channel region between the source region (1002) and the
drift region (522); providing a gate region (509) forned above the channel
regi on; providing an oxide region adjacent the drift region (522), |ocated
away fromthe interface between the channel region and the drift region
(522), and overlying a portion of the buried |layer (501). 25. A nethod as
claimed in claim24 wherein the burf®t | ayer (501) has a second portion

| ocated underneath tbgiont ¢sbase betneaiat hthe hapeeledandraivht of egh@nsody
(522). 26. A nethod as clained in claim24 or .25 having the
region (503) and the exposed portion of the epitaxial
layer (512) form a channel region between the source
region (502) and the drift region (522), wherein the
channel region overlies a portion of the buried layer
(501); and

providing a gate region (509) overlying the channel

region.

21. A method as claimed in claim 20 having the step of
providing a gate plate (511) located above the gate region (509)
and extending over the interface between the channel and drift

regions (522).

22. A method as claimed in claim 20 or 21 having the step of
providing a drain plate (804) located above the drain region (507)
and extending over the interface between the drift region (522) and

drain region (507).

23. A method as claimed in claim 20, 21 or 22, wherein the
semiconductor structure is substantially annular about the drain

region (507).

24. A-method;és claimed in claim 17,
wherein the first region (507) forms a drain region (507)

of a transistor (1000) and the sSecond .region (503) forms a
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additional step of providing a gate plate (511) above the gate region (509)
extendi ng over the interface between the channel and the drift regions
(522) and extendi ng over the oxide |layer to provide a portion of the gate
plate (511) above the interface between the oxide layer and the drift
region (522). 27. A nethod as clainmed in any of clainms 20-26 having the
additional step of providing a deep diffusion region (504) of the first
conductivity in the epitaxial layer (512) and adjacent the body region
(503). 28. A nethod as clained in-Z&y of clains 20-27 having the

addi ti onahogieRedfidH Ops 63 NJo2 €8P tHalfsuF oy remedy £ 504) of the second
conductivity in the epitaxial layer (512) and adjacent the drain region
(507). 29. A wpleheima Portpsni OfctRebedy hayisg (be3jt ey @kposed on
the surface of thé-epitaxial layer (512) and the?bﬁdy region
(503) is spaced from the drift region (522) by an exposed
portion of the epitaxial layer (512) on the surface of the
epitaxial layer (512) aWay from the surface of the substrate

(505) ; and

wherein the. buried layer (501) has a higher

dopant concentration than the substrate (505);

the method further comprising the steps of:

providing a source region (1002) of the second
conductivity type formed in the epitaxial layer (512)
adjacent the body region (503) and awéy from the drift
region (522), such that the exposed portion of the body
region (503) and the exposed portion of the epitaxial
layer (512) form a channel region between the source
region (1002) and the drift region (522);

providing a gate region (509) formed above the
channel region;

providing an oxide region adjaceht the drift region
(522), located a&ay from the interface between the
channel region and the drift region (522), and overlying

a portion of the buried layer (501).

25. A method as claimed in claim 24 wherein the buried layer

L
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"providing a field oxide region (125) formed above the drift region (1222).
30. A nethod as clained in claim29 having the step of -28- providing a
deep diffusion region (504) of the first conductivity in the epitaxial
| ayer (512) adjacent the body region (503) and the buried |ayer (501). 31.
A nethod as clainmed in claim29 or 30 wherein the gate region (1209)
extends over the oxide region (1250) and having the step of formng a gate
pl ate (511) above the interface between the channel and drift regions
(522). 32. A method as clained in gyy of claims 17 to 31

(501) has a second portion located underneath the interface between

the channel and drift regions (522).

26. A method as claimed in claim 24 or 25 having the
additional step of providing a gate plate (511) above the gate
region (509) extending over the interface between the channel and
the drift regions (522) and extendlng over the oxide layer

to prov1de a portlon of the gate plate (511)
above the interface between the oxide layer and the drift region

(522).

27. A method as claimed in any of claims 20-26 having the
additional step of providing a deep diffusion region (504) of the
first conductivity in the epitaxial layer (512) and adjacent .the

body region (503).

28. A method as claimed in any of claims 20-27 having the
additional step of providing a deep diffusion region (504) of the
second conductivity in the epitaxial layer (512) and adjacent the

drain region (507).

29. A method as claimed in claim 20, having the step of

providing a field oxide region (125) formed above the drift region

(1222).

30. A method as claimed in claim 29 having the step of

HIIlIII I ||I" i IIII
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swherein the first conductivity is p-type and the second conductivity is
n-type.

~-28-

providing a deep diffusion region'(504) of the first conductivity
in the -epitaxial layer (512) adjacent the body region (503) and

the buried layer (501).

31. A method as claimed in claim 29 or 30 wherein the gate
region (1209) extends over the oxide region (1250) and having the
-step of forming a gate plate (511) above the interface between the

channel and drift régions (522).

32. A method as claimed in any of claims 17 to 31
wherein the first conductivity is p-type and the second
conductivity is n-type.
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