SELF-ALIGNED BODY FULLY ISOLATED DEVICE BACKGROUND 100011Various voltage level
devices may he included in an integrated circuit (IC). For example, low, intermediate and high power
devices are provided in an IC. Low power devices may be used for complementary metal oxide
semiconductor (CMOS) for logic circuitry, intermediate voltage devices for analog circuitry and high

power devices for output §Eﬂﬂ%@ﬁ?ﬂ%ﬂ§%¥%ﬁﬂ95§8ﬁwﬁﬂ%@mge devices to have

fast switching speed. The performance of such devices depends on the on resistance (Rdson), drain
to source breakdown voltage (BVdss) and gaig sRatge(Rag) of the device. For example, higher
pertftrmance is achieved with low Rdson, high BVdss and/or low Ogg, [0002]It is desirable to provide

mproveggffonnance; agElsiliy 8l 8 JeWes Ml e AL ATH QRARNIRIRRONG GV ss.
SUMMARY [0003IA method of fanning a device is disclosed. The method comprises providing a

substratg defifed Wt RARUIEGLSHIP Ri M o dRYIGE AR BRIVEIRS: A Atiftivelt haviag, BrefenRiayity type

dopants. A gate of a transistor is folioed in the device region. The gate having first and second sides.

Second g @mue%&%ﬂmﬁea{&mmsp&ﬁ@emm{m@ms 76t g gatey Lo form a body

within the drill well. The implant is s€lf-alio-led to the gate. The y has an. underlap portion on the
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second diffusion regions haying first polarity type dopants are formed in the substrate in the device

region ajageat b et AN e Flee A1 R GRIEe IR ANB ! difisiapaegiarhis within the

body and the second diffusion region is within the drift well. [0004]in another embodiment, the method

of fa”“"f,%oﬁ%\ﬂf& %?MS&?/%V&QB&@S on the on resistance (Rdson), drain to source breakdown
voltage (BVdss) and gate charge (Qgg) of the device. For example, higher performance is
achieved with low Rdson, high BVdss and/or low Qgg.
[0002] It is desirable to provide improved performance and reliability of a device by
lowering Rdson and Qgg and increasing BVdss.

SUMMARY

[0003] A method of forming a device is disclosed. The method comprises providing a
substrate defined with a device region. The device region includes a drift well having first
polarity type dopants. A gate of a transistor is formed in the device region. The gate having first
and second sides. Second polarity type dopants are implanted into the substrate in a first side of
the gate to form a body within the drift well. The implant is self-aligned to the gate. The body
has an under-lap portion on the first side of the gate with a length L, wherein the length L is
small to achieve a low Rdson. First and second diffusion regions having first polarity type
dopants are formed in the substrate in the device region adjacent to the first and second sides of
the gate, wherein the first diffusion region is within the body and the second diffusion region is
within the drift well.
[0004] In another embodiment, the method of forming a device comprises providing a

substrate prepared with first and second isolation wells in a device region. The second isolation



substrate prepared with first and second isolation wells in a device region. The second isolation well is
disposed with the first isolation well. A drift well is foni ed within the second isolation well. A gate of a
transistor is foillied on the substrate in the device region. The gate includes first and second sides. A
body of the transistor is formed in the substrate adjacent to the first side of the gate, wherein forming

the body, la & SSICAIANSARIINAPIOGERS 1P 9816 UePthoinelydRmAnHDdetiopioniipy benealt

the gate. The under-lap portion having a?engt etermined by the self-aligned forming process. First
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diffusion région 5 e secon usion region Is witiin the well. [00051In yet
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region. A'transistor in the device region, wherein the transistor includes a gate having first and second
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diffusion’region in the de e region adjacent to the secondside of the gate. The first and second
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substrate adjacen Irst s the gate. T y comprises dopants of a second polarity type.
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under-lapping portion under the'gate in w the under-lapping portion has a length L. A drift well
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a portion of ody and secon sion region. A second Isolation well is disposed in the 'substrate

and eanHn}}Qﬁéi@&%(ﬂﬁ%@'ﬁ secrRgIselation wall has second polarity type dopants. A body

connector having secon aritytype dopants is provided to be in communication with the body and

second im@géifn well. mgﬂxm anfairhotiee-aRng ik adYan pres M dgaturasefihe

present ntion herein“disclosed, will become apparent through reference to the following description
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embodiments descri%ed hereinn are not mutually exclusive an% can exist in various combinations and

pemau'[%%?@ﬁaﬁ% %%Pﬁ%é%ﬁiﬁ'&?&!s?f fitdd El%\ﬁ/% in device region adjacent to the first

side of the gate and a second diffusion region in the device region adjacent to the second side of
the gate. The first and second diffusion regions comprise dopants of a first polarity type. A self-
aligned body is disposed in the substrate adjacent to the first side of the gate. The body
comprises dopants of a second polarity type. The self-aligned body encompassing the first
diffusion region, the self-aligned body having an under-lapping portion under the gate in which
the under-lapping portion has a length L. A drift well having dopants of the first polarity type is
formed in the substrate. The drift well encompasses at least a portion of the body and second
diffusion region. A second isolation well is disposed in the substrate and encompasses the drift
well. The second isolation well has second polarity type dopants. A body connector having
second polarity type dopants is provided to be in communication with the body and second
isolation well.

[0006] These and other objects, along with advantages and features of the present
invention herein disclosed, will become apparent through reference to the following description

and the accompanying drawings. Furthermore, it is to be understood that the features of the



100071In the drawings, like reference characters generally refer to the same parts throughout the
different views. Also, the drawings are not necessarily to scale, emphasis instead. generally being
placed. upon illustrating the principles of the invention. In the following description, various
embodiments of the present invention are described with reference to the following drawings, in which:
100081Gigs, JahshannerRs saentiendlrisya ohsmhadimeaia RkA deNice: /09 1 igsi@a- L show
cross-sectional views of a process of forming an embodiment of a device; and 100101Figs. 3a-f show
cross-segtionaliewsQf prargssRf forming another embodiment of a device. DETAILED
DESCRIPTION [00111Embodiments generally relate to semiconductor devices. Some embodiments

relate to devices, such as low gawekIpssseygls-nehbegstigg HatgksReyer amplifiers and power
management circuits. Such devices, for example, can be incorporated into standalone devices or ICs,

such as!miﬁwcontrol'ﬁ{%&ra&%&m&pn@ﬁe&@e%ﬁa&%@éﬁe&@y IeR CcRResnARIRRIated into or

used with, for example, electronic products, such as speakers, computers, cell phones and personal
digital aﬁﬁ@ﬁ%ﬁ@ﬁl‘ﬁf@%ﬁi‘emm views. Also, the drawings are not necessarily to scale, emphasis instead

generally being placed upon illustrating the principles of the invention. In the following
description, various embodiments of the present invention are described with reference to the
following drawings, in which:
[0008] Figs. 1a-d show cross-sectional views of embodiments of a device;
[0009] Figs. 2a-j show cross-sectional views of a process of forming an embodiment of a
device; and
[0010] Figs. 3a-f show cross-sectional views of a process of forming another
embodiment of a device.

DETAILED DESCRIPTION
[0011] Embodiments generally relate to semiconductor devices. Some embodiments
relate to devices, such as low power-loss buck and boost regulators, power amplifiers and power
management circuits. Such devices, for example, can be incorporated into standalone devices or
ICs, such as microcontrollers or system on chips (SoCs). The devices or ICs can be incorporated
into or used with, for example, electronic products, such as speakers, computers, cell phones, and
personal digital assistants (PDAs).
[0012] Fig. 1a shows a cross-sectional view of an embodiment of a device 100. The
device, as shown, is formed in a device region 110 defined on a substrate 105. The substrate, for
example, is a semiconductor substrate, such as a silicon substrate. In one embodiment, the
substrate comprises a p-type doped substrate. The p-type doped substrate may be a lightly doped

p-type substrate. Other types of semiconductor substrates, including those which are undoped or



100121Fig. la shows a cross-sectional view of an embodiment of a device 100. The device, as shown,
is thrilled. in a device region 110 defined on a substrate 1.05. The substrate, for example, is a
semiconductor substrate, such as a silicon substrate. In one embodiment, the substrate comprises a
p-type doped substrate. The p-type doped substrate may be a lightly doped p-type substrate. Other

types of semicondictor substraies. dncluding thgee whieh ke Hogopad oL, dpasd wilh fhg spme or
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useful. For example, all portions of the isolation region may be narrow portions. An internal
device isolation region 180b may be provided to separate the device region into sub-regions.
The substrate, as shown, includes an external isolation region 180c. The isolation regions, for
example, are shallow trench isolation (STI) regions. Other types of isolation regions may also be
employed. For example, the isolation regions may be deep trench isolation (DTI) regions. The
STI regions, for example, extend to a depth of about 2000 - 4000 A. In the case of DTI regions,
the depth may be about 1 - 30 um. Providing STI regions which extend to other depths may also
be useful.

[0014] A transistor sub-region 110a is provided in the device region. The transistor sub-
region is defined by the device isolation region and internal device isolation region. For
example, the transistor sub-region is defined by an inner edge 181a of the device isolation region
and a first edge 181b of the internal device isolation region. Disposed in the transistor sub-
region is a transistor 115. The transistor includes a gate 120. A source region 130 and a drain
region 140 are disposed in the substrate in the transistor sub-region adjacent to the gate. For
example, the source region is disposed in the transistor sub-region adjacent to the gate and
device isolation region while the drain region is adjacent to the gate and internal device isolation

region.



region is defined by the device isolation region and internal device isolation region. For example, the
transistor sub-region is defined by an inner edge 18la of the device isolation region and a first edge
181b of the internal device isolation region. Disposed in the transistor subregion is a transistor 115.
The transistor includes a gate 120, A source regiondrain region 140 are disposed in the substrate in

the trangjgtan sub-regign. adjacent tathe pate For examnle the fousge teoion.is dispessd ipthe

transistor sub-region adjacent to the gate and device isolation region while the drain region is adjacent

to the gaie. and ifqeaal dRvse SRlANenIRRIRD A0 ARLEDS: dale m@%@ﬁié&fcﬁi@mﬁfgﬁiﬁ?&gy the

electrode 124 over a gate dielectric The gate dielectric may comprise silicon oxide. A

gate dielggirie &l@ﬁftﬁ'&?r@%@#ﬁ%&?&gﬂ@%‘?el%r&%?&?aﬁ gals Q'é%%?%ﬂq(rﬁ?eﬁ%@ﬁ‘léqﬁy&?iﬁs a high

k dielectric matefial or a oomposite gate dielectric having a combination of various dielectric materials
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be useful. in one embodiment, the g lelectric comprises a high voltage gate dielectric. The high

voltage gate. diglegHi6may, BiaRYERT ait AR Hek: A6 IALSHRIREIIC MAYREHA R IQWRN.

thickness range for lower operating voltages while in the higher thickness range for higher operation

voltageg, M@éﬁm@né}h?&%%@aﬁ;@eé{ri@&%ﬁﬁ&@émsveft%@ LYRESRLGaterflislgglics may also

be useful. As for the gate electrode, it may comprise polysilicon. Other types of gate electrode

materialg, sHeh,as difRIGRL YRS STmAAis Materials; maviisehe dseful J0QLPLT hegais has a

width W which is measured from sidewall to sidewall. For example, the width is measured along

the diregfjop Rt {R&cRARPRIVRAGHErA G VBRAIRENFIRNS Al maxhadion ahg s ﬁigﬂéﬂo tens of

microns. Providing gates having other widths may also he useful. For example, the width W1 may

dependen;ihe BReLRING Voliags atiNeBIai AW eH asHE detRRELRs Sl EYERRe The drift

region, for example, is the region between the drain and the channel (e.g., from the right'edge oft, to
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applications while smaller gates with smaller widths may be used for Iower voltage applications.
[0017]ingy dipentdbmseuige weipningides firstapehsasandhsibaaUiea yeaigns 131 and
132. The first sub-source gi n, which is adjacent to the gate, and the drain region have first polarity
type dopgJajtg. The first sub-source region serves as a source of the transistor. For example. the first
sub-source region and drain region have n-type dopants for a n-type device. Alternatively, the first

sub-soygif Eg9ion anglraind RN RRY. KAV RAYREHSRAE from sidewall to sidewall. For

example, the width W is measured along the direction of the channel length “L¢”. The
dimensions of W, may be from about 0.2 pm to tens of microns. Providing gates having other
widths may also be useful. For example, the width W may depend upon the operating voltage at
the drain as well as the length of the drift region Lpg. The drift region, for example, is the region
between the drain and the channel (e.g., from the right edge of L, to the drain region 140). Gates
with larger widths may be used to increase the Lpr for higher voltage applications while smaller
gates with smaller widths may be used for lower voltage applications.

[0017] In one embodiment, the source region includes first and second sub-source
regions 131 and 132. The first sub-source region, which is adjacent to the gate, and the drain
region have first polarity type dopants. The first sub-source region serves as a source of the
transistor. For example, the first sub-source region and drain region have n-type dopants for a n-

type device. Alternatively, the first sub-source region and drain region may have p-type dopants



for a p-type device. The second sub-source region, which is adjacent to the device isolation region
and the first sub-source region, has a second polarity type dopant. The second polarity type dopant,
for example, is p-type. The source and drain regions are heavily doped re The depth of the source and
drain regions may be about 0.05 - 0.5 p.m Providing source and drain regions having other depths
may alsQ be useful.,Additiopally, it is;not necessary.that the source and.drain regions h the same
depth. 1%53fipéi_}?uebqg‘élﬁ%S{Jr}éeg%/gﬁoggr\sl%s'Saosl,l a8burce ’t(gvr&rlﬁcllr%all 8@%%??&%?56&3{3 the 1§(r):}fl?rt\}/(r%,}gion serves
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_ , antimo or a combination thereof. 100191In one’ embodiment, dielectric
SIdewallteS SHEIA {ﬁeqlrrgl\i@gs? ;otlﬂeS H%S}Q{q‘lé%ggtpe%ves as a drain terminal of the transistor.

[0018] The device may include doped regions having different dopant concentrations.
For example, the device may include heavily doped, intermediately doped and lightly doped
regions. The doped regions may be designated by x’, x and x", where x indicates the polarity of
the doping, such as p-type or n-type, and:

X = lightly doped;

x = intermediately doped; and

x" = heavily doped.
A lightly doped region may have a dopant concentration of about 1E14 - 1E16/CC, an
intermediately doped region may have a dopant concentration of about SE15 - SE18/CC, and a
heavily doped region may have a dopant concentration of about SE18 - 2E20/CC. Providing
other dopant concentrations for the different doped regions may also be useful. P-type dopants
may include boron (B), aluminum (Al), indium (In) or a combination thereof, while n-type
dopants may include phosphorus (P), arsenic (As), antimony (Sb) or a combination thereof.
[0019] In one embodiment, dielectric sidewall spacers are provided on sidewalls of the
gate. The dielectric sidewall spacers can be, for example, silicon oxide or silicon nitride. Other
types of dielectric materials may also be useful. In other embodiments, the sidewall spacers may
be a plurality of dielectric layers to form, for example, a composite spacer or spacer stack. Other

configuration of spacers may also be useful. The sidewall spacers may be employed to define



gate. The dielectric pa te can be, for example,'lcon oxide or silicon nitride. Other types of dielectric
materials may also be useful. In other embodiments, the sidewall spacers may be a plurality of
dielectric layers to form, fin example, a composite spacer or spacer stack. Other
configuration of spacers may also be uschil. The sidewall spacers may be employed to define source

and draip gensiofgolans . Rdtionaly. Anaisilenel AeaRRky MGy DL HAMNG alihe pufce and

drain regions to the gate electrode by the salidation process used to form the salidicide contacts.
1002014 devinenomvslaf 13 isrogefldntiedistpasinngl e davseman. i, deusedaody has
second polarity type doparas with, for example, an intermediate dopant concentration (e.g., X). The
second polarity tvperfor,example, is p-type far a n-type device. Alternatively, the second polarity type
may be n-type for a p-type device) The device body encompasses the source region. The device body

completgjyAfjcompasge.the. SOUES S5 R JOLAXATR iR MAiBY Jpeniratand:sgrandisib-source

regions. The second sub-source region may serve as a body contact ter the device body since they
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sufficiently deep t0 serve as a body of transistor. The depth, for example, is about 0.3 - 10 pm.
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depth. of the device up may be to a couple of microns. Other depths may also be useful and may
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bottom of the source region and above the bottom o device isolation region. Providing a device
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under-lapping a portion of the gate. The portion of the body under-lapping the gate defines the channel
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of the transistor. The channel length L may be from about 0,05 p.m to a couple of m, The desired
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one embodiment, the device body is a self-aligned device

[0021] The bottom or depth of the device body should be sufficiently deep to serve as a
body of the transistor. The depth, for example, is about 0.3 - 10 um. Such depths may be useful
for operating voltages from about 5 - 100 V. In other embodiment, the depth of the device up
may be to a couple of microns. Other depths may also be useful and may depend on the
operating voltage of the device. As shown, a bottom of the device body is below the bottom of
the source region and above the bottom of the device isolation region. Providing a device body
having other depths may also be useful.

[0022] The body extends beyond the source region, under-lapping a portion of the gate.
The portion of the body under-lapping the gate defines the channel of the transistor. The amount
of under-lap under the gate electrode defines a length L of the channel of the transistor. The
channel length L, may be from about 0.05 pm to a couple of pm. The desired length L. may
depend on, for example, the maximum voltage at the drain.

[0023] In accordance with one embodiment, the device body is a self-aligned device
body. Providing a self-aligned body avoids the use of an implant mask. For example, the

device body is self-aligned to the source region of the transistor between the device isolation



body. Providing a self-aligned body avoids the use of an impian.t mask. For example, the device body
is self-aligned to the source region of the transistor between the device isolation region d the gate.
The self-aligned device body enables the under-lap portion Le well controlled. A well controlled
under-lap portion enables the channel Le in the device to be as close to the desired or defined length
LO as possible. For example, the channel L, can bﬁe"f rmed smaller or as small as possjble. Since
Rdson KRRL ot S A T AR e Ay pade R P Bl rhe
should be as small 65 passible (f.9y 3 clossbR asRassibel 19 achiove g loesL Risen.
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and the QYSHARRINSRPHLNALIA RadheldugbelipteRAc seRPYIon, Vet ek souarioes
first polarity type dopants. For example, the drift well comprises n-type departs for a n-type device or
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the transistoris a filly iso ransistor. The device includes first and second isolation wells 112 and
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the body and the drift we e substrate. The first isolation well, for example, may be referred to
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embodiment, the depth or bottom of the drift well is below the drain region. In one embodiment,
the depth of the drift well is below the drain and body regions. In one embodiment, the depth of
the drift well is below a bottom of the ST regions.

[0025] The drift well, in one embodiment, is contiguous and encompasses the drain
region and at least overlaps a portion of the body. In one embodiment, the drift well
encompasses the drain portion and the overlaps the portion of the body below the first sub-source
portion. The drift well comprises first polarity type dopants. For example, the drift well
comprises n-type dopants for a n-type device or p-type dopants for a p-type device. The drift
well serves as a drift region of the device. The drift well may be lightly or intermediately doped
with first polarity type dopants. The dopant concentration may depend on, for example, the

maximum voltage requirement of the device.



embodiment, compitses the same dopant polarity as the device type. For example,a n-type deep

device well is provided for a n-type device. The deep device well, for example, is a lightly doped well.
[0027]A deep well contact region 113 is disposed on a surface of the substrate. As Shown, the deep
well contact region is disposed between the device isolation region 18th and internal device isolation

region @b The. deep well.coniach e0ien. (AL GXAMRIS A% RERYLY faRedaithiisiplarity type

&pants. The deep well, contact region serves as a deep device or first isolation well bias terminal of
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isolation wen, for example, may be referred to as a device body well 114. The device body well has

second palagty yRe foRANtEnd B0y Re1008Y Walk [QNSXanaRIs: S ASRRIAHIY MedtARsRIor

sub-region of the device region. As shown, the device body well, éncompasses the drift well and is

within inngtand opferEdoges)of e ARYiRS Selaleg ﬂf&di"y‘ BUeLRalAeMcR BRLRPRYRIINRG: &RY igxample,

the depth of the body well is between the drift well’'and” deep device well, In one embodiment, the

device bpdy,walbhasAdightlvidones.aancepiationof ARABdRIRLI WY REISRANGS 458 Qxerple, the
device body well is lightly doped with p-type &pants for an n-type device or n-type d.opants for a

P-type devCR (ﬁéﬁb’é‘é@@iﬁlﬁli?}{{ﬁ%r'%ﬁyo%lj ORU09RINS 19303/ r eROGE MR QN ALRGERNM PRiRLItY type

dopants may also be useful and may, for example, depend on the voltage isolation requirements of the

device. JQ0279NRORRILRGHNE oS RRAE QW&&%&Q&E&?F@%&B%Q@%&Q@,%%% extends

fromtion of the body to the second isolation or device body well. In one embodiment, the device body

well extepals Srafpnth GWSQQH}ME FOREHY 32 iR the ARMiGEPay walh ibeRpHy,caapgctor

may be contiguous w e drift region. The body connector has second polarity type dopants. For

examplefiedy sopoediar sRiaRa e sate PRI YBR donantsasinpRdk iegigio provide a

connection between the body contact and body to the device body weft, The body conhector may be
lightly oagil,@({@gg_iately doped with second polarity type dopants. The dopant concentration may
depend on, for example, the maximum voltage requirement of the device.

[0027] A deep well contact region 113 is disposed on a surface of the substrate. As
shown, the deep well contact region is disposed between the device isolation region 180a and
internal device isolation region 180b. The deep well contact region, for example, is a heavily
doped with first polarity type dopants. The deep well contact region serves as a deep device or
first isolation well bias terminal of the device.

[0028] The second isolation well is disposed within the first isolation well. The second
isolation well, for example, may be referred to as a device body well 114. The device body well
has second polarity type dopants. The device body well, for example, is disposed in the
transistor sub-region of the device region. As shown, the device body well encompasses the drift
well and is within inner and outer edges of the device isolation and internal device isolation
regions. For example, the depth of the body well is between the drift well and deep device well.
In one embodiment, the device body well has a lightly doped concentration of second polarity
type dopants. For example, the device body well is lightly doped with p-type dopants for an n-

type device or n-type dopants for a p-type device. Providing a device body well having other



[00301The body contact (e.g., second sub-source) for cxampie, serves as a second isolation or device
body bias terminal of the device. The body bias terminal, for example, applies a bias voltage to bias
the body and body well. The first and second isolation wells may be appropriately biased to isolate the
device, For example, an appropriately biased second isolation well isolates the drift and drain regions

o R Ao bR e ol s R A e

stra e e source nd body contact 132
are coupled tg a commaon sign", for example. he squice.signal. Alternatively, the source and body
contact[#?gﬁrbeogé%lﬁl‘é??% @i elr%tmnslraﬂ% STFur %gr%?‘%ccﬁating the drain from the substrate
reduces vents heavy substrate current flow due to 5 i ' applied to
the drair@%ﬁ avoid:?le igéergrélbr%énﬁ%}gr?te)%or?{ﬁgcgflr%ﬁcl%%f Egggsé%@é)}%%ggﬁgg%egg& %%\r{]e%%ggfrrent.

[0032]A sybstrate contact.region 107 e provide .a surf fit tr one
embodirﬁ)é{r?flfi%e%%ﬁs??ggéog%or?t%l&%gpgg %%%g%%eag %%i%\l/?gebrl{t e ccige\l?icéelyﬁsyoglizti()ﬁr}l%rggion and external
isolation region. Providing the substrate contactyegi t t Iso be
useful. ﬁﬁnégg(égrsl%ﬁ\e{hce(;an%‘éff r%%‘?g nVY?trI? gﬁqee ne%r% g(;g(% r%%er?t) ,o%g;]agélgg\r/%%é @ g(f er_’leﬁgﬁl%‘ﬁ g‘lzk?gaaxcf)arit type
of the substials oAt ragiond

31 SRS RS, 82 LORfIARG] SHASHE  FRLAA e ol ubstrate

doped. region is ptype for a p-ty e strate contact region serves as a

S“bs”at‘éﬁl)’n%‘&%{ ﬁ‘é”aéc%t eo‘%%‘{lc‘i;{ﬁwﬁoiﬁ%ﬁfaésr'wrﬁ; LAY BRHAGSObhghb @ Yoltages
may also be useful. Biasing the s ate, for example, reduces latch-up and/or ground bounce during
oy DS o BRI e BSA) AHRE SviGES Ul AiRRtaNRRe I RRARIE S=Pond
polar_lty pe IS p-type. As tor a p-type device, the ftirst polarity type is p-type and the second polarity
typels nB%’(Pyet'o the device body well. The body connector may be lightly or intermediately doped with

second polarity type dopants. The dopant concentration may depend on, for example, the
maximum voltage requirement of the device.

[0030] The body contact (e.g., second sub-source) for example, serves as a second
isolation or device body bias terminal of the device. The body bias terminal, for example,
applies a bias voltage to bias the body and body well. The first and second isolation wells may
be appropriately biased to isolate the device. For example, an appropriately biased second
isolation well isolates the drift and drain regions from the substrate while appropriately biasing
the first isolation well isolates the body and the first isolation well from the substrate.

[0031] In one embodiment, the source 131 and body contact 132 are coupled to a
common signal, for example, the source signal. Alternatively, the source and body contact may
be coupled to different signals. Furthermore, isolating the drain from the substrate reduces or
prevents heavy substrate current flow due to undershooting of negative voltage applied to the
drain. This avoids disturbances to neighboring circuitry caused by the heavy substrate current.
[0032] A substrate contact region 107 may be provided on a surface of the substrate. In
one embodiment, the substrate contact region is disposed between the device isolation region and

external isolation region. Providing the substrate contact region at other parts of the substrate
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[0034]Fig. Ib shows a cross-sectional view of another embodiment of a device 100. The device is
similar to that described in Fie. la. As shown, the drain side of the gate is provided with a salicide block
spacer 175. The salicide block spacer comprises a dielectric material. For example, the dielectric
material may be oxide, nitride, oxynitride or a combination thereof Other types of dielectric materials

may aisg e selil R AMP R RyERL B Re smPRIbIe W RRIRIJYIONPEeRSINA, 01 the

salicide spacers, In some embodiments, the block spacer may have multiplé dielectriC layers to

form a dig‘i}@ﬁlfﬁ%h&t Ut S&intcré’%‘?éﬂ%'fh%%ﬁﬁ%r t%b%%?e%éﬁ&%ﬁﬂ&?a&‘?tﬁ’&e” the gate

and the_ aln..T e Separation should he suff|C| n.t to accommodate the maximum opergtlon voltagelat
the dra'@xi%&rrgi@,%&a{b@ma@pé@?egﬁﬂﬁ@ﬂapg@'%?q ()5 BAYASRBILHR MO BT gRerating

voltage at n. terminal. In one embodiment; the separation. Ds is measured from the edge of gate to

the heayllydoped drain (9anT be SRARRIIPOURANGR Do MAK S AROHLY B EATBHRIE "

microns, depending upon maximum operating voltage at the drain. Providing other separation

distancapavalp hessiubd e palids blonsnacenprgusin clieidetionafihe Al srgigprpetween

gate electrode and the drain.” [0035]The Cgd of the device is mainly determined by the amount that

thev Iapﬁp(gﬁ\ageop 5{3&%9@ Hﬁ%géigerﬁgéo&&éﬁgggviding a salieide block spacer,effective 1.20R

can be increasedfor a given gate width. This allows for a narrower gate width to achieve the desired

LDR. Fopgxgymple, thg, gate width canie. iedhead AL BIGImIzads eye0; 05 Yasy MaholiRgga

applications, such as about 100 V. 'This reduces Cdg for a given Loft. hi eftect, Qgg is also reduced.
As suchdiigisplildediackePacanPRANGR A AAUR WR! GRISITAR USHE i Bl AEIHAaRH] with a
salicideh%lockﬁsé)@cef%h%h has a wid?h 2, where W2 < \%1,ac§}r’1q§§hi}avlg ahigher BVdss. For
exampl%oﬁgg;%ggg%@%et_han 15V and very low Rdson and Cgd can be achieved with total gate
width of as low as 0.3 uni. As such advanced CMOS process may be employed to effectively produce

a fully isggdgpl devicep{DOREL5,4636302d 0i6/05 12:R, PG RPEY ERMARER GERANEG 3691PR13

(e.g., first sub-source) may be electrically connected by, for example, a comnion suicide contact. For

example;hpib;the, Bomu CANIAGLARS SPHIES, 276, COURIRENR e SRUFCE Ailgt BroRalentiatolndkch cases,

the source signal is used to bias the second isolation region. In other embodiments, the body contact

and souise,eGiR YRR SRAIRIS £OMALIRIIRIEIOER IR Bl 2SI TPER AR SRRGsHIOTisplation

region may be provided to separate the two contactk gions preventing a suicide contact to electrically

connect ot ieginpa;iagether, This may, ke USeful o Rievids SeRdie.siondniadhasawee and

second isolation well. Independently biasing

Other types of dielectric materials may also be useful, for example, such as those compatible
with semiconductor processing, for the salicide block spacers. In some embodiments, the block
spacer may have multiple dielectric layers to form a dielectric stack or sandwich. The salicide
block spacer provides a separation between the gate and the drain. The separation should be
sufficient to accommodate the maximum operation voltage at the drain terminal. For example,
the separation distance Ds may depend upon the maximum operating voltage at drain terminal.
In one embodiment, the separation Ds is measured from the edge of gate to the heavily doped
drain region. The separation distance Ds may be about 0.3 pm to a couple of microns,
depending upon maximum operating voltage at the drain. Providing other separation distances
may also be useful. The salicide block spacer prevents silicidation of the drift region between

gate electrode and the drain.
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second isolation well provides greater flexibility in operating and desio parameters of the device.

[00371 device tides similar elements as the device shown in Fig. la. As shown, a substrate is provided
with a device isolation region 180a and an internal device isolation region 180b, such as Si! regions. In
one embodiment, the internal device isolation region 180b is concentrically disposed within the device

isolatio IQn, separating the device region intg first and second sub-reqigns 110 ). Other
qonfiguﬁe@gl#i of the ié%‘ﬁa%ﬂ ?e%%nﬁse\r'ﬁ%%l% 3:31@8' Il(}’sse{a%al,lgﬁ%:ﬁ}é%%%{l%%%;:%%%?f%%wﬁr ii% 381The
I SO e A ] ARl fed OB aneembadinaita pnslb il calen uyldes e

pIuraIity(gfl ansis hown, thedevice Tegion inéludes first and second transistors 115a

transistors.are similar to that described in. Fig. la. For example ' i ﬁ\gﬁ%gl 0
having z’aé%g%?é%‘#r%%ea ‘é?nagﬁst ate’ @%fé&ﬁlcg ag?(c)iv.‘ési/\fgﬁ %Bg%g‘rksé?%{?nqa%ﬁ%{%%ﬁgzﬁton sl é‘]\i\&alls of
the gate, Thegate has, for, example,a width W. A squrce reqi 3 ] ' 40 are
ki TOECHuRe b R GaR M Befera ST IFR AN RANRAE RAPAARS

SeCONCeUBIRONIGE SRS 1R, AeF2-rHSRHI. 08 EIBed el f ol earteniap g iRy ded for the

A ns as a :
transistSPBait: For éxampfe, St sub-source region sposed adjacent fo their respective

gates with,the second %Hbthseoyafﬁaés%i%&@ﬁg@%gg@@%@%@m@ ag@e.siﬁsqr&am??eaed

redauced. S
between the mternal device isolation regio transistors may be arranged in other

configurations 2L ARG DS HANSHIRLA M2 BAGRUIG ALY, SR T AIRA PRIpRe"

a
separatgsource regions. e Tirst sub-source region servés a.s a. source and the second sub-source

oo SBYES TA W sRNICh 0RO APYiSE PO IR 06 RAAITREL B afchelveon

the transistors. ?’ﬁe evi 0 a sufficient depth to serve as a body of the

ransisiQy, £qr ARG e, SYiRS bRdY £YINUS LA ISAI-ALARMIR BATLIOASAPLE playicrons

Other depthis for @evice body may also be useful. As shown, the device body has a depth which is less

than the depth of the ST. [ HoWeMes, %ég understood that the body may have other depths.
The devtlgee %t%‘ﬁ/vg%c%rr%%hésgsgegqm commonesou'rce region. The body extends beyond the common

source rggjegy under-A0g:A ROTYA MEORIESuDSARIIOTO! iR barbkyader ipapug e gates

defines annel of the transistors. The amount of under-lap L., defines a length of the channel of

the transsi%gggurce) may be electrically connected by, for example, a common silicide contact. For
example, both the body contact and source are coupled to the source signal or potential. In such
cases, the source signal is used to bias the second isolation region. In other embodiments, the
body contact and source region may be separate contact regions. For example, a surface block
spacer or isolation region may be provided to separate the two contact regions, preventing a
silicide contact to electrically connect both regions together. This may be useful to provide
separate signals to the source and second isolation well. Independently biasing the source and
second isolation well provides greater flexibility in operating and design parameters of the
device.
[0037] Fig. 1¢ shows a cross-sectional view of another embodiment of a device 100. The
device includes similar elements as the device shown in Fig. 1a. As shown, a substrate is
provided with a device isolation region 180a and an internal device isolation region 180b, such
as STI regions. In one embodiment, the internal device isolation region 180b is concentrically

disposed within the device isolation region, separating the device region into first and second
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100411in accordance with one embodiment, the device body is a self-aligned device body. For
example, the device body is self-aligned to common source region between the gates of the
transistors. The self-aligned device body enables the under-lap portion I, to be smaller and well
controlled. A smaller I, results in a lower Rdson. The Le should be as small as possible to achieve the

lowest %959@%11;% CRIRIRM $B60RSRURSRHECABAES AR adbpfis s oniastimiefie\deqfagly . [0042]A

drain drift well'11 6 is disposed in the substrate. The drift well, in one embodiment, is disposed in the
transistqy, sybeegiPn.Efeyampig, {he drift well is disposed between inner and outer edges 181b and
182b of the internal device isolation region. As shown, the drift well encompasses the source, drain

and bodygggjons ofsigirsip HRE-EMRPLIMENis he-dRRiorbRIoMOfHbebidmedhis taglow the drain

region. In one embodiment the depth of the drift well is below the draft region and device body. In one

embodimentsthedepthiptiedrtivelils belewaRettomsahtiienStht sediensedtORMIIAS drit well

wmpilses first polarity type dopants. For example, the drift well ~ prises n-type dopants for a n-type

device of,n-{ypshA PRSI B BalyPerde viansithedil wial sa anasdtibradiopsof thergevice, for

example, between die body and the drain regions. The drift well may be lightly or intermediately doped

with firstpalariey 1%’%Qﬁ%ﬂ%néﬁﬁ@e&Q@B%&%ﬁ%ﬁ%@i‘g@fé'&?e&%ﬁ@’@%ﬁ@gﬂﬁHfé‘ﬂé’c&{b. for example,

the maximum voltage requirement of the device. [0044]In one embodiment, a body connector 118 is

provided; Jhe, NN LR NEE A, B BXGRIE & RIavcad by the gl welb sapavaling haudpfewell into first

and second drift regions 116a. The body connector has second polarity type dopams. For example,

the body, caANRTIOA GRNIRING Hish AN S RORLEY LPBHPPARES ASFHRPAHERIIBARRIR WL dite

connection to the devke body and body contact, The body connector may be lightly or intermediately

doped With.$8¢@Moate. The source region includes first and second sub-source regions 131 and 132.
[0039] In one embodiment, a common source region is provided for the transistor pair.
For example, the first sub-source regions are disposed adjacent to their respective gates with the
second sub-source region between them. A drain region of a transistor is disposed between the
internal device isolation region and the gate. The transistors may be arranged in other
configurations. For example, the transistors may be configured with a common drain region and
separate source regions. The first sub-source region serves as a source and the second sub-
source region serves as a body contact.
[0040] A device body 150, in one embodiment, is provided between the transistors. The
device body should extend to a sufficient depth to serve as a body of the transistor. For example,
the device body extends to a depth of about 0.3 pm to a couple of microns. Other depths for
device body may also be useful. As shown, the device body has a depth which is less than the
depth of the STI regions. However, it is understood that the body may have other depths. The
device body encompasses the common source region. The body extends beyond the common
source region, under-lapping a portion of the gates. The portion of the body under-lapping the

gates defines the channel of the transistors. The amount of under-lap L. defines a length of the

channel of the transistors.
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polarity type dopants. The dopant concentration of the portions may depend on, few example, the

maximum voltage requirement of the device. [0045]in one embodiment, the device is a fully isolated
device. For example, the body and the drift well are isolated from the substrate, hi one embodiment,
first and second isolation wells 112 and 114 are provided to isolate the device fromMstrate. The thst

solatioryyigl, for exappple. g desheviEs NENTHE fSrR ASYICH Rl Jarenamplieq aigosed wihin

the dev on region As shown, t eep device well is dispose inner and outer

edges 1§&<§‘é,§ g&gﬁﬁ%& 88%%%%%%@%%%3@3?&‘% AEHGRN ?&h?Q&BEg%%}&%@P%R@ {fcsame

polarity typ regions. [0046]Deep w ntact regions 113 may isposed on-a surface of

e sUbYrate il ‘f%’.“ﬁ%&@-ﬂ%&%@%é%%ﬁ’gé BiRoarederasdhR devikpisalalivg redion

180a an evice Isolation region 180b. T eep well contact regions serve in a deep well

oias tmiggie IS AAGE. AUl ie-aaless soURIKIL W ecRiEl aGhEROinS, Providing

other number of deep well contact regions, including 1, may also be useful. 100471 The second

isolatiory wegh 34 & 3 HRRO YR MNP g I Srizolaion Ot desR PGS WEd sdiesSRappdhipolatiag well
Je elead 0 25 a 0

may be, for example, referred to as a device body well. The device body well has opposite polarity
type dopants gs.fitstygRtatiell and drift wells. The device body well, for example, is disposed in the
transistor sub-region of the device region. As shown, the device body well encompasses the drift well

and is wigyipner and Qier 8AgesHf 176 {DIRERALAEMGRd SAIRRR e BIUNE AP GRanector couples

the device body and the second sub-source region to the body device well. The second sub-source

region. ah6aMeIR, RANKRA3 heRcAAliRRINEn ARG baritlRl RieairminRkalie.avice
[00481Substrate contact regions 107 may be provided on a surface of the substrate. in
between inner and outer edges 181b and 182b of the internal device isolation region. As shown,
the drift well encompasses the source, drain and body regions of the transistors. In one
embodiment, the depth or bottom of the drift well is below the drain region. In one embodiment,
the depth of the drift well is below the drain region and device body. In one embodiment, the
depth of the drift well is below a bottom of the STI regions.
[0043] The drift well comprises first polarity type dopants. For example, the drift well
comprises n-type dopants for a n-type device or p-type dopants for a p-type device. The drift
well serves as drift regions of the device, for example, between the body and the drain regions.
The drift well may be lightly or intermediately doped with first polarity type dopants. The
dopant concentration of the drift well may depend on, for example, the maximum voltage
requirement of the device.
[0044] In one embodiment, a body connector 118 is provided. The body connector, for
example is provided in the drift well, separating the drift well into first and second drift regions
116a. The body connector has second polarity type dopants. For example, the body connector

contains the same polarity type dopants as the body region to provide a connection to the device

body and body contact. The body connector may be lightly or intermediately doped with second
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one embodiment, the substrate contact regions are disposed outside of the device region. For
example, they may be disposed between the device isolation region and external isolation regions
(not shown). Providing the substrate contact regions at other part.s of the substrate may also be us.
The substrate contact regions serve as substrate bias terminals of the device. Although the device is

i : : te _ g
shown iy %@&Ugﬁﬁbﬁ?g%c[&o@gﬁ@%n@éﬂmieg ohes B&‘H&%’xﬁ&f%ﬁ&ﬁ?&%ﬁ,%&a&a[ﬁ%l@ﬂﬁl

including 1, may also 49]Fig. Id shows a cross-sectional view of another embodiment of

a deviC%QIQQHJIH%QEA/'gqéaﬁ{g}ﬂgﬁggﬁﬁe@gﬂggd in Fig. le. As shown, the drain side of the gates is

provided with a salicide block spacer 175. The salieide block spacers comprise a dielectric material.

For exappley the dielgeyic materiahbave Rl aidenniridsnpyaiiide ofa cempinatinngheseof.

Other types of dielectric materials may also be used to for the salicide block spacers. in some

embodipanis. ReRIRFKSPACEN B VS NiiREdislesiiClaysisnétnpaticidaplacl sPacaimIQVides a

separation between a gate and its drain The separation should be sufficient to withstand the desired

maximum.iolfage.at the SraflReagSINIALmE Ny ibe seRarRLQn disianas O ABRIHA-44M to a

couple of microns, for example, depending upon voltage of operation. Providing other separation

distanceg; R0 Re UsefuleVioe welicidqblnc SRarer weavestssiigifation gisha drithiggien

between gate electrode and the drain. [0050]The Cgd of the device is mainly determined by the

amount ot the (gaie 0¥ ¢UARS (Gale W@£WQM§E&W§EE&QBPH&%B&Q¥MH&1&%ﬁi&i%@m&spaceh

the effectLog can be increased for a given gate width. This allows for a narrower gate width to achieve

the desitgdL PR FORSODRIeh IR SRIEWIdI FaBRshredHead Qe miRIMigRARYEAJPANEDE Bigh voltage

applications, such as about 100 V. This reduces Cdg for a given La. In effect, Qgg Is also reduced. As

such, the salicideRlack spagrr sieRlermgarrower gate to be used. For example, a gate with a salicide
block spacer which”has a width W2, where kV2 ¢ WI, can achieve a higher BVdss. For example,

BVdss qfgigpter tharb%ép\éxf%n%ﬁm{%gsl%qm A Fadsan ha dshieved Wit tatahsatewidiy of as

low as 0,3 pm. As such, advanced CMOS process may be employed to effectively produce a fully
isolatedsflgyige, deep well contact region is disposed between the device isolation region 180a and

internal device isolation region 180b. The deep well contact regions serve as a deep well bias
terminals of the device. Although the device is shown with two deep well contact regions,
providing other number of deep well contact regions, including 1, may also be useful.

[0047] The second isolation well 114 is disposed within the first isolation or deep device
well. The second isolation well may be, for example, referred to as a device body well. The
device body well has opposite polarity type dopants as first isolation and drift wells. The device
body well, for example, is disposed in the transistor sub-region of the device region. As shown,
the device body well encompasses the drift well and is within inner and outer edges of the
internal device isolation region. The body connector couples the device body and the second
sub-source region to the body device well. The second sub-source region, for example, serves as
a second isolation or device body well bias terminal of the device.

[0048] Substrate contact regions 107 may be provided on a surface of the substrate. In
one embodiment, the substrate contact regions are disposed outside of the device region. For

example, they may be disposed between the device isolation region and external isolation

15



The surface spacers may be formed from a dielectric material. For example, the surface spacers may
be thimed from the same dielectric material as the salicide block spacers. The surface spacers
facilitate separation of the source 131 and body contact [32. Providing a surface spacer may be useful,
for example, to provide separate .ot regions to bias the source and the body independently. For

example, e, suiee a0 PO M e Dased At Aifferent potenials. 10521 Tg iasilot pal of Fios
Ic-d is ea Igtired with a common source region and separdie drain regions. Alternatively, the Transistor

pair may e configyfed ity 8.couen.diall eaionand. sERAle SAUIRSISAIRTS Adgilpnaly. the

transistor region may include other number Of transistors. For example, any o or oven number of

ransistorimALPRPIANEd. 1106 Sa5E &l odh apalations sl Al erealingp0cer more

transistor pairs’may be provi an additional transistor, such t desc

Embodigq&gga ici%ﬁ%l%%@% é%fé?ﬁ?gfﬁ}&% trangisigr sub-region employ amulti-finger

configuration w with a compact layout. For example, a plurality of

ransisugbiolres o ofcalaesn el o e piva ahigeiR b il s csnare

commornly coupled, all gate are commonly coupled and all drains are commonly co an

a”angeﬁk‘?)i“éz{g%%#gléiio%gfﬁlﬁ Qe @%ﬁ’ﬁ‘ﬁ’ ﬁ?%ci’éfeﬂ& ?H&@ﬁ?_‘ﬂ?é‘ﬁra'ﬁrfd‘é‘&ﬂi% iy i@%%@iﬁé’&‘dreds of

niA to about 531Fig. ows an embodiment’in which the sourceTegions 131 and body

contact {32 grgaﬁg{%m Qgﬁ%%tﬂ%} regio 'ﬁ-&%ﬁ%@'ﬂf&'& %&U&?@&ﬁﬂ;ﬂ@@%%ﬁ%& 9t0 f&iaf taSr

substrate connects ontact regions. In such cases, the source signal Is used. Ias to the

second [Solaten el SlLerneYAL: A Fal LIkt 1t NG HAUr Gk JRAIPIS AN GRfnsogiact are

separate contact regions. For example, a surface spacer is used t0 separate the contact regions. An

solationygegion celsahe HaribiaRsRAAIBBAPNBYL salas BrNnGARPRIRIe Suige 37

contact regions allows the second isolation well to be independently biased. Furthermore, the device

of Fig. Itymay Deryavidae Wil igee-cRaRsh A% deraphes g 1dyviisamarmiadigents, the

device of Fig. Id may have common source and body contacts as described in Fig. Ic.
spacer provides a separation between a gate and its drain. The separation should be sufficient to
withstand the desired maximum voltage at the drain. In one embodiment, the separation distance
Ds is about 0.4 pm to a couple of microns, for example, depending upon voltage of operation.
Providing other separation distances may also be useful. The salicide block spacer prevents
silicidation of the drift region between gate electrode and the drain.
[0050] The Cgd of the device is mainly determined by the amount that the gate overlaps
(gate overlap region) the drift region. By providing a salicide block spacer, the effective Lpgr can
be increased for a given gate width. This allows for a narrower gate width to achieve the desired
Lpr. For example, the gate width can be reduced or minimized, even for very high voltage
applications, such as about 100 V. This reduces Cdg for a given Lpr. In effect, Qgg is also
reduced. As such, the salicide block spacer enables a narrower gate to be used. For example, a
gate with a salicide block spacer which has a width W,, where W, < W, can achieve a higher
BVdss. For example, BVdss of greater than 15 V and very low Rdson and Cgd can be achieved

with total gate width of as low as 0.3 um. As such, advanced CMOS process may be employed

to effectively produce a fully isolated device.
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100541Figs. 2a-j show cross-sectional views of an embodiment of a process 200 for forming a device
or IC. Referring to Fig. 2a, a substrate 105 is provided. The substrate can comprise a silicon substrate,
such as a lightly p-type doped substrate. Other types of substrates, including silicon germanium or
silicon-on-insulator (SOD, are also useful. 100551As shown in Fig, 2a, a device region 110 is defined

on the sggsipte. Athpugl e iRHiERIRGIOR S BIAENE IR BIROMUIHIIR. SURRIAG R

include various types of regions (not shown). For example, the substrate may include other device

regions fof, Qi1 Y BeR A% SeXo8S (T hRAG:BIRY el ogin Jesions inwhish lesic devicasfrmed.

Depending on the type of IC formed the logic regions, for example, may include regions for different

voltage deviges: AL LXBMRIR e dogitdagionamay Rehwaregientdar figthvoltage (L) devices,

medium or intermediate voltage (IV) devices and low voltage (LV) devices. Other configurations of

logic re%ﬁi&%@%iﬁ'ﬁ%@@pﬂ?ﬁwh Sdditionally. Bthen RS baBMCesreainnsimay Alserhs Rpavided.

100561The device region is separated from other regions by a device isolation region 180a. The

device IZRIaHNERRIPTRUX MBS 1B %%x/&@esg%&iﬂe-a&% @gﬁ@&@i%ﬁg ihesdenicalegiebalso

includes an internal device isolation region 180b to separate the device region into first and second

device SHRRAIRNRI}1 8B IR IDLEIO b ISOLAHRNIRE) My HeDIRNBRIR SHERAPHS NG JIsst device

sub-region.’in one embodiment, the device isolation region and internal device isolation region are

concentgipisglalion regians, i SHAMRIEFIRE $ePRAGETInAUPFRAIPEHAMMASIYEEaBRdadNe first

device sub-region with them separated by the interim device isolation region. In other embodiments,

the isolalign 1e0iNaR 2EBiGRNNIAWEHARRIPVIRE Bansistor pair may be configured with a common drain
region and separate source regions. Additionally, the transistor region may include other number
of transistors. For example, any odd or even number of transistors may be provided. In the case
of odd applications greater than or equal to 3, one or more transistor pairs may be provided an
additional transistor, such as that described in Figs. 1a-b. Embodiments having a plurality of
transistors in the transistor sub-region employ a multi-finger configuration which facilitates high
current drive with a compact layout. For example, a plurality of transistor structures can be
configured in parallel to provide parallel fingers in which all sources are commonly coupled, all
gate are commonly coupled and all drains are commonly coupled. Such an arrangement may be
useful, for example, for high current applications, for example, from about hundreds of mA to
about 40-50 A.
[0053] Fig. 1¢ shows an embodiment in which the source regions 131 and body contact
132 are common contact regions. For example, a silicide contact on the surface of the substrate
connects both contact regions. In such cases, the source signal is used to bias to the second
isolation well. Alternatively, as shown in Fig. 1d, the source regions and body contact are
separate contact regions. For example, a surface spacer is used to separate the contact regions.
An isolation region may also be used to separate the contact regions. Providing separate source

and contact regions allows the second isolation well to be independently biased. Furthermore,
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second device sub-region which partially surrounds the first device sub-region, such as on one, two or
three sides. Other configurations of isolation regions may also be useful, [0057]The isolation regions
comprise, for example, STls. Various processes can be emploved to form the STI regions. For
example, the substrate can be etched using etch and mask techniques to form trenches which are
then flegedbideiRaie [MASIRS Suchias SRR SREmIcHNRRIANCRI LUEHAYIHEP) can be
perfonnedto Temove excess oxide and provide a planar substrate top surface. Other processes or
materials can.also be used to form.the STIs, In other embodiments, the isolati 1%98[1 ypes of
isolationeég?gﬁ%l.e Sétié%%%ﬁn&@ t%g%égrellﬁrrr]ng tll}g‘,,?ocrog%gﬁ?p?g}lgﬁgég ??(%fg %%g%%ggt%%r deptﬁs for
the STi%Jina){calso be useful. For example, the isolation regions may be DTI regions. 190581In Fig. 2b,
a deep &¥ice well 112 is formed in the device region. The deep devicefor example, serves as first
isolation he deepdevige well, in one embodiment, ¢ 1] fihe firsh pelayity type.
The dee[pﬁaése%jice weIIpErr?%? g%h% W CSBeS‘?%é‘ h é’g‘%%?%ﬁé? 5@%3’%8?1? [%fgeé(amp?se, n ay he about 2
- 10 tni Such. a depth, for e le, may a od ' 9 ingfrom At R <400 V.
Forming§ %r%lélé%adg%‘%%ev(\)/léﬁg\%ﬁsr& %ﬁé%%’rﬁa%%%%%?’ésgiﬁ&%e doped Wel%rma;; be formed
by implanting appropriate d s with th ] g%ee dPQuerinto g W%%p(;g JRE fRant type,
dose anﬁoﬁn 3? %%lyl ; élpseungﬁ%ﬂwsél%gpées %ﬂ gggf: t ed?(?rmé%. %OSQ]In o%e mbodisment the deep
device well comprise -well ; DR (_:I&}/_i Sulatd ! RrVRS dgep,pevice well for a p-type
device rﬁ%‘i/uai%sljl 8@183515%%%%%%&3 We(?flma)}?t)g or#lze %% %or e>(<)ample,' performing multiple
'mp'a”t_st[fééggere”t e A Y Fﬂ%”f-} Ré%%%%#%ﬁq ﬁ}% forpdhedeanaacepelmay

compatible with the process used to fool for example, high voltage wells. For example, the deep

device weil MARG{NAY AR SELAUNGRatbe- oA MRS RGRY Ang Y dRvasR,This allows

the same lithographi€ mask to be used to pattern the im.plant mask. The litHographic mask used to

foil the Lang MMJRORIRaNENS: fot exaple R ReE-NomAAd IR alRHar lide anRRIRG for the

deep device we ents, a separate deep well mask may be used to specifically tailor
the dopigg, of %98{9 BedfdgeWelkc may include logic regions in which logic devices are formed.

Depending on the type of IC formed, the logic regions, for example, may include regions for
different voltage devices. For example, the logic regions may include regions for high voltage
(HV) devices, medium or intermediate voltage (IV) devices and low voltage (LV) devices.
Other configurations of logic regions may also be useful. Additionally, other types of device
regions may also be provided.

[0056] The device region is separated from other regions by a device isolation region
180a. The device isolation region surrounds the device region. In one embodiment, the device
region also includes an internal device isolation region 180b to separate the device region into
first and second device sub-regions 110a-b. The internal isolation region, for example,
surrounds the first device sub-region. In one embodiment, the device isolation region and
internal device isolation region are concentric isolation regions. For example, the second device
sub-region completely surrounds the first device sub-region with them separated by the internal

device isolation region. In other embodiments, the isolation regions are configured to provide a
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[0060]To form the deep device well, a deep well implant mask which exposes the device region is sed,
The implant mask, for example, comprises photoresist patterned by a lithographic mask. Since the
device isolation region can serve as an implant mask, this allows for an increased processing window
for the patterning process to form the implant mask. The implant mask may be removed after the deep

wel = funsth NIEE eBIRIANE S IACIBIRNNG e ASER B WAMARR BRI B S oheRMPle he

deep device well may be formed by epitaxial silicongrowth on a heavily doped N and P regions on the

same sybate, [Q0GLLAToANG SRR rQ?oH?UP%&%PPQ%?&M%‘%W&@WS% the first ype

dopants from the implant, forming a deep device well which extends to under the bottom of the device

isolaiongagin. The apneal iania i Lempstelye alahaut 49RO viA0R Ot aNaRRINg

temperatures and annealing parameters or processes may also be useful. 100621Referring to Fig. 2c,

a body Welll1245 JuBRRIHD $7e JUSLAE VPG UBHERIe HIBARY WE IOl RER TS RONER A%k

second isolation well. The body well, in one embodiment, comprises dopants of the second polarity

type. The o uelb inirmesdnitimnibe deeRAoirMetn it GURAMMAN b E.D o yF iR lormed

within the deep device well and within the first device sub-region The depth of the body well, for

examples oAy e A0 a1 S BRHARAS MBS Lot 999&?%%8% for3Aece ik & da5iHRg sReLating

voltage from about 5 - 100 V. Providing a body well having other depths may also be useful and, for

example; may depend pn heesier eppratingooliagn alihe deyics heag kel rmayrhe fgrmed by

implanting appropriate dopants with the desired dose and power into the substrate. The dopant type,

dose angpaueina-deReRd QG VRE PHAGMEL D RERARIGH. PORSHY afk aEpRedImENgTHie body
well comprises a p- 11 for a El-type device.
may be, for example, about 3000 - 4500 A. Other depths for the STIs may also be useful. For
example, the isolation regions may be DTI regions.
[0058] In Fig. 2b, a deep device well 112 is formed in the device region. The deep
device well, for example, serves as first isolation well. The deep device well, in one
embodiment, comprises dopants of the first polarity type. The deep device well may be lightly
doped. The depth of the doped well, for example, may be about 2 - 10 pm. Such a depth, for
example, may accommodate devices operating from about 10 - 100 V. Forming a deep device
well having other depths may also be useful. The doped well may be formed by implanting
appropriate dopants with the desired dose and power into the substrate. The dopant type, dose
and power may depend on the type of device to be formed.
[0059] In one embodiment, the deep device well comprises a n-well for a n-type device.
Forming a p-type deep device well for a p-type device may also be useful. The doped well may
be formed by, for example, performing multiple implants at different energies. The implant
process used to form the deep device well may be compatible with the process used to form, for
example, high voltage wells. For example, the deep device well may be formed at the same time

as the isolation wells for LV and HV devices. This allows the same lithographic mask to be used

to pattern the implant mask. The lithographic mask used to form the LV and HV isolation wells,
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Forming a n-type body well for a p-type device may also be useful. The doped well may be formed by
peril-riffling multiple implants at different energies. The implant process used to form the body well
may be compatible with the process used to form a high voltage doped well. For example, the body
well may be formed at the same time as the high voltage second. polarity type doped well. This allows

the samg lithographic mask to be used to.pattern the implant mask. The lithographi edto
form the OB E o ST 19 At R o T e AT TS e the
body well ning., In other emhodiments, a,separate b well 19 3P [fically tailor
the dopfﬁrfg1 (?f?iﬂﬁneg&tgé% %gﬁaﬁ(%ﬁ%e orpnawls%%ﬁp oﬁ?l\lﬁg , a gﬁlﬁ‘?\%ﬁ'ﬁ]“ﬁ%ﬁ% ér:"laaggiﬁ\%r%cﬁ%xposes the
first device sgg-regionlf's used. The implant mask, for example, comprises photoresist patterned by a

. C V1 A+ . . . . . . .
lithogra |(?masﬁ, Sifce the internal device isolation region can serve as an implant mask, this allows

for an IngiggRed procgssingindou ol lheRalteAPRGP AR AR RIS AMAI AL BIASkyd 88 ogplant

mask may be'removed a orming the body well. Other techniques for forming ody well may

Isob ful. 10065 b f dT iffue t d ts,
oo e 08100 ngal P PO s Al sepapd e dona

. 1eg10 .
forming a%ol(]jy well'which exten e bottom Ice is on region. The

anneal, (0 aRIe BPeURIIA A ITRRIAN . AAGAR0S 220G erRRtd afours.

Alternativ € anneal may be a rapid thermal an er annealing parameters or

Iso b ful, 100 ' e i | isolati
processgs T AlSe BESEIU ACBRAR R bt e BRIRl A eI ATR (IERSH Al e iolaton

n other embodiments, t may be formed prior to forming the isolation

regions 100GARCIENIND0 FId 20 AT VBl A1 QylEcn e Ire A supriesiag dbe dr

well,in one embodimen , comprises dopants o gv%rst polarity type. The drﬁl well is formed within the

body welldp REETERMIIe R dilfelids (pimsth ibILBCIbAdy avias, Welkarryifin the first

device sueb-reglon. Inon e dept ottom of the drift well is"below the drain region.

in one ephod et e ASAID AL A0 WSl beiany e s 205 bekefepigls, In one embodinent

the dept‘ﬁplo?t e elow a bott the STE regions. Providing a drift well having other
dentns MdA=C e ussfuh e At akirgnbe eiipami TReningianRiARIaiaaRRRpevin the

desired dose ‘and power into the substrate The dopartt type, dose and power may depend on the type

of devicq 18,86 WR6mSHe IRAREND BAGREP QALY DG it nEH ComRHIBTARWRIGHSIYRR device.

device isolation region. The anneal can be performed at a temperature of about 1000 - 1200 °C.
Other annealing temperatures and annealing parameters or processes may also be useful.

[0062] Referring to Fig. 2¢, a body well 114 is formed in the first device sub-region. The
body well, for example, serves as a second isolation well. The body well, in one embodiment,
comprises dopants of the second polarity type. The body well is formed within the deep device
well. In one embodiment, the body well is formed within the deep device well and within the
first device sub-region. The depth of the body well, for example, may be about 1 - 8 pm range.
Such a depth is useful for a device with a desired operating voltage from about 5 - 100 V.
Providing a body well having other depths may also be useful and, for example, may depend on
the desired operating voltage of the device. The body well may be formed by implanting
appropriate dopants with the desired dose and power into the substrate. The dopant type, dose

and power may depend on the type of device to be formed.
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Forming a p-type drift well for a p-type device may also be useful. The drift well may be formed by
implanting ions into the first device sub-region. The implant process used to thLIEI the drift may be
compatible with the process used to lona a low voltage doped well. For example, the shallow device
well | ay be formed at the s e time as the low voltage first polarity type doped well. This allows the

same lithaggaphic magk s beseehiepatieruineaplam mask, hedihagraphpmeskused to form

the low voltage first polarity type doped well, for example, may be customized fo include the shallow

device weliaRRINaNpAlhe SmbMImENIpAscRaTaE shalbusalmank mpLpeussilja gpeciicall

tailor the doping of the drift well. [0069 well, an implant mask which exposes the first

device syp{eg Efﬂ%rﬂﬁ%ﬂng RERRREMARK Al B ARPLRCRBIPHSRS RIDRIR! SRR ERANRINRAMA

lithographic mask. Since thé internal device isolation region can serve as an implant mask, this allows

for an ingregsed RERcaSSiiRdBN IhEEhe. AABIDINGRIRGRES 19 form SNedmAlnLO R edQsber teghniques

for forming the deep device well may also be useful. Alternatively, the implant may be tailored

specificaly tpdsiftiualb, VLRSI IE AR g Re sa-R0dn ca0RRAIREH ISt issformesin dheifirsyslevice

sub- region. The body connector comprises dopants of the second polarity type. The body connector,

for exangpg, e arRNIRFHOMYADR RS U hide ApshRuMdha YRS LRRRATEIES the

two drift well into two separate drift regions I16a. The body connector may be formed by implanting

appfopfiﬁiﬁ)g‘é%ﬁié Wi hedeskathdnshigRd DRyLe rsmg?ﬂc}{r??'i%% doiRARRAN Y BeadpRe and

power may depend on the type of device to be formed. [0 ne embodiment, the body connector
comprisgs PPYRAANRYUS d 1121888%he body well opening. In other embodiments, a separate body

well mask may be used to specifically tailor the doping of the deep well.

[0064] To form the body well, a body well implant mask which exposes the first device
sub-region is used. The implant mask, for example, comprises photoresist patterned by a
lithographic mask. Since the internal device isolation region can serve as an implant mask, this
allows for an increased processing window for the patterning process to form the implant mask.
The implant mask may be removed after forming the body well. Other techniques for forming
the body well may also be useful.

[0065] An anneal may be performed. The anneal diffuses the second type dopants,
forming a body well which extends to under the bottom of the internal device isolation region.
The anneal, for example, is performed at a temperature of about 1000 - 1200 °C for about 1 - 15
hours. Alternatively, the anneal may be a rapid thermal anneal (RTA). Other annealing
parameters or processes may also be useful.

[0066] As described, the isolation wells are formed after the isolation region is formed.
In other embodiments, the isolation wells may be formed prior to forming the isolation regions.
[0067] Referring to Fig. 2d, a drift well 116 is formed in the first device sub-region. The
drift well, in one embodiment, comprises dopants of the first polarity type. The drift well is

formed within the body well. In one embodiment, the drift well is formed within the body
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connector may he formed by implanting ions into a portion of the shallow device region. The implant
process used to 101131 the body connector may be compatible with the process used to form a low
voltage doped well. For ample, the body connector may be formed at the same time as the lo - voltage
second polarity type doped well. This allows the same lithographic mask to be used to pattern the

o ks Lof IR BRI HRAL Qe MNOURAS ARRAR RO B ABRC el for

C€VICC Y\)/e
example, may be customized to inclu onnector opening. In other embodiments, a

separagRoCRERSEiRIgIPale WakbedsE e aResllisalintaionb s dapiardhe Ragceapaetor

100721 um die body connector, a y connector implant’ma xposes the portion of the

thogran T R R By Bl R Ie

lithograp ant mask may be remosed a

2f, gate fg Rl -B%@ﬁ%@faﬁbgrf&gﬁ%gig%%@m% 'mgmagaa@&%gﬂsﬁfﬁoﬂﬁmwé'ﬁ formed

on the surface of the substrate.”The gate ayer, for example, comprises silicon oxide. Other

types of die'g@g&@&f&%@%@% el h&gﬁw@mﬁg imenta 6,031 dIRIRigdqer comprises

a thick gnalfg lelectric the gate dielectric layer may be about 20 - 1000 A. For

exampe, e NOkRESS 1% ARl PUEEACHE S%01 20,0058 Yo 0 Y and

increase to about r out 40 - 60 er gate dielectric layer thicknesses may also

0e UseTijbolg? d2te ARISHEC N MAY RECANGR IRl QHAAPRFAOR BfAIRIRethe dielectric

layer is formed by a wet oxidation followed by annealing the substrate in an oxidizing am.hient. The

x1oa f _ .
temper%%%é%%ﬁgéﬁfﬁ%%?a‘{ﬁ?ﬁ% QXPHOPIR PRRHHEReRRO e R ANAE AlINOHRAR AfedOF

example, per about 1000 "C. Other types of gate dielectric materials or

thickne PAAIROAR eI TRl KRB ihe aate diRlaSipiall AISHA AN RSO ypes I

gate dieléctric materials and/or be formed by other types of processes, such as chemical vapor

deposition,(CVD). [00Z41D 2R SRRAHIMEEL: {06 LAt HlR iSRS ab PadwRing speltipi e,

processes. Each process forms a portion of a gate dielectric layer until the desired thickness is

achieved, Fal, a¥anRis eaaie fislesticlpyeis Jamaehbydirst ad saeRdipsossnses tfe first

process forms a gate dielectric layer for LV devices while the second process increases the thickness

of the diglectiic layerfor hib feviresiothalpt i idayices, FOTRingLReaataidicirsiia lRvst using other

number of processes may also be usefill. This facilitates compatibility o f processes used in fanning
1Cs hanﬁHo@HBH}Mﬁ%&?&%M'ﬁ%m the low voltage first polarity type doped well, for example, may

be customized to include the shallow device well opening. In other embodiments, a separate
shallow well mask may be used to specifically tailor the doping of the drift well.

[0069] To form the drift well, an implant mask which exposes the first device sub-region
is used. The implant mask, for example, comprises photoresist patterned by a lithographic mask.
Since the internal device isolation region can serve as an implant mask, this allows for an
increased processing window for the patterning process to form the implant mask. Other
techniques for forming the deep device well may also be useful. Alternatively, the implant may
be tailored specifically to form the drift well.

[0070] Referring to Fig. 2e, a body connector 118 is formed in the first device sub-
region. The body connector comprises dopants of the second polarity type. The body connector,
for example, forms a connection with the body well 114. As shown, the body connector

separates the two drift well into two separate drift regions 116a. The body connector may be
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100751A gate electrode layer 124 is formed on the substrate over the gate dielectric layer. The gate
electrode layer comprises, in one embodiment, polysilicon. The gate electrode layer can be formed as
an amorphous or non-amorphous layer. The gate electrode may be doped. Various technigues may be
employed to dope the gate electrode, for example, doping or ion implantation. Other types of gate

electrodg mAtPHe A ARG REI JoBLAXAA'S Ameal i natkiabnay s faim e mete!

gate electrode. e gate electrode layer may be about 800 3000 A. Other thicknesses

oy alspifeaahyhe. 18 rga%e{ﬁ%@a oY 6h dRERBODeSSHER 8B CaGmIGR! vapor deposition

(CVD), can be used. Other t Igues may also be useful. [0076]in Fig. 2g, the gate layers are

pattern d%‘ffm anﬂ%ﬁp‘%&g@&ﬂﬁeﬁ?tﬁg%‘gﬁy Ub%%ﬁ%ﬂ%)ﬂﬁ{?r?s“& paysEnRAaLorim, st gnd second
0 corr ra

gates 1 esponding to first and second transistors in the fransistor sub-region. A gate includes a

gate eleclioe 461,124 RYSA BP1F SISIRFITIRY A 2580 BP AU\ Ratertiaghegate lavers

to form other number of gates Iin ansistor sub-region is also useful. Techniques, such as mask

and etch DERRR 3362 8RO R 81O TRIRAAIYBIIRRIR Dierka¥srlegaia plectiode

layer and patterned, exposing portions of the gate electrode layer. An anisotropic etch, such as a R1E,

is perforgied 194EMONELXRARALRATIRDS QLN GalR BIREIAdm NS AR RAG-HIgleqlf xRt below,

To improve lithographicresolution, an anti-reflective coating (ARC) can be provided beneath the

photoreﬁﬁttﬁ QURR! {RENRIALES SR RATRIING thE-IRISIPKRIE MY alsaRansehile RO FapRRAYARO is

formed in the transistor sub-region. The body is formed in source regions of the transistors. in one

embodiment, he P&gxdé_&p{ﬁ@% 1A GARNORSIHICE SR RRINGRR theales. The Radyls formed

by, for example, implanting second polarity type dopants in the common source region. P-type dopants

may he Implanied (e Ja95L ahRa%o ad bl EY&%%%@Q dhaathsrhandcRd¥REdRRANS Max e

implanted to form a p-type device. [0078]To form the body, a body implant mask may be used. The
body 'mgf)%ﬂgﬂg.a%'other embodiments, a separate body connector mask may be used to specifically

tailor the doping of the body connector.

[0072] To form the body connector, a body connector implant mask which exposes the
portion of the first device sub-region is used. The implant mask, for example, comprises
photoresist patterned by a lithographic mask. The implant mask may be removed after forming
the body connector

[0073] In Fig. 2f, gate layers are formed on the substrate. In one embodiment, a gate
dielectric layer 122 is formed on the surface of the substrate. The gate dielectric layer, for
example, comprises silicon oxide. Other types of dielectric materials may also be useful. In one
embodiment, the gate dielectric layer comprises a thick gate dielectric layer. The thickness of
the gate dielectric layer may be about 20 - 1000 A. For example, the thickness of the gate
dielectric layer may be about 20 A for Vgs of about 1.2V and increase to about 1000 A for Vgs
of about 40 - 60 V. Other gate dielectric layer thicknesses may also be useful. The gate
dielectric layer may be formed by thermal oxidation. For example, the dielectric layer is formed
by a wet oxidation followed by annealing the substrate in an oxidizing ambient. The temperature

of the wet oxidation can be, for example, about 750 - 900 °C. The annealing can be, for
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for example, comprises photoresist. The implant mask may be patterned to expose the source region
of a transistor. For example, the implant mask may be patterned to expose the common source region
of the transistors. To improve lithographic resolution, an ARC layer may be provided below the
photoresist. The implant, for example, is self-aligned to the gates. In other embodiment, the implant

may be seltdlined ta.2.931% a0 an,solalon eoipncAe susl, s Rod 5@ aelkalanes bedy

Forming A Sen-aifgned body allows for an increased procéssing e patterning process to

han e A ROTE T PN AP0 S ABRG o

The dep?ﬁ 0 y, for example, 0 colple microns. or example, may
al
€C

d donth ' afi ' : - b iCJ II't
ccheve BRSO e R S ATE o

low Rds‘c,)gl grsd)eo%ss'iglg. g der-lap L, in one embodiment, is about 01 p.m to couple of microns for
voltage raﬁglng From alb ut5-7 Vto about 100 V. inis perfoimed. The quad tilt implant, for example,

vorag g FOm 400! o t : nt,
e sbo AP TR SR £ L IR SR 0% S DA S b BE, BB e
| | ful i . i - ) j b
o ARG S5 SRR G ERIRdAar Bl R A iRRL Y be
hundred; \/ i | le,
oo P & e IR AAEIPLS iR 50 RS SLaH BRASRE M h R pEAP |
embodirgent, 'Agg;ﬂ sepedidy 'ylaﬂ%%%W@ka@és_%%ﬁle&ﬁéeé%%grpfbﬁagsqﬂmg)é&i{é%féﬁ@@g gpd

source regions Of the transistors, as shown in Fig. 2h. In one embodiment, the LDD regions are lightly

doped f@%%&@&}émgiéﬁawi%m@s @&a&mt&fﬁ@edgsm.oﬁw&ﬁ@@qéeggi@rzﬁelf&rﬁmpal%siﬁgbOUt

0,05 - 0.3 pm. A LDD Implant mask may he use to implant dopants to form the LDD regions. The LDD

implant g é&&%@%ﬁp}&&g@ammm&oﬁs&ﬂ- e mnlanDasisRayps BrIRIasdlosapase the

source an%l drain regions of the transistors. To improve lithographic resolution, an ARC layer may be

provided:hel \ g@tﬁg@ﬁ{gtmm@_y&%ggtdég{cgg(.ample, self-aligned to the gates and isolation region. For

example, the implant may be self-aligned to the gates and internal device isolation regions. This

increaseghge processingwindoys{qn e PASTIRGAGE ARSI M Bet B dnplasldaagk. The

implant dose may be from about 1E 12cm2 - SE 14/cm2 and the implant energy may be from a few

hundred; g) 10 ARopl 2 AR R e PG SRR DIHARE EES SN RIS QRS HIESH!- The gate electrode

layer can be formed as an amorphous or non-amorphous layer. The gate electrode may be
doped. Various techniques may be employed to dope the gate electrode, for example, in-situ
doping or ion implantation. Other types of gate electrode materials may also be useful. For
example, a metallic material may used to form a metal gate electrode. The thickness of the gate
electrode layer may be about 800 — 3000 A. Other thicknesses may also be useful. To form the
gate electrode layer, techniques such as chemical vapor deposition (CVD), can be used. Other
techniques may also be useful.

[0076] In Fig. 2g, the gate layers are patterned to form one or more gates. As shown, the
gate layers are patterned to form first and second gates 120 corresponding to first and second
transistors in the transistor sub-region. A gate includes a gate electrode layer 124 over a gate
dielectric layer 122 and has a width W;. Patterning the gate layers to form other number of gates

in the transistor sub-region is also useful. Techniques, such as mask and etch processes, can be
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[00821Side all spacers 170 are formed on the sidewalis of the gates. To form the spacers, a
dielectric layer is deposited on the substrate. The dielectric layer, for example. may be silicon oxide.
Other types of dielectric material, such as silicon nitride, may also be used. The dielectric layer may be
formed by CVD. The dielectric layr mayalso be formed using other techniques. The thickness of the

dielectriglayarnay eI 0% SrmBRIEsAROH id AnrRQR & RihardRickneases, iariheHielasidc layer may

also be usefid. The thickness, for example, may depend on the desired width of the spacers. An

anisorrQRIC,eleh HSHEAS A %a@@bé&?oﬁ@'[ tped fo.remeupiberizostahnreiiens of the disleatric layer,

leaving spacers on the sidewalls of the gate. In some apphcations, the spacer may be formed from

multiple iQIe TG VRS oFRORSH MG ga R R GRTIMAN S AP UL ABR BRbaIweaignmAAR arc

fined on the substrate. The common Source region includes a first sub-source region 131 and a

secondifHRoI OMIREECSIRRoIN AN EMRRAINE L dREATRRE S IR fe RIng taey Ersh 8LIRS HERS:ARd. drain

regions also fouRis deep device well contact regions 113. The first sub-source, drain and deep well

contactpglons i hearily st eaionsbayiag gl Ralaiy fypgdopants. The depth of the first

sub-source, drain and deep well contact regions, for éxample, is about 0.05 - 0.5 RITi. A first SID

implantigipgl may beAiggdyia smRlant-dapaniste s dpedifesrit dPREFIBLIORSINE Algiusdd

implant mask, for example, comprises ohotoresist. i'he implant mask may be patterned to expose the

first sulpsounee Ad draifidiegions ghdheniamsisiarsnd 8dmprons-itograrbiafRsrldtian RBiIARC layer

may be provided below the photo resist. The implant, for example, is self-aligned to the gates and

isolation dealenshwithasPortion SAYRISEE 5ECRPLSHRROURSHIARGIY s LOREYBIMRIG 1108 dnpiaRt may

be self-aligned to the gates, device isolation region and internal device isolation region with a portion

covering, the S6RRAAGHSIRIRRYELSFE IR pERISRNERARS HERBIACRASN SN BYaipfdhe agirning

process to form the first S/D implant mask. The dose of the implant may he, for example, from about

1E15em & RE 1 G/CHiRD AR KRRIMPIAH 8OSHRY May REHBMARON Risvk BusgEasteido about 200 KeV.

Other plant parameters may also be useful. [NM]In some embodiments, the iImplant may comprise a

tilt implagé7k) such casgsam h&fadmelmagﬁsyn?@a%ﬁmmmweﬁh@Buasmalaratnmaxshge used to

for the LDD extensions and first sub-source and. drain r embodiment, the process for forming the

second slR;SPMIRE 68IRARISMIRIRSiSUbSHAIR FRARGRRHRFDE Y4 dRRERLORSH S Brs s and
substrate contact regions are heavily doped regions having second polarity type dopants. The depth of

the secandsHbraQkicERHd SUPSHAGLONRGHFRIRNSafREXARAt ISR X Ae B doMnidie second

sub-source region serves as a body contact to the device body. A second S/D implant mask may be

use to ie&m@etr@gilaﬁraﬁtwemmsrgiﬁ%eﬂipm@ﬂtﬁ%g@ﬁﬁicﬁegom%@mlﬁatm% for
a

example, comprises photoresist. The dose of the implant may be, for ample, from about | E1.5etn2 -

2E16/ch2 @nedBel SRPIRObRHRRRNOM ROREb AIE Mo hURAKEILY RiakaghedR ey ghithenippiant

parama,
embodiment, the implant may be self-aligned to a gate and an isolation region. As such, the

body is a self-aligned body. Forming a self-aligned body allows for an increased processing
window for the patterning process to form the body implant mask.

[0079] The implant forms a body having a desired depth and under-lap L. The depth of
the body, for example, is about 0.3 pm to couple microns. The depth, for example, may depend
on the device voltage operation requirements. The under-lap L should be sufficiently small to
achieve the desired Rdson. For example, the under-lap should be as small as possible to achieve
as low Rdson as possible. The under-lap L, in one embodiment, is about 0.2 pm to couple of

microns for voltage ranging from about 5 - 7 V to about 100 V.
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also be useful, 100861In other embodiments, the firs S/D implant mask may he used to foiin the body
contact along with appropriate contact regions while the second S/D implant mask may be sed to form
the source and drain regions along with appropriate contact regions. [00871In some embodiments, the
first and second sub-source regions are separate regions. For example, a surface spacer or isolation
region provided to separate the first,and segond sub-source regions. rate fi

sub-soﬂ@gsrla gions m?arllyokr)lg ﬁ@%‘%ﬁ"ﬁf éﬁgﬁ) &nt ()lgléfr%% g %&écfﬁr?ﬁ%égf%ﬁg 0 Dé%’lgrfﬂ?éa%?g(t:ess
continuesIn 0 e ARGe 15 RHAMR SR A0 AR RIORRIRN £30 IBGAR st el ce

1 B sge
contacts o various contact regions an e surface e gate electro € process further

continues,to f | ' f ifj I
eude T B S B D o sciaging.

Other pgeR SR AL AR TSI SIS CRTYRIANS, 3vch G o aigenedun

voltage and hi evices ed prior to forminhg the interconnections. Referring to Fig. 3a,
3@322?%%%@@?%%%%@%? AE2SiRP UL ParllaBLeRAEd AHRRUPIR.P oY Auipanof
g. or example, the substrate includes gate layers 122 and 124

0 Z?ffsqﬁg?? pPuteianaed WiRaEH ALY A0 LR B0 FoNs KOP3H ialkerstored
KeV. Other implant parameters may also be useful and may depend on, for example, desired
depth and L. After the body is formed, the body implant mask is removed.
[0081] In one embodiment, lightly doped drain (LDD) regions 236 are formed on the
substrate in the drain and source regions of the transistors, as shown in Fig. 2h. In one
embodiment, the LDD regions are lightly doped regions having first polarity type dopants. The
depth of the LDD regions, for example, is about 0.05 - 0.3 pm. A LDD implant mask may be
use to implant dopants to form the LDD regions. The LDD implant mask, for example,
comprises photoresist. The implant mask may be patterned to expose the source and drain
regions of the transistors. To improve lithographic resolution, an ARC layer may be provided
below the photoresist. The implant, for example, is self-aligned to the gates and isolation region.
For example, the implant may be self-aligned to the gates and internal device isolation regions.
This increases the processing window for the patterning process to form the LDD implant mask.
The implant dose may be from about 1E12cm? - 5E14/cm’ and the implant energy may be from a
few hundred eV to about 200 KeV. Other implant parameters may also be useful.
[0082] Sidewall spacers 170 are formed on the sidewalls of the gates. To form the
sidewall spacers, a dielectric layer is deposited on the substrate. The dielectric layer, for
example, may be silicon oxide. Other types of dielectric material, such as silicon nitride, may

also be used. The dielectric layer may be formed by CVD. The dielectric layer may also be

formed using other techniques. The thickness of the dielectric layer may be, for example, about
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[00901in Fig. 3b, the gate layers are patterned toone or more gates. As shown, the gate layers are
patterned to fomi first and. second gate 120 corresponding to first and second transistors in the
transistor sub-region. A gate includes a gate electrode layer 124 over a gate dielectric layer 122 and
has a width W7., In one embodiment, Wi For example, is equal to about 0.4 - 2 pm. [00911A body 150
s formefh 6 5ASIE; 00, FIRRosis{UmER/naguies rediansiofiie diRsisior, n one

embodiment, Eﬁe body |s?§rme In a. common source r glon etweent e gates. The bod.y is formed
by, for e I ﬂge dopants
may be %(n’%pq?lﬁitéﬁﬁg) ? llgm a boém dg? éaﬂﬁat%tg%ewcea%&gﬁ ﬂﬁ?%ﬁ% thing%}gg SS?E%?% %ay be
'mp'a”t%?dk?b %r% RS SRS §9§§&f§a3f§59{‘&1500'ﬂ%e%‘fe Rily gonerraip SRE Goipps 236
are formed strate |nt rain and source regions of etra sistors. In ne embodiment,the
LDD reqigns ag il SRpeseqArs g fUshelary s g deiat fiekoR regions
for exam e, %about % 0.5 pm, g%’?wa%aspaces 1&% a{r%% rmeﬁ the S|dewal of the ga%es. The
S|dewall]_§?p§ gers 170, for example may be silicon oxide. Other types of dielectric material, such as
silicon e, may also be used. [0093]in one embodiment, sahcide block spacers 175 are formed on

the dfalxnﬂ of the e ng%ﬁ%ﬂ%u%é Jé%%%elsmpodm?m %8ﬁqu£é%§ﬁ9@%%rtw'udes

an exte ortlon prc’>V| es a separation between a gate and its drain, The separation should

be sufidahiagcy %}wﬁ@s&@é fhedhaineRbaduen. 106 seRsraiendstangs Bs s

about O. ing other separation distances may also Iseult. The separation of the gate

from thesglﬂ?ég Q@Bﬁtﬁﬁ 8'1%/ &ﬁﬁS&ME‘Eﬁ%@ &JQ&%E ?&efmgé/ ﬁl@ﬂf‘s%-%&iﬁ%@and drain regions

also forms deep device well contact regions 113. The first sub-source, drain and deep well

contact regions are heavily doped regions having first polarity type dopants. The depth of the
first sub-source, drain and deep well contact regions, for example, is about 0.05 - 0.5 pm. A first
S/D implant mask may be used to implant dopants to form the different doped regions. The first
S/D implant mask, for example, comprises photoresist. The implant mask may be patterned to
expose the first sub-source and drain regions of the transistors. To improve lithographic
resolution, an ARC layer may be provided below the photoresist. The implant, for example, is
self-aligned to the gates and isolation regions with a portion covering the second sub-source
region. For example, the implant may be self-aligned to the gates, device isolation region and
internal device isolation region with a portion covering the second sub-source region. This
increases the processing window for the patterning process to form the first S/D implant mask.
The dose of the implant may be, for example, from about 1E15¢m? - 2E16/cm” and the implant
energy may be from about a few hundred eV to about 200 KeV. Other implant parameters may
also be useful.

[0084] In some embodiments, the implant may comprise a tilt implant. In such cases, an
LDD implant may be dispensed with since the tilt implant may be used to for the LDD

extensions and first sub-source and drain regions.
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100941To fonn the salieide block spacers, a dielectric layer is formed on the substrate. The dielectric
layer, for example, may he oxide, nitride, oxymtride or a combination thereof Other types of dielectric
materials may also be useful for the salicide block spacers. in some embodiments, the block spacer
may have multiple dielectric layers to form a dielectric stack or sandwich. In one embodiment, the
?Iectric layer can be

dielectric layer is diffegent from that of the sidewall spacers. For e le, the di
patternefg@/ ctively X gﬁ%é%/%%pét@g%d:%’%%&rﬁg Fg%%;f %%]{t%e?%réndﬁ ?g o

or(r)ﬁl?he salicide block

spacers.éjgcg)Q lin other embodi ts,the dielectric.layer is patterned to form salicide block spacers
and surfi2é E)%lggrs 98?%%53@32)(%5 & gleergegglﬁgrsa%%ﬂ% first an gﬁesgc?ﬁgnssu%-é%ﬂar%e% §8§%§ns of the
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11
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such asa , IS perrorme move exposed portions o lelectric e sidewall spacers
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th P first su

c%n %ict 10 the device az
on the substrate. in one embo Iment, the process of rorming -source an rain regions also

forms dee vice, well contact regions. The, fi [ A i
At SR e kR i G D GRS e T Ay
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energy
sub-source);drain an eep well contact regions of the transistors.

also be useful.

[0086] In other embodiments, the first S/D implant mask may be used to form the body
contact along with appropriate contact regions while the second S/D implant mask may be used
to form the source and drain regions along with appropriate contact regions.

[0087] In some embodiments, the first and second sub-source regions are separate
regions. For example, a surface spacer or isolation region may be provided to separate the first
and second sub-source regions. Separate first and sub-source regions may be useful for
independent biasing the second isolation well.

[0088] The process continues to form the device. For example, the additional processing
can include forming silicide contacts on the various contact regions and the surface of the gate
electrode. The process further continues to form a PMD layer and contacts to the terminals of
the cell. Additional processes may include forming of one or more interconnect levels, final
passivation, dicing, assembly and packaging. Other processes are also useful. For example,
other components, such as low voltage, medium voltage, and high voltage I/O devices can be

formed prior to forming the interconnections.
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100981Referring to Fig. .31. an isolated body contact (e.g., second sub-source) region 132 is formed.
In one embodiment, the process of fanning the isolated body contact region also forms substrate
contact regions 107. The second isolated body contact and substrate contact regions are heavily
doped regions having second polarity type dopams. The depth of the second sub-source and

substraif yact regips, QLRG8O Qi 0 kA SBEANFI QT RA: Sisk may be

used to implant: &pants'to form the different doped regions. The second SID implant mask, for

examp'%&ma@%&%@%&e&gﬁiﬂﬁ%%ﬁ Mesk Ay PR PAlGIerhioR1Rase e seaanddsalated

body contact and subsStrate contact. 9]in other embodiments, the first S/D implant mask may be

used to iéomtﬁ}sgé%%?&m%@grﬁ%%e@ 9V¥BER APPERRIAIG RN esinaR WailkitheseapdS/D

implant mask may be used to form the source and drain regions along with appropriate contact

regions. 301015 /R HED £ TRIRITES b AR GAIPRSIAE {0IRA LYl RRlRR Gopbien folwin,

for example the drain and first sub-source regions. This avoids the need to form 1,DD regions prior to

forming@@gvgﬁﬁ 3BRESS {Jo%qlﬂﬁ% gg’sp{'@ggd the transistor pair is configured with a common source

region. Alternatively, the fransistor pair may be configured with a common drain region. Additionally,

the trangygiggregion nﬂ%@.c%zl%tgsfeﬁugaﬁeérequ&aﬂéa%sf&ﬁ{ SHODRIRERY LAY B¥emmber of

fransistors may be provided. in the ase of odd applications greater than or equal. to 3, one or more

transistor, pajts may be.iavided an-adsitional tepsisiaressh anibakAasRReRHR Fgsetiy Forming

the different embodiments involves changing the pattern on the lithographic mask. No additional steps

would bg requited: FHERSHRCLS: s AM3dRISIR AR seRSHRsIRAdyS ok Ve olthe

specific sequence of steps disclosed. For example, some steps may be performed in different

Sequen?ﬁé@dﬁﬁ&'ﬁ%&@%ﬁ%ﬁ?ﬁ Wlpwgdﬂﬁgne embodiment, W, < W,. For example, W> is
equal to about 0.4 - 2 um.
[0091] A body 150 is formed in the transistor sub-region. The body is formed in source
regions of the transistors. In one embodiment, the body is formed in a common source region
between the gates. The body is formed by, for example, implanting second polarity type dopants
in the common source region. P-type dopants may be implanted to form a body for a n-type
device. On the other hand, n-type dopants may be implanted to form a p-type device.
[0092] Referring to Fig. 3¢, lightly doped drain (LDD) regions 236 are formed on the
substrate in the drain and source regions of the transistors. In one embodiment, the LDD
regions are lightly doped regions having first polarity type dopants. The depth of the LDD
regions, for example, is about 0.1 - 0.5 um. Sidewall spaces 170 are formed on the sidewalls of
the gates. The sidewall spacers 170, for example, may be silicon oxide. Other types of dielectric
material, such as silicon nitride, may also be used.
[0093] In one embodiment, salicide block spacers 175 are formed on the drain side of the
gates, as shown in Fig. 3d. In one embodiment, a salicide block spacer includes an extension
portion which provides a separation between a gate and its drain. The separation should be

sufficient to avoid gate overlap of the drain. In one embodiment, the separation distance Ds is
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[0102]The embodiments described are highly compatible with current processes for forming ICs, For
example, the embodiments described are highly compatible with current processes which form IN and
FINT devices 'The various wells utilize to form IN and devices can be used. An additional body mask
may be employed to form the body. 101031 The invention may be embodied in other specific forms

without depay g, o sl of eesniol sharacieriti tesaal, L ofgaa sbogipents

therefore, are e considered In all réspects illustrative rather than limiting the invention described

herein. Sc of the inventign is thus indicated by the appended.clai rat Dy the foregoing
descript%ar?‘,?ﬁr?crin aqlpf %ﬁ%ﬁ%eg ﬁ?a?P gtéfr%véc\;gvit%rrs{l?ﬁsé%r%%%}%g%ﬁgrggﬁgg o?f(a aeugl\{fg}gr%l%f the claims are

mended aap embraced ol Mgt inpERs ChAIMSA ENIA O BIRDYAgENCS

compris providing a substrate evice region,”wherein the device region includes
a drift W"ﬂl@ 8}@{”&&@1&2"8'@%}‘ &8&&%?1%@§§be oxide, nitride, oxynitride or a combination thereof.

Other types of dielectric materials may also be useful for the salicide block spacers. In some
embodiments, the block spacer may have multiple dielectric layers to form a dielectric stack or
sandwich. In one embodiment, the dielectric layer is different from that of the sidewall spacers.
For example, the dielectric layer can be patterned selectively to the sidewall spacers. The
dielectric layer is patterned to form the salicide block spacers.

[0095] In other embodiments, the dielectric layer is patterned to form salicide block
spacers and surface spacers 176. The surface spacers separate the first and second sub-source
regions of the source region.

[0096] Patterning of the dielectric layer can be achieved using, for example, mask and
etch techniques. For example, a photoresist layer is formed over the dielectric layer and
patterned using a lithographic mask, exposing portions of the dielectric layer to be removed. An
anisotropic etch, such as a RIE, is performed to remove exposed portions of the dielectric layer.
The sidewall spacers remain on the sidewalls of the gates. To improve lithographic resolution,
an anti-reflective coating (ARC) can be provided beneath the photoresist. Other techniques for
patterning the dielectric layer may also be useful.

[0097] In Fig. 3e, first sub-source regions 131 and drain regions 140 are formed on the
substrate. In one embodiment, the process of forming first sub-source and drain regions also
forms deep device well contact regions. The first sub-source, drain and deep well contact regions
are heavily doped regions having first polarity type dopants. The depth of the first sub-source,
drain and deep well contact regions, for example, is about 0.05 - 0.5 pm. A first S/D implant

mask may be used to implant dopants to form the different doped regions. The first S/D implant
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forming a doped isolation well in the substrate, wherein the drift well is disposed in the doped isolation
well; forming a gate of a transistor in the device region, the gate having first and second sides;
implanting second polarity type dopants into the substrate in the first side of the gate to form a body
within the drift well, wherein the implant is self-aligned to the gate, the body having an under-lap

portion g he dihalf @! (AR IO oy ﬁsﬂgjmﬁ%ﬁgg}& O@%&%ht%gggt%\é%'ow

Rdson; and forming first and second diffusion regions having fir arity type ants in the

substratg, [ dbedeviees@ap.AdACaR 0. e kst Ao usand aies oF e gate.herein the firs

diffusion region is within the body ‘and the second diffusion region is within the drift well. 2. The method

of claim fgerein thedloned sglatorwell comppsRaaRE AR YR dapRDTs.and aampyses

forming an isolation well in thé substrate having first polarity type dopants, the isolation well

encompRsses e iPpeddsARRNC 3o AR AR TINGAIRY S APMATRIG i on PLVInG 2

substrate defined with a device region, wherein the device region includes a drift well having first

polarity ypG.AQRRRLR: (R Aot isatR PR ENR e sHRslRlS having Jistneladly Kpgdopants:

regions are heavily doped regions having second polarity type dopants. The depth of the second
sub-source and substrate contact regions, for example, is about 0.05 - 0.5 pym. A second S/D
implant mask may be used to implant dopants to form the different doped regions. The second
S/D implant mask, for example, comprises photoresist. The implant mask may be patterned to
expose the second isolated body contact and substrate contact.

[0099] In other embodiments, the first S/D implant mask may be used to form the
isolated body contact along with appropriate contact regions while the second S/D implant mask
may be used to form the source and drain regions along with appropriate contact regions.

[0100] In yet other embodiments, LDD regions are formed by using tilt implants when
forming, for example the drain and first sub-source regions. This avoids the need to form LDD
regions prior to forming sidewall spacers.

[0101] As described, the transistor pair is configured with a common source region.
Alternatively, the transistor pair may be configured with a common drain region. Additionally,
the transistor region may include other number of transistors. For example, any odd or even
number of transistors may be provided. In the case of odd applications greater than or equal to 3,
one or more transistor pairs may be provided an additional transistor, such as that described in
Figs. 1a-b. Forming the different embodiments involves changing the pattern on the lithographic
mask. No additional steps would be required. Furthermore, it is understood that the process as
described is not limited to the specific sequence of steps disclosed. For example, some steps

may be performed in different sequences and/or additional steps may be added.
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forming a second isolation well in the substrate having second polarity type dopants, wherein the first
isolation well encompasses the drift well; forming a gate of a transistor in the device region, the gate
having first and second sides; implanting second polarity type dopants into the substrate in the first
side of the gate to form a body within the drift well, wherein the implant is self-aligned to the gate, the
body hayi n under; rtign on.the first si 12 1808 th by eigstae gength L is
small to@gﬁlzjve a Iowjlﬁéglgo%gr?;o ik 3?%?%%‘1)%%%%%%%%%\%9 second |§0I rity type dopants, the
body copnector ja communicat e . 0 gg{:g}ﬂgﬂﬁ}om wall e dpyming first
and secgonra1 g}ﬁég%r?%rg%ﬁlg@%?n}% %{sgtggé aﬁ%& t(%\)ée opants inthe sub%%rate in thec%révice region
adjacent to the first and i f t hlgg%ﬂst%ﬂg%gigg%%ﬁﬁqiqnﬁmin the body
and the Becont Sd%%li})fr??eﬁ;bw; %%ﬁﬁ?nd%%’?ec%%fml . 4. The method of claim 3 comprises forming a
body coptactn the bogy. conipSLATiding, 2 RS einalipkhiasinge second isolation
well. 5.%@%& olé%o c eiimglg%%gr%&g%eg f%ming a c%;r#mon aé“gérlection betweg?r{%]the first diffusion

region dy conagh. SvdE RPN AIRINCS SPORRASTRARIEYAGR RiRk.FABGRRR Hhsrpecond

side of the gate, the block spacer providing a distance Ds between the second diffusion region and the

second glde ohing 9%2&1{@ ﬁﬁ%&&?&&%&' 1305 aftR WiiteaioehsinaRAMIHERAYBNE NS BEecond
diffusion region. 7. The method of claim 3 wherein the device region comprises a plurality of
tranSIStOé’gng{&glr&qg | ?e@ﬂ&% AHRRIEVG her than limiting the invention described herein. Scope

of the invention is thus indicated by the appended claims, rather than by the foregoing

description, and all changes that come within the meaning and range of equivalency of the

claims are intended to be embraced therein.
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8. A method of forming a device comprising: providing a substrate prepared with first and second
isolation wells in a device region, wherein the second isolation well is disposed within the first isolation
well; forming a drift well within the second isolation well; forming a gate of transistor on the
substrate\\,thgsqgyisRd§gion, the gate having first and second sides; forming a body of the
transistor in the substrate adjacent to the first side of the gate, wherein forming the body is a
self-aligned forming process to the gate, whereindp@ hgdy has an under-lap portion beneath the gate,
the under-lap portion having a length L determined by the self-aligned forming process; forming a
body connector in the drift well, the body connector coupling the body to the second isolation well; and
forming first and second diffusion regions adjacent to the first and second sides of the gate, the first

diffusion fegion ig withpdaEe foPRANGCINECEREARSHIiffysion region is within the drift well. 9. The

method of claim 8 comprises forming a body contact, the body contact providing a bias signal to bias

the second isolagieRivial aX0bdtheepetiied @itialdedivehestin W aeryice ottt ARGt éfideon

region are commonly coupled.

drift well having first polarity type dopants;

forming a doped isolation well in the substrate, wherein the drift well is disposed in the
doped isolation well;

forming a gate of a transistor in the device region, the gate having first and second sides;

implanting second polarity type dopants into the substrate in the first side of the gate to
form a body within the drift well, wherein the implant is self-aligned to the gate, the body
having an under-lap portion on the first side of the gate with a length L, wherein the length L is
small to achieve a low Rdson; and

forming first and second diffusion regions having first polarity type dopants in the
substrate in the device region adjacent to the first and second sides of the gate, wherein the first

diffusion region is within the body and the second diffusion region is within the drift well.

2. The method of claim 1 wherein
the doped isolation well comprises second polarity type dopants; and comprises
forming an isolation well in the substrate having first polarity type dopants, the isolation

well encompasses the doped isolation well.

3. A method of forming a device comprising:
providing a substrate defined with a device region, wherein the device region includes a
drift well having first polarity type dopants;

forming a first isolation well in the substrate having first polarity type dopants;
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11. The method of claim 8 comprises forming a block spacer on the second side of the gate, the block
spacer providing a distance Ds between the second diffusion region and the second side of the gate
to increase the distance of a drift region between the body and the second diffusion region. 12. The

method of claimgbinGAPYSSSH PBIENLA hRrli FaRsGbstnR A ERIRFIBBKHIDROIRDAIAN L0 bias

the second isolation well. 13. The method of claim 12 wherein the body contact and first diffusion

region arg, cersm aRlYiFQyRIediord el cBRIBRLR  stadmBweherein the drift well encompasses at least

a portion of the body and second diffusion region. 15. The method of claim 8 wherein the first isolation

well includes firsRAiAFY ARecianfiaisnerof theilesiaithseropnalag el selaia Gadevice

from the substrate. 16. The method of claim 9 wherein the body contact includes second polarity type

dopants. 17. Thengisiaag iR dianbierpie Hupdialididunion rReiap inaldnstiisk yndheqrnt
sub-diffusion regions. 18. The method of claim 17 further includes forming surface spacers, wherein
the surfaggrapPaeREs SemArRIRthAMIGEANRIRPEPNHSHRNHLRIBTAHIHE to the gate, the body
having an under-lap portion on the first side of the gate with a length L, wherein the length L is
small to achieve a low Rdson;
forming a body connector having second polarity type dopants, the body connector in
communication between the body and second isolation well; and
forming first and second diffusion regions having first polarity type dopants in the

substrate in the device region adjacent to the first and second sides of the gate, wherein the first

diffusion region is within the body and the second diffusion region is within the drift well.

4, The method of claim 3 comprises forming a body contact in the body, the body contact

providing a bias terminal for biasing the second isolation well.

5. The method of claim 4 comprises forming a common connection between the first

diffusion region and body contact.

6. The method of claim 3 comprises forming a block spacer on the second side of the gate,
the block spacer providing a distance Ds between the second diffusion region and the second
side of the gate to increase the distance of a drift region between the body and the second

diffusion region.

7. The method of claim 3 wherein the device region comprises a plurality of transistors

arranged in a finger arrangement.
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19. The method of claim 1 comprising: forming first and second isolation regions surrounding the
device region; and forming an internal isolation region separating the device region into first and
second device sub-regions, wherein the internal isolation region surrounds the first device sub-region.
second side of the gate and the internal isolation region.

8. A method of forming a device comprising:

providing a substrate prepared with first and second isolation wells in a device region,
wherein the second isolation well is disposed within the first isolation well;

forming a drift well within the second isolation well;

forming a gate of transistor on the substrate in the device region, the gate having first
and second sides;

forming a body of the transistor in the substrate adjacent to the first side of the gate,
wherein forming the body is a self-aligned forming process to the gate, wherein the body has an
under-lap portion beneath the gate, the under-lap portion having a length L determined by the
self-aligned forming process;

forming a body connector in the drift well, the body connector coupling the body to the
second isolation well; and

forming first and second diffusion regions adjacent to the first and second sides of the
gate, the first diffusion region is within the body and the second diffusion region is within the

drift well.

9. The method of claim 8 comprises forming a body contact, the body contact providing a

bias signal to bias the second isolation well.

10.  The method of claim 9 wherein the body contact and first diffusion region are

commonly coupled.

11.  The method of claim 8 comprises forming a block spacer on the second side of the gate,

the block spacer providing a distance Ds between the second diffusion region and the second
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side of the gate to increase the distance of a drift region between the body and the second
diffusion region.
12, The method of claim 11 comprises forming a body contact, the body contact providing a

bias signal to bias the second isolation well.

13.  The method of claim 12 wherein the body contact and first diffusion region are

commonly coupled.

14.  The method of claim 8 wherein the drift well encompasses at least a portion of the body

and second diffusion region.

15. The method of claim 8 wherein the first isolation well includes first polarity type

dopants, wherein the first and second isolation wells isolate the device from the substrate.

16.  The method of claim 9 wherein the body contact includes second polarity type dopants.

17.  The method of claim 8 wherein the first diffusion region includes first and second sub-

diffusion regions.

18.  The method of claim 17 further includes forming surface spacers, wherein the surface

spacers separate the first and second sub-diffusion regions.

19. The method of claim 1 comprising:
forming first and second isolation regions surrounding the device region; and
forming an internal isolation region separating the device region into first and second

device sub-regions, wherein the internal isolation region surrounds the first device sub-region.
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20. The method of claim 19 wherein the second diffusion region is disposed in between the

second side of the gate and the internal isolation region.
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