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[0002] Various voltage level devices may be 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 high voltage
interface stages. It is desirable for high voltage devices to have fast switching speed. The
performance of such devices depends 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.
[0003] It is desirable to provide improved performance and reliability of a device by
lowering Rdson and Qgg and increasing BVdss.

SUMMARY
[0004] 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



[ 00041A nmethod of formng a device is disclosed. The nethod conprises
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 fornmed in the device region. The gate having first and second
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and the second diffusion region is within the drift well.

[0006] In yet another embodiment, a device is disclosed. The device includes a substrate
defined with a device region. A transistor in the device region, wherein the transistor includes a
gate having first and second sides, a first diffusion region 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



defined with a device region. Atransistor in the device region, wherein
the transistor includes a gate having first and second sides, a first

diffusion region in device region adjacent to the first side of the gate
and a second diffusion region in the device region adjacent to the second
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following drawings, in which:
[0009] Figs. 1a-d show cross-sectional views of embodiments of a device;
[0010] Figs. 2a-j show cross-sectional views of a process of forming an embodiment of a
device; and
[0011] Figs. 3a-f show cross-sectional views of a process of forming another
embodiment of a device.

DETAILED DESCRIPTION
[0012] 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).



device; and 10111Figs. 3a-f show cross-sectional views of a process of
form ng anot her enbodi nent of a device. DETAI LED DESCRI PTI ON
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substrates. 100141l sol ation regions 180 may be provided for isolating or
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devi ceated from ot her regions by a device isolation regi Ga. For exanple,
the dejooe4 i sol akblation RGioE 180 a9 brGSotiN&] e Woling®8képarating different regions
of the substrate. In one embodiment, the device region is isolated from other regions by a device
isolation region 180a. For example, the device isolation region surrounds the device region. As
shown, a portion of the device isolation region is a wide portion while another portion is a
narrow portion. Providing a device isolation region having other configurations may also be
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.
[0015] 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-



shown, a portion of the device isolation region is a wide portion while
anot her portion is a narrow portion. Providing a device isolation region
havi ng ot her configurations nmay al so be useful. For exanple, all portions
of the isolation region may be narrow portions. An internal device
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[0017] The gate has a width W; which is measured from sidewall to sidewall. For
example, the width W is measured along the direction of the channel length “L¢”. The
dimensions of Wy 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 Lpr. 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 Lpg for higher voltage applications while smaller

gates with smaller widths may be used for lower voltage applications.



exanple, the wdth W is neasured along the direction of the channel |ength
"Lc". 'The dinmensions of W nmay be fromabout 0.2 nmto tens of mcrons.
Provi di ng gates having other widths may al so be useful. For exanple, the
wi dth WL may depend upon the operating voltage at the drain as well as the
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[0019] 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;

= 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 5E15 - 5E18/CC, and a
heavily doped region may have a dopant concentration of about 5E18 - 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.



A lightly doped region may have a dopant concentration of about 1E14 -
1E16/ CC, an internedi ately doped regi on may have a dopant concentration of
about 5E15 - 5E18/ CC, and a heavily doped regi on nay have a dopant
concentration of about 5E18 - 2E20/CC. Providi ng ot her dopant
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pol ari tsalitlicple, cohtactsexanpl e, is p-type for a n-type device. Alternatively,
the second p arity type may be n-type for a p-type device. The device body
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body extends beyond the source region, under-|apping a portion of the gate.

serve as a body contact for the device body since they both have the same polarity type dopants.

[0022] 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.

[0023] 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



The portion of the body under-|apping the gate defines the channel of the
transistor. The w no of under-lap under the gate el ectrode defines a |length
Le of the channel of the transistor. The channel length Le may be from
about 0.05 pmto a couple of pm The desired length 1, may depend on, for
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aS SR asbogggég%e}gfi - ki gd g(p,ﬁ% ggﬁrg%'f:‘e e%téflt&é 85&14‘[5) g%@%%ﬁ?@gev-{pe 1hg'1a \}(21? t he
| owest_Rdson., Fur nor : ol | S in ved

per f or?‘f“ﬁ’rﬁ’@é‘nﬁﬁl?ef%ﬂ&?nehgﬁ eﬁ%ﬂ{ﬁl\,\@%‘? q yt?a %Ih‘reéllngearg]rap PPV‘OHI'—IG eg&an’pl e,
Rdson on of | ess than nohm nun2 can be achi eved for voltage application
range @tgHed;t Agvell %trvlledaunwlmm%b@éhﬁ daneg Ric &y g device ke bhas

vol tage or other voltage ranges. 100251A drift well 116 is disposed in the
subst rdose toTedadired or daflned léngtlohe aepdssithl aveinr exarsplg) thp obaohel b, ¢dnebe formed
transi storFor exanple, the drift region is disposed between i nner edges and

out er @RS obds dntutl AgossbRAMSIintdR oA el Iygﬂopcﬁrﬁbrﬂil tthe lcBirRNendé IShoWN,
the drift well enconpasses the drain and body regi ons of the transistor. In

one e”ﬁﬂﬁle@”?esulttﬁ% 19RBE AL, tﬁ’ﬁ: T AmLE1d deh sifalifa % P}S‘é%h%lf tes% b%] Yéelth %ecil(ria' n

region. In one enbodi nent, the epth of the dri ow t rain

and bo 0 t he dept dr| well is below a
Bot ¢ on SF AL %%Me@%,e.‘)féﬁvse?{%%hl RinerhtFe S oo hLe b imwee s
contiguous and en asses the drai and at Ieast overl port| on
of t hePHEERange gn YiBefuiRstyrad IFVeafH‘rfF?%bIGIéfr IFog REBmplg-sRdsen oo Tgsa fhen

portion and@n\éerl aps the portion of the body bel ow the first sub-source

por t i oROhIhem dan be pehipveddapyoliags applicstion singe of gbawy pe 280pantlew Redson exanyl e,
the drift well
also be achieved for higher voltage or other voltage ranges.
[0025] A drift well 116 is disposed in the substrate. The drift well, in one embodiment,
is disposed in the transistor sub-region. For example, the drift region is disposed between inner
edges and outer edges of the device isolation region and internal device isolation region. As
shown, the drift well encompasses the drain and body regions of the transistor. 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 and body regions. In one embodiment, the depth of
the drift well is below a bottom of the STI regions.
[0026] 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 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



conprises n-type dopants for a n-type device or p-type dopants for a p-type
device. The drift well serves as a drill region of the device. The drift
well may be lightly or internediately doped with first polarity type
dopants. The dopant concentration nay depend on, for exanple, the maxi num
vol tage requirement of the device. [00271In one enbodi nent, the ranﬁlstor
is a fOMprIseH-RYnsdlopantn &oray stypeTisiicg 8y pEpe dopapisox 3 patpesinicse

isolation wells 112 and 114 to isolate the device fromthe substrate. For
exanpl evelt seevdsias stdridnatgmecd it deideatThenirifewt]d mag bl digbtly heintathedmtedly doped

drill well fromthe substrate. The first isolation well, for exanple, may
be ref ayitieflrst polafitytrypeespaaey TR dvphht cdRCerntStich SR TePernd drh ifor dxb@plégtiece
i solation region 180a. As shown, the first isolation or deep device well is

dlsposqg aﬂigeVIuﬁggwﬁ#Hqﬁeggg 181la and 182a of the device isolation

regi on. eep conpri ses dopants of a flrst dopant polarity.

The de Vi ce dj nment co SEeS depa olarity
as t heﬁﬁggﬁ ce t y;ejljg OhESFlbg rrgﬁe garhglstt?fplé rr%%lbbma‘é\ﬁ nFOlr %g g?"é\ﬁ ded for
a n-type device. The deep deV|ce vel | exa is . ali

el 1 By Aiicang Seeand BIRKRILY oSG 1 Soute fissletica ort Gerkadetor ¢ he
substrate. As shown, the deep well contact region is disposed between the
devi ce Rogekamplenthe éiyst@nd s$8®ad amiatlomtmllsasolate\thfc@dywﬂahﬁ ¢mft meglifom tIBOb. The
deep well contact region, for exanple, is a heavily doped with first

pol ari tsyibétype TaphnRt Solafibe wdtefor eeihplepnbbé refegedio Ssardees dedcawdiéeand tevi ce
or first isolation well bias term nal of the device. 10029] The second

i sol at i g ou&d Jmthﬁ tHé aaﬁéeeﬁoml&megbamﬁsdal AStshbwh! Ak e idtlon oflitep&&RRd

isolation well, for exanple e referred to as a device body well 114.

The de [i b
\Q/eqpls %?S%F%chlg d:?ne?) gﬁ‘g 94% 1%5?2(;1 %%’(f S Or s (_?e'y(l_:‘c-g:]golgt?(%ﬂ @%on dg'\i/lxc o

reglon As shown, the device bod enco rift and is

wi ¢ hi n GeRRAPVISHYC GPBPrisR SoBanis of ERdors PPBaRat g‘e}“ﬁ? s i co

i solation regions. For exanple, the depth of the body well is between the

drift wettodimentdesrises thesameldopant palasiasthp davige ie. FRECHEWIGE Hb@y dars |
has a |ightly doped concentration of second polarity type dopants. For
exanpl elevichevedlay proevideddipr avaltipe deviideg MEHeydedp pedcaviveh, for exameplelapatightly or an
n-we device or n-type dopants for a p-type device. Providing a device body
wel | haspagwefiher dopant concentration of second polarity type dopants may
al so be useful and may, for exanple, depend on the voltage isolation

requir E[M] s of th aeéi)ee(ri:l(f 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.
[0029] 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.



100301i n one enbodi nent, a body connector 118 is provided. The body
connector extends froma portion of the body to the second isol ation or
device body well. In one enbodi ment, the device body well extends fromthe
body bel ow t he body contact 132 to the device body well. The body connector
may be contiguous with the drift region. The body connector has second

pol ar i yonegpdodisrahitie dpdee kodyyysmlkhas eHighdy dgpedossneetmtion of serond peladtys ane
polarity type dopants as the body rcgioi to provide a cormectitm between

t he boiglye depantsd \For exanmaedbe deechiowly wel is lightle dbpmlywitlo priget dopanta ot 1-i ght | 'y
or internediately doped wth second polarity type dopants. The dopant
concenfypatévace draityde depshtOfdr h rtypx aspte, ProtidingQl de3itR Hol tellei®itg ddhert he

devi ce. [00311The body contact {g.g., second sub-source? for exanpl e,
serves - ce.
The. Dol s eDeF@iio SERb0E Roldiy 1N, EbaRa M arye R AR . FRSHENEC T,
body %%gd(quﬁﬁwpbl. quifirst.and seg&n%'Lsolation wel I's may be

approp F%?e?y i RUARF P ANULTCPECPHES QEDF €8V 1oy exanpk, an appropriately

bi ased cond isolation well isolates the drift d drain regions fromthe
subst rMP&lani | o EsPrEPPARNG A0dy cREReHE 1P SRrovisst af NoRoREFTReBRky and
the first isolation well fromthe substrate 10032iin one enbodi nent, the
sour ceexiguls &iveh dpelyios ohthedody spthgsecandugsilgibnt ay dgvico hadnwsilghmene f or

exanpl e, the source signal. Alternatively, the source and body contact may
be couphtedimentgihtidevieabody walhkstendsutdrh @iatimdg,belsothatbiody coithe 182as thef r om t he
substrate reduces or prevents heavy substrate current flow due to

under siiQleivddy Helln BB bl e cé‘rﬁfe_&t@gﬁl_a?l%@cbﬁﬁjgdoﬁs Wid tRE @i rddibs BYObSES

di sturbances to neighboring circuitry caused by the heavy substrate

curre ”éonn%it&%@s@coﬁﬁ B3 oo glﬂfr;r@‘r%]{ | Ifot?%%%ga%g@e Ty BEnriR¥lof EGhiQis ﬁlessgﬁlfeac €

of the substrate. Tn-one e rate’ contact region |

di spose et ween the devi.ce isol ation .regi on and ternal .isol atiaon region.
br v L PSRt a5 (e ooy SGkfor gooSd ciegPon S B el sittactiaic ay
al so be useful, The substrate contact region, in one enbodinent, is a

heavi | §pdydp e dexigedndy Tiel- dbphndy eqnsecter mapde dighdy printermeniatedy dorediveith i
the sane type as the doped substrate. For exanple, the substrate doped

r egi orsecendpdlary tymrdopantst Ype dojmpe dorsatisitiontreay ddpend b Sor exammenbact regi on
serves as a substrate bias term nal of the device. The substrate may be

bi asedmidnmgiousithgé @dujremehiethdid@scerol t ages may al so be useful . Biasing the

substrate, for exanple, reduces latch-up andlor ground bounce during device
oper at o8 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.

[0032] 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.
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1003411 n the case of a n-type devices, the first polarity type is n--type
and the second polarity type is p-type As for a p--type device, the first
polarity type is p-type and the second polarity type is n-type. [0035]Fig.
I b shows a cross-sectional view of another enbodi nrent of a device 100. The
devi ce | imlar to that described in Fig. la,.L As shown, t draj n side of
t he gatlg&fﬁ pr ovi Y &ebsiaterrogtastiegiangld Tunge e rigxided Oﬁ‘@,u#q Ot}s}g? ?‘&S'Héteb:hbck
spacer conprises a dielectric material. For exanpird, the dielectric

mat er i ainegmpodiment, the subsirateicdataciorgiontis ligpossd batwesnithadaviesrsalfenasgionanér
types of dielectric materials may al so be useful, for exanple, such as

t hose cmmgpadliisllation refios e Rraadify dedubgirne estad gedion stadtheripadets bt telsubypacer s.
In some enbodi ments, the bl ock spacer may have nmultiple dielectric |ayers

to forma dieheadeihnc TheaekstAle SRR Hon, TEnS@hbddisientdlsateadidPasgedREgYh des
a separata.n between the gate and the drain The separation should be

Corm ﬁﬁ*@%?ﬂ@%ﬁﬁ‘fé? %‘%&f%ﬁcgﬁrﬁé{ Qe Q{e%h*@g'*%@%&?fﬁg%ﬁﬁéﬁﬁﬁ% e
! . Bar at T dr St perd Upor
Cepar AP Hea gt AeRdRrgiR FEUBRIE b 1k BPEDSTRE e VT oY tihi n

region. The separation distance Ds may be about 0.3 timto a couple of
dependiragion pomenesxd sabstrap bias termunal off thegtevige. (lihe sabsiiate mpy by pigpedgo grownd
separation distances may al so be useful. The salicide bl ock spacer

pr event(8Vii Otter Yk ivohags nidyealsir bef wsefidgBiasirpsthevsehstrgtat forekanplepaducasdattine
drain. [0036] The Cgd of the device is mainly determ ned by the anpunt that

the gatp DU lcARMdBALE: QMEIY RRikRPERAInt he drift region. By providing a
sal icide bl ock spacer, the effective LDR can be increased for a given gate

" ki th. i§q allo r i : ' ' DR.
For exd3H % ho T hEkesB oF Ao A anbinh Boldbicf e B R TR f2nd B o
vol t age | icat.ions, such as abouyt .100Q, V. Thi.s.reduces d f a_given
{oa P o BRR b it fdie A s A hedRe iviSadh BrshPonfy T v B sl Seindcr
enabl es a narrower gate to be used. For exanple, a gate with a salicide

bl ock POHERY tYXREiIlEAtHREs a width W2, where W2 < W, can achi eve a hi gher

El Vdss. For exanple, BVdss of greater than 15 V and very | ow Rdson and Cgd
can be [8@3fileved viighlh shoads agaoss-seititiral viewas anothenemBodiment ofksdeyipeH 00. The
advanced CMOS process may be enployed to effectively produce a fully

i sol at edvidevd similat ROBAtIRScrilRa6H Fedal Askh@®n, thadkiin side obtdgatdspasided32 and
source region 131 (e.g., first

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 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 Dg may be about 0.3 pm to a couple of microns,

depending upon maximum operating voltage at the drain. Providing other separation distances
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sub-source) nmay be electrically connected by, for exanple, a comon
silicide contact. For exanple, both the body contact and source are coupl ed
to the source sipal or potential. In such cases, the source sigrnl is used
to bias the cond isolation region. In other enbodi nents, the body contact

and source, regi o be separate contact regions. For exanple, a surface
bl ock Eig¥elsp %g rué"rr]flég:a %Vgﬁg{oﬁk shacgeRrey s psidaion efifhe g region hetvegrgi ons,

preventing a silicide contact to electrically connect both regions _
t oget heate elepiredernny theedraef ul t o provi de separate sitce and second isolation
wel | . I ndependently biasing the source and second isolation well provides

gr eat ef0086exi bi | TheyCgdiobihedavice @ ragidlytizsdrmindddyaie bbentahattthegde vl &tups
[0038]Fig. 1 e Shows a cross-sectional view of another enbodi nent of a

devi Ce(g&%veﬂiﬁ%ge??ﬁig Gf: driYeldgsles ﬁﬁ@fdﬁlgaassatligﬁle%fd@k%ga&ﬁq}’i@ offBetive Lgiagan |

a
As shown, a s e i s provide th a device isolation region 180a and

i nt i i sol ati reqi: as. STl ..reqi ons. i n, one
embod: Penpteaf b e e A AN obEHEa iR Misbio L BSRREs e UeBPR
di d within the_devjce . solation region separati t he devi ce region
nt o 1Pt oL SEARE A Edlsrvidllifen e Tadissd SrEnimEE. eYRdPT vk Pieioleetns. of
the isolation regions may al so be useful, such as that described in Fig,

la, 100PYeatHEsssuel as ahayt | @QVo Thisredeess 4zzdHfor 2 given Spor Iy efficQeg is alsae

enbodi ment, the transistor region includes a plurality of transistors. As
shown, retiheedd eds sehy thgisalicidablbddgsicén anablenndaseweanghtd tocdreaissd.oF & ekhfnpidya The
transistors are simlar to that described in Fig, |a, For exanple, the

transi gdtowittudakicide GRLE sgader Whith hgs & width V£ heetd Wde WY, &an aclldhea Highbect i c.
Si dewal | spacers 170 may be provided on sidewalls of the gate. The gate has

for expyBie FoRe¥ddbIB, sts’%f%%é‘i&?hd’ne@ Vlind %Q.?ﬁg\% égl{sgh Qﬁ@g& U bR

di sposed in the substrate o site sides of e-source region
i ncl Ud@ﬁh tdt&lsgtatea\p%t}§gf:aosqgwsal§ [6-38 p?rlﬂr % $u€ ,Ia Ognacgg C]V’I%S process may be employed

to effectively produce a fully isolated device.

[0037] As described in Figs. 1a-b, the body contact 132 and source region 131 (e.g., first
sub-source) 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.

[0038] Fig. 1c 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
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[ 0040] I n one enbodi ment, a conmmon source region is provided for the
transistor pair. For exanple, the first sub-source regions are disposed
adj acent 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

ar r angeld ST regions 18 6Rf pgdPdimicohdhe ’lﬁEﬁmang’ﬁV’é? Fokdtonrsdian 40T CasphpEally
configured with a common drain region and separate source regions. The
first glidposglivibinrtbgilovcsisplatien mgian, separamgdheldevies sgivonetodiib-and geesadr egi on
serves as a body contact. [00411A device body 150, in one enbodinment, is
pr ovi dedbhegiveen Oalxad t11 ans Ogiep configlingtiothe oif de ibdayorsiegions neytasodetusetal,
sufficient depth to serve as a body of the transistor. For exanple, the

devi ce Jhelys @t &RESbddAnFiglqRt h of about 0.3 pmto a couple of mcrons.
O her depths for device body may al so be useful. As shown, the device body

has a whi chyi s S e t T i . er,it is
unders ﬂ@‘g‘; t hat ?ﬂ{ee %‘JStgsy“ %Frrégl%ﬁ g\%&‘é%?sn%frrgn g;t)?rhljsagi Oih gn é@%’@[’;& 50! y\’l\gln conpasses
t he conmon, source regi.on. The. bo ext ends beyond, t he .conmon .squrce.region,
under - ["EPSi0g regIgbneudfs dplulisy ngr@%%lstqrﬁe Aa&ﬁ%weﬁhs eYife TR NS b ppi ng
the gates defines the channel of the nansistors, The ampunt of under-lap L
def i nesing seeomgtttangiftorhil Sertanh trasfsistaye atersimBarsto dhas descoihad I Hgakk didance

wi th one enbodi nent, the device body is a self-aligned device body. For
exanpl exaipk, tewianeistoo thelides aghfe- 120ilgnag 4 gate erronlesvar € gate diplartribet ween
the gates of the transistors. The self-aligned device body enabl es the

under - | AWl $pabéts 120 byl _F%mhé@én A0 MR If tEOBItE.0Th@gate Aas T dx@mpleda
results in a l'ower Rdson. The Le should be as small as possible to achieve

the lo SQN it 4 ct to
the dewiod Whag SPBEARERTArarnd QR el AL BRpS Rl e M ATRAROM oBRRHET .
The drif |, in.gne enbodi.nent, js_.disposed iin the transis region. For
examp! S RE g gRd TRiource Thpgp el Srnabe SFap et B R AgLeSEhSE afe
1826 of the inkina] device isolation region. As shown, the drift well
enconpd9e t he dBWne&mbadimant. ARONEBA STUseR 1SAWNGS Proided farke FeRTIEOT Pair- one
enbodi ment, the depth or bottomof the drift well is below the drain

r egi on.For examplegcthb didst sebHspurce 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.

[0041] 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 um 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
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the depth of the drift well is below the drain region and device body. In
onedim, the depth of the drift well is below a bottomof the Si! regions.
100441The drift well conprises first polarity type dopards. For exanpl e,
the drift well conprises n-type dopants for a n-type device or p-type

dopants fo The drift well serves as drif reglons of the
devi ce2alf eﬁé‘ﬁgﬂi’ﬁlc E?b@éﬁa{‘%@%oﬂle&mu{“}ﬁf@ﬁ% hpﬁeépfé% a lgpggh of et wel |

may be lightly or inte nedi ately doped with first polarity type dopa:nts.
The dogwneeledtheemnsistaron of the drift well may depend on, for exanple, the
maxi mum vol t age requirenent of the device, 100451l n one enbodi ment body

conneclood2]ll 8 ik pradugedvitiihie doihdienngeldevice body ©xaallatiched @vasd ded in
the drift well, separating the drift well into first and second drlft

regi ongodll @Ry eﬂi‘ﬁpl@ocﬁé’ d&RBNESEQE sé]?@h?ﬂeﬁ%‘ gorﬁ%ﬁrsbﬁrﬁe t

exanpl e, "the body connector contains the sanme polarity p opant§ as the

body r o] Vi C bod dy cantact.
The boone Sl ThESeIFaf AIREHG2 Boby leBfon i UG R adl G B =butBRy
olarlt t o] t co entr tiop, oft i ons nay depend
on dexéﬁfﬂ“gmﬁf"ﬂ ir?ﬁl@ﬂﬁﬁﬂﬁ ‘%ﬁﬂqtséﬁé ‘@Eﬂﬁ‘ s8fenhe bt s qt%‘@i)é“e%ﬁ el 35004611 n
one enbodlnent the device is a fully isolated device. For exanple, the
body aPRssiblsdoaehieve thelowest Rdsaso| Ehrecgmernsechied sibbsurcstserves as ohedeednsatt ment |
first and second isolation wells 112 and 114 are provided to isolate the

devi cetofthodeviteebaslybst rate. The first isolation well, for exanple, is a deep
device well. The deep device well, for exanple, is disposed within the

devi cej00s3)l at i onArdegh anftkadel 1648 dssb@ym,m tesudaede. dend &eft Welll inf shedi sposed
within inner and outer edges 18la and 182a of the device isolation region.

;I'ge dephsRliMB is Eé(ﬁﬁsthéjﬁ’mm(ﬁ sb-rEdibn. Slat%f‘exgﬁlpﬁer eYarf Qe ?ssdlgln)%e&ir 1Tt
gions. [00471Dee contact regi ons 113 may bé spose on surface
of 1 hebe‘?féé@e%t hiS 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.
[0044] 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.
[0045] 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
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shown, a deep well contact region is disposed between the device isolation
region 180a and internal device isolation region | 80b, The deep well
contact regions serve as a deep well bias term nals of the device. Although
thefdgvice is showmmn with two deep well contact regions, providing other ub
ro ep, wel ont act ions, including 1, al so he useful, .100481The
Cecond Elyiaabefly denticts TR PetralsbeetTay o g br P SidRuly forc vl Sionh
device well. The second isolation well may he, for ex efeired to as a

devi ce nsdantywete dopgns. The dejeant eenaspuistianetf|the\pertioppwey depgsd|oay for gxayple, the
dopants as first isolation and drill wells. The device body well, for

exanpl emaximuth sglagedequiretieat éfithadedtor sub-regi on of the device region. As
shown, the device body well onpasses the drift well and is within inner and

outer edefs of the JnRle@ibdaim&RMhE BevisOlsal fuly idoRléDdovicEN &b edimsle e b®Y
CQOUI CS t he ‘'devi ce body and the second sub-source region to the device body

. T - i x
we a{ﬁ% thE ﬁrgﬁé\%ezlég?%isgifi%%rﬁ%@&bﬁfrﬂé i O(%rﬁ?(ﬁiz& teﬁrs%‘ﬁn(?seﬁ:gﬁcpﬁglatlon

i sol ation or bias ternina evi ce.

wells 112 and 114 are provided to isolate the device from the substrate. The first isolation well,
for example, is a deep device well. The deep device well, for example, is disposed within the
device isolation region 180a. As shown, the deep device well is disposed within inner and outer
edges 181a and 182a of the device isolation region. The device well comprises dopants of the
same polarity type as the drift regions.

[0047] Deep well contact regions 113 may be disposed on a surface of the substrate. As
shown, a 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.

[0048] 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 device body well. The second sub-source region, for example, serves as
a second isolation or device body well bias terminal of the device.

[0049] 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
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[ 00491Substrate contact regions 107 may be provided on a surface of the
substrate. In one enbodi nent, the substrate contact regions are di sposed
outside of the device region. For exanple, they nay be di sposed between
t he device isolation region and external isolation regions (not shown),

Provi di n subst act regions at _other parts of the substrate may
al so b‘@‘agg’i? Y e %QSJ‘BEQSP‘SEQWG%I &e"%"ééﬁi"g’ﬁ’é’né@%’ exderpal iselelon as

termnals of the device. Although the devie is shown with two substrate
cont aciegioag (ns shovpro Pirelyidige dhehambstraierbentads fregopsat othtee patmeftbe substyptomsay
including 1 may al so be useful. 109501Fig. Id shows a cross-sectional view
of anadlebe esefidd e stbsahteaodiavi ©gioh®fervd hesubhetvate Biak Seraiimild ff the detibat
described in Fig. 1 ¢, As shown, the drain side of the gates is provided

Wit h aABRbUghitHEdRNQLK sBRAE ith 1o suﬂgﬁ‘ﬁtcs&'nla%’t Rgioak, %KVI@W& noRIVef H5€ a

dielectric material. For exanple, the dielectric material may be silicon

oxi de. quBlikiit Bsnta@ RllbS, 1&ﬁ1ﬂ§§&a§ﬂ£g{‘lﬁéa§ﬁlthefeof Qther types of

dielectric mater or the salient @bl ock spacers. In

sone i ment bl ock spacer have .dielectric |

sal i ei @@g‘gl ock :%ﬁtﬂ‘&hﬁ?”&\?l GRSy ‘E%E%ﬁ |9§r?ngt(1§f"‘{/\i§@li‘f’ Ogaé{‘?éfw?tlgx &Bf’ n.
The separation should be sufficient to withstand the desired maxi num

vol t ag‘%"&ie i3 pignilar &9 that deserghed i Figo drmdsshowndhe digiy side ohthaigateaisauonded s
about 0.4 p.mto a couple of mcrons, r exanple, depending upon voltage of
oper at With a sfradd blpelgspartrel7Ss é"[halsamwbenbldcls spanere sompyiscd disldoticunatttial. Fohe
sal i cide bl ock spacer prevents silicidation of the drill region between
gat e edxaniplede deadcttibenakrail hay bRGHkcdA lbeidegsitride, blymidideio€ e combimtioh Y
determ ned by the anpbunt that the gate overlaps (gate overlap region) the

drift thegberomByryBESYS <ﬁe1eanen§ﬁéﬂa¢g ﬁsy Qﬂse% umt;%p tht 8Risdd Kedd célé\) nﬁ

i ncreased for a glven gate w dt h. for a narrower gate

achi evs%n{e%%%‘f‘rhérﬁg driEbiGek E;%cer Iﬁmgi\% mﬁlﬁ%le%élgctnc ijz;[ygrsc bt satilcu{eeo%c(i(ed or

to

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.

[0051] 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 Cgd for a given Lpgr. 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 W5, 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
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i zeti evenvery high voltage applications, such as about 100 V, This
reduces Cgd for a given LDR In effect. Ogg is also reduced. As such, the
salicide bl ock spacer enables a narrower gate to be used. For exanple, a
gate wit salicide block. spacer which has a width W, where W, < W, can
achi eve a hi gher BVdss., For exanple, EPAIss of greater than 15 V and very

| ow RGN o saigavidiroiiie 1w ap Bviaem. ﬁStSHCh,@ﬂaancngM% #EIe5es mapbemplayed ych,
advanced CMOS process may be enployed to effectively produce a fully

i sol at ¢d effestively, pro@@s2dfully setdedddoct. ment s, surface spacers 176 may be
provi ded on the source region. The surface spacers .may be forned froma

di el ectjpos2]mat er ilalsomE@mbodmiEls; surifAte sF&Uei‘s’iFfé BppbepovitRy opahdkdurtedgionom
the sane dielectric material as the salieide block spacers. The surface

spacer Spfeagihdd ﬁ)ta@eé fRY BRI Hrorh Q%i?ﬁ#ﬁe ?‘Ig%e}iéal.apsjr &%}bl& e ﬁ?ﬁacé-%écers

Providing a surface spacer may be use xanpl e, to provide par at e

MG RILY TN TS R
spacers facilitate separation of the source 131 and body contact 132. Providing a surface spacer
may be useful, for example, to provide separate contact regions to bias the source and the body
independently. For example, the source and body may be biased at different potentials.
[0053] The transistor pair of Figs. 1c-d is configured with a common source region and
separate drain regions. Alternatively, the transistor 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.
[0054] 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.
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[ 00531The transistor pair of Figs. le-d is configured wwth a commobn source
regi on and separate dr,gions. Alternatively,the transistor pair nay be
configured with a common drain region and separate source regions.
Additionally, the transistor region may include other nunber oftransistors.
For exanpl e, any odd or_ even nunber of transistors may bhe provided. In the
case ofnwlptigppegienmayalsodeasedio sepriptedhe eplast ragpns, Pavddiag serarate SQWRR| st or
pairs may be provided an additional transistor, such as that described in
Fi gs. dnd-dontaBnieginsreltes thagecogd asobdtionaldll tp befindapandsngly bissed.nFimthermaresi st or
sub-region enploy a multi-finger configuration which facilitates high

cur r enthe deviv€ofFighl émep BPpfolvided Wt a surfice SparBPAsles@ititkiun ald. 1y, of sdmi@nsi st or
structures can be confinured in parallel to provide parallel fingers in

whi ch | and
| A B ok ™ Moo mritl ol B b AR Yo G i
exanplﬁ or high current applications, for exfrom about hundreds of mA to
about 48 A. [00541Fig. Ic shows an enbodi nent in which the source
regions 131 and body coptact 132 are commobp contact regions. For exanple, a
si I'i ci [§8Jont actFigh 2pHiehevi crogegeionthdewspisin dRROUBAMNE APTHEFhZULIE act
regions. In such cases, the source signal is used to bias to the second

i sol atfoominged devicajor & nReefeyng/to Big. 2t ownbstnaterli(g.is prpvidede Thogrbstrateeggnons and
body contact are separate contact regions. For exanple, a surface spacer is
used t@ngepanailohlebstatt ah as adightls p-typadopedRtibgtiatd. aQthentsped dfubstidnes,
second isolation well to be independently biased. Furl:hen Oe, the device

of Fi Gincludfg¥BicoR GeRh@i 8 silfcbilof sl FASOIP afetlsAsseflgscribed in Fig. 1d.
In sone enbodi nent's, the device of Fig. Id may have common source and body

" q . g . 1 - ) . I
i ows ST crnoat nonr BB, §BedlBahn 8% aciell SIRERGHRRE RS0
e Bl e R B BT ST SRR BT
O her types of substrates, including silicon germaniumor_ )

si | i conPeRiiragonset shosmy, Far exagpde %hps%lpgfrqte may include other device regions for

other types of devices. The IC 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.

[0057] 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
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100561As shown in Fig. 2a a device region 110 is defined on the substrate
Al t hough one device region is shown, is however understood that the
substrate may include various types of regions (not shown). For exanple,
the substrate may include other device regions for other types of devices.

The 1 C pay i.nclude logic regions j.n which |ogjc devices arg forned. .
Dependi 4% lcﬁﬁs‘ﬁﬁé’%r%‘@noin P%%‘f gr {ne’cl'ﬁet?lF éﬁj’ﬁ) 100 gRsarc Fﬁ?f?@%‘{rﬁ REovige g
include regions for different voltage devices. For exanple, the logic

r egi onssepeng davideisub-regign smschipartiajly suoovadsethe Brsydeviey suleregiane sialirason one,
internedi ate voltage (1V) devices and | ow voltage (LW devices. O her

conf i guwatdrainge sikles. 0Qther cagigarsiondyf Rbkicon ecgiwlmidy alélb tidefudal | y, ot her
types of device regions may al so be provided. 100571The device region is
separ at[gsg)r om ot BRE idoRMoANSziOYs RnHRsbCRIr ERAhAL] PITs! ©UHOM Jr8bAses AR bdevi ce
i solation region surrounds the device region. In one enbodi ment, the device
regi on inel i_nt. I i ] r eqi t e
the deviuoyedB s e - PhiphE Tipr SRR, LS Bt Rl e el Whihg R IR
internal jisolation region, for ex , . surroynds the fjrst devjce .

sub- r edPRIAYSH i REmdFshrEpieh a’E%E%Jéﬁ?‘E‘émF‘éibfltfea‘ﬁ‘%ﬁ‘a%@isoﬂc%%ﬂ fRnerids
device isolation region are concentric isolation regions. For exanple, the
second Cheniealgugsherigalaelisling (€M) yars be perdoransedtin seme vesaxcefs\wxide andproads sn
with them separated by the internal device isolation region. In other
enbodi mdmias sutiskrate tep batfacen Otk pposessas @r acitdri alpuicanchlfodbeprsod talforia the86hsd In
devi ce sub-region which partially surrounds the first device sub-region,

such asothd eiMRddithdids, Fhc isb1aB6n Hilaf®s other PRfes ©PRLIativh AddiOys THe dep®l AttheOSTIs
regions may al so be useful. [00581The isolation regions conprise, for

exanpl %rr%f‘ge, ifér ex\({ﬂfgg@ YBol38662 ﬁg@O &a Q?]tg% (ﬁeg?{s%leﬁe tSqIJ QB%EE Be A I §&rons.

For exa the substrate can be eic ng etch an techniques to
formtrenches which.are then fill with dielectric materials such as 1
coxi de.exéﬂe?fﬁ’ %IS(?C}@%%W&‘F may|be §8CMEP) can be perforned to renine
excess oxide and provide a planar substrate top surface. O her_ processes or
mat eri d085Yan al slg Hig s a deerpdavanevelh bl 25 fermadiin b deviesass@nne e deek he

i solation may be ot her types of isolation regions. The depth of the STls
may be,defme veslla figrl e@amaleo serv@0BJirst iddafontwellx hbe detpplelizefvamll, itheneSTI s nmay

al so be useful. For exanple, the isolation regions may be DTl regions.

10059 1i gnbodémentbeondprikee Bostdw e@havitst pdlhdtyt @pé.omdedlpﬂiebm wittiMhgebe Rghitbn.
The deep devi cexanpl e, serves as Rrst isolation well. The deep device well,

ijgv io Qg %P?gzﬂ%a?%ﬁltl Iﬁgfﬂérdoﬁgéwgﬂ,%{l Esanfle L8y bé fsdut POI1BNnt Y ShdHPLdepli §odeep
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.
[0060] 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
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doped. The depth of the doped well, for exanple, may he about 2 - 10 gm
Such a depth, for exanplc, may accomodat e devi ces operating from about 10
- 100 V. Forming a deep device well having other depths nay al so be useful.
The doped well may be formed by inplanting appropriate dopants with the
desired dose and power into the substrate. The dopant type, dose and_power
may dewé%#aelaﬁﬁ? Heplagtgaasks Thehthegraphjc prask ypedda ,fomgwdw ﬁmgﬁé/ ispigten wehs,, t he
deep device well conprises a n-well for a n-type device. Formng a p-type
deep dieviesamplel thay be custqmizgdpie alwvincloderay opdngg foe theskeepdevithecdopedhee! | may
be fornmed by, for exanple, performng nultiple inplants at different

ener gi @sbodlients,qeparatenicep 82 nisk thdybehaedd drcidiesipy Advi the dopink oftye be
conpatible with the process used to form for exanple, high voltage wells.
For exapldevict hejideep device well may be formed at the sanme tine as the
isolation welts for IN and HV devices. This allows the sane |ithographic

mask t used e tomyzed to also.include an .openi ng
for t h@oggep dengc gg%qﬁgap%pndeg[% )e(KFéﬂg %@?ﬁ bt n%nsll,c’jlarét rg%sp ar at }é e’épeogf)s tglg lge alﬁe be
used to specifically tailor the doping of the deep d 100611To form the deep
devi c&CREPYS u%?ddibﬁ%ﬁm %P%?Ofﬁé?ﬁp%ﬁwww Qe i on | s
used. The inplant mask, for exanple, conprises photoresist patterned by a
i t hodlithperpphipaurk. Singe életdfv@lcseir;»lpat@nirggjmwrbwrvee@i agrimpdant swsk,dhiggllaws

i npl ant mask, this allows for an increased processi ng wi ndow for the

pat t erfor agingraasaebgrotasihgmmddyve farrtind patternmmg krocddsdo iforpl tietimphskmazy Te
renmoved after the deep well is funned. O her techniques for formng the

deep digal&e msk nafay réhsfeddfted SRfdedp welllis %! Othdr I?&hﬂ@@@s feYorafnylel Ny
be formed by epitaxial silicon growth on a heavily doped N and P regions on

the sayg,gubst mh%%&&%ﬂﬁeﬁ&nﬁ&a&a e, r@ﬁ@g@@g%@@ &%ﬁﬁédn%,l or

exanple, diffuses t first type dopant , form a deep
dev1 e LSRR I L PSS, 230, *haco ¢
pe s olBP21 10083 RBREAT Ty DF BORPEIcopd Neam Bty LB TLS AT Taler st DRE e
first device sub-region. The

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

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.

[0063] 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 um 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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body 'well, for exanple, serves as a second isolation well. The body well,

i n one enbodi nent, conprises dopants of the second polarity type. The body
well is fornmed within the deep device well. In one enbodi nent, the body
well is Conned within the deep device well and within the first device
sub-regi on. The depth of the body well, for exanple, nmay be about 1 - 8 pm
range. [8fdh a depr Rne prabediarent. theghody varl samprises A PavelbT AadtyBREFUES ng
voltage fromabout 5 - 100 V. Providing a body well having other depths nmay
al so bé&ouseizal n-type botly wetxanppeypendeyictepsnalsobe tdeduld dhie depedwell ataly g

vol tage of the device. The body welled by inplanting appropriate dopants

Wi th t feniavy RefofaiR miltipROYWDlantditQifrérest dnargléte THRARPlant pRessdBEEt0AEM

power rmay depend on the type of device to be formed. Forming a n-type body
wel | f - [ - 1.f eppred

by per fis R Raf BY Lifpte B IhEoRE bl to i LR e . e s
used to foun th ody..wel | b atiple wi.th.t.he process ,used.to foitu
2> b o Ssnbiagbe apear iRy begimafaiy Bing o gdiie hig Yolkied SE2n SPRE 8Pt he
sane time as the high voltage second polarity type doped we This al | ows

I, |
the safered velbglhispllewsthasams Ikogrartic maskte heosad tpaticapihgamplant maskerhe

I'i thographic nmask used to formthe high voltage second polarity type doped
wel |, fithogesphiquhask useg td droube bighaettagosdcond pelerityrtapdhdenedwedll, farsaainpty, | n
ot her enbodi nents, a separate body well nmask may be used to specifically

t ai | or nidyebedpiofizedf totifGudtedp bvey Well bpehgd Th dthemenithaihedy, avephratecbodody
wel | inplant mask which exposes the first device sub-region is used. The

i mpl anty diBaksk ) bEXREARS @;t»eﬁgﬂiiigg kaifoR MRRIpR LSt thE daghwarned by a

i thographic mask. Since ernal device isolation region can serve as

an i npl mask, i || f n . NCke } i . he
pat t or HS! pr ocedd an s WAL adbal R R RlaR RAR R Pl
removed after formnmng the bod |. Gther techniques for form t he body
wel | ryb>-EHEe BESeHs of i MRl @éfﬂoamqe,m%e FFFIatoRmEd B deal
di ffuses the second type dopants, formng a body well which extends to
under fiHwgphicomadd Shee theistenzdl dedos selafign regioroepnrseriecys anmplaghmash, this or
exanple, is perfornmed at a tenperature of about 1000 -C for about 1 - 15
allows for an increased processing window for the patterming 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.
[0066] 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.
[0067] 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.
[0068] 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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hours. Alternatively, the anneal may be a rapid theriral anneal (RTA),

Q her anneal i ng paraneters or processes nay al so be useful. 100671As
described, the isolation wells are fornmed after the isolation region is
formed. In other enbodinments, the isolation wells nay be Ruined prior to
form n(%é(t_ he isol ation rqejgri ons. [0068] Referring to Fig. 2d, a drift well 116
i s fordavérewelt and withis thegienst devieeumbrregiponin ongenthadimeniethe depth onbotéemedi nment |
conprises dopants of the first polarity type. The drift well is forned

wi t hi nthe daftbodlis helow. the dradmesgémb dd ione atnbodihent thd depitedf the drifiovelieid belotshi n
the body device well and within the first devicesub-region. In one

enbodi te Qfain kiELSIBAEHOAY. RWnk @MbBHINdNE tBE ddpih Welhk dvist Wal RWeld¥ea B6@dh of

region. In one enbodinment, the depth of the drift well is below the drain
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type, %gse and power may depend on the type of device to be rotated.
1006915URstEHe ERpernanePe. dopeant paveryiay depeihen dedyre of-drice tg be fosmeds ype
device. Formng a p-type drift well for a p-type device may al so be useful.
The dri0P69wel | niayonbembodmeuit, bye dmfb mettdomgrisesresn-welldot he-typadaviatevi ce
sub-region. The inplant process used to formthe drift region may be

conpatkdrénga phygedifpvelt ésisa progd dieOick afayatsol RWiskful.t Aedtifpet e} be fobaed
exanpl e, the shallow device 11 nay be formal at fhb sane tine as the | ow

vol t agg, flgl&ttine @b ihiotthé ¥iRe ddaBeshbiRElon. Tk %n?iﬁgpﬁyli%césg Qs &PBHoinh tHagpPhi c

mask to be used to pattern the inplant mask. t hogr aphi ¢ mask used to

form t#&glgh‘?fé\éa/"l% Joﬁg)gg{)f[equvz’l{hsﬁg :pFJc'eg%lus%X RRL ﬁqg\év\é@#a%% {i@deﬁ%efi‘@o? ’ex%f‘le,b €

custom I nc oW devi ce we

enbodi ts, a,separate shallow wel|l ask nmay be used to specifi.call

Eat ! orHE Srly oI vl e badirmed 150966 hemitntvarotie BB PORHBIARY rmask
whi ch exposes the first device sub-region is used. The inplant mask, for
exanpl ®ped gieBr Thissallomsttn waneslithperaphie magk iybeusel to pefeap Hiedmplask magk.nEee t he
internal device isolation region can serve as an inplant mask, this allows

f or arlithographds evislpnedds Somytheilowd veltage firkepqbarity éypel doged metl cfos apdrapit, magk .
O her techniques for formng the deep device well may al so be useftil.

Al t er rnad dus@inized td@nd1iidy A8 hdIRW Bideal d1D6RAingP 86 bftiet anbydi@nfs0s Begafie dr i f t
wel |l . 100711Referring to Fig. 2e, a body connector 118 is fornmed in the
first genbwSvelRask may be used to specifically tailor the doping of the drift well.
[0070] 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.
[0071] 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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regi on. The body connector conprises doparits of the second polarity type.
The bod connector, for exanple, foans 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 forned by inplanting
approprd. at e ,do. . wWith th I . : i : e, The
dopant P08 B udaing BH s P B8 AR R AR IG RERBLERLD,
[0072]i.n one enbodi nment, the body, connector conprises p- e.dopants. The
body cdmEePHH tyRey dBRe andmoueer BYRYidepe I}fﬁ?@t dﬁﬁlfstoa&‘p%ﬁ%n of the

shal | ow devi ce region. The it process used to formthe body connector
may be [@&bat i bl dnwne kmbpdinent dessbodyssaneatorfepmnriges piypesiopage dbpbedynel | .
For exanple, the body connector may beed at the same tine as the | ow

vol t ageoftsei@nyydeafoithyd by frpldnierioneldto a pbitonaifltievshatlbeidevice tdpdgr. i c
mask to be used to pattern the inplant mask. The |ithographic nmask used to

form t heplansetds 2961 REBANthPRI@R dohdedidiBaFBPeshmpible with Be R¥&IPLged thRY be
custom zed to include the body connector opening. In other enbodi nents, a

K . . .
3?"?%2*%%%% 2%%%@2%%8%08%%%@ﬁ%%}é?‘ﬁ%l#ﬁ%%%@ﬁ%ﬁ%ﬁé%@%# b el e An €20 "

[ t. i ch th ti ' devi - i [
used HHE ShBY R VoHER SoBH RO e BfbMFLed riseuF 8 SredbRFra Y o
l'i thographic mask. The inplant mask nmay be -enoved after form ng the body
connecti®pe we@ta priterpithe inprlantgagsk. (Thy ditkogzanhia pasiewsed to fome the gy velfage | n one

enbodi nent, a gate
second polarity type doped well, for example, may be customized to include the body connector

opening. In other embodiments, a separate body connector mask may be used to specifically
tailor the doping of the body connector.

[0073] 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

[0074] 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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dielectric layer 122 is forned on the surface of the substrate. The gate
dielectric layer, for exanple, conprises silicon oxide. Oher types of
dielectric materials may al so be useful. 111 one enbodi nent, the gate
dielectric layer conprises a thick gate dielectric |ayer. The thickness of

the ga Lelectric,l.ayer may be.abo 0,10 . _For. exanpl e,. the .

t hi ck né’gag%gg’ I{eﬁ 8“6%% % acflelélpggﬁﬁf? af %’89&0()%)&&1 tggtgﬁrbﬁéfﬂ‘fs I galg %Fc“% Lualgrialy) o ¢
1.2V and. increase to about 1000 A for Vgs of about 40 - 60 V. Qther gate

di el ecP}thickngspes may plsg e vselyl. ey exgmplerbe gateiglectrigimatpainbmay epraprise théray er
may be faned by thernmal oxidation For exanple, the dielectric |layer is

f or nedtypys af gae dighkctistmaeriflododst foymehmeathentypehel sodestasatueh ias clasmical

oxi di zing anmbi ent. The tenperature of the wet oxidation can be, for

exanpl egpoakieptisitidC¥I). " C. The anneal ing can be, for exanple, permaned at
a tenperature of about 1000 C, O her types of gate dielectric materials or
t hi ckn €5 ay | XAk i el . i al
may coﬁng’rﬁi]:e ot h?r&g e%fﬁmggtﬁéed{’dtihg%tg? ric nﬁ{%ﬁ‘gf@gﬁ&ﬁ lcI)l rﬁt@lﬁ?fgfp%‘%%%. ot her
types - C L.cal . vapor d siiti.on (.GVD).. 100751l n one
enbodi ?récrlljltoér%ﬁg?oggltsg%éﬁgqngiftar& gg{h%%gtrn cﬁgyefr 8Pﬁ]gt © desitg, tﬁ?ﬁ%‘%sfﬂseac K¥tEsses.
Each pprocess foi.W5 orti.on of. ate dielectric layer until the desired

t hi ckneY* PP HiC .1°1P9P°é%§ﬁbﬁafﬁgv?1§b>g§{8é wrerq progessesy ehhei sk gperss by
first and second processes. The first process forns a gate dielectric |ayer
for EViogeypeals diglpstac tayer s ddndevigss adeledhd speprdiprosess liecredsesndsiskiss bhe
dielectric layer for IN devices to that of FIV devices, Formng the gate

di el ectheidicl¢ctyelayersiont Vatevimes tuthisiest Y dprioee Saeminmpthe ghieaidlecttis Bfydt usidhi S
facilitates conmpatibility of processes used in formng |ICs having

mul ti - othbit i@ebet 6F poesssed DAY BibAbe atetule! 18RS faetiRatbLRMpaliBhit) 8%{;1%63%8% wRdtde
substrate over the gate dielectric |ayer. The gate el ectrode | ayer

conpr i §Sing 10s 9€in m@ﬁ’-ivﬁﬁﬁedd@weﬁi licon. The gate el ectrode |ayer can be
formed as an anor phous or non-anorphous |ayer. The gate electrode t ay be

doped ous teghnjaue be l.oyved t o, dope, the gate el ectrode, for
exanpl [gfﬂ‘ﬂls]g sit u&%{peszeg&rg ag?/ag R }%ﬁg 5?#%& Frihe ﬁﬁﬁgﬁtet‘v é‘e @Pteéﬁ?l'é"tﬂlz ect rode
mat eri al s rﬁé al so be Ufef ul, For exanple, a netallic material may be used
to forf¥eTa ThgeEaie “S‘Eﬁr@d% YER GOIRRIISeS i O ReEEEN polypilicemat Ehegaie elegdedel ayer
may be about 800 -- 3000 A. O her thicknesses nmay al so be useful. To !'him
t he galfkerenp be ferehed|as g amormhols pruesansaphoaslagére Mhe zhtecdgrtrode spydiet i on
(CVD), can he used. O her techniques may al so be usefiii. [0077]1n Fig. 2g,
t he gadapetlayerisusteehriques erayee dntpldyidrto dope e gatf decidtie Sor AemFIEMsith he

doping or ion implantation. Other types of gate electrode materials may also be useful. For

example, a metallic material may be 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.

[0077] 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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gate layers are patterned to fold! first and second gates 120 correspondi ng
to first and second transistors in the transistor sub-region. A gate
includes a gate electrode |ayer 124 over a gate dielectric layer 122 and
has a wwdth WL.. Patterning the gate layers to form other nunber of gates in
the transal so useful. Techni ques, such as mask and etch processes, can be
used. PéedeXanpiample agthetasesisrilayer ssbprneq aver dhaeate elpeirodeayqyand paltansd: ode

| ayer and patterned, exposing portions of the gate electrode |ayer. An

ani sot r expiosingtpottjons o€ theaateel Ritledelayepe Ahanivetiopio etobnmwch agrFdEed pedoimaite of
the gate electrode layer and irate dielectric |ayer below To inprove

|'i t hogr Rpdve ekfissed Bbitidas oftheditd elécdlolie tdyiey end@aé Hilectriie)erGridWETPImpoded
beneat h the photoresist O her techniques for patterning the gate | ayers may

al so bglitﬂﬁgrfaﬂlic rés%ﬂ%i%ﬁ%rpﬂgﬂre}égn\'/escotaﬁ?gfﬂgb? ?% éﬁoé‘f&%& BERLatSiHb g&@giﬁﬁé nt.

The body | ormed I n source regions o tors. I'n one

the body.is fornmed in co n souyce regi on bet n the gates. The body is
for med BT fesPnigySfor edlterpiRE T g4 Vg MY % B 9¥ Dt ype dopants in ¢ he
comon source region. P-type dopants may be inplanted to forma body for a
n-type @8V8lce. mAthQéydﬁmeHars&ntheﬁryﬁ%stebﬁ@nﬁegl%ﬁhs@ﬂm fappedinieUikou a
p-type device. 100791To tbnn the body, a body inplant mask may be used. The
body i nmkmns ofitkskransistorse Xampk embodimpnt.$ks badyois dorasidsn a chmamdamypliestregiagsk  may
be patterned to expose the source region of a transistor, For x ple, the

i npl antbetmedn thivgates. PhE b&dynie dorntedeép Gsreexbin@leC Gnplamtipatt Rl petgritenymf ddphets
transistors. To inprove |lithographic resolution, an ARC | ayer nay be

provi degl tH@E&WPBH%IﬁJEQ}%Encgg ;I?—E}épemﬁaﬁtM@%’im Rintet8 Mthea bbdy Rhi@pt gned

to the gates. In other nt, the inplant may be self-dligned'to a

gate ar&e%icaen ri_s %:e?)giheg?}alrgg i—/t?lﬁ? F'OA‘S an s?rgl?}’/ bhé Prg%lg&gé{ t(; %)rrglrazpi-leék%e{/ﬁ@ed body.

Fonni ng a Seél an 1ncrease sing W ndow for

the patterni ng process to formthe body inplant nask 0Q80Q] The, i npl ant
form 08, havi hy mbeibpay Ahadyimald oH mﬁvézsuﬁféd-#hsohfé ampBpt Pk body

for exanple, is about 03 pmto couple mcrons. The depth, for exanple, may
depend fonexdnepldesompsisepphaiofssisp eFhetimplant axpsk maydagtpattermpdtagrpese thgsowrce houl d
be sufficiently small to achieve the desired Rdson. For exanple, the

under - trepioaludultthnbietoas Femaxdainpls thxosgilait endsk nasgtbegpattemsd koexpdds tie cammmon
possi bl e. The under-lap L, in one enbodinent, is about 0.2 ini to couple of

ns for yuakdeadsioh dPeHeNEhnbiRM. a9 ithprove lithoY¥rapRicaBRiMitiok) @n XRC layer may be

provided below the photoresist. The implant, for example, is self-aligned to the gates. In other
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.

[0080] The implant forms a body having a desired depth and under-lap L. The depth of
the body, for example, is about 0.3 um 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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inplant is perfortned. The quad tilt inplant, for exanple, includes four
inplants performat a tilt, each rotated by 90". The tilt angle of the quad
tilt inplant may be about 7 45". In one enbodinment, the tilt angle of the
quad tilt inplant may be about 45". Qther tilt angles may al so be useful,
dependigg on the desired under-lap L. The dose of the inplant may be from
about [P88Y/ cm 2 In ogeembedimenhdhe bedy iniraed bywdilyimment. Ker examalaliotrad 24t 30
KeV to hundred' s of Key. Qther inplant paranmeters nmay al so be useful and
may depmiaht anperfoomedx Engpded tdesiplad, e prtdmEadntluddsdout inglovsyerfent daned,

the body inplant mask is renoved. 1008211 n one enbodinent, |ightly doped

drai n t1t;RE}h foR@tDBEI@3Ghartet dipldEth@guddngt Shsitmadyehd dbolile - ds8i I led sour ce
regions of the transistors, as shown in Fig. 2h. I'n one enbodi nent, the LDD

regio <@%ﬁm i : I : I nd=. fy.r ba gy ] The
degt hr%? t elﬂ}t%k lrt%tga?g%? ﬂ?cg%agggtrrlp ‘éz&d@ ?%ayggoaﬁ)mggo'S U-tﬁ%éﬁ%érﬁn%le%%g?%npl ant

mask be.used t.o inplant. nts to formthe LDD regions. .The .L

ol 2 ik fepindis b Phe e GBRAM Bo o, HREAsS PE e Rl F s ame FHERIR be
patterned to, expose the source and drain regions of the trapsistors, To

i npr ov@h%qn%o-géfﬁﬁ?ﬁ%z agdthg InyHant sRergRMyReFomRaRow @ Opilos Y é%hwreﬂonﬁ phe

phot oresist. The inplant, for exanple, is self-aligited to the gates and

i sol atKevi. Odgr omplapoparanetaysireay alpebd wysfidand may dspersledrs, ferl dxgmote, tesitele gat es
and internal device isolation regions. This increases the processing w ndow
for t hieppeddddr.nAfigr the boég & foandd) e tidde ifnplaix magk 8Aemowslk. The i npl ant dose
may be from about | El2cnR - 5El14/ent2 and the inplant energy may be froma

few ht{lods%d eVv tg @e@%oa&%nﬁql\ghﬂgubﬁéd driRl (ROD)RBLBAPI Y &re To¥nedlchanbe
useful. [0083] Sidewal | spacers 170 are fornmed on the sidewalls of the

gat es-suE&rJt%Lﬂ;&lglﬁgﬂiﬁL&Pé’&k%eﬁ%?ﬁ?{)ﬁhe i‘raﬂéi&}n%?&sr b W ofi GRRAS! ted on the

substrate. ectric or exanpl e nmay pe Si con oxide. Oher

types of, dielectri terial,.. h,as,silicqn nitride al so be ed.
The o e e Riggorisars BRERG B Hiuih ok Gt tyekyparts, 187 S e
formed_ using other techniques. The thickness of the dielectric |ayer may
be, f olePtkeipe EDDatssions, fppexample igabout B0fe0-3 ning Kh &BEEnRlaRt mak reydcect ri ¢
| ayer may al so be useful. The thickness, for exanple, may depend on the
desi r esbediaiiniplaft dopants iwaloem she PRDawkgioos.r bips DB iotpland nwisk,der exaRifte, may be
performed to renove horizontal portions of the dielectric |ayer, |eaving
spacer@ngtisthphordsiwal The imblanbmagaingy bt Patsen®l tdRRbowahe Shtcd il dipiacer nay
be framed frommultiple dielectric layers. (0084]In Fig. 2i, a common

Sour CérebRek BFthd 3And8tdrsd R ihpk S 1RRASerdtc AsblutiBh,hinCARONayh %a@%ﬁﬁéﬁﬁ@d The
common Source region includes a first sub-source region 131 and a

second- our .eghan. i ol r I . ng. t he
Firar SR AR OER eSO RE mb b RS RERBE, MRRlnaubi " GEERE A U M
regio 113. The first sub-soyrce, drai.n and deep we] |l contact regjons are
ooy 15pra5HBar g BAGHE0Y B SHEAGEnHdh b S A oL e MG B0t | he
first sub-source, drain and deep well contact regions for exanple, is about
(105 -Tigs gcpgsesAhe prosessiyznvindp o therpatkerpiag phecessiedorn theddPBrimplasbamsls t o
fortn the different doped regions. The first S/ D inplant mask, for exanple,
conpr i Besimpiott dosesiay be fEhm dbopt Bit2cmds EEiigmb eng tietivmphent etayg e rpy de ftomea
first sub-source and drain regions of the transistors. To inprove

l'i t hogfeaitindrad@sOloubb @00 VAROtHer yitplanBpardifictpisQidyatsh Behsepult he
photoresist. The inplant, for exanple, is self-aligned to the gates and

| sol atjoggs)r egi OnsiakAiNsAeRSi7h AR BANEI o the \NRWARE B SRS SRY i gl on. For
exanpl e, the inplant y be self-aligned to the gates, device i1solation
regi on. i rnal ..devj. isolation.regio it.h riion covering the
econd LB FEL Y AFREHE FaP b B PRy LB BCREY . Fndl B BRI, e
patternin rocess.to formthe first S/D inplant. mask. The dose .of the

i mpl arﬁxaf?gbé? H@,Y%Fé}lw@%? Ce ,Otﬁ‘?rémeéHSS{eP%ﬁny@éWﬁéﬂgugéf Sglcﬁpﬂﬁﬂgﬁdn%e

i npl ant energy may be from about a few hundred eV to about 200 KeV, O her

i npl arflsqole uneet Ehe digtegirid leyereaylreiorned b 6¥HL| Fhesdistsceedaxdi maytaiso hene
inplant may conprise a tilt inplant. In such EDD inplant may be di spensed
W t h sformed tdireg dthéit techmdpast Tha yhibenesss@tthe diefeotric lagerlnhdy e ferexhmpke, albohitf i r St
sub-source and drain regions.
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100861Referring to Fig. 2j, a second sub-source region 132 is fornmed. In
one enbodi nent, the process for formng the second sub-source region al so
for-ins substrate contact regions 107. The second sub-source and substrate
contact regions are heavily doped. regions having second polarity type
dopants. The depth of the second sub-source and substrate contact ,
for exdfBI-a009 2\ Pber thickpsesses r shadigleqtrie layee sy aboedsais e Thetiidnessefdfes as
a body contact to the device body. A second Shit inplant mask nmay be use to
i mpl antexalapkentnay tdepdndrom thé desitief] fva d it tikogpaders e ginanssotrdpie esohe suvtl aSAMRIENP| ant
ask, for exanple, conprises photoresist. The dose of the inplant may be,
for examml i pdrfoemedRPtemolE Lot Adhtal pdRIGHsIf e ABIKcHdgayelNbARg §ABEMYn IRY be
fromabout a few hundred eV to about 200 KeV. O her 'inplant paraneters nay
al so be; 71 : i i j RSk may
be use ldtégatlgb%h% %g{%boféllynS 0%%%&%?@?%&?%@% %g’g?égﬂﬁ%ﬁ? oc?bfrlll?glt Erh(ggi ons
whil e the second S/D inplant mask may be used to formthe source and drain
regi ons™&fng with appropriate contact regions. [0088]in sone enbodi nents,
the first and second sub-source regions are sepanate_reqions. For exanpl e,
a surf a4 pacer [Fig 2blagomapon eyresTeaiey 158 apd diainegians 148 pes formed pa the st
and second sub-source regions. Separate first and sub--source regions may
be usefsubstfatr Thedepenatesturds mgiongndlindes sdostmibiwotcatregion W&l hnd § §288J-Fhle
process continues to formthe device. For exanple, the additional

pr ocessbige edfor) Clne chidodiniet,3Hé piodessddnfoakig Ao fikfSub-8surtdisndCdainaegions
regions and the surface of the gate el ectrode. The process further

conti nyes hond e d@vi%y@eh%ﬁfac gioR® mﬁelsh%fﬁrgt duB&ohRE! AR dkep ReUCE! | -

Addi ti onal processes nmay include“formng of one or nore iInterconnect
| evel s

b8 Rk W RS AT SRR ST ST

:/2![ Erag%ﬁ%ggb-gig%ge,vd%ﬁlaagg dleépow(ejl?\c/:(i)r?tga rggai(r)]nst? ?orfe?(rélrrrrl%?e, Psra{bc()nrlt 6.85 t r Squg At ttl]reé‘t
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 €V to about 200 KeV. Other implant parameters may
also be useful.
[0085] 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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[ 0090JFi gs. 3a-f show a process for formng noti enbodi nent of a device
300. Referring to Fig. 3a, a partially prepared substrate 105 is shown. The
partially prepared substrate is at a stage of processing as described in
Fig. 2f. For exanple, the substrate includes gate |ayers 122 and 124 fornmed
on a substrate prepared with isolation regions 180a-b and vari ous doped

wel | s [4886ldoped R@fp do Fi 2j, ppgcond sgbyperce 1egior] bidois fermed; dnose, the gate

| ayers are patterned to formone or nore gate,s. As shown, the gate |ayers
ar e painterdieeht] the fporcess for Sirmangiths sccond sglabmﬁcd@icnmisoebpnm sibsgrate@ohfacist and
second transistors in the transistor sub-region. A gate includes a gate

el ect riegidné 8YEr TH A MNP ubasot Rl @nd s@hstatel dofitabB8lond 4z AW @Sped rigifhdr V2. I n
one enbodi nent, For exanple, W2 is equal to about 0.4 - 2 um [00921A body

150 1 g, fvg{g’E%ﬁ%dd’botlJ}ﬁytt){p%?@bﬁﬁth Tﬁé’ﬁ’%}? gf 18 secrg sQQgé’lﬂJcé af® dE@ﬁ‘atg 'Eoétg&r ce

regi ons trans in ne e I ment’, y I's orrre

common_sour n.bet The bo is formed b I

i mpl arFF@HBng p SoiHThe \ﬁﬁg%p@% SieﬁontdhS g§8%ﬁeg§%?e@é Sraédrll 8@9 P-type
dopants may be inplanted to forma bod for a n-type devi ce, ? ot her
hand wnffs%@ thesa\ﬁ@eisy Pbéecpﬁ%ﬁﬁ?itféﬂa@tdn$55r%}ébepuﬁe§%§nﬁlé9'i Q@ants o Torm
100931Ref erring to Fig. 3e, lightly doped drain (LDD) regions 236 are

f or medthodiffenent slaprst regioes.i Bhe sesonit Silhinapiantsnaskcor eegnplnscoofprishephatenesisist or s.
In one enbodi nent, the LDD regions are |lightly doped regions having first

pol ar i The dogpef dﬁﬁﬁplaﬁt mih e depttungfle,tien kbt 1 Egban’s- 2K lavcreXanithe implantabout
0.1 -0.51int Sidewall spacers 170 are fornmed on the sidewails of the

gat es. enm% RaFENBbI BBACLIS Huf@red OF to2RIPL® KERY Oer SinbladPpar@b@ty méd her
types of dielectric naterlal such as silicon nitride, nmay al so be used.

1_0094141&}12&%6ﬁﬁfood| ment , and& bl ock spacers 175 are forned on the drain
side o

[0087] 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.

[0088] 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.

[0089] 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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gates, as shown in Fig. 3d. In one enbodinent, a salicide block spacer

i ncl udes an extension portion which provides a separation between a gate
and its drain. The separation should be sufficient to avoid gate overl ap of
the drain. In one enbodinent, the separation distance Ds is about 0.4 pm
Provi di ng ot her separatjon distances may al so be useful. The separation of
the e f[pg?ﬁ]t he driEh 3adispewasoersy fardomyag anothghanbosbwentiafdglevise888e at t he
drain. 100951To formthe salicidc block spacers, a dielectric |layerd on the
subst r Rederrifigeo Hig Bect partallyayrepared subsgrtmn®iSds shrayn. CBheopartirdly preparedigibstrate
oxynitride or a conbination thereof. Oher'electric materials may al so be
usef ul if ara éthee SiPrbedssifg BY OckribEPImETiS. 2f] Fof eX@Ensleane bumfh® indliidesiPaedkyers
spacer may have nultiple dielectric [ayers to forma. dielectric stack or

sandwi 31?\/2\6 alhp 192 SorRAY, %str:%t% ?re({f)iaﬁelg‘%ﬁlh{e.sﬁla{iaﬂ %gildn% 1805-bSIBRhribd %{2 St of

t he si spacers For exa ectric 1ayer can be patte

sel ectively to the side l,.Sp rs he dielectric layer is patterned to
formt h‘%gtsﬁnpgipa%fﬁlg@@ﬁ%alc@r zﬁ’e% 1lin ot her enbodinments, the dielectric
|l ayer is patterned to formsalieide block spagcers and surface spacers 176.
The surlf)%@el spacdpdigSPathgiate lagers waﬂamdé%ﬁaﬂw@l%%aﬂef@&rég%ﬁméhe t he
source region [0097] Patterning of the dielectric |ayer can be achieved

usi ng, gaterlagxaarsi patterngd ito Smoh fatstand sscond gatiessl 20Rorrespeadpligdo fistphdsenoadi st

|l ayer is formed over the dielectric |ayer and patterned. using a

l'i t hogrtambistordinskec trexddas sih-pgivhi dngatoinctudes digale@bdctrode lagyer24tovebe gatenoved.
An ani sotropic etch, such as a RLE, is perforned to renpbve exposed portions

of the fi18dtRE Idyef 12P¥RI has TNGide WCVah bnSRABSIifheh€ W 8 WAN HopexahsleVal, lis of
the gates. To i'nprove lithographic resolution, an anti-reflective coating

(ARC) c i fled beneath the photoresist. Qher techniques for
patter nﬁﬁﬁﬂqgﬁg&gi\ﬂé?egyﬁc | ayer may al so be useful.

[0092] 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.

[0093] 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 spacers 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.

[0094] 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 Dy is
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100981In Fig. 3e, first sub-source regions 131 and drain regions 140 are
formed on the substrate. In one enbodinent, the process if formng first
sub-source and drain regions also fornms deep device well contact regions.
The first sub-source, drain and deep well contact regions areped regions
having first polarity type dopants. The depth of the first sub-source,

dr ai n eyt Q}éé@-m%nom%laﬁ@tg@t sepgigiieindistanesns redyaies lee useilgBbesegrapnofths pm A
firs SIDinplant nmask may be used to inplant dopants to formthe different
doped gatgfromshe dtaen hdps the d&Vibe tonpitlastand higlsk opérating xalgpe @t thealngini ses
photoresi st. The inplant mask may be patterned to expose the source (e.g.,

first @obsjsour cefo fnath® saitiiedRedk spatdrs, Ganélagtic 188t RTSrmXd dlide bhisvhgicst Or s.
100991Referring to Fig. 3f, an i sol at ed body contact (e.g., second

sub-s Om&ﬁllgétﬁig i}f&’%r, ]fglze)iaﬁlpfl@ rrﬁﬁéﬁoe a(ixzdoe? Pﬁri&’é"%?%iﬁ?d%tor A ImbRRBATer s, f Orm ng

the isolate contact régi orng substrate contact regions 107.
The segpnd, i sol at.ed body , contact and substrate contact regions.are heavily
doped PR8I BRE RGP ARk R0 b SR OIS sAE0aE ke SHieR o 1T iinC cocont
sub-source and substrate contact regions, for exanple, is about 0.05 - 0.5
um A RRestigenss.ihe bock sraciary gl patiglaliclegrie kayeesre fergpadictecing staskfr: he
di fferent doped regions. The second SID inplant nmask, for exanpl e,

conpr i tedwishotfweesé¢msbodimiet, theplielextrietaykr walyfférentfam érah efithe sidexplspadehe
second i sol ated body contact and substrate contact. [001001l n ot her

enbodi Feereksmplehthefdidl&triSlaPert suplbantattermsdk setegtivel yus elak didevadl dpatdre. Thel at ed
body contact along with appropriate contact regions while the second S/D

| mpl andieleBsik 145RY isQitteised té HrinQh&tdiRfRIcHSUKCDaddigl drain regions along with
appropriate contact regions. 1001011in yet other enbodi nents, LDD regions

o .1, U510k KR A1 ADED S My SR ARG e oL, 2,

28:“[“; S%F(z%g gﬁv&#@%@%g 58 &ﬁg glgi‘?%iegﬁgc%gsl s%%gfatettﬂg ﬁ%srt o isescE)r? s a-isorur(i:eS
regions of the source region.
[0097] 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.
[0098] 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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Al ternatively, the transistor pair nmay be configured with a common drain
region. Additionally, the transistor region may include other nunber of
transi stors. For exanple, any odd or even nunber of transistorsLay be
provided. In the case of odd applications greater than or equal to 3, one
O norest airs y be provided an._additional transistor, such as_that
descr | BE T EFGUPIE] sontpriseo PRt oh T i UGS Qe RBHELH TeRoBethe
changing the pattern on the |ithographic mask. No additional steps would be
requi r saurcE(e-gharsisptesoyree); drainndrdseep sigllionatact igsiops oEedransisigesscri bed i s
not limted to the specific sequence of steps disclosed. For exanple, sone
st eps fag9%e per fRufereidgite Fifi. Bf, andsilatsd bodnaesaca (wg.psecankd sith-swuade) sdgiqs 13tay
be added. [00103] The enbodi nents described are highly conpatible with

cur r entjs RrREES BESnd @hbddnEhtN thelprScesd6f fofkAERh&isolh@l WahehfaBYesiofaxer i bed
are highly conpatible with current processes which formLV and HV devi ces.

The varg I L r i
addi £ Qe pBSAE crhorrofigh® 0 e odiitsolbiba $E8) EERaA 00 BRSO ¢ on
may be enbodieg i Hgﬁr specific. forns without departing fromt spirit or
cesent HSPOTIALF Betapi prL EEtetine SR/l Egs by DRt EROS phie PPy,
are to be considered in all respects illustrative rather than [imting the
i nvent isBbrsgase prb e stiate spptactgegigns, der exsaplaiethoubf.05 s Ghwa. | AdrecadedPby t he
appended cl ai ns, rather than by the foregoing description, and all changes
t hat complant tlaskmihbe weahtiongpiamt doantsetodorne thei diffbrentdopet] a¢giensarkheisacandded
to be enbraced therein. [001051What is clainmed is: CLAIM

S/D implant mask, for example, comprises photoresist. The implant mask may be patterned to

expose the second isolated body contact and substrate contact.

[00100] 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.

[00101] 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.

[00102] 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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A device conprising: a substrate defined with a device regio a transistor
in the device region, wherein the transistor includes a gate havi ngand
second si des, a -first diffusion region in the device region adjacent
to the first side of the gate, and a second diffusion region in the
devi ce_reqion adjacent (o the second side of the gate, wherein the first
and sol9I; 1 f uhesmb dessriBed ae highin PRMBRHbIC ith sprrend papGesses e

a self-aligned body disposed in the substrate adjacent to the first side of
t he gafosmingh€shEdycrompe.itbeenbisivantts dofcribed ercdwghlp odmpitibje witheprreite
self-aligned body enconpassing the first difthsion region, the self-aligned
body hprpcesgesamhivin fen L¥ppd BV geritdso MThe vaesust wellsgailiee td foemUrvdend Happi ng
portion having a length L; adrift well in the substrate having

dopant gevides ti€be fideliS AnPRIdRIdnbYbddyRffask ey BY driloy&d th f&%ﬂﬁﬁfml ng at least a

portion of the body and second di ffusion reglon second i sol ation

el |1 ol SUDSHALCLANGARASSI G ADE YA ﬁéfon%g%vl T

wel | Vi n secon arlty type S an ody connec RaVeng 8 econd
pol ari tthg sp1¥1? gr gsg n 1atl Shalra?cte(::r?stlcs HIICI‘CO% ’?ﬂ %rggo?ggdergggdo r?lgntls Stﬁ!:r%%olrg nare\gvteoI ll)e

considered in all respects illustrative rather 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.

[00105] What is claimed is:
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2. The device of claiml conprises a first isolation well in the substrate
having first polarity type dopants, the first isolation well enconpassing
the second isolatio -ell, wherein the first and second isolation wells
isolate the device fromthe substrate. The device of claim?2
conprises a body contact having second polarity type dopants, the body
contact providing a. connection to tkdAIdond isolation well for biasing
the isolation well. 4.The device of claim3 wherein the ody contact and
first diffusion region are coupled to a comopn si gnal . The devi ce of
claiml conprises a block spacer on the second side of the gate, the block
spacer provLﬂH@gc@cgh?ﬁﬁﬁge Ds between the second diffusion region and the
second side of the gate to increase the distance of a drift region between

t he body a”g}ﬁﬂﬁgﬁﬁﬁgﬁggﬁﬁﬁﬁHﬁgﬁﬂegﬁﬁﬂn 6. A devi ce conpri sing: a

substrate defined W vice region, wherein the device region dudes a
di sposed i n & Femscusat i Evrarebh VETan Py Moo iscf€posed i n the doped
isolation well; a transistor in the device region, wherein the transistor
i ncl udes a gate having first and second sides,
a first diffusion region in the 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, wherein the first and second diffusion regions comprise dopants of a
first polarity type;

a self-aligned body 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, the
under-lapping portion having a length L;

a drift well in the substrate having dopants of the first polarity type, the drift well
encompassing at least a portion of the body and second diffusion region;

a second isolation well in the substrate encompassing the drift well, the second isolation
well having second polarity type dopants; and

a body connector having second polarity type dopants in communication with the body

and second isolation well.

2. The device of claim 1 comprises a first isolation well in the substrate having first polarity
type dopants, the first isolation well encompassing the second isolation well, wherein the first

and second isolation wells isolate the device from the substrate.
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a gate having first and second sides, first and second diffusion regions in
the device region adjacent to tile first and second sides of the gate,
wherein the first and second diffusion regions conprise dopants of a first
polarity type; and a self-aliimed body disposed within the drift well
in the substrate adjacent to the first side of the gate, wherein the

sel f-aligned body conprises dopants of a second polarity type and has an
under -1 apping portion on the first side of the gate with a I ength L which
is smdd.l tdlsadeveef alaim® coRgsiaes a body doheacf haviig gcdddisol amtyrtegd dopants, thiet hi n
the self-aligned body and the second diffusion region is within the drift
vel 1. phag cafEGRoAlIng :8lofh&:1160 86 Bletebdid SRR WeIPtRbIRhoWRE IsoOIBR W cleS

second polarity type dopants; and conpri ses an isolation well in the
substrate having first polarity type dopants, the isolation ell enconpasses
t he doped isolation well. 8. The device of claim®6 further conprises a

body cpnneci.or, havi second polarity type dopants.in conmunicatiqn, wth
Che sebf - al s oRgIand ispen tdheoBiot ERTs: GEustag YT 6 CBFIES B n 6
further conprises a body contact in the self-aligned body, wherein the body
contadPnHP@V$€@§-a bias termnal for biasing the doped isolation well. 10.

The device of claim9 wherein the first diffusion region and the body
contact are coupled to a common signal .

5. The device of claim 1 comprises 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.

6. A device comprising:
a substrate defined with a device region, wherein the device region includes a drift well
having first polarity type dopants;
a doped isolation well disposed in the substrate, wherein the drift well is disposed in the
doped isolation well;
a transistor in the device region, wherein the transistor includes
a gate having first and second sides,
first and second diffusion regions in the device region adjacent to the first and
second sides of the gate, wherein the first and second diffusion regions comprise
dopants of a first polarity type; and
a self-aligned body disposed within the drift well in the substrate adjacent to the first side
of the gate, wherein the self-aligned body comprises dopants of a second polarity type and has an

under-lapping portion on the first side of the gate with a length L which is small to achieve a low
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The device of claim9conprises a surface spacer to separate the first

diffusion d the body contact. 12. The device of claim6 conprises a bl ock

spacer on the second side of the gate, the bl ock spacer provides a distance

Ds between the second diffusion region and the second side of the gate to

i ncrease the distance of a drift djglon bet ween t he sel f - allgned body and
W

the secRdwnairdthsfisy diffgiemegioniewidin e sef-aignadhody eadi sspongt diffpsied and

second i sol ation regi ons which surnund the device region; and an

i nt er nalegionas withorthe dgiiovellshi ch separates the device region into first and
second devi ce sub-regions, wherein the internal isolation region surrounds
the first device sub-region, 14. The device of ¢3 wherein the second

di ffusion region is di sposed in between the second side of the gate and the

internaj 'Sohﬁ¥ S & cla 6 wh&efevi ce of claim6 wherein the device region
conprises a ty of ‘transistors arranged in finger arrangenent.

the doped isolation well comprises second polarity type dopants; and comprises
an isolation well in the substrate having first polarity type dopants, the isolation well

encompasses the doped isolation well.

8. The device of claim 6 further comprises a body connector having second polarity type

dopants in communication with the self-aligned body and doped isolation well.

9. The device of claim 6 further comprises a body contact in the self-aligned body, wherein

the body contact provides a bias terminal for biasing the doped isolation well.

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

to a common signal.

11.  The device of claim 9 further comprises a surface spacer to separate the first diffusion

region and the body contact.

12.  The device of claim 6 comprises a block spacer on the second side of the gate, the block
spacer provides 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 self-aligned body and the second

diffusion region.
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16. A device conprising: a substrate having first and second

isolation wells in a device region, wherein the second isolation well is
di sposed within the first isolation well; a drift well disposed within the
second isolation well; a transistor in the device region, wherein the

transi stor includes a gate having first and second sides, and first and
second 3di f fXhsidswice @§rlgis 6oBPESEE: adj acent to the first and second sides of
t he gate; a self-aligned body disposed in the substrate adjacent to
the first dimteandfsetdnd igrbtenn nepieneivhichiserrsedd thaldegnedghodyndonpri ses an
under -l apping portion with a length L beneath the gate, and the first

di ffusi on ragheRmatisbiition Eégi’orﬁﬂhi‘ch@bp@&t@ﬁth@‘déﬁcé%érhﬁtosﬁﬁpﬂdi stcbid\@dvade
region is within the drift well; a body connector di sposed in the

drift ygll 10H@Wh@ferf§r fh}a‘?nt\?\ﬁ%yg?l‘%ﬂ{?ﬁ%gg% y%ﬂh&’ssthE RSt %@{,g g4, body to the

second I sofati on contact provides a bias gnat to
bi as the second isolation well. 18. The device of claim 16 wherein the
body contact and the first diffusion region are comonly coupl ed.

14.  The device of claim 13 wherein the second diffusion region is disposed in between the

second side of the gate and the internal isolation region.

15.  The device of claim 6 wherein the device region comprises a plurality of transistors

arranged in finger arrangement.

16. A device comprising:

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

a drift well disposed within the second isolation well,;

a transistor in the device region, wherein the transistor includes

a gate having first and second sides, and
first and second diffusion regions disposed adjacent to the first and second sides
of the gate;

a self-aligned body disposed in the substrate adjacent to the first side of the gate, wherein
the self-aligned body comprises an under-lapping portion with a length L beneath the gate, and
the first diffusion region is within the self-aligned body and the second diffusion region is within
the drift well; and

a body connector disposed in the drift well, wherein the body connector couples the self-

aligned body to the second isolation well.
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19. The device of claim 16 further conprises a surface spacer to separate
the first diffusion and the body contact. 20. The device of claim 16

conprises a block spacer on the second side of the gate, the bl ock spacer
provi des a distance Ds between the second diffusion region and the second

HERAARE T HERRG L S R g X

wherein the body contact provides a bias signal to bias the second isolation well.

18.  The device of claim 16 wherein the body contact and the first diffusion region are

commonly coupled.

19.  The device of claim 16 further comprises a surface spacer to separate the first diffusion

region and the body contact.

20.  The device of claim 16 comprises a block spacer on the second side of the gate, the block
spacer provides 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 self-aligned body and the second

diffusion region.
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