, YZ[ \ e3eBBLdAP6T DEC 2002 METHCD AND STRUCTURES FOR DUAL DEPTH OXYGEN
LAYERS I N SI LI ,mw OR PROCESSES Background of the Invention 1.

. Techpical Field invention relates to a sem C'E @Eg ab?ucture
conprising a buried*@xe |ayer and a plurality of trench'iso 2
strugtures, and to a nethod for formng the sem conductor structure.

Rel ated Art A sem conductor structure typically conprises senm conduct or
devi ces, sucMEEHOTIBANDSTRI/CTURES FERODUALIRERPTECOX YGENLAYBRS ed from
ot her sem conduct or devices. Various isolation structur es, such as a buried

oxi de layer ("BOX") or R SIf fOON- O}\Ph’@SUERTﬁﬁ SES' ench") have been

used in sem conductor structures to acconplis suc |solat|on Vi ewi ng the
vertical direction as into the depth, or thickness, of a given substrate

and the horizontal direction _as being parallel to a top surface of the
substrate, a BOX is a hori ZOMM&%MW that provides insulative
separati on between sem conductor devices at different vertical |ocations,

whi | e h Xechnidal Fieddh as a shallow trench isolation is a vertically oriented
structure that provides insulative separation between sem conduct or devices

at differ emrh@p;regéﬂnﬁ@hnb@wtb%sa sefhi BAYuEOFRTIHES c@ﬁh %ﬂnded Wrie@dxiddt rinsi c
sem conductor such as crystalline silicon and may be forned in various

ways, such ion inplant tlon t ues. whi ch are known
byt hoteicptin mlratl ek Rotenof bRt e B Ry BnE S opl ant at on
to forma BOX *166166* ,~ 7 D E C 2002 2 of varying depth conprises:

opt i on@lfm&]omblﬁwwu@ thin (e.g., 80 angstrons) pad oxide (Si02) |ayer on
(t he top surface by exposing the top surface to oxygen at high tenperature,
depositing a thicker (e.g., 3000 angstromnms) |layer of silicon nitride

(Si 3N4) over the pad oxide, patterning the top surface with photoresist,
exposi nRdikgedtonr surface to ultraviolet radiation, etching the unexposed
"silicon nitride, inplanting oxygen into the substrate, annealing, stripping

avay the sihi s%f?xgco?x;dh&baﬁrdc@fg Qypléamg C%B’l&)h?f%i s@&i&%ﬁct%pge&@e%, %h%g layer. The
pad oxide is a burrer Ich

transistors, which need to be electrically isolated from other semiconductor devices. Various
isolation structures, such as a buried oxide layer (“BOX”) or a trench isolation structure
(“trench™), have been used in semiconductor structures to accomplish such isolation. Viewing
the vertical direction as into the depth, or thickness, of a given substrate and the horizontal
direction as being parallel to a top surface of the substrate, a BOX is a horizontally oriented

( layer tha't provides insulative separation between semiconductor devices at different vertical
locations, while a trench such as a shallow trench isolation is a vertically oriented structure that
provides insulative separation between semiconductor devices at different horizontal locations.

A BOX comprises an oxide of an intrinsic semiconductor such as crystalline silicon and

may be formed in various ways, such as by using oxygen ion implantation techniques which are

known by those skilled in the art. A particular manner of using ion implantation to form a BOX

RTACR

*166166*




reduces stresses resulting fromcrystal m smatch between the silicon
nitride |ayer and the substrate. The formng of the silicon nitride |ayer

. may be acconpl i shed by any suitable technique, such as by ﬁZeﬂgﬁlwﬁfor
deposition. The etching of silicon nitride determ nes thethér t
distyibution of silicon nitride thickn/fss on the top surface and the
silicon nitride thickness controls the“depth of oxygen inplantation. Thus,
sel ect ofnargng depty comprikes: sptiomatp “piovvinglea thay @r g. e¥{bdnigsgoms B mddev@i®);)ng
depth to be forned. The oxygen inplantation is generally performed at high

ener gy i / i éﬂﬁ%@' [ Pat..
5. 364, 8 WJ% rﬁ‘Z"#ﬁ“%a?%R? Sg}?&éﬁ%@@%ﬁuirfﬁggtﬁ%%{gg? oCHigB annei}at}"iq’r’]gJe RsitliEla

typi cal,l. rfo d at, hi tenperature .(e,.. 13 F for.,6 hours

o o1 ol S ot ale BB BHAREGS sifaa et ey iad zalEiyBe
formation and repair crystal damage. Another nethod of form ng a BOX of
var yi nigpgorface wﬁﬁphotge@miaxe@smm@waop oufaseno pbravisdei Fadintiau giehingsthe i con

di oxi de screen of varying thickness and then into the depth of the

subst r adexpbseasilidoD nifrRle Sidpl Min 5))@%541 iB00he sébdtiae)afindaing sueppihEavaLeei ty
fromthe top surface into the gep of the substrate, wherein electrically

i nsul af:i. Al eri I ac 1L Rl : i fy: . rqaed by
tochni Shiaeh AR . b RHPERE el MebebdRi A a6 o BRR R YRR
(Bohr, 8/7/95) disclpses such a techniqgue conprising: .grow ng a, pad oxi de
(Si 02) rq%agférst%%ﬁef FF‘é“ﬁ’é‘]S tequp P! BRSTRAEh between [aeisilisoBiBids layepand thee,
depositing of a layer of silicon nitride (Si3N4) over the pad oxide,

pat t er subsgatehdhe dprnsing bhthe silicoh nithide tayes ingy be esgsoenlished hieanysuigblef ace to
ultraviolet radiation, etching through the unexposed silicon nitride and
cont i ntechfiqhe) seéics Bydteugbaltvagorigosinosl eThOétching o Bitiesmaitiide S4tbFHihed et 0 a
desired depth to formthe trench, optionally grow ng an oxide lining on the

|t er ! BbristHEd 968 Bfon! 1S ARRAL BiBGRS by by LatiEE BAA RUKARGTM! Cn oY

have been dama uring etching e substrate, 1nserting Insulative
materigl .into the trench, ta above the to rface,..and .aptiopal l ol i shing
To rerbiepreantplvhe et of afvieh s BBubiEh, 1ot 3ftuii dethe ofRsianRng of
the substrate may be acconplished by usin acgl asma conprising HBr and NF3,
or anynigtidreleyeranehlss 8 BQX iof meryagcieptp bedpengdal The pepysensinglantatiohis et chi ng
may be perforned isotropically or anisotropically for generating vertical

and/ or gsleogilycpesforhaed bt lsigh Angrgg dersitlglsech assat(18t*iomé anRO@keAhs distlobedaim $S! i con
di oxide, silicon nitride, or spin-on glass, may be used. The insulative

mat er i pht. 53641860 (JdyHEES 6241930 baget Neinkd £008D). SThedmnbAind!i9 Wptl9| REbIhERA
i nsul ati on between sem conductor regions respectively bordering the two

U s e RiphARER 7 EhooP B bob ShO kPR ANT SBA 1 SAMRAT et oR SEES
BRAR SRR CER I A R A R R R )
\ varying depth comprises directing an oxygen ion beam through a silicon dioxide screen of
varying thickness and then into the depth of the substrate (see U.S. Patent No. 5,364,800).
A trench is a vertical cavity from the top surface into the depth of the substrate, wherein
electrically insulative material is placed within the cavity. A trench may be formed by

techniques known by those skilled in the art. U.S. Pat. No. 5,536,675 (Bohr, 8/7/95) discloses

such a technique comprising: growing a pad oxide (Si0,) layer on the top surface of the



than the bottom segnent. Followi ng formation of the first cavity as

descri bed above, the substrate is patterned with a photoregist sed
,toultraviolet radiation so as to | eave the bottom of the arisggﬂm
unprotected from subsequent etching. Then a second cavity segnent is forned
by etching deeper into the substrate ffomthe bottomof the first cavity.
U S. Pat. No. 5,536,675 al so discloses how the precedi ng processes nmay be
modi f i ebstrate gapesidhe ofa Myat disilidonarigile #8gNg oVesthapad ofile ppittegmaf theatepng a
narrow cavity segrrent underneath a wi der upper 1 ? DE C 2002 4 segnent,

wher e's’hrfa'@@wﬁﬂ?@ ﬁ}%ds%teé}?asrﬂ %ettlaﬁ s o ﬂﬁ%‘folﬁﬁg f Eén QrcHi th}-%@fﬁﬂ@d

trench may be by covering t strate a suitable

phot or esi st attern rior.to etchl n var t hod sin

Dot or Gay<BtseH3tican mitige fad bouTing & bshdnisheh P patealps be Cades R or m a
plurality of trenches concurrently. For exanple, a first cavity in a first

| ocat i opstraty tdhe dessredettpihrtoifemmh gieitranch fcxpltlbowlédgrbwntgmt otidslisingpatthemérmy,
exposure, and etching so as to forma T shaped trench in the first |ocation

whi | e §irfidéd GnBOHshoh fodasdiRahaNniefis caimbELahich @S halve beers@apipddIdagiagi on.
The prior art does not disclose sem conductor structures having isolation

Govi oouthingon i LS taiP H i B B IRTRAG YRR BlapRPTHERS ip il and

transistors FETs to be formed on the same substrate. All heretofore
ment | owéumstlr 8p lfétﬂtg fogemereBipuipieomptsrial ’@amepor%ﬁ*@rt%eg facgy g Eching efhe
I nvention The present invention provides sem conductor structures, and
associ tht eubstmtdwndg bo bcdoaiplishat byowsingvapliamga cembasing bBrad 6, cori esnyioctlsert hat
permt particular conbinations of ,f-. sem conductor devices, such as a

fully gdeabriechianehddachl matbdaldash & sid, FEIsetchiag eyfRpeedrand IsBﬁoﬁl@Hl‘Py or

substrate. A sem conductor structure of the present invention conprises:
"substr

and a %tlﬁ'ra 1D £ 4ot Bl AhaFR Bicb B BE Y by AL RIBGEN ?ﬁéﬁgﬁ the
BOX na t.1al n an nner, t hat mai ntai ns .t I nui of .t he
oox. " ech 3 VuRBR ticdids slibet Bl 5@1& AT SR onrelsstan e B Pede 15ed Séﬁateﬁaeﬂvtrrmlds the
substrate as a vertical array of one or nore contlguous segnents. Each

t r enc hdigisibpteidswithin thetrerichablay to prouldatelegtrioshinsulation betsvern s¢misohduciore

el ectrical separation between devices. 17 DES 200z
regions respectively bordering the two sides of the trench that project into the substrate from the

top surface.

U.S. Pat. No. 5,536,675 also discloses how the preceding process may be modified to
form a T-shaped trench comprising two contiguous segments, wherein the top segment is wider
than the bottom segment. Following formation of the first cavity as described above, the
substrate is patterned with a photoresist and exposed to ultraviolet radiation so as to leave the
bottom of the first cavity unprotected from subsequent etching. Then a second cavity segment is
formed by etching deeper into the substrate from the bottom of the first cavity. U.S. Pat. No.
5,536,675 also discloses how the pteceding processes may be modified to generate a shallow

trench and a T-shaped deep trench having a narrow cavity segment underneath a wider upper



An enbodi ment of the present invention consists of a sem conductor
structure ,~ 7 a E ¢ Zoos 6 conprising: a substrate having

surface, a continuous depth-varying BOX, a first trench, and 4}6’5&1@12002
trench, wherein both the first trench and the second trench are posi ti oned
between the top surface and the BOX. The first trench and the second trench
may each penetrate the substrate to the sane depth or to different depths.
The figegiehr, evheteimtint shhléovs aenchtaridripe oidemappaaepmetiofhhoT-shaiedt toanch nidyeeBOX.
The first trench and the second trench nmay each have one segnment or a

pl ural ety dcgonéﬁgﬁlﬁlﬁg%l ot Veéjtgé sﬂl@sftrgteg?'itﬂ?ﬁ ?%B?é]?}%t@rew lf'tef';H ﬁn@r' t§ Gl |y

separ ate by t arrier trenc of the second
trench C. sem onductor devi ce. Anoth rrbodl 1

br e e RO PR of 18 PR G LOH b ep R £ TR 8 Sotrap %‘P o
met hods of fabrication, conprising a substrate having a top surface,

cont i nieoms pleyai- @/farqztch@ moxyrrentlyi Fot exame e fstéavity meal files f oeaion mhay beop
surface and the BOX, and an external trench. The external trench is

ext er nkmé@irbisblatish, fHRGVENbPFicIGeL st fate B, 2Rposube ahd ERhingWbag ¢@fort e T-
external trench borders a side of the first regi on and touches an end

sur f acgunly bO% RS HANGL AN, IF: XL ARRRhLGRAN: 0h ShehEAld IRk hes the

irst ron froma secon egi on w e Su ate e present
i nvent| on addi t| onal Iy provides a sem conductor structure conprising: 'a
substr%‘@“ﬁ1 a top surface; a continuous buried oxide | ayer di sposed at
a first depth and at a second depth within the substrate; a first
sem conduct The prer ahddeshwedisclbseseficaidustor Stasturanblavtih@isbiation chiepcetharisticst he
buried oxide | ayer, wherein the first sem conductor region touches the

first gt ;Bzc%ﬁﬁt PGl fohindtidas BEdenfifort@e dbviY& swh dshefufly BepledeRha; y <
D ‘EC 200 a second sem conduct or region between the first surface and the
Secondng'ﬁmydéglet&&" field effect transistors (FETSs), to be formed on the same substrate.

All heretofore mentioned prior art is hereby incorporated by reference.

Summary of the Invention

The present invention provides semiconductor structures, and associated methods of

fabrication, having isolation characteristics that permit particular combinations of
N semiconductor devices, such as a fully depleted and partially depleted FETs, to be formed on the
-same substrate. A semiconductor structure of the present invention comprises: a substrate

having a top surface, a continuous BOX of semiconductor oxide, and a plurality of trenches
embedded within the substrate. The depth of the BOX may vary spatially in any manner that
maintains the continuity of the BOX. Each trench comprises a point on the top surface and
extends into the substrate as a vertical array of one or more contiguous segments. Each trench

comprises electrically insulative matter so as to facilitate electrical separation between devices.



buried oxide | ayer, wherein the second sem conductor region touches the
first surface and does not touch the buried oxide | ayer; a ga’? gg)gcm
on the top surface, laterally between the first sem conductor fe

t he second sem conductor region; and a third sem conductor regi on between
the first surface and the buried oxideg |ayer, wherein the third

sem conductor region is continuously distributed between the first surface
and ' the bAnieatbodimete of ehegpreseanthveniameaionsisth of & hemutogdudtenitgbrer regi on
touches the buried oxide |ayer at the second depth, the first sem conductor
regi on, the second sem conductor region, and the gate structure. The BOX
and the trenches for the sem conductor structures of the present invention
may be formed by methods known to those skilled in the art as di scussed
previously. For each circuit, the BOX is fornmed before the trenches are
formed. Each trench of a plurality of trenches may be fornmed in any order
and portions of two or nore trenches nmay be forned sinultaneously by
sui t abl e photoresi st patterning, exposure, and etching. C-', It is an

obj ect of the present invention to provide silicon-on-insulator (SO)
devices with both fully depleted and partially depleted el enents on a
common substrate. It is an object of the present invention to provide SO
circuit elements for both digital and anal og application on a common wafer.
It is an object of the present invention to provide SO circuit elenments
for usage as electrostatic discharge (ESD) protection networks. It is an
obj ect of the present invention to provide an inproved resistor elenent in
SO i "~ DEC ZpQ- technology. s It is an object of the present
invention to an asymetric structure to exist with a dual-step BOX. It is
an object of the present invention to allow | ow and high junction
capacitance regions to exist with a dual -depth BOX. It is an object of the
present invention to allow an asymetric gated | ateral diode structure to
exist with a dual-depth BOX. It is an object of the present invention to
permt a gated l|lateral diode and a vertical diode



to coexist with a dual-depth BOX. By having a BOX exist at different
substrate depths and utilizing trenches having different dept 0
£ebEC 2002

- penetration, the present invention offers the foll ow ng advan

P

Conblnatlons of many different sem conductor devices may coexist on the
same .substrate, including conbi nati ons fof FETs bi pol ar transistors,
decoupl i ng .cap di.odes ed di odes, resjistor.s

Sen corREORE devbRite niuhe finfERES araruR P habRias R aliliaichomnd ne
same substrate. Fully depleted and partially depleted FETs may coexist on

t he safrgcoonBdtenelt,evherein both the fiest inenstcandvite SEepsd aigdcthirgposisipaed between MEFSETSs
may coexi st on the sane substrate. MOFSETS with | ow and hi gh body

el ect riopalurfaesirst e BOXBYhE Gt rehchodhdithe scoafe tendisiaptech Rinpeht@rhdlevi ces
and CMOS devi ces may coexi st on the same substrate. A | owresistance shunt

may be L[?Jsﬁgt%qo Y ﬁtaﬂféu&e (frlttt}d Pfé}kr‘itgz‘[egxgﬁ Tﬂg?ﬁ?&nﬁﬁ‘?ﬁt‘ﬂ@'sécor Stle?xéﬂna nd the

BOX whi eing e et Tt y Separ renc rom anot

| ocat ed a nore shal |l ow t ncrea ed f.l exi bi rded for
di ssi p%ﬁq%ﬁ@ucr#b%&nom &%%Bg’éfg ﬂwﬁrstptf%xc énd i 850%4 Cbémwr ER¥CPMost at i ¢
di scharge (ESD), because a narrow space between a trench and the BOX
provi degnsent ofla iﬂd‘r)alEy Gf AR, rRegadnis wathyn thewubsimterehichesé sleatnicellypsaparatat
di ssipating heat. Brief Description of the Drawings FIG 1 depicts, in the
f or m opy #hefihQMatilcABAEP of I BisDRELDS of GrtHE BoAd SrehdIL by oRHIRE WS NG @
dept h- vary| ng BOX and a dual depth trench, in accordance with the present
i nvent 8 icts a cross-sectional view of a semiconductor
struct%e?)élc%auqordjeg Tench configuration with no trench touching a BOX, in
accordance with the present inventign. FIG 3 depicts a cross-sectional
view of a sénptishambedmest ?U@F@Feéefst%‘(/ﬁnﬁﬁnQTQV#@%@WCWB%FP&?W&W\% 34 one
trench touching a BOX, in accordance with the present invention. FIG 4
depi ct sssaciatedssethedstdf(faulaicavibe,vcoufpriairgemﬁldlstrdl@dtaumgattpp strface, 8 hontimgus
trench configuration with two trenches touching a BOX, in accordance with
the pr @%ﬂﬂlvatyﬁh/geBOD@ a firftltfench poeRbredDetvechQhs topatitfadald the BOXfand an

u

sem conduct or structure show ng a configuration containing a f ul'l y depl eted
FET a”Q:g@m%i"{rEﬂc%' '"Phe‘%‘i?érﬁ&l%nﬁﬂ exié?nﬁ(f rfﬁ'&’}S oibEhekt ‘Pneoéé 4 thOBpAL i on.
FIG 6 depic Cross-secti ona Vi e conductor stru ure show ng
a surface. The external trench borders a side of the first region and touches an end surface of the
BOX such that the external trench electrically isolates the first region from a second region
within the substrate.
= The present invention additionally provides a semiconductor structure comprising:

a substrate having a top surface;

a continuous buried oxide layer disposed at a first depth and at a second depth within the
substrate,

a first semiconductor region between the first surface and the first depth of the buried
oxide layer, wherein the first semiconductor region touches the first surface and touches the

buried oxide layer at the first depth;



configuration containing an FET and a vertical diode, in accordance with
the present invention. FIG 7 depicts a cross-sectional vi egn?}‘:gign%n@
sem conductor structure showi ng a configuration containing

resistor, in accordance with the present invention. FIG 8 depicts a
cross-sectional view of a sem conductagr structure show ng a configuration
contai ning a decoupling capacitor, in accordance with the present

i nvention. FEiseond sgmpiondecter regios detessn itlamfanst surfage and thesseponsodaptiveiothe
structure show ng an external 1 ? DE C 2002 10 trench that borders the

space bglisEdalBeX whdeihBe {c@bnd ttididgiRluefor fegidtbutitdsahe fifst agERedan@@eM t h
the present invention. FIG 10 depicts a cross-sectional view of a

sem co ing an FET as a bul k device along with trenches
and a Qgtgﬁﬁa{/%l%)l{lﬁéaé%???%}gwaccor dance with the present invention. FIG 11
depicts a cross-sectional view of a sem conductor structure show ng a

confi gur at i BgaSHUATUES erythgromrsuriagadatsrallyibekwesnithe fifs ssTaicondyr teidesipg Rd
with the present invention. FIG 12 depicts a cross-sectional view of a
seni cotiduetard simentducer sdgoon; agd a confi gurati on containing a polysilicon
bounded di ode, in accordance with the present invention. FIG 13 depicts a
Cross-sect i Qngiq ¥in@oRfuchR réf BRI hS FIRGARHNCARIthS bLHE] bEiGe DAY, Ng a dual
depth BOX and an FET, 1 n accordance wth the present invention. "FIG 14
depicts,a cross:sectiona i ew.of .an _as tri.c.semconduct o tructur

havi ng W Reth e dBRY R elpr 1ok isFondReEh diopdedbrREN A ks fAcs A nce
with the present invention. FIG 15 depicts a cross-sectional view of an

. asymethei urigd pxidsdayest and wherein tha bid semirgnducterragion éppuahesthr busied akisle

| ateral diode structure, and a vertical diode structure, in accordance with
t he ' piagsemtithe sacond idepth, the tfiast lsexelicdoadittorptgion, thé sédoad kenighdwnofiegionland
illustrates, in the formof a flow diagram a nethod of the present

i nvent }&rga@gstmﬁ{fg'ng a structure conprising a depth-varying BOX and dual
depth trench. The process begins with step 800, which provides a substrate

that typi CalIth B%%rgrrlcll ﬁ]%ﬁresn'cilésctgp the-ls-g%fc%n&“c?ortstﬂﬁg&lres of the present invention may

be formed by methods known to those skilled in the art as discussed previously. For each
circuit, the BOX is formed before the trenches are formed. Each trench of a plurality of trenches
may be formed in any order and portions of two or more trenches may be formed
simultaneously by suitable photoresist patterning, exposure, and etching,
( It is an object of the present invention to provide silicon-on-insulator (SOI) devices with

both fully depleted and partially depleted elements on a common substrate.

It is an object of the present invention to provide SOI circuit elements for both digital
and analog application on a common wafer.

It is an object of the present invention to provide SOI circuit elements for usage as
electrostatic discharge (ESD) protection networks.

It is an object of the present invention to provide an improved resistor element in SOI



17 D E C 2002 11 remaining steps: step 820 for formng a buried oxide

| ayer, step 840 for formng a narrow trench, and step 860 for form ng the
dual depth trench. The step 820 for formng a buried oxide 1]33/@E@egggi

wi th depositing a hardmask on the substrate. The hardmask rmay conpri a

| ayer of etchable material such as silicon nitride (Si3N4). An alternative
har dmask conprises a pad oxide (e.g., 02) |layer on the surface of the
subst riatkendogy.a | ayer of silicon nitride deposited on the pad oxi de |ayer.
After the hardmask is deposited on the substrate, a | ayer of photoresist is
deposi ted op i§ fgoRlacthTRE praRsh e RAblArRAHeRic PRRIRET] dstSakies hes-sapeas
of the hardmask. After exposing the photoresist to radiation (typically
uItran?Q:}gt radi ati on), openings are etched in the unprotected portions of
t he ha sk through the hardrmask to the surface of the substrate. Next,
oxygen ions_are inplanted through both the hardmask and the hardmask

openi ngs, f Blis awelbjegsyofarmprasant mventigotorallowdow angyegh jungtiorceaprgitasapegdiensng
Si 02. The BOX | ayer conprises a shallow BOX | ayer and a deep BOX | ayer. The

shal | opy &X6X wifty£dudldepthdsDXt he protected hardmask areas. The deep BOX | ayer
i s under the openings etched into the hardmask. After the BOX is forned,

t he har dmask -] v T ~ Q. 13 . nch
starts mﬁthﬁd%%%éﬁ |ﬁgqg%ﬁgggﬁgﬁFgﬁﬁf?gﬁBaég{¥$gﬁ¥&€%%%eggﬁﬁﬁvg%éﬁing a pad
oxi de |l ayer on the substrate s ce, followed by depositing a silicon
nitrid%“%@?@ﬁoE%F?W§h558m6¥PHE§b%§er. After the first pad filmis deposited
on the substrate, a layer of photoresist is fornmed on the first pad film
and then paltieamebjeetof the presant inygniies omesnitargated lateral deodeiandta ysatacal diode
After exposing the photoresist to radiation (typically ultraviolet

radi at fogdkexispR@Rianial-aéh 80xed in the unprotected portions of the first
pad filmthrough the first pad filmto the surface of the substrate. The

etching is i hat.Q: : d4s 5Pt Blizi i i~ ~~~~ ]2
t hereby for %’?%{I%ﬁt‘a %%%ﬁg}skgﬁfg&gﬁgi@%%eé qiﬁgatrengﬁn%ﬁ%ns&? %?%lé is a
"narrow'. .trench in.contrast with the w der trenc or.wider trench step of
" Gl T SEPER OF PREASH e prert SuBulet elhs By S d At et osc | boq
bel ow). The narrow trench thus forped wil| be transferred into the deep
por t i ofombinatiensiobmarpedifisrant semisondictas deyvigesmay cawast opflheyamauibsiate.ow
trench is

including combinations of FETs, bipolar transistors, decoupling capacitorg, diodes, gated diodes,

resistors, and bulk semiconductor devices. Deep devices and shallow devices may coexist on the
same substrate. Fully depleted and partially depleted FETs may coexist on the same substrate,

(" . Low capacitance MOFSETs and high capacitance MOFSETSs may coexist on the same substrate.
MOFSETS with low and high body electrical resistance may coexist on the same substrate.
Bipolar devices and CMOS devices may coexist on the same substrate. A low-resistance shunt
may be placed, without depth limitation, between an N-well resistor and the BOX while being
electrically separated by a trench from another device located at a more shallow depth.
Increased flexibility is afforded for dissipating heat from devices that protect chip circuits from

electrostatic discharge (ESD), because a narrow space between a trench and the BOX provides a



formed, the first pad elmis renoved. The step 860 for form ng, a dual depth
trench starts with depositing an etchable second pad film syc b

form ng a pad oxide |layer on the substrate surface and on thg Ex@gsléﬁooz
surfaced of the narrow trench, followed by depositing a silicon nitride

| ayet on the pad oxide |layer. After the second pad filmis deposited, a

| ayer of photoresist is fornmed on the second pad filmand then patterned
for prietasizelydgwskaroet edisteneapath torplissipatingdiedtr eas i ncl ude the narrow trench
and areas on the substrate surface bordering the narrow tench. After
exposing the photoresist to radiation (typically ultraviolet radiation),
openings are etched in the unprotected portions of the second pad film

t hrough the second pad fil Rt . VI The etching is continued
into the unprotected subst Bridt 1y ﬁ@;{@f{ﬂ@lﬂfakﬁﬁ 5 in the substrate. The
new openi n eginning at the t substrate surface_forns the shall ow
portion of gﬁlﬁ'eqdiaauctsdgﬁ%ﬁfqmb ﬂOWﬁ@gF?éW%‘BEWPaQ?B@m‘%?ﬁ%“‘%if‘ret he bottom
of the narrow trench drives the narrow trench deeper into the substrate to
f or m tdveptsee pdapth-varyoig ROX add aldudleqepth trenshein achledantenwitbltied presept h t rench
is filled with electrically insulative material. The process is conpleted
by sughvappnati ons as polishing to renove filler nmaterial above the
substrate surface. FIGS. 2-15 illustrate various sem conductor structures
of the pre invention. ln.these structur r il sonetinmes be
descr bod: a0t BHERG SBsoetidhERRala e e fr RERER ot B or m o
physi cal _touching including contacting at a point, abutting (contacting ~
7' d E cenfigueation Withgigrenchitonshing aP@fginacsardanecswih difesent Sanh®het r at i ng
such that the trench occupies volunetric space within the interior of the
BOX. A tr endy. delspicisrectossssentona wiswhofragsesni 8Ductsr simgevstshowitgm toenchepar at ed
fromthe BOX by substrate material typically conprising silicon. Simlarly,

a BOX gipsighrabief wath dreUfitR touchRg a0 X Uinfad 66 dOhceavish izt pradedit invemdsi dered to
physically contact the top surface at a point, or abut the top surface

along a |1 ”ﬁ@gsdﬁgfci@f&og-s%ﬁﬁ&al giev}msteﬂﬁc hf:t%??tru&hn%shgwidéoa;’t?%r[]cﬂt €s a

sinmplified cro ection Vi ew of a sem conductor structure e present

i nvention, conpri.sing . a sem conductqr substrate 10.  The substrate 10

conpr 1 CBEEwAgR vt P B GIcti § HRB0LD RSPt GE Py e BTGPy st
trench 32, and a second trench 34, Both the first trench 32 and the second
trench 34 aFlE. polspictsoneashiectipnal vienmeofapgmicendyelor sUGiig shRwWiEaX 24.

Al t hough the BOX 24 is shown as conprising two parallel segnents at

di f f erefiguration containing a fully depleted FET and a partially depleted FET, in accordance with

the present invention.
~ FIG. 6 depicts a cross-sectional view of a semiconductor structure showing a
configuration containing an FET and a vertical diode, in accordance with the present invention.
FIG. 7 depicts a cross-sectional view of a semiconductor structure showing a
configuration containing an FET and a resistor, in accordance with the present invention.
FIG. 8 depicts a cross-sectional view of a semiconductor structure showing a
configuration containing a decoupling capacitor, in accordance with the present invention.

FIG. 9 depicts a cross-sectional view of a semiconductor structure showing an external



depths, the depth of BOX 24 may vary spatially in any manner such that the
BOX 24 is continuous. The BOX thi cknesses and BOX depths at IBiEe X
24 exists may be any BOX thicknesses and BOX dept hs, respecth very;vt can
be attained by those skilled in the art, using known nethods of formng a
BOX such as the nethods described herejgn. The distance . ~ between the
substrate 10 and the BOX 24 typically varies between O umand 10 Vim The
BOX t hremkh &g bosletsythe sprck petvaenaB0X 200 ths tap duiZa@®fA. substE( inaspodande at  t wo
or nore depths has a depth closest to the top surface I5 typically between

0.2 g%i@i{‘ﬂle%rés_eﬂ{qnfvérﬁ the top surface, and a depth furthest fromthe top

surface 15 typically between 1.0 umand 2.0 Vim Although the BOX 24 is

shown as n t hi.ng the top.surface 15, the BOX 24 touch t op
surface: 15 116n 0 APHER excfsserti L avaa el P Sh D ah BTG « ne
substrate 10 to the same depth or to different depths. Al though the first
t r enchubledévicestongwith trenchas-agd g depthedrying B anin accordancowithghe psent4 t he
second trench 34 is shown as a single segnent, trench 32 and trench 34 may
each gareriahl y conprise one segnment or a plurality of contiguous segnents.
The wi dths and depths of trench segnents nmay be any trench w dths and
depths, re Ct | .t at t g . i ipn.the art,

usi ng knomﬂﬂﬁ%gkggéxg ($§%ﬁg%gngﬁpggﬁgﬁ%gg%%%gé&?ﬁgnﬁékh%@gN%ggcnbed
herein. For exanple, ~a single-segnent trench fromthe top surface 15

penet roPEgUTRHEN EoMaIning an Y g %ﬂw@wmdq I¢a 1 §oOBEBRERW!H ORI 0. 3S pm
and has a typical mninmmw dth bet~~-een 0.30 stn and 0.40 Vim A

t wo- seégwvamtiont r ench has a segnent closest to the top surface 15 with a

typi cal penetration depth between 0.20 pmand 0.35 ~.mand a typi cal

M ni mum w dtiE. peavsien abréf-sesiciatlviewd] aeiniéndudtos AITRIGE showingast from the
top surface 15 with a typical penetration depth between 0.S0 ~mand 1.0 ~m

and atypi W : ~ - [ nt
may b oRlTERerith ChilallelEol hich ot Bfldacihy KodByhof WHHRC brelnenBRERY
e.g., Sidewall of the first trench 32), or oriented . at an arbitrary
angl e wit h HGs bgg‘Fp‘PH atqﬁgssfsaﬁwmi PRV 8 SRRl FHEI et BT ap iy
first trench 32, and the bottom surface 36 of the second trench 34, may
each tedyshdepthdOX gnd pe FEdpinsageordarcensith the pressahinventonG, 2, or at an
arbitrary angle with respect to the top surface 15. The first trench 32
cont ai ns i rHG. &4 depictsat crossesectishab vieanftan afynimetricademiedndottor statctsrefaviagi on
bet ween devices located to the left and right of the first trench 32 (see

e. 9., 4a4a0a8pthBOHX :ﬁnh_' h Gated)lateral H%o'd@_ﬁﬂlrﬂoturtehﬁl e6AARc WRR R piéschPibvantith.

insulative material 35 so as to facilitate electrical separation between
devices |l o ] t 8@'9 l ond. : i r the
first tr engﬂbggs %lgPlthﬁdeérggesésg n a; ke/%%o%% a%%lﬁxg%ﬁ&%ﬁg@g%%@r %%Ct@%%tagﬁg

a dual depth BOX, a gated lateral diode structure, and a vertical diode structure, in accordance

with the present invention.

Detailed Description of the Invention

FIG. 1 illustrates, in the form of a flow diagram, a method of the present invention of
forming a structure comprising a depth-varying BOX and dual depth trench. The process begins

with step 800, which provides a substrate that typically comprises silicon. There are three



trench depths and dinensions in FIGS. 3-12 are as di scussed above for the
BOX and trenches of FIG 2. FIG 3 illustrates a sinplified cr szaﬁcelm
view of a sem conductor structure of the .17 D E L 2002 is prese

i nvention, conprising a sem conductor substrate 11. The substrate 11
conprises a top surface 16, a continugus depth-var<~ing BOX 25, a third
trench Z32, and a fourth trench 234. Both the third trench 232 and the

f our t hrefragmiaf si2p4 sep@2pdsi fohnigd higlederitetlingr t sogp S foatmmlitg angtréwercBElX 25.
Al t hough the BOX 25 is shown as conprising two parallel segnents at

differ t may vary spatially in any manner such
t hat tcﬁg}{sé%;@ggﬁ)lrg@ﬁﬁﬁ%ﬁ%ﬁ@éepﬁ%%ggh the BOX 25 is shown as not touching
the top surface 16 he BOX 25 may tquch the top syrface 16. The third
trench 232 AR&StERELY gurf?rﬁmpgéﬁ’eﬁe%swgﬁﬁayerpmsr%fégmélt%@sw paskion 4§ t he
sanme depth or to different depths. Al though the third trench 232 is shown
as si myibstrategfbahamncisk ey fcomptibe 4 tageacdt 2hviblesnsthoalrsuals assificomghierideegnent |
each of trenches 232 and 234 generally conprise one segnent or a plurality

of contg;guou ; | {oeRf: SeHETBL NH/Y) &l hcul ar
to thgﬁl%?sﬁgggﬁ%géhg@n?ﬁg%ﬂ #)llrllfeggﬁ gri g%Se ’2? éﬁﬁ%r b(%r{l}ﬁgrsﬁogg?ghe\?\jth

t 1o the t face 16 FIG 3. 0., sidewal |, 238 of third. trench
232) - HRECHBARARTSGT PRGey tide e Pt BIE e bRty

surface 236'of the fourth trench 234, may each be parallel to the top

sur f acéeppsitedhen higcubstiate, Filayer of photorggistam depasited en thedingdreaski and thesspasiemedo
the top surface 16. The third trench 232 touches the BOX 25 and the fourth
t r enchfo2 oty selettetl arsab of the H3fdnadk. Aftee expusimg the phatbre3Ptocradiations
insulative material 233 so as to facilitate electrical separation between

devi cegyp; i i | £8%tcBEd ihe Gnpr d oF tR@hirdgHbiar
t he tﬁ%%ﬁgﬁgﬁ%glgg@f%@m’i@gﬁ Inéd %gpgc?at es rea?gn 50 Iﬁ%ﬁ? r(;efgti on 52, lgnd

regi ong._ 50 d, 5 each conpr.i.se se[m d .devi ce. The f.ourth
t r ancnbeb B bRy (cSF S PO REwPanE L ROR BRI iSRS T APa R, c.
separation between devices located to the left and right of fourth trench
234, Ppath the harmask anddhe hardmagk ppeningsciollewed by appsaling ¥o fogmys BEX layer,
sem conductor structure of the 1 ? DEC~Qu2 16 '

typically comprising SiO,. The BOX layer comprises a shallow BOX layer and a deep BOX

layer. The shallow BOX layer is under the protected hardmask areas. The deep BOX layer is
under the openings etched into the hardmask. After the BOX is formed, the hardmask is
removed

The next step 840 for forming a narrow trench starts with depositing an etchable first pad
film, such as by forming a pad oxide layer on the substrate surface, followed by depositing a
silicon nitride layer on the pad oxide layer. After the first pad film is deposited on the substrate,
a layer of photoresist is formed on the first pad film and then patterned for protecting selected
areas of the first pad film. After exposing the photoresist to radiation (typically ultraviolet
radiation), openings are etched in the unprotected portions of the first pad film through the first

pad film to the surface of the substrate. The etching is continued into the unprotected substrate,



present invention, conprising a sem conductor substrate 12. The substrate
12 conprises a top surface 17, a continuous depth-varying B 2&(52 fif
trench 332, and a sixth trench 334. Both the fifth trench 3%% é xth
trench 334 are positioned between the top surface 17 and the BOX 26.

Al t hough the BOX 26 is shown as conpri{ging two parallel segnments at
different depths, the depth of BOX 26 nmay vary spatially in any manner such
t hat t thereB@Xord@ng s trcoch inthoe shstrafet Hdwe dgtencinthuB@xinze i5 8 “sitoaw” aendbeinng
separated fromthe top surface 17, the BOX 26 may touch the top surface 17.

The i Edritraktr Wik the3RidePRehchD6: Widst Beﬁdh%ﬂﬁ%f%%aﬂﬁébﬂ@%ﬁét{ #rmedhg dgubstrate
12 to the sane depth or to different depths. Although the ftfth trench 332

is shown as a xthtr

o seqeriih S B R REGL BT bribnE. Thdbt BESh G PR il densiredne
or a plurality of conti guous segnents. A si devvaII of a segnent may be

ei t herinpethsalsep poitign of therdnal denth sranghfoamadin dep 8Hbvinfterihenaroy trepgh i5ri ent ed
at an arbitrary angle with respect to the top surface 17 (see e. g.,

Si dewafdrmaa,&h@ﬁrg‘tﬁﬁtimmrigfeqa{bvadﬁ). Tlie bottomsurface 331 of the fifth
trench 332, and the bottom surface 336 of the sixth trench 334, may each be

par al | el toTBQ&eé@@O ST Hﬁ‘?’gj“ﬁ”a?‘?ﬁg?{;@%hl %ﬁ'&t}héepogl}im n%&hﬁ%ll%\,g%écﬁ{dy

angle with respett tot p sur tht trenc and the
sixth trepch 334tou h { he BOX 2 The f trenc 332 contains i~sulative
ot er i BAd B Sugh axDY Hring 4 p Xé‘?“e]taté?ftor“lt %&rﬁfarsat rvtésﬁxa%siices

| ocated to the left and right of fifth trench 332. In partlcular, fifth

tr enchsw@BRed bEthe mavaiv tyenskfatlawved by depositing4 silicomniteigle dayeb6n therphdrasgdeons 54
and 56 may each conprise a seniconductor device. The sixth trench 334

cont ai Rger. NSfidrahé yeRoi@ ped fiBh idposiedas 1dyer dBstiokdreaétas &drpiell ohGhd seeoR@pad | on
bet ween” devi ces |ocated to the left and ri ght of sixth trench 334. In

Egr t ;ﬁigin?ﬁnd fHek! n&"n@&'%} r%&%ctﬁtg%ﬁécteﬁ%g%aﬁugﬁ'@ géetgtf %I’éeﬁgfn%dgﬁg IEQ%B\%GQ' on

region 56 rrse sem 002 17
FIGS. 5-1 |IIustra rj ous ments of tr es and sem conduct or
devi cel® nci‘l aseagﬁa\kge %P% *rﬁtms ‘i‘ct? g‘f @%EW‘%‘YI% B CHFXRPS ’é‘gr{ﬁ%onduct or
structure of the present invention. The substrate 210 conprises a top
sur f acehataresighig radiption (typisglyeultsavipletraghiatin). apenisgeie etehied i thy unﬁmt@ﬁt@b by
trench 60, trench 72, and BOX 224. The fully depleted FET 61 conprises N+
mat er i porti6as ofthe satoad ipad fifrd, thivughrdieaecald fad, filgetd sultsirategatterial STHeadtching &,
and insul ating spacers 69 and 70. The N+ material 62 and N+ naterial 66
each hgytRinded B 12 ERRGERED AlbsPhtetd RirRBAdw oﬁ@ﬁﬁ(ﬁ@ﬁ‘t}ﬂeosugétfdi@ BREIn92' / cnB.

The P- material 64 has a doping concentration typically
opening beginning at the top substrate surface forms the shallow portion of the dual depth

trench. The new opening beginning at the bottom of the narrow trench drives the narrow trench
deeper into the substrate to form the deep portion of the dual depth trench. Next the dual depth
trench is filled with electrically insulative material. The process is completed by such
operations as polishing to remove filler material above the substrate surface.

FIGS. 2-15 illustrate various semiconductor structures of the present invention. In these
structures, a trench will sometimes be described as touching a BOX. Such touching is intended

to mean any form of physical touching including contacting at a point, abutting (contacting



bet <veen 10'6/cnB and 10'a/cnB. The gate 67 mnimumw dth is typically
between 0.15 ~mand 0.25 Vim The gate insulator 68 has a wdth
approximately equal to the width of the gate 67, and a thi cﬁn}sﬁE@@[}&ﬂ |y
between 30 | ~ and 50 A. The insulating spacers 69 and 70 have a nmaxi num
width typically between 300 A and 1509 The di nensi ons of the gate
structure of FET 75 in FIG 5, and of Phe gate structures depicted in FIGS.
6-12, alagadimdiosalmgadusfcyeement)tdnd pgadtaatintsudt thaethefirek&To&lipies FI G 5.
FIG 5 also shows a partially depleted FET 75 which is electrically
i sol at t I FET
SeluetiE %ﬁgwﬁ%m fh@‘;r‘ﬂ&h% th@ﬁ@)@%tr%g& debBALRPs do@sddﬁéhggﬁ I?(%%qs

75 corrprlses teria material 78, N+ materi al gate

i nsul ato i nsul rs 84 and 8 Fl G illuystrates a
oy Btraon s o i BOS By Shufre vt P ictmpnsipia T Sihe
substrate. The N+ material 76 and N+ material 80 each penetrate the

subst r &insilaly atBOXdesaribeti@s taehing dpst top sunfgsieadal spbiietevsepongiddred toplaysitally
0.251tm The P- nmaterial 78 penetrates the substrate 210 to a depth

t ypi cakbitabreth ubfa&datapoimdoratiht Meltop SiteackhldiatHinedr séffaddéledntiogties i al
80 each have a doping concentratlon typically between 10'9/cnB8 and

| Oz' /crg(gj % P- material 78 has a doping concentration typically between
10' 6/ ch® And 10" a/ cn8. Not i ng that the FET 75 is an ~ ? DEC 2002 18 NFET,
the FET 75 231ﬁ‘gaPFETlf N+ materjal 76, P- material 78, and

T 1

mat eri al Spfetf siplifier spsseros! VW R é?%qondworn%rtuswwf thgnd p+

mat eri al , V\/m ch would illustrate a fully depleted NFET and a partially
depl et prbseRtERventionhednyaisngsademticatdactoF buBstrate 19h dke sabgiatgl @ Eoreprises a top
cross-sectional view of a sem conductor structure of the present invention.

The subgifit s, 4 @aRRANP HEHEYaRitOBOXU4 a¢iest Hehdh 3NthndR seEondkB4ien '3l Bt S
electrically i sol at ed by ‘trench 101S, french 1020, and BOX 1080. The FET

1040 c

gat 01000 Hsh FEn AL Rrodtienchisa IRDRI Bled bifecrl e IRSHR 14 R bme ,
mat eri al 1042 P- material 1044, and N+ nateri al 46, have eonetri cal
char acBOX 26 Adthgangh the O, 24 dnshonnas cOBRESIRG tW@@b@ﬁFk S@ST“;?“H gifese for N+
material 62, P- material 64, and N+ material 66 of FET 61 in FIG 5. FIG 1
| al sods;bthwsthadd:pthoﬁBmX Wemdy wvaryespdtirdly in sneimaonerisoeh that thed3@Xed iby t rench
1020, trench 1030 and BOX 1080. The thick oxide device 1060 conprises N+
mat er i @bntififods. PhéBO 1hidkndfed and\BOXBdegﬂis at whithfihe BOS0ZH iR MmaieCdny

electrically separates N+ material 1062 from N+ material 1066, "and gat e

struct g 1‘1991211&355@3 andBOX ﬁéﬂth’sﬁ tré’sb@ctljvggl}thay\@dlfz& ét?alr%gtﬂyqﬂgge #0tkd in the art,
using known methods of forming a BOX such as the methods described herein. The distance
between the substrate 10 and the BOX 24 typically varies between 0 ym and 10 um. The BOX
thickness is typically between 1500 A and 2500 A. A BOX disposed at two or more depths has a

" depth closest to the top surface 15 typically between 0.2 um and 0.5 pm from the top surface,

and a depth furthest from the top surface 15 typically between 1.0 um and 2.0 um. Although the
BOX 24 is shown as not touching the top surface 15, the BOX 24 may touch the top surface 15.

The first trench 32 and the second trench 34 may penetrate the substrate 10 to the same

depth or to different depths. Although the first trench 32 is shown as a two-segmented array and



could be omtted, conprises gate 1068, gate insulator 1070, and insulating
spacers 1072 and 1074. Trench 1064 has the role of an insul ati eﬁt@pszw
of gate insulator 1070. Thus, FIG | 1 illustrates an FET 1040 h

oxi de device 1060 within the sanme substrate. The N+ material 1062and N+

mat er-i al 1066 each penetrate t he substlte 1010 to about the sane depth,
typically between 10 ~tm and 0. 25 The P- _material 1067 encorrpasses an
upper dlemqeore@emheﬂ lbth%aqoeﬁeglﬁéﬁglwtdmh 3gmng frepcind ey paghgsnseallyy
between 0.15 ~mand 0.35 pm and a | ower depth (defined by the depth of BOX
1067) tcypipeiad biye seginsaesr alplrating efidndgibuyisegmdihe Te widths-andESpARf 1Rnch
materi al s 1062 and 1066 are separated by a distance typically between 0.15

~m and sQ bt ARy %né%ﬁmsa%ldjcﬁeﬁs q’@%o %g /éT?ttﬁa{t cgﬁ b%gﬁénﬁgﬁpﬁkﬁ@é’ g(iﬁed

doping ¢ ncent thon” typica eri cnB an

materi al (1067 has.a dopi entratlon caII /an

1o 6 ci AL HEE KRaN BirTde Pl ung & eI guEh 55 e e s R et B B pFET
if N+ nmaterial 1042, P- nmterial 1044, and hH mat enal 1046 were

r espectexemple, a eipgbeseembyt trenchrditoar theltop wfagail8perdtratesribe fubstratedilitala, depthi ch
would illustrate a PFET and a thick oxide device on the sane substrate. The

thick exieglydsnwes d@(ﬁﬂn‘&ﬁ&'b@SfM Cdnld®s @Syl NN RInD Ghdth befvaddal (5300fuml dndt he

gate structure 1061 were not used and if ‘a forward-biased vol tage were

1062 oP N ropareelBRbyeich B hibeRin iR 20 AP SiBFeus it + Hbis ”?Eﬁr e an

PNP bi pol ar transi stor on appl | cation of forward, biasin if th

mat er i Fenatpgipn @pthm‘é@qna!f 20 ppranda3p ww andedypigal r&leeemwégrr atyeen @ 6@»191
replaced with P+ material, N rraterlal, and P+ material. As stated

previ oaatyp,80t e, gmltaesegtneutﬁmlﬂaestfﬁﬁltheﬁommrfamds vatich typicabpenematioredeptkl G 6
shows a sinplified cross-sectional view of a sem conductor structure of the

Pr esenthetviedtt $0°fim ahde .G HRSdndal t§piddiGnid B tive 0. 25 LiaPand U 3@ afh. 34 didediall GET
90, and a vertical diode 100. The FET 90 is electrically isolated by trench

ool at ATEyett i RO GgB bpierslily B Bl 07 % iln BAAGE e L

mat eri al 92 P- material 94, N npterial 9 gate 96, gate |nsulator 97,
and i ngifexell A of s Brss rgechata, gprienied span ity anels svithgesnegt ©rthe fomspriags

N+ material 95, have geonetrical characteristics and dopi ng concentrations
as r esféctThediogtonhesmiciacddtiof the fixst treatled2,anddlx batonmsitréace 86 of the wnolnd\irench
material 66 of FET 61 in FIG 5. Although FIG 6 shows FET 90 as
34, may each be parallel to the top surface 15, as shown in FIG. 2, or at an arbitrary angle with
respect to the top surface 15. The first trench 32 contains insulative material 33 so as to
facilitate electrical separation between devices located to the left and right of the first trench 32
(seee. g'., trench 154 in FIG. 7). Similarly, the second trench 34 contains insulative material 35
so as to facilitate electrical separation between devices located to the left and right of the second
trench 34. Neither the first trench 32 nor the second trench 34 touch the BOX 24. The BOX and
trench depths and dimensions in FIGS. 3-12 are as discussed above for the BOX and trenches of

FIG. 2.

FIG. 3 illustrates a simplified cross-sectional view of a semiconductor structure of the



17 D E C 200 20 fully depleted, FET 90 could be partially depleted FET if
the N+ material 92, P- material 94, and N+ material 95 were reconb' yred
.geonetrically to be simlar to FET 75 in FIG 5. Moreover, noﬂiﬁg ﬁatZGﬂ%
FET 90 is an N-type MOSFET, the FET 90 woul d becone a P-type MOSFET if N+
mater.ial 92, P- material 94, and Nt mpgerial 95 were respectively repl aced
by P+ material, NN material, and P+ material. The vertical diode 100 in

FI G 6proemringasioRcomgiriirigad sehfi€oranctoNsubsaaterlilalThe @8bstrhkee]l Peomprtises nadp 106
has a penetration depth typically between 0.10 ~m and 0.25 pm and a doping

concenkaldeqB, 4 ¥aaRohY d%ﬁﬁ-?@%ﬁgﬁfﬁﬁ%”@ﬂﬂﬂﬁr%ﬁ 25381 a'loBrdiuciBl £34.al 108

has a dopi ng toncentrati y béet ween chB an
Alternatively,  the digde 100 could be reconfigured as another vertical

G oe. Baiioehird Wraehitidad dhe G Sns i TAE Redlionc FONSETHRE &0R #T1age 461 he N
material 108 is replaced with P- material. FIG 7 shows a sinplified

cr oss- smtthedX 25 editholigh theddDX @S5dsisttoom astaougirismg teb patedlepsepseemts dtnvent i on.
The substrate 410 conprises a top surface 412, an FET 130, and resistor

St T UCt YffferdR Qlepfhs kht d0pth D BOBELS iz 'v_&uséy sg§t%lﬁliﬁ‘hf’}‘rxatnh%@h 120 ihd BORCHS 144,
and BOX 424. Resistor structure 150 1 l'ectrically isolated by trench 144,

trench 156  and, BOX 424, 30 i terial 132 P- j al
134, NEOHaRT o Mioheh e POM 292 GRRRE hEGPuine Baito Snirtp 1. e T Lhacer

139 and 140. The N+ material 132, P- material 134, and N+ material 136,
have gawidowdhahe taphanface 6.i $he thirddrenclidpld ard dedewth rench?Id may passpaistthe/el y
described for N material 62, P- material 64, and N+ material 66 of FET 61

in Fl Gubstrafdot1 toghé She ddpeh bab dif&ehsdepthsNAdhangiethe VRiRE EEnct 182 iEEHowks8s
woul d becone a P-channel MOSFET if N+ material 132, P- material 134, and N+

mat eri g e.r j Pt [ ' ~ ?
b e C 085 eI TRE R Eonth RREISAGG AY o ShlEXeBho, saclt o Pinphes32 and
conpri N resistor 148, N+ electrical contacts 151 and 15 | ch couple
the N is‘igmemfy ARG 0BR CREREN! OER P fc‘f"}’ 9? COMtEUPPEIFEN T /’mﬁem HE%JI at es
el ectrical contacts 151 and 152 from each other. The N+ electrical contacts
151 antegnimt swytbereather paspendiaiddrda thedpp berfacgdibead shpwmdnywremientetdaiaand 0. 25
Vim and dopi ng concentrations

arbitrary angle with respect to the top surface 16 FIG.3 (see e.g., sidewall 238 of third trench

232). The bottom surface 231 of the third trench 232, and the bottom surface 236 of the fourth

trench 234, may each be parallel to the top surface 16, as shown in FIG. 3, or at an arbitrary

angle with respect to the top surface 16. The third trench 232 touches the BOX 25 and the

fourth trench 234 does not touch the BOX 25. The third trench 232 contains insulative material

233 so as to facilitate electrical separation between devices located to the left and right of third

trench 232. In particular, the third trench 232 electrically separates region 50 from region 52,

and regions 50 and 52 may each comprise a semiconductor device. The fourth trench 234

contains insulative material 235 so as to facilitate electrical separation between devices located

to the left and right of fourth trench 234.

FIG. 4 illustrates a simplified cross-sectional view of a semiconductor structure of the



typically between 10'9/cnB and 102'/cnB. The N resistor 148 extends into

the substrate 410 to a depth (defined by the depth of BOX 42‘E)7 %Ccﬁp&e
between | . Opmand 2.0 Vinm' and has a doping concentration typically en

10" 6/cnB and 10'8/cnmB. FIG 8 depicts a sinplified cross-sectional view of
a seniconductor structure of the presggt invention. The substrate 510
conprises a top surface 512 FIG 8 shows a decoupling capacitor 170, which
i s el epresdnt adveytiois @baipeidingy semisvabuckt60subttraadd. TER sutatrateBAXohptiseDetgupl i ng
capacitor 170 conprises: capacitor plate 178, N nmaterial 174 which serves

as the R~C i g Fhar, kel g i i ers
150" avaPHBE1TCREMEL BN RoBlfaBRek ot ALELREULIT M shORUAAL 10 shac

materi al .. The N: terial .174 als erves. .as resi stor between.el egtri cal
Cont acle ifpTench 333 gnd i HAGrepHRS Mo RE ABM AR CODETT BF F o ice o7 FRE e ol v a
resi stor-capacitor configuration with an RC tinme constant, where Ris

r esi st BO2@ndltinigh thaBAX L@iscshowh fis thepesing tveo paraldd seginends atdiffetenige, t he
capacitor 170 discharges its charge buil dup through the resistor 174 so as

to resy _tl?s,mkedeﬁﬁ{ 618@@?]( 2682 Pirl OpAlalll BYakyEShSleR R6h RRUAE BE32 26 GONPI i Si ng

N+ material, reduces the resistance between electrical contacts 172 and 176

and the bottom pf. the c itor dielectric 179 er reduci ng, t he RC
e, cEPRARES hitiar2h 6T BRK 16k P SEbing rerbmied BEBINY R HERREN BF 170 (o
t he sudden voltage drop. The electrical contacts 172 17 DEC 2002 22 and
176 eaBRXeXq aaH toushdhe top sutfhe Fat Ehesfifth trendipbRavaid ke €kt trameh 3ddnayept h,
typically between 0.10. ~mand 0.25 Vim and each has a dopi ng

concenpértratitht Yibstratel 12 toehoeaie dedtPbcioifigrentldepths c AthougtethdHfifttpireicha32174
has a dopi ng concentration typically between 10'6/cnB and 10' g/cnB. The

optiongl | t ' 1 j i I

bet weoh “PE7S ERUEGRERCR M n U} J3BhAh ERFESLAG AR Il EfbHS
and 1.5 Vim F 8, the sem conductor structure . would represent, a gated
i ode. TPIGHES3 4A2n i34 Bepetadly CORPER Qo SGHTALY OF BT GRIPUS Peet ek AIEHa B
material, wherein the electrical contact 176 would becone_t he anode 176 of
t he gaofalsagmenbmay e eNhenpespegidivulat Taithgriop suréase Ai7 casl shewn i EIG. 47 or poented at

col l ectively becone the cathode of the gated diode with cathode conponent

174 coapsibitrai ahfle Witlerebpdct Rttle et suefdee TP (5RO BN sidbWAll GA8PF fisthngenblt 332).
material. Additionally, the capacitor plate 178 woul d becone the gate 178

B e T T

conti ny§4,trgayhe%\é§ b% ?)graﬁlgi t% tl?g toipns%}yaget H} s S0 InF16? 4,poi%ra% an ];rbrit?gry%%élgcivigui ode.
respect to the top surface 17. Both the fifth trench 332 and the sixth trench 334 touch the BOX
26. The fifth trench 332 contains insulative material 333 so as to facilitate electrical separation
betwee1’1 devices located to the left and right of fifth trench 332. In particular, fifth trench 332
electrically separates region 54 from region 56, and regions 54 and 56 may each comprise a
semiconductor device. The sixth trench 334 contains insulative material 335 so as to facilitate
electrical separation between devices located to the left and right of sixth trench 334. In

particular, sixth trench 334 electrically separates region 56 from region 58, and region 58 may

comprise a semiconductor device.



FIG 12 depicts a sinplified cross-sectional view of a sem conductor

structure of the present invention. The substrate 910 conpr 4s®s ’
- surface 912. FIG 12 shows a polysilicon bounded di ode strugtﬁ QEquU%l ch

is electrically isolated by trench 950, trench 9S2, and BOX 954. FIG 12
shows the polysilicon bounded di ode styucture 915 as conprising a first
gated di ode 960 and a second gated diode 970. The first gated di ode 960

i ncl udes: t RE3Sdetleillustngse variouy apangaments efl traeBes andeematondueordemiesss FHg N-
material 924 and N+ material 922, and gate structure 920. The gate

st r uct 150 WPdsihditified @fosgat RioAdOied BF € séhiRbhdictdr sBdeturd GYXHE ptdsarg iBRAEBHAS 934
and 936. The second gated diode 970 includes: the anode conprising P+

rraterl 4 and
Nt S sohas R0 Bl s P ShtaeA B M SETREL FET S b Bk el

gate 942, gate insul ator 944, insulati rjh%eé_pacers 946 _and 948. N materi aI
924 prisolatrekbysirensmédntrenshiiddand BOX; 324- Ny, dendefed FEd Slommpiises Nie second
gated di ode 970. The N+ material 922 and N+ material 928 each extend into

the subaterial 62, FLAndterisl 6deN ndtbrdl 68| fate 6Btoaeeinslatdd 68 mndritsulatidly spaoera6dl
each has a doping concentration typically between 10'9/cnB8 and 102"/ cnB.

bt voch p! ot T e Y TGN RalehEL 66 ATRTR e 0bok SofHBIch GERAEF |

bet ween 10 9/ / he co n.cathode nmaterial 924 t uches BOX
954 atbeéwﬁé‘bll(ﬁ%%?ﬁ i%c’a‘g?%v@é Mergﬂ? HSQH@”B%PO%H“P\%@ %(PP}S‘EY

concentration typically between 10 6/cnB8 and 10'g/cnB. A polysili con
boundebktdican€0'Semi end il @'*/of’ offho gitt 67 pohiamin yidwbus typicelybetween K Snend al
922, P+ material 926, N- material 924, and N+ material 928 were

respecy by iny, TE@'%&QQSMMBM?&S@%&&E% proXinafe@y quadko thE-widBi &rthé bate 81 Carid+
material . Although FIG 12 illustrates two gated di odes, any nurber of

gat ed 0, ol cture 915,
ERORE L R UIC E l B oe  p
cat hode nmaterial for ch gated diod sul ati veI bounded b BOX
(e.g. , mAEHYE L dth ricaiy besesn %ﬁﬁ/éaﬂ@ﬂg@e&( i"ha dimgnsiag Oéﬁiee%ftedﬂs@@dréeg)
conprises an anode of first conductivity (e.g., P+ material 926) and is
el ect rFERI75yin FE5| Btaed obtheagatd s@alstur@r@p@eﬂdelnsl‘ﬁﬁﬁc&-m,@w as discusged aboye ferct ur e
920), and wherein each gated di ode (e. g , first gated diode 960) conprises

a cat h@ﬂe%am‘stﬁ@ﬁ@@dfpmmqﬂrmtsy (e.g., N+ material 922) and is
electrically insulated by at |east one gate structure (e.g., gate structure

I KL SN T T L R
trench 86, and BOX 224. The partially depleted FET 75 comprises N+ material 76, P- material
78, N+ material 80, gate 82, gate insulator 83, and insulating spacers 84 and 85. Thus, FIG. 5
illustratés a fully depleted FET 61 and a partially depleted FET 75 within the same substrate.
The N+ material 76 and N+ material 80 each penetrate the substrate 210 to about the same
depth, typically between 0.10 um and 0.25um. The P- material 78 penetrates the substrate 210 to
a depth typically between 0.50 um and 1.0 pm. The N+ material 76 and N+ material 80 each

have a doping concentration typically between 10'/cm?® and 10*/cm®. The P- material 78 has a

doping concentration typically between 10'/cm® and 10"*/cm®. Noting that the FET 75 is an



1 7 L~~~ ~UUL 24 present invention, conprising a sem conductor substrate

610 having a top surface 612. The substrate 610 conprises a %[fﬁéa ba a
trench 191 between the BOX 624 and the top surface 612, alon i %

external trench 190 that is external to region 192, wherein region 192
conpri ses a space beriveen the BOX 624 and the top surface 612. The
external trench 190 borders a side 19380of the region 192 and the external

trenc 0 th OX here | BOX in S 194 betseen the
ext or Ly LR R TV B g RET R Rstid R AP BBRN . Rt 680 §E
external trench 190 irs so insulated as to provide electrical separation

bet wedi§spetively gerdeced gy Panwatarial Nermaterigl opndiyemeteriehavhigibwovldtiBustigie? ei n t he
ot her region 196 includes the space 194 and is external to the region 192.
The trfafigldefi8tedNHET hel £3ireaMabcplétePRET 98 thesaneatbstiaye any of the
characteristics generally available to the first trench 32 in FIG 2. The

BOX 624 n'ay];zlbgigs sROWs Qghﬁﬂl 1{@2%%%&0%%51%@@ ogggﬁﬁﬁl}ﬁéﬁcﬂ@tr @tlﬁ% of flet he BOX

24 in FIG her reqi conprise a sem conduct or devi ce
such as the FET 730 illustrated in FIG 10. FIG 10 shows a sinpljfjed

cr oss-ReXp} BaRtion. elieotubgrale W Hbrapriset @ apryelpes 01grandina F&%&@W whishant i on.
The substrate 710 conprises a top surface 712, an FET 730, an FET 750, and
an FETRl&itficallyidolatsa bysreatlet@®1s, cahdhyl (28 pdrat BAXO\I8Or dhe RETAD40tcompeises794, and
BOX 724. FET 770 is electrically isolated by trench 794, trench 796, and

BOX' 72fatefifi110430P] RafkridH (445 R Q864096 %&Mio@@, oitd ihsmgtoB%dz%h@msﬁﬁTin§30-
FET 730 is electrically isolated by trench 790, trench 792, and BOX 724.

735, | GWET AR S 5450 e Gmekeil 12 T plel Wlundif T Ry e 0 ©

conprises N+ material 752, P- material 754, N+ material 756, gate 758, gate
i nsul sdeemetrg] chargcteristicy apiEdoping conESNiT IS Af raspecivalyslescrited fandf+ zeaferigtET
770 conprises N+ material 772, P- material 774, N material 776, gate 778,
gat e 16250} atacerial 84, and N hmaswiah66 ofFBPat & BIGS2 and 784. The geonetrical and
dopi ng characteristics of FET 770 are as given for FET 61 in FIG 5. The

geomet ri calprand; dRBisHOwS B AIACHAHE 3vicsS1080 5 EEctfitAIPIsBlaf 19 ¥&enT1020FET 75
in FIG 5. For FET 730, the NT
trench 1030 and BOX 1080. The thick oxide device 1060 comprises N+ material 1062, P-
material 1067, N+ material 1066, trench 1064 which electrically separates N+ material 1062
from N+ material 1066, and gate structure 1061. The gate structure 1061, which is optional and
could be omitted, comprises gate 1068, gate insulator 1070, and insulating spacers 1072 and
1074. ’I?rench 1064 has the role of an insulative extension of gate insulator 1070. Thus, FIG. 11
illustrates an FET 1040 and a thick oxide device 1060 within the same substrate. The N+
material 1062and N+ material 1066 each penetrate the substrate 1010 to about the same depth,
typically between 0.10 um and 0.25 um. The P- material 1067 encompasses an upper depth

(defined by the penetration depth of trench 1064) typically between 0.15 pm and 0.35 pm, and a

lower depth (defined by the depth of BOX 1067) typically between 1.0 pm and 2.0 pm. The N+



material 732 and N+ material 736 each extend to a depth typically between
0.10 ~mand 0.25 Vim and have dopi ng concentrations typically between

. 10"9/cnB and | Oz'/cnB. The P- material 774 has a doping con t&gp 2902
typically between 10'6/cnB and 10' g/cnB. Noting that the FET ie.g

NFET, the FET 730 woul d become a PFET if N+ material 732, P- material 734,
and N+ material 736 were respectivel yigepl aced by P+ material, N material,
and P- material . [ that the FET 750 is an NFET, the FET 750 woul d
becomemateAaET 062 aml%ﬁg yeiseparagdby pdivtanes fypicalig petveasd ONS paataadi0ai0 186 wer e
respectively replaced by P+ material, N material, and p+ material. Noting

t hat tke REmatéBali1962andNREmattha 1066 ezcmaa/v@lalddpb@cwﬁeemraﬂﬁﬂypléalll‘ydbeﬁaée@r i al
772, P- material 774, and N+ material 776 were respectively replaced by P+

Bt er i glioc N ﬁeEf‘E@‘/brﬁi TROS. E}aterf‘% | g6éAa Cc{bgrx&rc%ﬁ tx%oh: ﬁ?allsr phfw&epl i fy

t he many varl i es of possSi bl'e” sem con structure urations
within th | he present invention. Each sem .conductor structure of
rrfﬁb‘h@

t he pr&éﬁm p ¢Bn Newss thaithe EES 1940 isaeNRE T the FE THEA0 wauld baaPFELG!

trenches, and sen conductor devices. The BOX and the trenches for the

semn coNeuaiterialSitod CR-uh&terislf1 04 end MNes eateriah V&6 wes respyctbely mpiaedd by Paret hods
di scussed herein. For each sem conductor structure, the BOX is forned

bef or eblitial NENERES ARG f)Q'hYEﬁéjrlal ot LB BT b NRL GRS By

be f ér and 1’ons o or nore trenches nma

17 UE 26 S usl| . bl e ot or esi st ternin
exposu‘Prétck:‘eza?%‘e(—ﬂléﬂm"llﬂi'(;;mJf l%égglcﬁibé(?womd Hctpgn asl("im ipf’l?—*llt SistPs_ 15

illustrate asymretric sem conductor structures of the present invention.
Each aifyhngate structeneil®6hovges oot used anst it p foriwazd-bidess! volwge wesepnmicBOrtvegsd t wo
sem conductor regions such that one of the regions touches the BOX and the

ot her ﬂﬁ@a@é\gpd@x@&emtlomtﬁh thenBEOX(N-Afakais0 1062 et ndegid 186%. iThexhiown in
FIGS. 13-15 to illustrate asymretric sem conductor structures, the BOX in

R e e e N
::theS r a%l%ﬁlﬁgdf g'telelg materla?l})gze T’C pn%%enca?% and Srgarlt%ﬁg 1%%6%3&3 ?ess%&reéélveg/ provi de
replaced with P+ material, N— material, and P+ material. As stated previously, the gate structure
1661 is optional and may be omitted.
FIG. 6 shows a simplified cross-sectional view of a semiconductor structure of the
present invention. The substrate 310 comprises a top surface 312, an FET 90, and a vertical
diode 100. The FET 90 is electrically isolated by trench 101, trench 102, and BOX 324. The
vertical diode 100 is electrically isolated by trench 102, trench 104, and BOX 324. The FET 90
comprises N+ material 92, P- material 94, N- material 95, gate 96, gate insulator 97, and
insulating spacers 98 and 99. The N+ material 92, P- material 94, and N+ material 95, have
geometrical characteristics and doping concentrations as respectively described for N+ material

62, P- material 64, and N+ material 66 of FET 61 in FIG. 5. Although FIG. 6 shows FET 90 as



bet ween sem conductor devices, in a fashion consistent with the placenent
of trenches in FIGS. 2-12. FIG 13 illustrates a sinplified cross-sectional
.view of a sem conductor structure of the present invention, .&?I BtE;ngGﬁ?an
FET. In FIG 13, the substrate 1200 includes a top surface 1210;

dual - dept h BOX 1250 having a transition region 1252 between the dual
depths, and an FET 1215. The FET 121529 ncl udes N+ materi al 1230, P-
material 1270, N+ material 1220, and.gate structure 1240. The source and
drai n ofully depleted, HET 90 caylddictparially clapleied & BT heet Mt imatteriad 99, Rurdatimialfit, end al
1230 respectively, or, N+ material 1230 and N+ material 1220 respectively.
The P- xmieféddl 952¥Qe RRIONESurES gddheetAOARNNE lbe Hmild¢o FET 7534 PIG. T eM@Rer,

structure 1240 represents any gate struacture, such as the gate structure

920 of Fig. . ho in F IS T bady 1260 QMR -S4 .
cont i gu%%%grtéaéit%‘?ftﬁgp ﬁt”fﬁ%n ;W%@Fﬁ ’ !‘E’f?“gﬁ @EW b@eﬁchpel%&p%ﬁﬂ@%;ﬁq if
material 1280. Two features of the sem conductor structure of FIG 13

r el at esNt anateréal P3cP- matgrinhd4ran@Nitanaterkd @Stveaie speativelyBeplagatblyy, Pivmiatarialhe N+
material 1220 does not touch the BOX 1250. A first feature stens fromthe
fact thet pMteritedi mlafedfii does not touch the BOX 1250, which 17 DE C
ZpO~ 28 allows the FET body 1260 to define an electrically conductive path
fromthe ch . RN 7 : ' : h f

1290, Thi o o Reyerieal G0 ARG E bl PR B0 Al MG 395 16
material 1220 were touching . the BOX 1250, permts P- rial 1270 to be
el ect ri Eamaleriah ag? B Hpenstratign @qp@ttymﬁﬁisb%fm%% IBWQ% a@)gﬁ ¢.13nd  oping
connected to point 1290. A second feature is the asymretry of junction
capaci t @amcenteiwadypgitaly battveen\H Yieneanddl0? 4270 The dN-Nnatesinkbt08has 2B ping n
particular, the N+ material 1230 has little or no junction capacitance

becausegdntedtRitione9pibdlR BiReckf®/crhTarANY @S AlldhgatiVélyTHeRfid R 100221dBS a

rel atively high junction capacitance, because of the P- material 1275

civant Agea e FE < AApr O il SR e ARG A re B B R RE T

circuitry. Hi gh capacitance is advantageous for various applications, such
as SRAMTSBE dﬂﬁféﬁél.loﬁﬁﬁﬁqpl%cﬁé“%@rﬁ'éﬁﬁgﬁ%t or structure of FIG 13 all ows
| ow and hi gh junction capacitance regions-to coexist on the same substrate
wi th a dual - Hépf7ishB@Xa sivbplifiedodossiscetidnaltdewfof Eis@nico8dunter ghasBirebftheas
illustrated in the following three exanples. In a first exanple, rioting

that t hetefdal invddGon. STi subktkake 410 €orfiprised 4 18p swpfakel 4R aa FRAET30, ndlresistdrer i al
1220, P- material 1270, N+ nmaterial 1230, P- nmaterial 1275, and P materi al

&ESgar’g{tﬁlgﬁ?é R86t FMP!1%0 i EALAREH Y NohiEd BF R 20, NendPE AL hih X 4sRt eri al
Resistor structure 150 is electrically isolated by trench 144, trench 156, and BOX 424. FET 130
compriges N+ material 132, P- material 134, N+ material 136, gate 137, gate insulator 138, and
insulating spacers 139 and 140. The N+ material 132, P- material 134, and N+ material 136,
have geometrical characteristics and doping concentrations as respectively described for N+
material 62, P- material 64, and N+ material 66 of FET 61 in FIG. 5. Noting that the FET 130 is
an N-channel MOSFET, the FET 130 would become a P-channel MOSFET if N+ material 132,

P- material 134, and N+ material 136 were respectively replaced by P+ material, N— material,



and N- material. In a second exanple, the FET 1215 woul d function as an NPN
bi polar transistor if the gate structure 1240 were not utilized and if a
forward-bi ased voltage were applied between the base conprisin E—C rial
1270 and the emtter conprising N+ material 1230, such that t % ;@ﬂ%n al
1220.woul d serve as the collector. In a third exanple, the sem conduct or
structure of FIG 13 would represent gjresistor structure if the gate
structure 1240 17 DE C ~~~~ 29 were not utilized and if the P- materi al
1270, aAd Bramnetéredl. 1275, and P- material 1280 were each replaced with N
material. As a consequence of the preceding substitutions, the N+ materials

1220 and 128Q el Q4R sBLLEICE. I70@Im RS ﬁQtrés:lst@t"'flet e Q%Mcﬂ%@ﬂta&‘@qg@

becone a resistor. FIG 14 illustrates a sinplified ¢ross- sectlonal vi ew of

) ot B NS R R Fepatoe N8 1 Gl iEuRECRET bendbi WaFh SRS o '

surface 1410 a dual -depth BOX 1450 having a transition regl on 1452 bet ween
t he dumctrj@,jtcnstactaddlan@&ﬁk&omaaaeh athedli BoreNt 41@triceheonfactedS1 andi 3l eaghode
1415 includes P+ material 1430, N- material 1470, N+ material 1420, and

gate ?Ha"vb'?EMtﬁtl%ﬁﬁ@pthJ%l@ﬂ?@@tv@en"Ohl@ HEPARID. Qﬁflﬁf ahd dbpigle cddckhtrhfigisudes P+
materi al 1430. The cat hode of the gated | ateral diode 1415 includes the N+

el 1 oA, SR B g o

gate structure 1440 rec}%pesents any gate structure, such as the (ﬁate
st r uctafePtydsfiged by the depth FhBOX WA tYRIcalinbetwese | Dinpaneh?. Oioe Michbasthe BOX

1450, the gated lateral diode structure 1415 provides a | ow resistance path
t hr ouglopihg cangemtratib4 7¥nicallyi lehweampl0bVes3 amk1@Y/smBpat i on of heat from devi ces
that protect chip circuits fromelectrostatic discharge (ESD). The gated

lateral diogg. %éa%élcfs%l&phﬁea 8090 dcabAA didvP ofa betiBbmductirQfifctate GMAGSI t e
polarity if the P+ material 1430, N material 1470, N+ material 1420, N

o AR, e R Sl ML ol GPREFEL L RGP
al so permssible to omt the gate structure 1440 n which case the gated
| at ereﬂapa‘ﬁHHé794Y51°W160tﬁéalh/n‘s‘ﬂﬁ'§§tb¥dfel“éh é@ﬂartreaﬂbh@ apd BOX 524, | ystrates a

sinmplified cross-sectional view of an asymmetric sem conduct or 17 d ~ C
2002 Decoupling capacitor 170 comprises: capacitor plate 178, N— material 174 which serves as the

other capacitor plate, capacitor dielectric 179, insulating spacers 180 and 181, and electrical
contacts 172 and 176 which comprise N+ material. The N— material 174 also serves as a resistor
between electrical contacts 172 and 176, so that the decoupling capacitor 170 is effectively a
resistor-capacitor configuration with an RC time constant, where R is resistance and C is
capacitance. If there is a sudden drop in voltage, the capacitor 170 discharges its charge buildup
through the resistor 174 so as to restore the voltage. The optional low-resistance shunt 182,
comprising N+ material, reduces the resistance between electrical contacts 172 and 176 and the
bottom of the capacitor dielectric 179, thereby reducing the RC time constant which hastens the

response of the decoupling capacitor 170 to the sudden voltage drop. The electrical contacts 172



30 structure of the present invention, relating to a gated |lateral diode
structure and a vertical diode structure. In FIG 15, the substr, 600
includes a top surface 1610, a dual -depth BOX 1650 having a triﬁ?TﬁE 2002
region 1652 between the dual depths, a gated | ateral diode 1615, and a
vertical diode 1617. The gated l|lateral diode 1615 includes an anode of P+
mat erial 1620, and a cathode of N nmf2rial 1670, N+ material 1630, N
material 1675, and N- material 1680. The gate structure 1640 represents any
gat e senditT6ucash esteoH izt thehsubsfaate 530 toappuremely the sencdepth, typivelly betwicenl

di ode 1617 includes an anode of P+ material 1620 and a cathode of N

mat er i gl1016d and A8 |GRt20d chéH Bfsal dopiddnddtfation & pidly Wefwdenalo tiresignd 617

coul d be reconfigured to a gat ed lateral diode and a vertl caI d| ode,

1670, o Rl e PRSP dobinepeh o TR Rl P et e gh A i

respectl e replaced with P+ material, P- naterial, N+ material, P-

mat eri &9/ Cﬁéd e ppitanp] law-reyisianee mnhmﬁﬁétardqplwemea@fp%&l}yd@twm of
FIG 15 allows a gated | ateral diode and a vertical diode to coexist on the
sanme sl08cndtadviiotend. cindlis depddptiB@iically bétsveah G |parafid 45 ine Th B1IGI8, thd he
gate structure 1640, in which case the gated | ateral diode 1615 would be an

ungat egerhi%ffcf ltor%'t ORire Wlh? E&B{a{) éﬁg%%% WE NGUL Berig g éirtprﬁtl Softhct e

resen | nven 1 on ave SCI’I er el pur pOSES O ustration,

f catipns an cha . beco arent e skil]Jed in the
art mféwarwgpﬁceq wéh g8 Haael, ¥ %fie}?stﬁ%Pg%F 9@‘9 Bioubhhrgemehe angden
nodi fications and changes as fall within the true spirit and scope of this
i nvent 1dmof the gaedpligleCtiRpd2 resistord 74i amd elastradahcontact 17A woand edledtivelpr
structure conprising: a substrate conprising a first surface; a continuous

bur i edbesonttethe @iiiodéel bshepardd diode With GlthddieRbihpanéht 74 2ompeioing Niephterial Add n
the substrate, wherein the first depth and the second depth are unequal ; a

st B P‘%Mﬁ%”*%ﬁﬁlei%%g‘é T ERR LR B SR M w1

oxide |a t t he second de
Le me t e gate 178 of the gatec{3 élode the capacitor dielectric 179 would become the gate

dielectric 179 of the gated diode, and insulating spacers 180 and 181 would continue to have the
role of insulating spacers as part of the gated diode.
FIG. 12 depicts a simplified cross-sectional view of a semiconductor structure of the

" present invention. The substrate 910 comprises a top surface 912. FIG. 12 shows a polysilicon
boundefl diode structure 915, which is electrically isolated by trench 950, trench 952, and BOX
954. FIG. 12 shows the polysilicon bounded diode structure 915 as comprising a first gated
diode 960 and a second gated diode 970. The first gated diode 960 includes; the anode
comprising P+ material 926, the cathode comprising N— material 924 and N+ material 922, and
gate structure 920. The gate structure 920 includes gate 930, gate insulator 932, insulating

spacers 934 and 936. The second gated diode 970 includes: the anode comprising P+ material



2. The sem conductor structure of claim1, wherein the fi rst trench

I ncl udes at |east two segnents having different depths. Ij’

sem conductor structure of claim1l, wherein the first trench dZeQEr(Et%q]@Jch
t he buried oxide |ayer, and wherein the second trench does not tou

buri ed oxide | ayer. 17 DEC 2002 32 4. The sem conductor structure of
claiml, wherein the first trench toud@ds the buried oxide layer, wherein
the first trench el ectrically isaolates a first region within the substrate

f r om 28ethsisathodgcomprising Nt maerial PB4ppd N magHa andhgate stra@eisid Oy rldgch

does not touch the buried oxide |layer. 5. The sem conductor structure of

cl ai mghte whrtet 940 hrzlddek gitc1949) Qe inoglhtod 884 dnduldthiy spavsrs W Giaet 38, devi ce,
and wherein the second region includes a second sem conduct or device. 6.

The S%t%ﬁ&%t 26 ﬁésg #‘8&%&1 8£th8§ oY i) a{teed ‘ﬂo{’t@?ouc ﬁ%e%%&%g%ra{eﬂu‘:hes

the buried oxi Y4 erein € secon renc es t ed oxi de
ayer, wherein_ the fII’St trench electrically |solate§&®f|rst re |on W thin

t he sulieds UMl Fhehlt mateiad 382 pedyNEinatE o9 8 chch axignd inta e supsir o t he

second trench electrically isolates the second region within the substrate
f r om alepth tydicabgbetween tthl hpmhemd DASsjimpdrel each bas Dddpinp 26REnBRioh typivelly
sem conduct or structure of claim6, wherein the first region includes a

first m#&ﬁ%&mﬂ/ g Wﬁh@khb@f@e&é}fts 120 tRNsbBEA L 986 t3a I8

sem conduct or devi ce, wherein t hird region includes a thir
sem cgn
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10*/cm® and 10*/cm®. The common cathode material 924 touches BOX 954 at a depth
typically between 1.0 um and 2.0 um, and has a doping concentration typically between 10'/cm®
and 10"*/cm®. A polysilicon bounded diode structure of opposite polarity would result if N+
material 922, P+ material 926, N— material 924, and N+ material 928 were respectively
replaced with P+ material, N+ material, P- material, and P+ material. Although FIG. 12
illustrates two gated diodes, any number of gated diodes may appear within the polysilicon '
bounded diode structure 915, wherein a deep cathode region (e.g., N— material 924) provides
common cathode material for each gated diode and is insulatively bounded by a BOX (e.g., BOX

: K 954), wherein each gated diode (e.g., first gated diode 960) comprises an anode of first
conductivity (e.g., P+ material 926) and is electrically isolated by at least one gate structure (e.g.,
gate structure 920), and wherein each gated diode (e.g., first gated diode 960) ccmprises a
cathode of second conductivity (e.g., N+ material 922) and is electrically insulated by at least
one gate structure (e.g., gate structure 920) and by at least one trench (e.g., trench 950).

FIG. 9 depicts a simplified cross-sectional view of a semiconductor structure of the



9. The semnm conductor structure of claim7, wherein the second semn conduct or
device is a partially depleted FET. 10. The sem conductor structure of

. claim7, wherein the first sem conductor device is a fully dagp d- FET.
and wherein the second sem conductor device is a partially djpyjcigd' %Z

11. The sem conductor structure of claim?7, wherein the second

sem conduct or device is ' an FET. 12.24he sem conductor structure of claim
7, wherein the second sem conductor device is a vertical diode. 13. The
semi coprgsrnt vestionicompesing astmiaondycterrwbsiiate 6 hHehaepatbpswnfacoftlictlos devi ce
isa 17 D~ (;1UU~,34 resistor structure. 14. The sem conductor structure

of cl adubktfatc WO CEMPriida BERX 29 vwitl FORAUSH Wetwieri tRBEBOX 624860MUBkddirface
capacitor. 15. The sem conductor structure of claim7, wherein the second

sem co, or device.is bi ransi stor. 16. e.senm condu r
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device. 17. The sem conductor structure of claim7, wherein the second
seni coffduRHses a gpage betwesnaheBOs624 andrihg prigeidcaid Bd eTha gxtrrnadrteench 19¢ D E C
2002 35 18. A sem conductor structure conprising: a substrate conprising a

first sordémasidedl BoTthdeolon 19arane thetssiteltall teaneh 160 speietha BGK b24.stThdepish
and at a second depth within the substrate; single step shallow trench

| Sol attPRORCH CiReq UEHLRR 08 RHT e NI AR BorRln (B STE b8Pt Soer and

dual step shallow trench isolation regions selecti veley touchi ng, the buried
oxi de Jubstsate §40. The external trench 190 is so inSulated as to provide eléctrical separation between

the region 192 and another region 196 of the substrate, wherein the other region 196 includes the
space 194 and is external to the region 192. The trench 191 and the external trench 190 may
each have any of the characteristics generally available to the first trench 32 in FIG. 2. The BOX
624 may have any of the characteristics generally available to the BOX 24 in FIG. 2. Other
region 196 may comprise a bulk semiconductor device such as the FET 730 illustrated in FIG.
10.

FIG. 10 shows a simplified cross-sectional view of a semiconductor structure of the
present invention. The substrate 710 comprises a top surface 712, an FET 730, an FET 750, and
an FET 770. FET 750 is electrically isolated by trench 792, trench 794, and BOX 724. FET 770
is electrically isolated by trench 794, trench 796, and BOX 724. FET 730 is a bulk
semiconductor device with no BOX below FET 730. FET 730 is electrically isolated by trench
790, trench 792, and BOX 724. FET 730 comprises N+ material 732, P- material 734, N+
material 736, gate 738, gate insulator 740, and insulating spacers 742 and 744. FET 750

comprises N+ material 752, P- material 754, N+ material 756, gate 758, gate insulator 760, and



the second depth for isolating a group of devices fornmed between the second
depth and the first surface, wherein the group of devices |ncI§ [SE at | east

~one devi ce. 17 D E C 2002 -36 19. A seniconductor structur

a
substrate conprising a first surface; a continuous, depth-varying burlog
oxide layer within the substrate; a first trench between the first surface
and the buried oxide |layer; and an expgrnal trench within the substrate,
wherein a first region within the substrate is electrically isolated by the
ext er nalsulatiegspacetsii®2fand §64.t FENMGFA) camgrisdséN-buomategid] 332, de nategread 77h¢r ei n t he
external trench is external to the first region and bounds a side of the

first ﬁﬁgér%'l‘ﬂﬂ"‘}%feeﬁ% 8 d1e i laire0, érfd‘iﬁﬁﬁ‘ath%%ﬁ@e?sm S gyurf

buri ed oxi wherein the first region is electrical |sor?ated
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having different depths. 21. The sem conductor structure of clai m 19
wher ei dopihg charagteristieg 0O RET 7d ) atteas giveni fos TET §fiin GHd e thor FESVIe thead¥d wher ei n
t he second region includes a bul k sem conductor device. 22. The

sem CORMwGiaP 733 hildNi-uhRer@d] 786 ah¢R SdendVBIRbh thpicalitbdtwsend C0NGH 6iP0.28€eVi ce
is an FET. 17 DE C 2002 -37 23. A nethod for form ng a sem conduct or

R e e o AU e

depth and at a second de th within the subs tr3a wherein the first depth
and thz%h@oméomg)wncaméatméﬁma@lly%ﬁwe%% #dr 0y °&my hioterg thadtha FEdcond

trench, wherein the first trench is | ocated betvveen the first surface and
t he buﬂB@d; aINEET | thy EET a8 0tWoald ibesdmele PFBRT ifiNd nwhetiai782 ransedelit84t psedich i s
| ocat ed between the first surface and the buried oxide | ayer at the second

dept h. \B4masEhe1 T8 had rékfpe&i\félﬂegﬁced‘gye!)ﬂehﬁtérﬂ? N fterfal 808 P~ Bldides at

| east two segnents havi ng di f'f er ent ths. 25. The net’hod of clai m 23,
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claim rzn?;terlal 754, and N+ material 756 were respectively replaced by P+ material, N— material, and

P+ material. Noting that the FET 770 is an NFET, the FET 770 would become a PFET if N+

material 772, P- material 774, and N+ material 776 were respectively replaced by P+ material,

N- material, and P+ material.

The preceding FIGS. 2-12 exemplify the many varieties of possible semiconductor

structure configurations within the scope of the present invention. Each semiconductor structure

of the present invention comprises a substrate having a BOX, at least two trenches, and

semiconductor devices. The BOX and the trenches for the semiconductor structures of the

present invention may be formed by methods discussed herein. For each semiconductor

structure, the BOX is formed before the trenches are formed. Each trench of a plurality of

trenches may be formed in any order and portions of two or more trenches may be formed



wherein the first trench touches the buried oxide |ayer, wherein the first
trench electrically isolates a first region within the substrate.froma
second region within the substrate, and wherein the second trethEagdﬁuﬂpt
touch the buried oxide |ayer. 27. The method of claim26, further
conprising formng a first sem conductor device in the first - 38 region
and a second sem conductor device in 2the second region. 28. The nethod of
claim 23, wherein the first trench touches the buried oxide |ayer, wherein
t he seppiithrebede By bditibheshotdresikipattethingx eteoshiity efid ettilink) s disca642d hefdri.ei n t he
first trench electrically isolates a first region within the substrate from
“a second region within the region, and wherein the second trench
electrically isolates the second region within the substrate i , ' froma
third region within the substrate. 29. The nethod of claim 28, further
conprising formng a first sem conductor device in the first region, a
second sem conductor device in the second region, and a third sem conduct or
device in the third region. 30. The nethod of claim 23, wherein the step of
formng a first trench and a second trench includes formng the first
trench during a first tine interval and form ng the second trench ' during
a second tinme interval, and wherein the first tinme interval and second tine
interval do not overlap. 31. The method of claim23, wherein the step of
formng a first trench and a second trench includes form ng a portion of
the first trench and a portion of the second trench concurrently. ~7DE
C 2D02 39 32. A nethod for formng a sem conductor structure, conprising
the steps of: providing a substrate conprising a first surface,



form ng a continuous buried oxide |ayer disposed at a first depth and at a
second depth within the substrate; formng single step shalaoz(v[zéﬁl U‘tjaench
. isolation regions touching the buried oxide l|layer at the fils Q r

i solating devices forned between the first depth and the first surface; and
form ng dual step shallow trench isolation regions selectively touching the
buri ed oxide | ayer at the second depth_for isolating a group of devices

formed between the second depth and tRé first surface, wherein the group of

devi ces i ncilrte33ak iliedate APRNEENE &8nicondhétdPsfrudurt9 02 thedilestat indemtirhod f or

form ng a sem conductor stricture, conprising the steps of: providing a

substr conprising.a first surface; form } ryi ng
b ed i e PRy A Bondefth P BT Ry TP G RO B e R 4 "2
external trench, wherein the first trench is |ocated between the first

sur f acegiong suehethatanead thaaeaions topehes thnBPOS #ndkthe other region dossawnt iwshdices an
entire space between the buried oxide |layer and the first surface, wherein
t he exBOXnalltlidughahluakdepth BOXais showh ReFIAS: 48-15agiltustratechshmuretisc a si de of
the first region, wherein the external trench touches an end surface of the

bur i eds gyt aRCRY gtr]{l?ctﬁﬁg HOBOS A dalf oF I, 'TQ—'IStrfll e%hg GhmbeRb diffb gt at es

the first region om d second region wthin't substrate. 34. The net hod

T R R

wherein the first region includes a first sem conductor device, and wherein
t he seldlérid 13-d§i one omoongdesnchessoulsh insaited ondeasswiry therovile 1geral msvlatige hod of
claim 33, wherein the step of formng a first trench and an external trench
i ncl udeswked sentigoriduetol dewited, i fadhidH cofistentfwittsthe tplatemient efftvachesnd FIGE M ng
‘the external trench during a second tinme interval, and wherein the first

time iqyerval and second tine interval do not overlap. 37. The nethod of

cIaimSé, wherein the step of formng a first trench and an external trench

port i on of 1k & IRl SyaRipR L ndRplionar Jie® of  GrlipdRhiokf 8150. 0%
sem conduct or structure conprising: a substrate having a top surface; a
cont i rfSERI Hiventen, sxlaties toAndfEL @%ﬁew,éhe subsirate 1 20@ ichudes @ top suiface ddH

depth within the substrate;
a dual-depth BOX 1250 having a transition region 1252 between the dual depths, and an FET

1215. The FET 1215 includes N+ material 1230, P- material 1270, N+ material 1220, and gate
structure 1240, The source and drain of the FET 1215 may either comprise N+ material 1220
and N+ material 1230 respectively, or N+ material 1230 and N+ material 1220 respectively.

The P- rpaferial 1270 serves as the channel of the FET 1215. The gate structure 1240 represents
any gate structure, such as the gate structure 920 of Fig. 12. Also shown in FIG. 13 is an FET
body 1260, comprising contiguous regions of the P- material 1270, P- material 1275, and P-
material 1280, Two features of the semiconductor structure of FIG. 13 relates to the fact the N+
material 1230 touches the BOX 1250, while the N+ material 1220 does not touch the BOX 1250.

A first feature stems from the fact that N+ material 1220 does not touch the BOX 1250, which



a first sem conductor region between the first surface and f?e‘iE]C pth
of the buried oxide |ayer, wherein the first sem conduct or t

. the first surface and touches the buried oxide |ayer at the flrst depth a
second sem conductor region between the first surface and the second depth
of the buried oxide |ayer, wherein the second sem conductor region touches
the first surface and does not touchghe buried oxide |ayer; a gate
structure on the top surface, Iateral2ly bet ween the first sem conductor

r egi orallawd thehEEE bod))nm@ﬁmdcﬁndmebctm@@r eomduetiice path fromdthe eldrmehefiR:t or

regi on between the first surface and the buried oxide |ayer, wherein the

third Basigondues @ poine 1290 on ﬁme%’;ﬂﬁdrf&é@lﬁiﬁ’ ﬂhl%deﬁiéhﬁﬂ cORIBBENpdtAEwhich St
surface and the buried oxide |ayer, and wherein the third sem conductor

region touches uri.ed d _dept
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structure. 39. The sem conductor structure of claim3 8, wherein the first
seni cdwechlentrieallyaghipled with anteiecitenicalevice tni ds &ectrigalbrdoancctehiorpsiint 1298. decond
sem conductor region includes N+ sem conductor material, and wherein the

t hi r d ssedAdCRmMEHLCT: Blie As9Hintiryl JTGhntfios chpachendecaRpubitat Ovithaematdrial 12207arddEC
~~~2 43 40. The sem conductor structure of claim38, wherein the first

sem ¢ -gﬂl%tté}[alﬁ% Olrﬁﬂapt?r%u eﬁle@& 1?1?1{&139 a@rhttﬁ@(%rq{o Jﬁl-lctlo gE) V\%ﬁnag'e second
sem conductor feglon ‘1 nc sem conduc erein the

third sem conduct or ion includes N sem conduyctor material. 41. The

sem cJWaRHSE at toughes dhe B ‘ng‘ZSQI é?ﬁ?‘ﬁ&St’erNéinﬁt?ng 1220 bas agglativelydight or regi on

i ncl udes N+ sem conductor material, wherein the second sem conductor region

i ncl udesctdh capaditanog betamse nfithe P- alateraah d2 Whexiging tdneednithe +seatedelnt226t or

region includes N sem conductor '_ material. .A AL?. AF, . AFa,.A3_. AF,
-AY[R aﬁ&t 8Ost 18D, Xaé\tanﬁé 1ﬁ{ﬂvarﬁhgecﬁ'§ for varlous agghcatlons mcludln%\those
CAFI T, A 9. Al9. A% A% Al | L. A % A8. A. A" A&% AYf . Al Hr AY3r .

A 9%. requn%ngAlhlgh-spegﬁf‘ c1rcu?tr)( KHléh capacitance is advantageous for various applications, such

as SRAM applications. Thus, the semiconductor structure of FIG. 13 allows low and high
junction capacitance regions to coexist on the same substrate with a dual-depth BOX.

Many modifications of 1;“IG. 13 are possible, as illustrated in the following three
examples. In a first example, noting that the FET 1215 is an NFET, the FET 1215 would be a
PFET if N+ material 1220, P- material 1270, N+ material 1230, P- material 1275, and P-
material 1280 were respectively replaced by P+ material, N- material, P+ material, N- material,
and N— material. In a second example, the FET 1215 would function as an NPN bipolar
transistor if the gate structure 1240 were not utilized and if a forward-biased voltage were
applied between the base comprising P- material 1270 and the emitter comprising N+ material
1230, such that the N+ material 1220 would serve as the collector. In a third example, the

semiconductor structure of FIG. 13 would represent a resistor structure if the gate structure 1240
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gate structure 1640 represents any gate structure, such as the gate structure 920 of FIG. 12. The
vertical diode 1617 includes an anode of P+ material 1620 and a cathode of N— material 1675.
The gated lateral diode 1615 and the vertical diode 1617 could be reconfigured to a gated lateral
diode and a vertical diode, respectively, of opposite polarity if the N+ material 1630, N-
material 1670, P+ material 1620, N- material 1675, and N— material 1680 were respectively
replaced with P+ material, P- material, N+ material, P- material, and P- material. Thus the
asymmetric semiconductor structure of FIG. 15 allows a gated lateral diode and a vertical diode
to coexist on the same substrate with a dual-depth BOX. It is also permissible to omit the gate
structure 1640, in which case the gated lateral diode 1615 would be an ungated lateral diode.
While preferred and particular embodiments of the present invention have been
described herein for purposes of illustration, many modifications and changes will become
apparent to those skilled in the art. Accordingly, the appended claims are intended to encompass

all such modifications and changes as fall within the true spirit and scope of this invention,
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1. A semiconductor structure comprising:

a substrate comprising a first surface;

a continuous buried oxide layer disposed at a first depth and at a second
depth within the substrate, wherein the first depth and the second depth are unequal,

a first trench between the first surface and the buried oxide layer at the
first depth; and

a second trench between the first surface and the buried oxide layer at the

second depth.

2. The semiconductor structure of claim 1, wherein the first trench includes at least

two segments having different depths.

3. The semiconductor structure of claim 1,
wherein the first trench does not touch the buried oxide layer,

and wherein the second trench does not touch the buried oxide layer.
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5. The semiconductor structure of claim 4,

wherein the first region includes a first ssmiconductor device,

and wherein the second region includes a second semiconductor device.

6. The semiconductor structure of claim 1,

wherein the first trench touches the buried oxide layer,

wherein the second trench touches the buried oxide layer,

wherein the first trench electrically isolates a first region within the substrate from a
second region within the substrate, and

wherein the second trench electrically isolates the second region within the substrate

from a third region within the substrate.
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8. The semiconductor structure of claim 7, wherein the second semiconductor device is a fully

depleted FET.

9. The semiconductor structure of claim 7, wherein the second semiconductor device is a

partially depleted FET.

10. The semiconductor structure of claim 7, wherein the first semiconductor device is a fully

depleted FET, and wherein the second semiconductor device is a partially depleted FET.

11. The semiconductor structure of claim 7, wherein the second semiconductor device is

an FET.,

12. The semiconductor structure of claim 7, wherein the second semiconductor device is a

vertical diode.

13. The semiconductor structure of claim 7, wherein the second semiconductor device is a
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15. The semiconductor structure of claim 7, wherein the second semiconductor device is a

bipolar transistor.

16. The semiconductor structure of claim 7, wherein the second semiconductor device thick

oxide device.

17. The semiconductor structure of claim 7, wherein the second semiconductor device is a

polysilicon bounded diode structure.
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a continuous buried oxide layer disposed at a first depth and at a second depth within the
substrate;
single step shallow trench isolation regions touching the buried oxide layer at the first
depth for isolating devices formed between the first depth and the first surface; and
dual step shallow trench isolation regions selectively touching the buried oxide layer at
the second depth for isolating a group of devices formed between the second depth and the first

surface, wherein the group of devices includes at least one device.
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19. A semiconductor structure comprising:

a substrate comprising a first surface;

a continuous, depth-varying buried oxide layer within the substrate;

a first trench between the first surface and the buried oxide layer; and

an external trench within the substrate, wherein a first region within the
substrate is electrically isolated by the external trench, the first trench, and the buried oxide
layer, wherein the external trench is external to the first region and bounds a side of the first
region, wherein the external trench touches an end surface of the buried oxide layer, and

wherein the first region is electrically isolated from a second region within the substrate.

20. The semiconductor structure of claim 19, wherein the external trench includes at

least two segments having different depths.

21. The semiconductor structure of claim 19, wherein the first region includes a first
semiconductor device, and wherein the second region includes a bulk semiconductor

device.

22. The semiconductor structure of claim 21, wherein the bulk semiconductor device

is an FET.



10! S$10%& ()-S "10%& ()-@ "10%r& ()- @L10%r& ()-10%& ()-$10%r& ()-1=T
dEYNC 10!

@#10%m8’ () - @10%r& () -S! 10%r&' () - Ss$10%&’ () - GF#10%r& () - of/(mit) 2002
eSa?YNC 10!,)"' 10%##& ()-m ' $10% (& ()- $ 10%& ()-@ | 10%& (1

s$10%& () - @" 10%r& ()-kzdYNC 10! 10m 10m 10nS4#10%&' () - SS2Y" 10%r&' () -
S09$10%M& ()-S- 10%r& () - S+" 10%& () - PRIEYNC 10!

SH10%& () - "10%& ()-"s"10%& ()-9$10%& () - 10%& () - #10%& () - Xi wWdEYNC 10!

"109%& $109%& /e&' Y"' 109 #10%&' - #10% - W$QdBYNC
1011 | (é)mz& (& (@(réatgq(bé)& é@gi@xy&o? uc c?-rf g%mpnsmg e(s)teps o?:
s!10%& ()-9!109%& () - \{Bb{ﬁ'diih ubStrdte ¢6in snl h‘ﬂi%é?"s’&f&&e 2! 10%& () -/ T#10%& () -

"109& ()- | +$109%& ( g | z} SdEYNC 10!'! Z" 10 &' ()-s! 10 e O)-
$109& ()-"109%& ()-91 {ne- molmmpt(s)huﬂ@d@gm(taﬂem idisposed at a first depth and at a

second depth within the substrate, wherein the first depth and the second depth are unequal;
and

forming a first trench and a second trench, wherein the first trench is
located between the first surface and the buried oxide layer at the first depth, and wherein
the second trench is located between the first surface and the buried oxide layer at the

second depth.

24, The method of claim 23, wherein the first trench includes at least two segments

having different depths.

25. The method of claim 23,
wherein the first trench does not touch the buried oxide layer,

and wherein the second trench does not touch the buried oxide layer.

26. The method of claim 23,

wherein the first trench touches the buried oxide layer,

wherein the first trench electrically isolates a first region within the
substrate from a second region within the substrate,

and wherein the second trench does not touch the buried oxide layer.

27. The method of claim 26, further comprising forming a first semiconductor device

in the first
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wherein the second trench touches the buried oxide layer,
wherein the first trench electrically isolates a first region within the substrate from a
second region within the region, and

wherein the second trench electrically isolates the second region within the substrate

from a third region within the substrate.

29. The method of claim 28, further comprising forming a first semiconductor device in the
first region, a second semiconductor device in the second region, and a third semiconductor

i

device in the third region.

30. The method of claim 23, wherein the step of forming a first trench and a second trench
includes forming the first trench during a first time interval and forming the second trench
4 during a second time interval, and wherein the first time interval and second time interval do not

overlap.

31. The method of claim 23, wherein the step of forming a first trench and a second trench

includes forming a portion of the first trench and a portion of the second trench concurrently.
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within the substrate;

forming single step shallow shall trench isolation regions touching the buried oxide layer
at the first depth for isolating devices formed between the first depth and the first surface; and

forming dual step shallow trench isolation regions selectively touching the buried oxide
layer at the second depth for isolating a group of devices formed between the second depth and

the first surface, wherein the group of devices includes at least one device.
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substrate; and

forming a first trench and an external trench, wherein the first trench is

located between the first surface and the buried oxide layer, wherein a first region
encompasses an entire space between the buried oxide layer and the first surface, wherein
the external trench is external to the first region and bounds a side of the first region,
wherein the external trench touches an end surface of the buried oxide layer, and wherein
the external trench electrically isolates the first region from a second region within the

substrate.

34, The method of claim 33, wherein the external trench includes at least two

segments having different depths.

35. The semiconductor structure of claim 33, wherein the first region includes a first
semiconductor device, and wherein the second region includes a second semiconductor

device.

36. The method of claim 33, wherein the step of forming a first trench and an external
trench includes forming the first trench during a first time interval and forming the external
trench during a second time interval, and wherein the first time interval and second time

interval do not overlap.

37. The method of claim 33, wherein the step of forming a first trench and an external

trench
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includes forming a portion of the first trench and a portion of the external trench concurrently.
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a continuous buried oxide layer disposed at a first depth and at a second depth within the
substrate;

a first semiconductor region between the first surface and the first depth of the buried
oxide layer, wherein the first semiconductor region touches the first surface and touches the
buried oxide layer at the first depth;

a second semiconductor region between the first surface and the second depth of the

- buried oxide layer, wherein the second semiconductor region touches the first surface and does
not touch the buried oxide layer;

a gate structure on the top surface, laterally between the first semiconductor region and
the second semiconductor region; and

a third semiconductor region between the first surface and the buried oxide layer,
wherein the third semiconductor region is continuously distributed between the first surface and
the buried oxide layer, and wherein the third semiconductor region touches the buried oxide
layer at the second depth, the first semiconductor region, the second semiconductor region, and

the gate structure.

39. The semiconductor structure of claim 38, wherein the first semiconductor region includes
N+ semiconductor material, wherein the second semiconductor region includes N+
semiconductor material, and wherein the third semiconductor region includes P- semiconductor

material.
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41. The semiconductor structure of claim 38, wherein the first semiconductor region includes
N+ semiconductor material, wherein the second semiconductor region includes P+
semiconductor material, and wherein the third semiconductor region includes N- semiconductor

material.



