WD 02/ 101825 PCT/ US02/ 17593 METHOD AND STRUCTURE FOR BURI ED Cl RCU TS AND
DEVI CES Technical Field The present invention involves fabrication of

sem conduwDor/10825 ces using Silicon-on-Insulator (SAO) techshyys3 More
specifically the invention is 5 directed to the use of the SO Buried

Oxi de (BOX) | ayer as an integral conponent of electronic devices and
circuits. BacKHIETHQD AND STRUGCTUAE FOSLBHRIED(GBRGUITS AND BEVICES ener ged
as an electronic fabrication technique that inproves characteristics such
as | atchup and 10 speed, although typically at higher manufacturing cost.
The term SO TebMRicaFiMgdescri bes structures where devices are fabricated
In single-crystal SiI Tayers fornmed over an insulating filmor substrate.
Fi gures 11A and 1ThB pésentanysrpionchvelves éatiricatiah ofSemicandsictoredevidesr e a

R e i T et N A
silicor and HfpecteBay'tRé QEeiof tHBSOIBURERINDYIdE! (BODONagkoad 8f intBgidl ces 113 are
formed in device layer 110 and interconnected by surface conductors 114.
The convent Fom@onsal okeledicenic slevicegrangositavdiat | y creat ed by one of two
techni ques. 20 The first process, known as SI MOX (Separation by | Ml anted
OXygen), consists of inplantation of oxygen into an Si substrate at a
prescri bed dgpickgpddndgati ng it to forma continuous |ayer of SiQ(err). The
SI MOX process requires only a single wafer. The alternate process, shown in
greater detail | a&mpnf@némﬁ‘@w;&g@@ff@ﬁh@@logm has enmygad @ssupeleghanist art s
with 25 two r ' Vi i surface.
The first wa erfr%alﬁ(s)n%éeﬁncddl?eﬂﬁeé} %V\EP) ev% %ﬁgﬁétﬁggﬁgﬁgh%o%&%r% th the
secondowaf er spaad, althoeghagsiogiyaf iighésmahbfaot@thy test] adecteam| SQEr  of
silicon bonded onto the <carrier wafer, separated by an insulator |ayer.
Both of the {WGHYAlRsSpas 8lrecivErs Whekidenss ok fakricaies inmingle-ceymtalelenent s

over the yea[a%,etg Orh{g&r&yeqr%%sﬁlfg}m'gﬁ?rﬁ AdpLkPy@r cost and to achieve

desi rabl e devi‘ce rayer quality ormty and defects. An 1
Figures 11A and 11B show a typical conventional SOI structure, where

a thin silicon device layer 110 formed on an insulator 111 is supported‘over

15 substrate 112. For current technology the substrate is most commonly silicon
and the insulator is most commorily silicon dioxide. Devices 113 are formed
in device layer 110 and interconnected by surface conductors 114. The
conventional SOI structure is predominantly created by one of two
techniques.

20 The first process, known as SIMOX (Separation by IMplanted
OXygen), consists of implantation of oxygen into an Si substrate at a
prescribed depth and heating it to form a continuous layer of SiO,. The
SIMOX process requires only a single wafer. The alternate process, shown in
greater detail later, is commonly referred to as “Bonded SOI” and starts with

25 two wafers, preferably with at least one having an oxide surface. The first
wafer is the carrier wafer which is joined together with the second wafer, and
the second wafer is “thinned” to leave a layer of silicon bonded onto the
carrier wafer, separated by an insulator layer.

Both of the techniques have experienced many variations and
30 enhancements over the years for improvement of yield and lower cost and to

achieve desirable device layer quality for uniformity and defects. An

1



WO 02/101825 PCT/ US02/ 17593 inportant characteristic of conventional SO
that is obvious fromFigure 11 Bis that the insulator |ayer 111 is used
primaril ywPoe/108e3 ati ng the silicon device Ilayer 110 wi t RCIIIGSoACTPY €
devices 113 fromthe silicon substrate 112. Thus, the conventional w sdom
forms devices on the device |ayer 110 on onIY one side 5 of the insulator
| ayer 111. Tinepeian charasteristihpscepensaoal $Q1 thadis olyvipns digm Higrire 44 Baisd

I nt er connect 1 I M . ! ' I t SQ .t echni ques
it roduce. nellél e SEBRET BBk 31 5 Pasd PHERbIAR? s IR Gloar by,
convent i onal |a§6t 130t It activkesviods ¢ 9B Siote tiebbiicomeebsthate 12ealh@stiaé e”
than 10 required in correspondi ng non-SO structure, since floating body

ef fect s whi cRONYRAtiona! Wisdean {@rins deviceson dhadevigadayait P ergulyranasiget i onal
connect:i ons i ions. There are al so added process steps to
pr ovi dte5 grou%ﬁthel 'ﬁ?ggg@]r}%g%ﬁﬁs to the substrate. More inportant, the
conventional appr Fhelproblem sithdhiseappaoacteist that, ditheughsigvidiegraridayer coul d

provide nore functionality than 15 nmerely separating predeterm ned groups
of devi ces f INSICORBSENSIS farmed HnRY oseanyantionalRSIBRESH RO lRGBRIGYFS have

recogni zed t pafofijag r%%eriﬂéH{?%§§ué@¥§go?ﬂ5q E@&’y of B! %%r%%/, -can be an
I ntegral part of a specific device, an urther; even circuits can be
advant ageoustgnirntionah Bl struchire takesouvatornsidamiip acite chipatrealses2ftel’ tharay,

t he BOX can be consi dered nore than re passive isolagign _.nmechanism
separ d0i ng | BB QUSRI NEr AR GEBRMTans PG AGR0NS PEGRBUREROABGEN of
an entire ci Gk isshie with boRfrfRMBNSibAALS rduliAlamiot! dhEclidiowAat i ve
approach, a whole new possibility opens up for SO technology that

provi des i npthevetini@liregiodendihere aralalspesitiegarot esestepsid peoide gsound

I nt erconnect s, bet ween,. devi ces. Therefor.e. an object of the.invention,is to
teach ot hod P ORRBENO e EBisuPATafEa: WPrs BoR T InedterisPyoRd i Re
conponent  at {dilRqodevo@eizé @yatlthe ARAATSF [a9) e6lidrolide rhoxERincBtnalfy tar each
met hods in which the BOX serves as a building conponent at the circuit

| evel .1530 AnBiaiely ssjaselingpradeterpriaed grouns efdeviees komdhessbatratenet hod in
which the BOX is used for functions other than sinple isolation between
| ayers of devices.

Disclosure of Invention

The inventors have recognized that the SOl insulator layer, or BOX
(Buried OXide), can be an integral part of a specific device, and further, even
circuits can be advantageously built around this innovative approach. That is
20 to say, the BOX can be considered more than a mere passive isolation
‘ mechanism separating layers of devices. It can become an integral
component even of an entire circuit. As will be demonstrated, by adopting
this innovative approach, a whole new possibility opens up for SOI technology
that provides improved device density and speed and fewer conductor
25 interconnects between devices. Therefore, an object of the invention is
to teach methods in which the SOI insulator (BOX) is used as a building
component at the device level.
Another object of the invention is to teach methods in which the BOX
serves as a building component at the circuit level.
30 Another object of the present invention is to teach a method in which
the BOX is used for functions other than simple isolation between layers of
devices.
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WO 02/101825 PCT/ US02/ 17593 Anot her object of the present invention is to
teach a nethod in which the BOX is even used for functions other than

i sol ati orwewenomei hin a single device. Another object of PCRAISp2/EBSeNt
invention is to inprove electronic device 5 density on SO chips. Another
obj ect of the present invention is to reduce the nunber of conductor

i nt er connect s bet Avethatebijea of the B@seshinyention it teteaghjaemethisid inhghighesent

i nvention is,to C rasjdi | ' > . . chi 10
anot her _obj olte B HESEPALER o Fndlefs She (R TR P BT SFtes ng
features in gbgcgubstrate prior to the formation of SO structure. Another
object of the present invention is to teach methods to form inproved FET
devi ces on SO . AAspthar dhjgatipd thepresent ivepkanihiimrrere eleclionindevies e

applications dvant age of the above nmethods. Yet another
obj ect %of thgéﬁﬁiye%%?c%a#ﬁgp{}o denonstrate the above goals and techniques

usi ng est abl i shedAsbtharabjen v tiee praseng inveations seto rnilicedle inpmier of To
achi eve the above objects accordi ngeto a first Sipe,ct of the 20 invention,

a nmet hod andCeRfyrieinkercenaeals bebwgen Aeyigss 0RaPPhENIRE: el ectronic  devi ce

sing an SO techpi td ' ' |
(30" The et hod T fferidietdiie bReschf Renfon & 10 rellicb T Bl L andY 21 2g)

of the el ect neneasedgpyeackbonBQ@l dhipst single crystal sem conductor |ayer
(23), and fabricati at .| east, one second conmpopent (26, . 27) .of, the

el ect riéni ¢ devi ceg‘f‘ﬂﬂ% %PJ%Cécog BIeRen lryte{,\gpgps E‘é{]ﬁaegﬁﬁ%@fjgg forfoEning 5)
separated fr ih| SteAQ! Fidrty M forAftifonUTBIOL Sfudigseer (23) by a
buried oxi deﬂﬁraetli‘/'leér% '{‘ﬁg?tfsu\?hérei'ﬁ'&t he buried oxide | ayer (24) 15 o fied
| ocal |y to perf orAnatharmbj¢adofitne pegsent inventipe ieieisacbimethgdyite éorR0oA) .

According to,a sec spect of i nvention, a nmethod is disclosed 30 of
fabricating %p%ﬂvgaﬁﬁdg\/@??é’ﬂﬁgﬁsi ng an SO technique, said SO

techni que resul t pngilliforther 6BjecPsf Bk iaverdtRAsit densoriritedpphidadionsalar , t he
el ectronic circuit conprising a plurality of interconnected el ectronic

devi cd$, eactrks aduantage of the above methods.
Yet another object of the invention is to demonstrate the above goals

and techniques using established silicon manufacturing processes and
equipment.
To achieve the above objects according to a first aspect of the
20 invention, a method and structure is disclosed of fabricating an electronic
device using an SOI technique resulting in formation of a buried oxide layer
(24). The method includes fabricating at least one first component (21, 22)
of the electronic device in a first single crystal semiconductor layer (23), and
fabricating at least one second component (26, 27) of the electronic device in
25 a second single crystal semiconductor layer (25) separated from the first
single crystal semiconductor layer (23) by a buried oxide layer (24), wherein
the buried oxide layer (24) is modified locally to perform a function integral to
the electronic device (20A).
According to a second aspect of the invention, a method is disclosed
30 of fabricating an electronic circuit using an SOI technique, said SOl technique
resulting in formation of at least one buried oxide layer, the electronic circuit
comprising a plurality of interconnected electronic devices, each electronic

device comprising a respective plurality of components. The method includes
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device conprising a respective plurality of conponents. The nethod includes
3 WD 02/101825 PCT/ US02/ 17593 fabricating a predetermnned first set of
respecti WeOpRuomk3 ty of conponents to be on a first sidePefi/uShz11503 i ed

oxi de layer and fabricating a predeterm ned second set of respective
plurality of conponents to be on a second side of the buried oxide |ayer,
wher e t he setanitatinde predetesmimerbiist setdloespectiveepliialy obcangenentsdowher e

he buried oxide | : f ion i | he . f i_gni f
bt | east -onebBion faiaT sk PLed el R4S ok PR et 4 Rl BbbE" of % he
i nvention, asgBdhWwset & rdspettRegsiuaiity SQorhpbnématio @ dra'\eBtemd aideust ed

oxide layer is forned, where the nmethod includes formng a first set of
devi ce conpotenbyrieboxigdedayer, Mhese the sreasd side isithepeppaesitesideief \hgfst and

et de, - skr anawiye R EReBRRROSTE ptort 8 Tncdeh MR BN 21 1

t he functi onfurgtiohingtofl #dsastaone slame fectmnis tiewdesf conponents fromthe
first set of conpgnents and co_r’g)onents fromthe second set of conponents.
f

15 According to aAcearting ispdird asped of the Kiventan. amathadds diselosed 9t ur e
are discl ose f ' [ LR ; ' e glel on a
substrat e, mﬁéﬂéa{’ﬁ%‘@@ﬁht‘@@ﬁﬁrﬁ‘que %@d#?ﬁeﬂg%@r?nn%?i’ gfﬁ%‘% at :eg‘éifs‘dt one
buried oxi dindiuwdes forming afitdicet ohdévidesofmpoments ® ibeiohedfirstgideidf dihe beneat h
the buried gxi_d | ayer, subﬁ?gﬁuently forgi n? ﬁa FET source and drain

regi onld on 26UtigP oxide R¥e LY IRIMING 8SSCRDE ST ghHieYiRe SPEMANERTS 19dPs AR
capacitor to f ; i | L ' ] i

penotrati ng_ §Re B PERSie MRS sl WS tnelbpiey oRuleaR M stne g

mat eri al . Acbwrdiongntegral téithe Furedipeing affattiéastianecteviemcomprieetholi and

structure are_ _disclpsed f.abricating a Mcell usin n SQ technique,
where the SoFomPengnfirmae Bl 3t PAMPARARS B BPmoNFAIoB ke by 1 e
oxide (BOX) kaysid séherdMipenapaci tor for the DRAM cell is forned by a
process including formng a buried electrode in a substrate, wherein the

buri edSel ect rode éeFoEing ixadoudnespectipidhe sivestiange mrthee aaddtusiueng a
oo s0he ol HEEURER AL DO SO SR a8 SORERbaFEA o o0 Lo
the capacit osubsateewhbee thep80I technique results in formation of at least one buried
oxide layer. The method includes forming a buried capacitor beneath the
buried oxide layer, subsequently forming an FET source and drain regions on
20 top of the buried oxide layer, and interconnecting the capacitor to one of the
source region or drain region with a via penetrating the buried oxide layer,
where the via is a conductive material.
According to a fifth aspect of the invention, a method and structure are
disclosed of fabricating a DRAM cell using an SOI technique, where the SOI
25 technique results in formation of at least one buried oxide (BOX) layer,
whereby a capacitor for the DRAM cell is formed by a process including
forming a buried electrode in a substrate, wherein the buried electrode serves
as a lower capacitor charge plate and forming a diffusion link between the
diffusion region of a transistor located on the upper side of the BOX and a
30 region to comprise an upper charge plate of the capacitor, where the upper
charged plate of the capacitor is formed on the upper side of the BOX when

impressing a bias voltage on the buried electrode.



charged plate of the capacitor is fornmed on the upper side of the BOX when
I npressing a bias voltage on the buried electrode. 4 WO 02/ 101825

PCT/ US02/Wwd930182ccordi ng to a sixth aspect of the inventiPem/UsQ/nsphod and
structure are discl osed of fabri cating an electronic ci rcuit havi ng a

plurality of electron| echni echnlque
resul ting in forndf I‘FFQ)Q ? S')ﬁ liggpe%gcge%ﬁggm@ﬁw, aé%ﬁi?g dﬁ?@’ HEhod
i ncludes for mé@s@r@sbatcﬂﬁ&mmwn el@cﬁbn@%féﬁﬁtﬁawg@bﬂrramy df @lectronic
i nterconnect at |least two of said pluralit el ectroni c dévices, the

i nt er connect @eViges |U§mam§ﬂluta¢hwq@¢»dh@§éay teghsigiue rebultingdn exmegionaf@dr di ng

to a seventh scl osed
of fabricati In%ssg%ﬁg b% 'eylf%dé]};;a&%e?gﬁ 'ﬁ?tﬁ‘ﬁégﬁ)‘gf‘g{sg@hﬁ”@%ﬁﬂﬁtﬁ r%e%h I udes

form ng a bubf eéndudtive rhateeial wsintercanndsdat texdmive Wi safdoplotaigy ef pl ural ity of
FET transistors to be in a device |ayer above the buried oxide |ayer,

formng a fi P@Ctr@ﬂ&‘vﬁ\é‘i’%é‘l‘e %ﬂ@?@f‘@?t%@t lasst partially eneslased Ry=said, ~ and
formng a seggﬂ @%k si gnal conductor below the device | ayer, the second
cl ock signal con or at least partially enclosed by the buried | ayer. 15

According to an eAgbbrrdna?gstr.eatseoénﬂl‘uf&srjemveﬁtl‘ieomveatlcvretdmdeﬂandalsd stratiure are
di scl osed of fabricatin circuit, The method.inc|udes form ng a
buried oxi deaf%la@P %@fjrfg f%lhr iagn o AR isdwWenehass shifigedisiarurihies methsd FeT
Lransigiors hRiffed Briey bifich Bukle ROV GsiharPoD) RPN fftifg a Wherein
at least two o he FE tran5|stors are a common di ffusion region,
thereby 20 epbtrahtycodaﬂal' frangsioontebe img deivé:etl\a@emouermesbm*te@rw(ldethout

nopect “of - F nEEEHTIErA TRt st Ho Al OBt ahdob s e el diyetopnd © MM
fabricating gorfilg asgewnaru&@ su%ﬁ&l%rﬁi‘d@tor%@ovﬁ@\e HEGIBBIISHS, thre9§é€:'ohun9 in

formation of at | east one buried oxide | ayer he net hod 1 ncl udes 25
forming a fi Eckgignal b@ndu@tnrah@ashpa@@"mna@sed@yrtharb@urredrlayefg a second

OaLe 190,10 o LARGRAIAET 0 Hiyh 6bor ASREAIGh e ol L ARG L

| east one SCarddisckdeddfdablicting a OMOS dikkait. Thel matioddneludes f@eningiade

| ayer performs a function integral to the device.
buried oxide layer using an SOl technique and forming a plurality of FET
transistors to be in a device layer above the buried oxide layer, wherein at
least two of the FET transistors share a common diffusion region, thereby

20 electrically interconnecting the two FET transistors without using a separate

interconnecting conductive material.

According to a ninth aspect of the invention, a method and structure
are disclosed of fabricating a FET using an SOI technique, the SOI technique
resulting in formation of at least one buried oxide layer. The method includes

25 forming a first gate beneath the buried oxide layer and forming a second gate
on top of the buried oxide layer.

According to a tenth aspect of the invention, a structure is disclosed of
an electronic device including at least one SOl buried oxide layer, where the
at least one buried oxide layer performs a function integral to the device.

30 According to an eleventh aspect of the invention, a structure is
disclosed of an electronic device comprising at least one SOl buried oxide
layer, where the at least one SOl buried oxide layer becomes a structural

element integral to the device.



30 According to an el eventh aspect of the invention, a structure is

di scl osed of an el ectronic device conprising at |east one SO buried oxide
| ayer, whwoetbi$2iait | east one SO buried oxide | ayer become3/BoF11soxt ur al

el ement integral to the device. 5 WD 02/101825 PCT/ US02/ 17593 According to

a twel fth aspect qof the inventign, ure i s discl osed of
el ectronic c!or cui 2‘ 99 adwg |€11ﬁpoﬂC§ Pyﬁlﬁ'nvﬁ?@%&ﬁé‘&tﬁ@ 'ﬁéiﬁ‘g%%w t he

circuit mu“bﬁ@ln%&rd’?ﬁé éufrcdlﬁaérﬂﬁrl@:hg'aeﬁlﬁFaIWSf P rcBHhb&Ed YevRRs! fEeT
wherein the at | east one SO buried de layer 1s a functional element 5

i ntegral to strchitesuntedbonfa waterdevingeat. leastounadBOY buded oxide lagent h aspect
of the invention di sc d of an circuit

Commr i e wkBeining b e bfe Sot AT 8RG8 180er A ARG efarfofC it cd on a

waf er Bavi ngifbglat&sht lRASt & obtHd 8&viexd.de | ayer, where the at |east one
SO buried oxide |layer conprises a structural 10 elenment integral to at

| east one of the Aeepising towadbirtepnth aspest phihe bwantiomgpsityctyre ishe

i nvention, e o rising a
ol ural ity of IHEES Tl fesoRE MEEH Byt SR M HiILERmsERB &1 “hovi n
at | east oned&Wcebuthieasircokindeuntedysra waller igavime at lsastdha SDItbuRd @eaeshare
at | east one device conponent, 15 thereby electrically interconnecting the

two devices meﬁ,o\uher&rihprﬁté%%mmeun@@ﬁa@@tlayer%qmpw&sr@wﬁ@tug@ buri ed
oxi de jlyayer %g‘rél%%?eas?%’ﬁ%odﬁﬂ %cheEhe two i nterconnected devices
e s are

ot her than t nent ccor to a fifthteenth aspect of the
i nvention, a net h(éatcbﬁdm@(b difsetteset ers;beSC{)f thalinverdionon sthetweerisa buri ed
oxi de | ayer i met hod i ncl udes, for ngﬁtaa first set. of device

O oenent o 1 GeSINe ol 3 FIEETENSIGHT RETGINGE P A O P EOBRGISbr o 1t o
second 'set oticdut (heCHIARONREHOE vl iR 1PleaPBAS I byl Sibe
9

buried oxide layer 1s used for an active functToning of | east one
buri ed devi ctayeBrwhéreDhedniopdjacerdfdavivesae lagkaa'Bhené@ieagmlmnmmt her
obj ect % (’ISp('?l'():ér%bﬁ1 n?ec%%’aeﬁy in ?gonvxec%mg?he ?wo %ewces without an interconnecting
conductor, and where the SOI buried oxide layer serves to isolate
components of the two interconnected devices other than the shared
component.
According to a fifthteenth aspect of the invention, a method is
20 disclosed of
SOl fabrication wherein a buried oxide layer is formed. The method includes
forming a first set of device components to be on a first side of the buried
oxide layer and forming a second set of device components o be on the side
opposite, where the buried oxide layer is used for an active functioning of at

25 least one buried device.

Brief Description of the Drawings

The foregoing and other objects, aspects and advantages will be better
understood from the following detailed description of a preferred embodiment
of the invention with reference to the drawings, in which:

30 Figures 1A-1C show three exemplary kinds of structure formed in the
supporting silicon body which illustrate how the BOX can be advantageously

used;



understood fromthe follow ng detail ed description of a preferred

enbodi nent of the invention with reference to the drawi ngs, in which: 30
Fi gures IWol@ietsow t hree exenpl ary kinds of structure for Red/uSO2/115e3
supporting silicon body which illustrate how t he BOX can be advant ageously
used; 6 WD 02/101825 P S02/ 17593, Fi gures 2 Fhows ex?fﬂgl ar,y .devi ce
structures using fiEEGHTTWREXCTRIBMPCYIRE SHUCTHEE HBINGH! If?%m‘f'@éeﬁA-ZE
show exenpl akyygtintidingenfiei;ned in the |ower section silicon body prior
to formng SO substrate; 5 Figure 3A-3E illustrate the bonded SO process
for conpl eting th&igyies@hs3Eshom exgrapizyy sirugtyrgsotonmerdn s layeerisectienr at ed

by Figure 2; _..Figur - e )y set of steps using the SIMOX
process for F%‘Fh{qx’é’%g pﬁ@\y?gg&ﬁq%@a@lﬁ@gﬂjﬁg’ﬁ gure 2; Figures 5A-5D

i [l ustrsate exanpl gsguat IA-BEaNERtatd eivé bonabe BDMtsrotesdmAl colrflatirigitet he

I nvention that illustrate advantages of the invention; Figures 6A-6C

i |l ustrate aRreeessmfddauer2ARE odoenthe deyiceilysitateddy FBE¥et% i nt er connect

conponents w t hout; LG . - TR rate
anot her exanpl e o?:' éé?ﬁ\véﬁts:ﬁ%ﬁ/,&@g?g@?ﬁé@ge%ﬁ%{eg%%ﬁ]qﬁi&lw %(s; 15

Fi gures 8A- 8proddssgor tdrmiragl] aavivd illm;tkaﬁafdrliydﬁgoref of hDRAM cells using the
I nvention; Figures 9A-9C illuystrate an exa » of the jnvention for a
dynam c two phas%’%ﬁ?@’\’é@i@i%’iﬁt%ieﬂémpﬂ?s%‘?'gﬁmﬁélﬁm% Qﬁ%‘??ﬁﬁ?tf{oé'f“@g t he
BOX a Ci rgdj l; ; ' = WAE e the invention
used fSl c())trfjl a Ng%'ngtp %dﬂr@ﬂrgﬁdgg}:ﬁggﬁégsﬁ%vag% #1% t?%cy\jv\%r{ct)%béntional Sa
structures. Note fFigtres 6A-aCalstigie anedyeatageof thetioventionstfrusing thee

T

illustrating the eEpuest7amBlilEHate HRYIHER exdhpIE bhtHEhdentidh, & uskH to
separates device |layer 110 from substrate
implement DRAM cells;
15 Figures 8A-8C illustrate a second implementation of DRAM cells using
the invention;

Figures 9A-9C illustrate an example of the invention for a dynamic two
phase shift register circuit, which example demonstrates the BOX as a circuit
element;

20 Figures 10A-10B illustrate the invention used for a NOR circuit; and

Figures 11a, 11b show conventional SOI structures.

Note that the drawings are drawn more to illustrate the inventive

processes and structures and are not drawn to scale.

Best Mode for Carrying Out the Invention

25 Going back to Figures 11A-11B illustrating the conventional SOI
device, wherein oxide layer 111 separates device layer 110 from substrate
112. FET devices 113 are built into device layer 110. One conventional
technique forms FET transistors with the following steps: a gate oxide is
formed by a surface oxidation of layer 110, a gate electrode is formed by

30 deposition and patterning of polysilicon, and source and drain regions are

formed by implantation of a dopant. These source/drain regions, gate



112. FET devices 113 are built into device |layer 110. One conventi onal

technique fornms FET transistors with the follow ng steps: a gate oxide is
formed bywe ognefsate oxi dation of |layer 110, a gate el ectr eda/use2/iBeired by
30 deposition and patterning of polysilicon, and source and drain regions

are fornmed by inplantatjon, of a, dopant hese source/drain regions, gate 7
WO 02/ 101825 SHRSHTO0SE SN 86 beUitace gied &1‘% HRAMPENIef CRWEFIPRY 114 by

common i nt erg%hrgasgbg_on processes. Turning now to the invention, Figures IA
- ICillustrate respectively a buried gate 13, a buried wire 14, and a
buri ed capacitor Tormhgcovaiceths iexentipnaFgwes ikt IC dwistratautaspagtielpm t he

present inventi.on t e the BOX 1 as,an inteqgral . pa f devices and
even entire PPF'E&%@? L'I% ?&?HF'GEH@% Wd ?@Hﬁ'ﬁfjd%@a&t&t %Wﬁm& t echni que
can be sused. e%ﬁ%‘ld@%@ruéﬁuré@?@éuﬂﬁﬁg frgﬁvﬂh@%@gémﬁﬁéﬁtﬁaﬁ%' St PeBOReR
conpl emented wth conmponents 16 in the device |layer 11 above BOX 12.

Simlar to cesamintaegial pabpf deyviges andeven entige Fireuitseskithierabe BIBOXur f ace

ol though ¢ he SIS St ERbRub R DRSS pulStoRriuleesl BRanner
Details of f eepicatomgitenis ihidhiaRsthantoifem@rest Witk Toaiporiches 168WetHd on
w || becone obvious to one skilled in the art after an _understandi ng of

the fol | owi ngle¥Eetlayais! habeygyBRX 25 Binbarde conveplianst 6o steqtuiesife 20 in
whi ch two FE . i ' |
o ¢ a0 he RS AL S ErARNAEIdS 19 dhid Sy BOREA 18 T BfdoReEl ¥,
| ower secti owledides lifrdddiiesl, althcugls theoinvehtiorepérniifs interaohoettionsrh act and

el enent 22 is buri ed 8?t§ BOX 24 separates | ower s(zg{ion 23 fro(r)’r} upper
a

section 25 céH?eéem RGNy glails s 4prmipg thesepliuciH s AR E Herdvapages;.

Fi gures 2A tm@mgpﬁ& WP @&né’&%‘i‘i@u@.ﬁé é;n%r PR t'z_léiaﬁ‘gaﬁ&eanponded SO

techniques to res In the structure shown 1n Figure 2. An exenplary
f or mati on usiungeStamiking of ihd tadlowingsdedtionsi gures 4A-4E. The buried el ements

L3 s S SO e o e TSP Gt PR g P 8ERT°
?fpgﬂglulng 82 20BeareRIcPRaEE(TRWE R Boseds iaB droihtadieal pdie abtR®sVice IelBer ef ore,
Buried elements 21,22 have been formed in the lower section 23. In this
discussion element 21 is a body contact and element 22 is a buried gate.
BOX 24 separates lower section 23 from upper section 25 containing
20 additional source and drain regions 26, 27.
Figures 2A through 3D show an exemplary formation using the bonded
SO0l techniques to result in the structure 20 shown in Figure 2. An exemplary
formation using SIMOX is illustrated in Figures 4A-4E. The buried elements
13, 14, 15 shown in Figures 1A-1C demonstrate that the buried elements 21,
25 22 in Figure 2 could be variously a gate, capacitor, or wire, depending on the
process/material used in forming the elements. Therefore, it should be
obvious that a great variety of devices can be constructed using the concepts
taught by this invention.
Concerning the bonded technique, Figure 2A shows a method of
30 constructing lower section 23 whereby a silicon dioxide layer 200 having
thickness of 250-2500A is formed on a silicon carrier substrate 201. This
layer 200 and its thickness is not critical since it is used as a selective mask in
etching trenches 202. It is quite likely that the insulator etch and later on
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obvious that a great variety of devices can be constructed using the
concepts taught by this invention. Concerning the bonded technique, Figure
2A shows wWoOretibuses of 30 constructing | ower section 23 wh@cCghisoa1sp3 i con

di oxi de | ayer 200 havi ng t hi ckness of 250- 2500A is formed on a silicon

i bst 201. 200 and jt k t tical
snce it i's hoBaMadY pols biaess \leampre SPa dhe i EYebdn H Hrefaried i o
likely that bhﬁ:e's@st%le%@( gy shwinnse Je%@ﬁed)afteﬁremxﬂ% &99&8&15’5}%%@2/ 17593

pol ysilicon polish process wWill renove sone of the oxidé |ayer.
preferred p égéthetwng@ien agé&prnvmgrtre@éhrsedewai‘emsalaﬁ@r If @ﬁ@@@dmgi any

resi dual nas ul at or.
1 needed. aoigp PEBHE bl OB Ty 093 e: ibM i b g PEERL 28b R e
range gf 500:s215éwnﬁeﬁ:|dn$om&ﬁsih¢dn d@dldelmt&ll&bhlnﬁﬂdedalﬂ'}@@ @f0. Silicon
nitride, although not intended as part of the BOX | aye can Prow de good

selectivity fndendacasRgrt ofie Bidxilaar, mﬁwieago%peéﬁt'wy fPR@IGhINY prot ect
the underlyi ggqoKbAfcdm é&?am%l?l%déﬁlbg agy\gﬂ gRblelct uﬁd% 8@8%?)2&\% an

oxi de | ayer, "any remnmal nin ter conpl e

structures |euls$ttestterwr&3r12|$tndd is Usedldh rowmf\mdomdedayérp amyn@niggning to the
devi ce wafer. The final insul tor stack for yer preferably

conpri ses ox Niddslaver 8 PBQ‘PWE t'&?é?fsbur'éptﬂw&l'feﬁé'? S”E?W“Pa%%?’@' Bg e
essentjpal . T%B%ﬁbﬂ@ﬁﬁﬁoﬁn@ 8o RS He Ak \aref, eTﬁQ‘PiﬁﬁPmsQ%Wéag fgn the

depth of the tren 202 n turn depends upon t speci f1 ¢ conponent
to be pl acedthexmiaksk laywnurafermly cpyrmrtsebqulddyineltrmﬁbxndedbwe?sxaithdughsmtof t he

i nsul at or staklslesst or for ri ed te 13 (see
Flaure 3 a). ol faels BR RosRifh 368 tickigsneadt S iy ROS B GER. &1 m 1 ar
to the typi Cabpéﬁkﬂlﬁg%&ﬁe@e;ﬂl@bﬁﬂﬁi RehdINdES wl'h:éH mﬁ@?%@ﬁeﬁd@%bﬁ%é’"‘ ring

| ayer 14 (Figure 1 depth of the trench is typically in the range of

5000 Angst r @ﬁ%Cltl@CQmmpaeﬁhto I placedrin tiae Hrenelartal tpipally thercorabinsigure 1

8 e RSB L Bt 53, A BOBTR, P o lites”

for the exenmBdsye Pigured AJathe tpsrstedepth 20UaB d@sically abMa@oROR0eE be used
to create the pattern in_a resist mask, followed by a di recti onal et chi ng

using a d (eﬁm'}arﬁ@ the bpial thiekness efegsie elradrodgs ug avdeeming a buried wiring
layer 14 (Figure 1B), the depth of the trench is typically in the range of 5000

Angstroms to 2 micron. For forming a trench capacitor 15 (Figure 1C), a
20 larger depth of the order of 2-6 microns is chosen. '

The process of etching vertical trenches in silicon substratgtis well
known. For example, for the exemplary buried gate process a staﬁdard
lithography can be used to create the pattern in a resist mask, followed by a
directional etching using a Cl,/ Ar plasma such as described in US Patent

25 4,139,442, assigned to the assignee and incorporated herein by reference.
Other commercially available etch processes are also satisfactory for the
trench etch. After removing the resist mask, the substrate is similar to that
shown in Figure 2B.

Subsequently, as shown in Figure 2C, to further develop the buried

30 gate structure, an insulation layer 205, 206 will be incorporated on the
sides/bottom of the trenches 202. This insulator layer 205, 206 typically
would be an oxide or nitride layer or a combination thereof and is formed by

depostion, insitu conversion of silicon, or a combination of processes. If

9



25 4,139, 442, assigned to the assignee and incorporated herein by
reference. Oher commercially avail able etch processes are al so

sati sf actwoy2fiers2t he trench etch. After renoving the resiPST/Usaykis93 he
substrate is simlar to that shown in Figure 2B. Subsequently, as shown in

ayor 205, 2BETiF| PdRI A BT Ror i L84 EE o N e GBI ted b ol sy Rt Brghes

202. This inguhaédra F@p{@&hé&%l h%%n@)ﬁh’bﬁ%lx’idlzm@@%lﬂehﬁo@'&n?@cﬂlﬁ/a%ntm”' de
| ayer or a conbi nation thereof and s forned by depostion, insitu

conver si on oMehods oRepesited exidep @a@v'dwgaoq&mé@mhty can@lsyhe xeed1825
PCT/ US02/ 175&§r Rﬁngﬁg}e@%%ﬁe%w 633 P%Sc? redﬁga éﬁgsg §BM§9(¢tgf’s”%H8§ team

or dry oxygeni nace, a ra

ambi ents, or mﬂbeme@)lfawena@séwdﬁth@sim@@atr@bbmwrd@WWm/lr@uletng
conformal ity can al so be used. For buried gates or buried wires, it is

desired to hatherappleatisisriabas bpdy epniacis, the insyiateain thehajtoshehithey gndt he
d d b
si des and bojLam, U%ﬁoﬁ?f%éé?rd Ebgﬁoﬁd fcﬁqgn}og/@e{hrenci]dn?ﬂ%éﬁ Sy S4GIbES Pody

contacts, theins omo 'S no desira e 208,
and for rermdlreqldrhsdeehutﬂnhgmsmga‘ldomﬁnnemcsﬁammgga@s suche@ﬂ on8F, eacbeng usi ng

fl uorine-containin ases such CF4 or SF ed in ect i onal
mode to sel elBpd Gg" Ho@ﬂé“ﬂgwt?/S?%PH‘é%y Féfm?'&t Iygo %‘?H@}J 395 fromthe
hori zagt al i r trench
verti ggl Si dg)&@ﬁm{r%ﬁw (%Q%:r)dsﬁ?mdbt&ﬁg?&%{n}f]ée&tﬁ%déﬁgﬁéﬁhgrog I?Lh%ﬁﬁg%lgﬁrl [l ed

and pl anari zehbnghheltretrmhr\&“mal side wallel ect ed conductor 209 , 210 enbedded in

h h. Th d 210 d f t
o e P AL AL0 (Do B TR EhEE AP gk 0 ="

stability atphbetd Fés‘uﬂ% Asdlediad doneEeRT 200NPED dnb&afded iR tﬁ@'tr‘eﬂéhaTh@ 209
process can al so be used. In one preferred process polysilicon 210

formed by depeBdysiag2i® can herelecteddean polysilicapotungstem qomotybd@@urigand
A R R L e R U
ground rul e. pidtespabipekratanss. cmn@pmmm 8il20%hestede e dles betuseidcal | yinwi | |
fill and pr O\clnl'\gepre e?rre%xérg%égsl polysulllcgg a2r1 Otlg Iﬁi‘)or%uero?c l?; gepggltmg in an LPCVD

reactor at about 600-700 C, using dichlorosilane and a dopant precursor such

as phosphine.

20 The width of the gate pattern for the buried gates is restricted by the
specific design ground rule. The polysilicon conductor 210 when deposited
typically will fill and provide approximately a planar top surface. The
polysilicon is then preferably chem-mech polished using, for example CABOT
SC-|, a colloidal silica in an aqueous KOH solution with pH i10. Other

25 polishing slurries commercially available and known in the field for polishing
polysilicon with good selectivity to silicon nitride or silicon dioxide can also be
used.

At the end of polishing, the polysilicon 210 in the trench may be slightly
recessed with respect to the insulator 206 but has a high degree of

30 smoothness, typically a few nanometers. Specifically, the polishing process
described in the publication "Characterization of Polysilicon Oxides Thermally
Grown and Deposited on the Polished Polysilicon Films", by Tan Fu Lei et al.,

IEEE Transactions on Electron Devices, vol. 45, No.4, April 1998, pages 912-
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polysilicon is then preferably chem nmech polished using, for exanple CABOT
SC-1, a colloidal silica in an aqueous KOH solution with pHi10. OQher 25
pol i shi ngweloaneises comerci al |y avail abl e and known i n t h@Criushzi1715e3
polishing polysilicon with good selectivity to silicon nitride or silicon

di oxi de can al sqQ be d. At the end, of. pol,i.shing, the oI, icon 210 in
the trench n§9§b%e§‘ir?@ﬁf ?rttraFE\é%g%’éHOW‘?'ﬂ gggtsg‘f'%mp' a? C®06 but
has a high d ajsl

Spect 11 cal |y E R o0 ofh [TRP SMoS Bty B0 E%V%Qé‘@ﬁﬁffeﬁi?’.eé‘nf“’m

" Char act er i zhe top mﬂmﬂa}@urﬁacea bgwieteaiching rasigdtiye tGsiiman sand diégonsi t ed on
t he Polished Pol ysili.con kil ns Tan Fu Lei et al., |EEE Transactions
on El ect ron B&‘f%eeés i gyell 'ﬂ'sowr}\%‘ tﬁ% ri| 1998, pages 912- 10 WO 02/ 101825

PCT/ USB2/ 17593  9Ffqyuire WFép?@@éMs%tpb"r@Gﬁ'ﬂaYéiy ftmﬂ; appOskante dn arddisHalcyios HpOt h
polysilicon surface. The polish stop éqr l licon nitride 203, if it was
el 8

used, is novvthaewhﬁétatereétﬁfthmeolustwmowtft xiele £09s0rbihariep harizontey
el ecti v Oshthanea ARSI Ao, APKiicedie BeSbeaIT bk IdeRr 5

substrate af teantdsngaldilsitd 50:1 amh’rbrﬁdn&famﬂmegagoﬂ&: @leanen Anhedditigndlor i zont al
surfaces andEpoI ysilicon 210. All surfaces are then subiect ed to post CWP

cl ean usi ng KGA Flegs HOcesANYHiRe Wsedh %@éﬁs@‘h‘ﬂ&“’tﬁ Rejgkt diffarensesi t | onal RCA
I
gete \‘de@r ? ﬁgsgoﬁ’%rﬁ ?&iﬁ@%“ﬁ%”a lﬂﬁg@%’ér@%gﬁ%\fegt@ Zé %ﬁaslgl ﬁ%l ess than

500A Next, as shblewt,ias shaun in RiguraBEpan deideslpper Znﬂobébanhlcﬂﬂo $000 A000 A

is formed over, t he poI silicon _and remants of thermal oxide |ayer 200.
When 211 is FfoRBEYRYS! fi RAVSHSPRENofPMeas of RKA OB B¥p0%ver doped

pol ysi l'i con Whé%@??ﬁ@%rﬁ%d)&hﬁ%‘ém%d%ﬁbﬁktﬁé thitRAed déﬂ@f &gg@ivsm%ﬁéu in the

15 surrounding Si areas ermal oxidation is use xi de wi ||
consumne aboupolzyemcmw exsotsd td bersondwhatdbickesthiagrtheyxidd grosvth inxtlde | ayer

is f d h ur f f.th h, h polished
usi ng 3 st £ PalnGng <l af et EEPALORRRNR) L (Rad 0084 51 SHBEEC 2% 0>
forma cont tonauHe aMbUS nrogtmoppsmgﬁné@yewherbés '&Qﬁ@ﬂﬂy tKIhREN oslidlé THYleR s

processes such 20 as etching can be used to cor’g) i'ment the polishing to
achi eve t he Hwgiadever the silicon. The surface of the oxide

is chem-mech polished
using a stiff pad and suitable oxide slurry such as Cabot SC-1 so as to form a
continuous and smooth oxide layer. If needed, other thinning processes such

20 as etching can be used to compliment the polishing to achieve the desired
oxide thickness over the polysilicon gate electrode. The process is typically
designed to leave about 100-250 A of silicon dioxide 211 over the polysilicon
gate.

Alternatively, a high quality CVD silicon dioxide of about 200-1000 A is

25 deposited and polished back to leave a desired thinner oxide layer over the
polysilicon gate region. Because of the method described above for the
formation of the polysilicon in the trenches, the resulting structure shown in
2E will have a thinner oxide over the polysilicon gate region 212 and a thicker
oxide 213 over the silicon substrate regions.

30 As a possible alternative, if CVD tungsten is used as the buried gate
electrode. Instead of depositing polysilicon, a seed layer of TiN or Ti/TiN or
TiW is deposited and followed by CVD W deposition using well established
techniques with silane, hydrogen and WF; gases in a thermal reactor. The
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oxi de thickness over the polysilicon gate el ectrode. The process is
typically designed to | eave about 100-250 A of silicon dioxide 211 over

t he pol yswbiocoms2yjate. Alternatively, a high quality CVD PCriucsen1#pdxi de of
about 200-1000 A is 25 deposited and polished back to | eave a desired

t hi nner oxide, | r over th ol ysilicaon,gate reqion, Because of .the
et hod descr PESHCLBSIR! gy Wilagbeet Plralard var pENETEeT planar snclurcalier
trenches, theepgsitibh WHicAlIaWIdICReRNMMENIdT pladmuidithdraraciatd IR thexi de
over the polysilicon gate region 212 and a thicker oxide 213 over the

si | i con substY and the geeddayes frn theytopsswifacest repnapreferrediproness, they¥¥en i s

coed 1 ayer ol Vet Rt 98 Eredtei Y Gfo A RMTRG L IRRR ty PR TR W °
deposi t5 on  usilipgiever!dilicest, Tblei glpdse bERSIMITIESUMGStEN Silichieor PolgsiaaTcand

WF(err) gases in a thermal reactor. The 11 WO 02/101825 PCT/ US02/ 17593
bl anket net alS g3iftQifeIm aipBaxide gilfasce pyek the gleftyedse.i Eebwiathkedst ruct ure

after deposi.tj AT o T I i Q. renove
the” wand T ROEBLS TR 6 InER SRETE Roteckl 898 M the deREioke SRTCLC,
the W | ayer tiva slirfdee oethessrerhsby cosidngton. Angsoxideefarmeidodn theeehdasetdor m ng a
cap of 5 silicige or.silicon. The purpgse of formnpg a tlfln sten silicide or
bol ysi | i con EARIUGEr ismalecivgiy smpied otesknawnoarelions Gl BFodesaes Fabt r ode.
If a i ed ' i ' rm
the adih t1 onbl Bardg dsheve Eseefithy L Rl SR Fighfe 28 IRFE bReh e
formed on t hef maderiald to familthet compenamtsecti vel y renoved. O her known

i ati f .eS. 10 b t hi tial th t t
o o P R T BN Ruff B SRRl e st vt ure
Cont i nui ng Wigblelbpmdp@ERE Lissddctien J5. g@m@st%‘t\e@@qwréb@redc{t@\g%em@at of

the upper section 25. Substrate 30 is prepared to becone a tenporary
carrier. Fir&mperanagadisri dival, asian epdonal duépnedretetios lgabnigge1s facilitate

e Py S BTS Hn P RR ok Fiagh 8 450 RSt 008 g 255
into the sil upper sedidir28 Badd bebnijdinsd dleférayes Figded), Bydiogen igv t h
AT e et Ao tad STinto the Shicen SubStrate 30 Effiamal layers 52 of sitcan with 0 °¥°"
different dopants from substrate or silicon-germanium may be deposited over
the silicon substrate. Optionally, in the absense of a deposited epitaxial layer,
20 the top surface region of the device susbtrate will become the device layer.
The “Smart-Cut” process utilizing the epitaxially deposited layer is described
in greater detail in US patent 5,882,987, hereby incorporated by reference.
The process of hydrogen implantation forms a silicon hydride layer 31 on
suitable annealing, that becomes the basis of the Smart-Cut technique to
25 allow separation of the unwanted layers of carrier wafer 30 after the top
section 25 is bonded to the bottom section 23. Although Smart-Cut is the
exemplary process for transferring the device layer 32, aliernate processes of
combining etching and polishing, such as those described in US Patents
4,601,779 and 4,735,679, can also be used.
30 Device layer 32 is deposited epitaxially using, for example, SiGe, but
the specific material depends upon the device to be fabricated. An etch stop
layer is optionally added on top of the device layer, which could be simply a
highly doped silicon layer or a silicon-germanium layer, as per the teaching of
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the silicon substrate. Optionally, in the absense of a deposited epitaxial
| ayer, 20 the top surface region of the device susbtrate will becone the
devi ce | ayeoro2/101BR® "Snart-Cut™ process utilizing the epit &iralSoy1deposit ed
| ayer is described in greater detail in US patent 5, 882,987, hereby

I ncorporated b ef erence. roc of drogen inplantatjon forns a
Sili cgn hydr F'?)%a‘;%‘{/%F”eﬁ'oﬁﬁd%Polaé%tzséané‘éwrh@,egmﬁ!a?x'%@@résthlCR@e%%lsi s of
t he Smart - Cuknt I i #RA[oABE AOay s of
carrier waf e:SOB a?t'%?s?%@a@g%rawggﬁ I on %@Bﬁ@%ﬁnnc?egﬁgo t'hehgﬂgﬂtl%fgﬁﬁgect i on
23. Al t houghd&wmretwillinclide bbdy cemtach|aabyremsiliceswitihiout axide EHyer BBng usbe.

devi ce | ayer 32, ternate, processes of , combining etchin nd pol i shi ng,
such as those desﬂypﬁ%%ﬁq %1@5' ?Ewpsunqﬁrérﬁ’%?'f'?ﬁsgﬂﬁgw,'?3@‘?%79@?‘%@%& so be
used. 30 Devipeg dep¥iebefrv the AERSsiclbViNY [ag&t Ald sl MIFigupss SBaMd 36, Si Ce,
but the specific material depends upon thé device to be fabricated. An

etch stop | Heedevige systfendald headleredand affached tethieoartier sagiratedd ch
coul d be sinpl hi gh ed-sid icon Jayer or i Licon-germani um | ayer,
as per the ?gé%qﬂa"ﬁa '%?'éi‘%eg\%%i pad %’EB%M%@W%“%BW& ment i oned
US Patent ' 98draded aieﬂhjoir’f@r 0Fhg @uieee Fdahehidi tohNSRS oxfeld- RAHAcBsISB, 211

optionally grown on the nonocrystalline surface. Wien the end device wll

i ngl ude body hydiehdic; Suchatiached wadersiaveosiifieigntleondipgto svithistarl@lsr@l@st
31 |.Sni L] e 987 5 at
Y Gentl bl ohEPHIR,ThE AltG e iRAF hapBifal Behiagkead B o RhBIER R, o2 °

the devi ce wahedrt-Catipsoddsrad shapeth BigdraBDaihetichahklexceas Wagsr sadhishr at e
23 prepared _in Figures 2A-2E. By way of exenplary techni que, the oxide

surfaces are3fd$ [RNANELurface treatments to make oxi de surfaces 33, 211

hydr ophi 1 c. SUCh\IArg%HéQ/BﬁQtiHWBPf Suer-EH E)#o%legé‘ttggﬁzg%kg?% @%at%%‘ tand nost

10 handling. The ers are now heated at about 3 conplete the
Smart - Cut pr terepsradgresiaoge 350-40Q Grte sregatewydedgerht vecdmsdcanafier secti on

34 is then re ed. .In_one variation of. t Snmart - Cut process, the wafer is
heat edto a. TREHRRS HDAPE Crss o SKa Hogstsd Byaby felavied Rydicgam 5t he
devi ce |ayer syB&ratBt®s ABAE the %y&%e‘hﬂﬁﬁﬂ&fte@'s@ﬁagé%ﬁg{ ®etdrgygr) . fol | oned
by cl eaving the substrate™34 along the hydrogen inplanted surface using
water jets. The transferred device layer surface 35 is now finished to a smooth

surface by polishing or etching or along the teaching of US ‘987 using an

optional etch-stop layer Thus, an SOI wafer 20 (see also Figure 2) with

20 buried body contact 21 and buried gate electrode 22 has now been formed.
The gate oxide 36 on the buried gate electrode is roughly equal to the
thickness of oxide 33 or to the sum of the two surface oxides 33, 211, and
~can be between 100-500 A, depending upon the selection of thickness of

individual oxide layers. As discussed earlier, one of the oxide layers 33 can

=]
W

also be conveniently not formed since bare Si surface can also be effectively
bonded to silicon dioxide. As discussed in the IEEE publication mentioned
above, the polyoxide formed over polished polysilicon, either thermally formed
or deposited, is very high quality, approaching that required for gate oxide
applications.

30 Referring now back to Figure 2 showing the completed SOI structure,
top gate electrodes 214, 215 are formed on top of a gate oxide layer 216. To
achieve this, typically a polysilicon layer deposited on top of the top gate
insulator is patterned to create top gate electrodes 214, 215. The device
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The transferred device layer surface 35 is now finished to a snooth
surface by polishing or etching or along the teaching of US "987 using an
opti onal wDobAersep | ayer Thus, an SO wafer 20 (see al so PCHArSe2/ERIi t h 20
buried body contact 21 and buried gate el ectrode 22 has now been formned.
The gate oxide 36 _an the, buried gate electrode is. roughly e | to the

b ckness of e 46 13508 thecaroelabef Bier fip i il slieadd%eai8am ang
can be bet wegpidRlga8Gtriicti8ESIBNITHE WD p_a@ §18L864E9D 19 21 DEEKHBGRSA OF

i ndi vidual oxide layers. As discussed earlier, one of the oxide |ayers 33
can 25 al so pelycisievieperinthe/applicationwelld reguirdalewsi resigténese can al so be
effectively bonded to Sialj _oxide., As .di.,scussed i.n thedl.E
publ 1 cat ton ment 1 bis IetEMelaf o ruel TS SRR uaPo ir bk
pol ysi ki con, priddzerof tahesri@ddondirgy Blxted esntderasd bafed igate/ elettrBbigh quality,
approaching that required for gate oxide applications. 30 Referring now
back to Fi gubBugtusholNa@reerRsScRpS &2 stpatthe briled shructuresg0ga2 1 isl s80e odes
214, 215 are : f ' I : l.eve this,
typically a Sé%glaﬁ? %Jrggfg‘rzgég@{sﬁf g@@% 4@3%85‘?%&%&%9'5@6“%%%% I nsul at or

i s patternedstracitire shewham Fifre 20 eithtethes/stdewallddndudier 26y aae 13 WO
02/ 101825 PCT/ US&Z/ 17593 |layer 25 is _now the channel or body |ayer for

both the topirgaeesidewall/batiorycandueier 8P ghustuses fibedwdih dopesirolysiicanop gate
el ectigdes 26floth?ejr§.uﬁ8Hlleqeh%Elﬁbé¥lBBM%&_QEE{ | &), 1Bol é?l‘?co?ﬂﬁ‘"'aQBﬁHelﬂEy ul d

require a |l ower resistance. res [ustrate an al ternat ornmati on
usi ng t he S| ¥8UmBdeoe esshetfcoadactor.eFjgune 4Bgstnws sukfacminsatatam20®bur i ed

ate electrogde . structure. The process ste to cregte the i
drrtctures. 208VngHsaresined St eE aHBkT I ce 5hS Buibkrract - 2l0e an
starts as bebﬂ?sﬁ&ﬁs%ﬁ?g forhidCoVEr S RRMEodB 100 (e dEbdVatBlried gate. In a

trench/ si dewal I'/ conduct or 209 and_ trench/ Si dewal | / bot t'o.nj conductor 210
structures f prefetrediprocelsy s geats isistiatondQ Disoiormeddry oxidizkgtber ef ract ory

conduct.or material . Po ilicon. will itrarily be suned. he he
condudcor rPgbisBoan it e i nbllatalep s ades Ragthst TR ElafelZd anc
gat e i nsul at gy refidvdtpty APdlibh ok eestpRiceBs:- IRORe pAsafictumbbdiniagt betHied over
the el ectrode 210 to be used a buried gate. In a preferred process, this

gat e i nsul at BPlysiicon oxidatinpdragess it iswiptend00 has an additional SiN layer to
allow only the polysilicon to be exposed and thereby oxidized in a controlled

manner.
20 Thereafter, oxide layer 200 is removed and any insulating layer 402
over the buried contact 209 is selectively removed by means of a block-out
mask (Figure 4B). A device layer 403 is deposited under epitaxial condition,
~ which forms a single crystal over the all silicon surface (Figure 4C), except
that small regions of polycrystalline Si 404, 405 are formed over polysilicon
25 and oxide surfaces. The regions 404 and 405 can be formed single
crystalline if epitaxial conditions for lateral growth can be used, such as taught
in US Patent 5,646,958, the contents of which are incorporated herein by
reference. In Figure 4D an implantation mask 406 is formed over the buried
regions and oxygen ions 407 are implanted into substrate 201, using typical
30 SIMOX conditions such as taught in US Patent 6,043,166, the contents of
which are incorporated herein by reference.
The energetics of the implantation controls the depth of the implanted
ions 407. For a buried gate 210 or body contact 209, the implant depth is
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15 polysilicon with the oxide insulator 200 still in place and then the

i nsulator 200 is renoved by a polish or etch process. In one preferred
enbodi mrerwOw®R/10182%5 pol ysilicon oxi dati on process, the i n®araiser/1280 has an
addi tional SiN layer to aIIOM/onIy the polysilicon to be exposed and

t hereby oxidized in er oxi de layer 200 is
rem)veé and 8693?'71%?%15?&@} tlaé@eg V/'Q?%@F?é ﬁzrlﬂr %éﬂ'eéd}’ffea%%nciwyl s
sel ectively pepmMefls béin@@g’f%st?uctéréé' SekudpbncaBsKini V\ﬁ Loﬁ‘f R - A device

| ayer 403 is dep05|ted un epi t axi al condltlon Torns a single
crystal over implantdtiondptatiamisdess aitical bugpr&feza@)y th@xlomdant depdl isambdden

regi ons of pgolycrystalline Si 404, 40 f d over .p sili 25 and
oxi de surfacg%g ‘FPX? ﬁbegﬁﬁwgelﬁj’ﬁg?ﬁ‘&' 4’8)@%@%1 ng‘:érr'm ﬁ1 aﬁdﬁl t@@g qr}a“]?l ne if
epi t axisal copdiX i@p idried %taﬂrcajvegfrféﬂtdp) &aﬂehﬂrééﬁ@icaéa@fbr@emaﬁght in US
Pat ent 5, 646, 958, 'the contents of which are incorporated herein

reference. In Fi gllsingiannerlicopHiienaanriimingicushas augbt uﬁeldeR’/aient he buried

30751 VEX condice e ol e a8 PP AT ESmutish MO s PhB Sk VR Abant S of
whi ch are i nagrshonatiadi B Dyarsdtereaeciormbe vﬁnsgg@tdme 209 bhe gate
i npl antation controls the depth of the inplanted ions 407. For a buried

gate 210 or sl@@yoel@ﬁﬂd@tuszmmstamérd MaAsking R aRPesitian taghnimesdegesult in _
PCT/ USIg2/ 17583 ‘F&a%ﬁ&m'ap% ﬁdtg’%rucﬁ @Ef\lehzthe device |l ayer. For buried

w res and capaC| ors, since are fully encased in insulator,
this inplantati o&vendhdiugmiiesSIMOX m'oceass:ahs betn plestabed Lyinghesetngfl ant

depth is chose 8 be near the ‘F’ew ce I and s &yestrate interface so
Chat at | casPraBFEdSIocaRs SeBRNNE ot orI0Ea I Khbi s, QA1 SIoes 8RSt he wi r o
and capaci t Obuﬁéé%ag%gntel& 'e@néﬁ't@eﬁ"sgﬁefa%é bBSus R ohé @kgﬁd?H?ﬁb éght aught

in US Patent 6,043 he 1 npl anted oxygen I's converted I nto ried
oxi de | ayer #uBabae desxwrbadrprlécgss stepB.calrlamused as svedirte foommitterwi t h gat e

i de 409 and t rodes, 410 t and Ki d.d It
Cechnilques 1 89 BuiecUeR roiRe Gadaime SRCD o5ty By Rotal VAR abbs: o o
Even though {hheBBEPE pieesss has been descrl bed using a set of preferred

process steps with a viewto formng buried gate el ectrode and
Figures 5A-5D show a magnified view of three exemplary SOI

structures, buried gate electrode 50A (Fig. 5A), body contact 50C (Fig.
5C),and buried wire 50D (5D), for purpose of demonstrating additional
20 advantages of the invention.

Figure 5A shows the resultant structure 50A when the lower section 53
and upper section 54 are formed so as to result in a buried gate electrode
58A. Of particular interest in this structure 50A, and which differs from the
prior art, is that the buried oxide (BOX) layer 55A is now an integral part of the

25 second gate device 58A. Specifically, the SOI buried oxide layer 55A acts as
the second gate insulator for the buried FET and also as isolation of the
device layer 54 from the substrate 53.

Also of interest in the Figure 5A structure 50A is that the buried oxide

layer 55A forming the second gate insulator will generally be a different

30 thickness than the upper oxide layer 59 forming the upper gate insulator
structure. This different thickness can be a useful technique for controlling
the dual gated device characteristics.

15



buried body contact elenents, it should be obvious to one skilled in the
art, the above descri bed process steps can be used as well to form other
15 el enmrerwv® ognets2ias buried wiring |layer or capacitor el emPeTaShy150%l |
variations to the above process. Figures 5A-5D show a magni fied view of

three exenplary S structures, buried gate electyode 5QA (Fig. H5A), body
contact 80C (Fl g, Flases SEhe s o eXameds sbmcm B pheiii gates fod:
denonst r at i nghadgffbiiRRadhapd@ 504V Bobadeke o igated 56 @RLITHA camh BHVE SA shows
the resultant structure 50A when the | ower section 53 and upper section 54

are formed sdiffgtenidepgibumidthorshepes e fapiitateceasier errdacitigaesoectygrgatesl ar

that the bur PLiF oBllE (shdee A oL ARk e e Sl pUBLoRte e P s °
secondsgat e drigle gatedhanbpbridiormatary betdoenitdd inpaediebii ashid\aydiffebsrh act s

as the second gate insulator for the buried FET and al so as isolation of
the device D8dr He oPpRRY heliemmateapt. 88A candke pesiionad tssmalh t he Figure

5A st t 1 t [ ' : ' d
oate | noul at SRS lthad dftoRlil SRUCKILEL qaitifto e B Bialibfe, 1RERRC
oxi de | ayer &y dutrofiwitng treckpprithgideor aasieatontactiobeitame. This di fferent

t hi ckness can be a, useful techni que for controllin t he dual gated device
characteristics. THWEP gé@i@l@&#ﬁﬁ?%@ﬁ iepﬁ@gquq:%g‘iﬂr@egﬁng HRREPBRA exanpl e

of a tygp vi e‘élneflowgregé%é"SOg?Bﬁg\%ﬁ’?e& g@?ﬁ@iﬁ&%ﬁé&?t é%oﬁg%e i©02 of

the two gates 56 and” 58A can erent length, wdth or s es to
facilitate e#sprassedondbe (op, it asisant boih tgptaasl baitor cimyrowing tiee devicee of

di fferent chanﬁel | en th§ so that a dual gate and 5 si ngllae at e CC{hanneI
egi ons can BETOBRBIHRA T ByEaiYe PragrSsc e SR aton Gt LS sRYST HRING op
and bot t om gatfsphfproe8ss éﬂﬂsih? tRBIA Y48 polyilRBRIfbr théatbbadtd Blectiéeld, as
different angles (bent gat esé§ o facilitate for exanple, better |ay out of

wi ring tracksuemasiiesedpedin da@naientchdt a0 whinkt isdheorpptateeSefindyd 5B
SR R R e
top, it actsstaightfbiwardp ‘008 destiitsys a braye®si uding Healdsdlysikcon to form
buried contacts. First a thin layer of polysilicon or polycide is deposited on the
gate oxide, followed by etching a contact hole through the thin electrode, gate
oxide and body channel layer, and buried gate oxide to the buried gate
20 electrode. A second gate electrode layer is now deposited and patterned to
make the first and second electrode contact. During this process, it is also
possible to make other connections such as body contact, as additional
contact can be made to the carrier substrate. This technique is used here
where the gate electrode is formed in two steps. In step 1, a first polysilicon
25 layer is blanket deposited over the gate oxide in forming the top device,
followed by etching the via. A second polysilicon layer now is deposited on
the first polysilicon which makes the contact to the body layer or bottom
electrbde while providing additional thickness to the top gate electrode. This
stack is now patterned to include top gate electrode and the via connection.
30 A more tradional process step can be used whereby the top electrode is
formed, via 403 or 404 is etched in a separate step and a local interconnect

or a contact stud metallization used to connect the top and bottom electrodes.
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performance. In the inventive process, this connection can be achi eved

using a sinple process of using two |ayers of polysilicon for the top gate
el ect r odewo osnets2as described in US patent 4,341, 009, whi ebTitso2/mses por at ed
herein by 15 reference. Using this referenced process, formation of the via

503 and 504 is straightforward. 009 describes a process using dual
polysilicon to fdl‘]rﬁéga‘?wﬁ%&éé‘ﬁ@d&aﬁ“@?g g@e(gtq ﬁ?"r\'ﬁ)q?cﬁ;fa? SAY §8IC8i | i con or

polycide is @?E)?ﬁbtféoﬁ%éﬂ‘ﬁgo&g@t& QsHate g&énﬂﬁoﬁébﬁjﬁé Wué‘fhr fragt act

hol e t hrough e thin elect gate oxl de an anne ayer, and
buri ed gat e \wliage. tFaiguieccG®shpwd oget sichOstalabarter 0@ hasingedenick pgee54) ect r ode

I [ it d tt t . he. fi.rst d, d
el bot 1 ode cPERARISTEH v RES S S JegiPhi GBS BERIUPUSHE ke ot her
connecs i 0ns SEcRoRStHR SYn e _aﬁéeuy_atﬁeaefwédéh@v@} 5ﬁ9ﬂ%@t5&r>]%ygé§g[i§¢om to the

carrier substrate. This technique’is used here eret el ectrode is
formed in tvgatetdépd:omringiseph g palysilicat elpotrode hias heepdiseyasedi alrdaidgnk et

deposited ov h te ox ded orm ng the to evi c f ol |.owed

ctontng- ¢ ne a8 o EGeE %557 ToR pRiPE SRRl S 2 LB 1 ¢
pol ysi |'i con g@nit&dt WiBkes aldariopanégade hedd)avithrly ahgyRedabr Baditional gHast r ode
whi |l e providing additional thickness to the top gate el ectrode. This stack

i s now pat t di"REESS, dayaidapdsitiong, gig: el his embastiwenhthergiore represameat on. 30 A
di . , t | ectrode i
for meib Vi o ByalhRaEReRs R ar SO BN Lok & Tocal ™

I a separate step and a | ocal

i nterconnect or RigeensRahosisidlborédmlinezsa,ivitiichisad Heousathive ehakifg ldoap and
bottom el ectrodes. 16 WD 02/101825 I;?T/ US02/ 17593 In SO devices, there is
a strong nedBierePsehOetWesRaOMAL of AdRNSIYGT thar gdipcehhiransigios @hdo ér

bstrat | i : ' 5C sh
one such st recrrargsRakar or e SRPIE ond3id cfftacppiohin  <hove
substrat e 53Fxi®edjngr B8 Grommiadiuries! wir@vd re tapcantdcechismie theedavice lagent act s
di th | | gayer. 54 at . the. bod j f th te 56, Formn
such 1 pol yandon taree P Ie i dbsuateed i dasam e et
Fi gures 2-4.wibh %Fﬁrbeé‘ G5 £ SoHRE FBVICeR O MAIRD SukRB SRdeiRgYurieg@nt act

with no additional space needs, wi thout any need for additional photo
process, | aywire typeoSetis ahe diterent pleane tbab dlae derices hwirabitityds eagilesent s an 10

attractive pe{c%?g\fe%l, WtOLPEgFI%I’RﬂQSOQCrgggiILIS %vgpgtth%?td'evices or other
connections on the top surface.

20 One of the important features of this invention is the ability to use the
SOl buried layer to form separate devices while still retaining a commonality
between the devices. This feature allows devices to be interconnected
without having to provide interconnection conductors, thereby improving
device density. This feature is exemplarily illustrated in Figure 6A and Figure

25 6B for the case of forming separate FETs 61, 62 sharing a common body
layer 64. Additional specific examples will be discussed later and many more
should be obvious to one of ordinary skill in the art, but the examples in
Figures 6A, 6B will demonstrate the important concept that entire circuits can
be more effectively fabricated by considering the BOX as an important

30 component at not only the device level but also at the circuit level, as will be
discussed in more detail shortly.

In Figure 6A is shown the general case of two devices 61 and 62
isolated by SOI buried layer 63 and sharing a common body layer 64. This
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Fi gure 5D shows a buried wire 52, which can be used for naking | ocal

I nt erconnect between a contact of a transistor to an adjacent transistor or
to a reswetlenoses capacitor. For schematic sinplicity onePera&/SoumsaEt is
shown extending a via froma buried wire to the top surface above the

device layer. 15 In typical applications Lple vias are Lded . from
the same bur feaitig pesiRR MR oafauia s otmeth eah e Bf FEfesgy
surface. Singg; tRHzLA% s?’@ﬁa‘?at%ﬂ&%@gi@sméiﬁ?é. Bs didduss&daRlernsuddipn the

devices, wirabi ity 1s easily achi tout concenrning of crossing
over ot her deldatresiesranst ety cardacisgiandrs advantageously sised e énteonoret of t he

' f f IS I ' | h bili . SA | buried
| ayer to. for MStEaRares ReorRaianie: ovhdh i1 pied hrho8 s Bierbliereg bt woen
the devi ces. frbhh thd Rpt gHte, el %C%Yéiﬁ?é?ﬁ)ﬁsb@r thBtRIreengaeican e fdeed

having to provide interconnection conductors, thereby inproving device
density. Thi ®yfedtemniagictinyry gates over thelhwsiedgade aisrm maghing layeraadl Fi gur e

Fayer 64 aaimRbfiaf SelBilh PoaE R BB lgteine buPd ERSia et or “and many’
nmore shoul d be olRgr ptenyt goplications,andisdarde Akaihl ofidujddemt aelicebdhantidee
exanples in Figures 6A, 6B will denonstrate the inportant concept that

entire circuPdyariageopslyphreed PsegiqWrinFighns PBatccRroyidecenpaififediraydf t he BOX
as an jgport ﬁ'ﬂérc%ﬂn%?{f&g%eﬁéifs%cméﬁgméfeéé‘& %%Vdé%ﬁitg%‘f%}ev@gtl?gé@%iﬁée the

circuit |leve as w SCUSS I'n nore detai hortl gure 6A
i s shown t hetlgerenfijuiatior betomas alegiieesofiication fihodesds bewbdnyFSTE 66ur i ed

| ayer 63 and sharing a common body .l ayer 64. This 7 WO 02/ 101825
PCT/ US02/ 17568 w'f@aﬁlwmﬁamsesa%m%’ TGl Sk et e q(fa@vmsetaeh
| ayer of FETPQ?a?!e%Bnﬁéét@%sg?é's'%ﬂ%g{sBMssE@!B?‘r ate layout restraints. As

di scussed earlier, burie ectro and body contacts can be
advant ageousl| y usé&igure G6Ghillestratesdbe deghes of ttegdemsnttioe fayomt of theutops.  When

t he buri ed 62 is.] 1, ted 5 f t t t t

soﬁr cgl;gerai %%ﬁeﬁcéﬁo&ﬁé%b@é t%ha bﬂﬁ@ﬁﬁg%rggf?geﬁ %ﬁ’ﬁgﬁb‘ﬂﬁ@ﬁgfﬂaﬁﬁﬁwﬁfﬂ%g dummy
gates over t Ry yakpib, BHLord5oth JTRRE hAfed GtEha@BendsTh Grdfek ROmerh efidrve
regions to conplete the buried FET device. For many applications, the

sour ce /dr ai Fe@yiresapaiseitpradde edaercagvanéges such as ease of wirability.
Figure 7A illustrates a schematic of a conventional DRAM cell using a

single FET 75 and a single capacitor 70. One electrode of the capacitor is

20 connected to the drain region of the FET 75 and the other electrode is
grounded. Figure 7B shows the SOl device embodying two of these DRAM
cells and taking advantage of the invention, the first using a top gate FET 75A
and the second a buried gate FET 75B. Buried capacitors 70A, 70B are
formed in the substrate 78 and top gate for 75A and buried gate for 75B are

25 connected to the capacitors using vias 74A, 74B. The structure of Figure 7b
is formed by the combination of substrate 78 with a device layer 77 through
an intermediate BOX layer 79. Various possible processes that can be used
to form these structures have been described already with the aid of Figures
2-4.

30 The formation of capacitors 70A,70B in a substrate, for example, has
been specifically discussed with the aid of Figures 2A-2D. The buried
conductor 73A, 73B with the right choice of trench dimensions and capacitor

node dielectric 71A, 71B ( oxide or oxide/nitride formed on the trench walls)
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advant ageously shared, as shown in Figure 6B, to provide specific circuit
10 interconnections. This technique increases the density of device |ayout
since thwe ocanfsgyur ati on becones a series connection at RCHAIS6B11583 ween
FETs 65, 66 without having to use additional interconnectors. It should be

obvious that _parallel connections are simlarly possible. Figure 6C
illustrates Wﬁ'ggﬁf@@?‘g@ FFRacHBRTS Ha'ﬁ‘ﬁé)flr{g9g’b'f'96f°apﬁ6'tqr§p Thescapagior odes

61,66 and bOiQiNELREHHALSafh BeGBrhed WihbREy LsaEr bilighi MpRYIbsiraf!

exanpl e, one e gates can have bpends iIn nmeet ot her
r equi r ement s 78y opby diftissian teve-adefatppds satdrmas aduglely afopedreathedniat y. Fi gure

75 and 5| ngrUoRs 4o fop ndte BHEHE ApG PP et g 1T bareqorS ZBR, © T
connectsed tomqurwr%morrnanﬁﬁe%dém%ﬁﬁlsr.75h%3§leb%d0$cr&t]ﬁorﬁ|]?%é e is

grounded. Figure 7B shows e SO device enbodying two o se DRAM cells
and taki ng aélepstfagtoraving such avatrmctwe, is knewnianst degsiribgdan isppgtengé FET 75A

and the seco [ te FET 75 uri ed capacitors 70A, 70B are
formed in thg’?é@o'gﬂ’a@gcggc’ﬁ?&%%e Esfeiniwr%ﬂp d buried gate for 75B are
25 connected to t ecoRpastitb Procatse8 Wharashd Hbried €Bpadifst is fémeddir e of Figure
7b is formed by the conbination of substrate 78 wth a device |ayer 77

through an PHPERGHEN! 40 bRl sapeirateythe/aracess deseihast Bels; ydwse#se t hat can
be used to Eaﬁg&i %gﬁ%.ﬁgoﬁ'tv@ékcng#{n%ﬁ 90 BRE @Cﬂ%?&%.ﬁg%@él{sﬁﬁg@ th the aid

of Figures for I'on 'of capacitors Ubstrate, for

exanpl e, has sinslity $peoirfpiaciabh witthi sthes S trinich dapecitdhrotesdausms can- 2D.
The buried cond(gé:jgor 73 73B with the right choice of trench di nensions
and capaci t oPTOidRIBEHPRYIBISaNd IPVveacosh B ( oxide or oxide/nitride forned

on the trench wal ur%ﬁg%@%hﬁwgérim BRARRceY éigcgfée%riﬂhne the

capaci tance val ue uried capacitors. The capacitor groun
el ectrodes céigures 7érTiBd FigurhedA Isya wed kabwa prigyhdryschapeaticsdibgtamatof a 78, or

oy 0 14585! Ol B Be YorSBE AR R BT Dol B RO
prior to forgidiagé BapaGEs CNsukaldidepldlion cHiRRiteR%G BAFIL kfilRh irpﬂfécﬁg
steps for form ng such a structure i s known and described in US patent
see for example US patents 4,163,243 and 4,259,729). The gate of Q1 is
activated by a high voltage to turn Q1 on, thus allowing the data signal level
on bit-line BLO to be transferred to the capacitor Cl. The schematic shown in
20 figure 8A is similar to the schematic in Figure 7A, except that the capacitor
node labeled VDD was at ground potential. Figure 8B illustrates one
embodiment of using a single depleted capacitor 80 utilizing a positive bias
voltage impressed on the buried electrode to create an accumulation region
81 (counter electrode) in the device layer 82. An important novelty of this
25 circuit application is in the physical arrangement of the transistor Q1 (83)
located on the top of the common shared semiconductor region 82 and the
capacitor Cl (80) located on the bottom side of that same shared region.
This structure is made possible by the semiconductor teaching of this
invention. Figure 8B will be further described in the following paragraph but it
30 should be explained that a multiple variations on this scheme are easily
visualized.
In the embodiment of figure 8B the data bit to be stored is presented to

the cell on bit line BLO. Transistor 83 (Q1) is activated, as previously stated,
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5,770,484, which contents are herein incorporated. In contrast to processes
where the buried capacitor is forned subsequent to the SO substrate, the
process oweaeiltses here, where the 10 buried capacitor waPCrarsapdspyi or to
the SO structure, offers process sinplicity in conparison with other SO

trench capacjtor, processes and can rovide better vields and | oywer cost.
Fi gures 8A- sy il 2icnal pRPReIoS A B4AkE 8o wing e yeliaas eve! Bf BhPes

[ T8 Pl gur s BbuRsril fo dpRRoPED 61 s SIRITdn 1 AUATRE CAR Si nol ©

devi ce storage capacitor circult uses a single transistor d a
st or age capacel srreedl.outby mécawgitieting Bloapaa ptastetemminedebitaga teme! thattihie art

Seti vat ed by DEMYAGHE Jreealce b ik iogien) 8 o frsLtEaR evsn B R BER 1551 gnal
| evel - s0n_bi bohidite@iOalsbriae driiie fiétshouh) Wiics anRaitfefsniflly sBhge Bgemat | c

shown in 20 figure 8Ais simlar to the schematic in Figure 7A except that

t he capaci t ovoltagsdeetwges BIO wDD avgferancgvoliage pét igh ivaltagFigappliegBo

illustrates e di pent _.of i a,si de ed.. ' 80

wtil 2 ng s J05itne BAREPERARs oy L PriB BT SR M BER P 98 ce 1o

create an acegspadiiriCrvil Beiteihsidied f&PBDOThi Sighaloglifbd Very/Renglevi ce | ayer

82. An inportant novelty of this 25 circuit application is in the _E%Is)l cal
n

arrangenent 6PMPREEY toaliei signal tiaat was prigingiuediesrintoribetcsl using RO
h i . ion. . i O . th
ot t ortCe: de SPHgtRf Ting BRI ABAubAS oI RRRNY i eifr HE NS RENSRART, LTE 1)

t he sem conddiéction easdyatyeofoltthe slirective ffondits pFedpteeni@Bdwhietmbdiatair t her
described in the f0|r|bcﬁWI ng Rara raph byt it 30 \s}?outﬁ'j be explaiped that a
mul tiple var |oX€l derRenRsiNg RNdhe stlpstered 18 £3PrGitonf LyH¢ seese pmplitier

enbodi ment OEE%EF%F{ fo §EOWI?s%@§é(3‘6Q§NaP%S¢?if ﬁwiétsﬁ’{agq/oiltégBH?sstGFHaﬁﬁe.t o the cel |

on bit line ansi st or ctivate as“previously stated, 19
WD 02/ 101825 PCT/ Bignee 8Be&whihat oheglide ohoapaciiop Ul édcormeadiad yate 84, t hus

PR EI R R N T I AT A SRR
Pt o PSRy, 400y poyerestianing sbiodubugh and
of capacitor 80 (Cl) is the capacitor dielectric. This dielectic could be the
same or similar material Si0, as in BOX layer 87. |t could also be a different
material such as a high dielectric material allowing a larger value of
20 capacitance for Cl using the same plate area as this material can be formed
during the formation of the buried capacitor electrode by deposition.
The arrangement of electrodes of capacitor becomes clear by
comparing Figure 8A and 8B. The diffusion region 85 connects the top
electrode of the capacitor C1, to a plate-like region formed by inducing charge
25 on the top surface of the thin dielectric 86 (oxide or high dielectric material )
by applying a positive potential to the lower plate of Cl. The positive potential
causes negative carriers to be attracted to the top side of Cl making it
conductive and forming the top plate The bottom plate of the capacitor is
simply the buried electrode of capacitor 80.
30 One aspect of novelty in this structure is the location of Cl horizontally
relative to Q1. Cl may be located substantially under Q1 which produces a
minimum total cell area, allowing maximum DRAM memory density on a unit

area of silicon wafer. It may, however, be located substantially outside the
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5 connected to a sense anplifier (not shown) which will differentially
sense the voltage between BLO and a reference voltage. A high voltage is
appl i ed twoO oHo18ehe gate of transistor QL . This turns QLPCA/GAAITHE signal
stored on capacitor d wll be transferred to BLO. This signal will be

[ dto the s at was. or nally witt nto the
\églrly 3g?ng BEO %rﬁgvﬁ@%s@hg?%%? CNBOBE@WWFH‘QI Qﬁ'@%ﬁ?%‘léa”gls@@tri cally in

ei ther the p%ﬁbFeltéeT\Hé'rS&Hterstﬁéﬁﬁ%ﬂb@éﬁdﬂof‘@&%‘ié‘c% M1 RIFoN cFifcdli g5 from
its predetermned internmediate |evel depending on the state stored in

capaci t or Cllonghas §édees aoptomieaosartto dit BloO Blad soine rsimimemand anpl i fy

h 1l val 8B sh ha f
G is° connec irhBFa sSARAR By, 2 s HHabe SCARNR T bk el TiRe: “of act r ode

of C iss a pbﬁf@,at or rred with polysilicon electrode of capacitor 80. The
I nsul at or 86 overlﬁyl ng the electrode of capacitor 80 (Cl) is the capacitor
dielectric. This HiaredG is avaxignsiontafdigyen@B owheieain the cagaditorid Si 2 as

el ectr o mBrayded bEfEAngRE sl fus bOP RO baHitRT T o 8 ng
the same pl atsp of e @@ndéﬂa@errazernr@ adwaintdge bbthiers thdtiiHearebs chpagiéd on of
the buried ca acitor electrode hy deposition. The arrangenent of el ectrodes

of capaci t or SH&@MRE Cil I@dralfb@llovw%{ﬁrrgrﬁgtqr@/@r%l packing dgpsityrhla afdditiansi on
regi on 85 CO?E%B?”H&@@P %@ctr}@'c@ﬁét%@%rsﬂ[ tBrt%efo?ﬁ{@B rsé)cfrt g% %rte ce?hgllsat e-1ike

regi on forne arge sur ace
di el ectric 86séomighermd surfdcaléletroties mtﬁseaﬂwe)caplaxmtarp@lbytm@e argeasi tive

potential to _the. lower plate of C . The posjtive ential  causes negative
carriers to r‘a{hqsgct@ n'ﬂHeiS REe WS Kaou 'Gfth@:la"\*re(&&u@o”@ Va(E@HGU%vae and

form ng the %Rgcﬁr@hﬁdmﬁeﬁarsté’r@dﬂs%ﬁﬁe Wrthﬁmﬁrecﬁﬁf’&rhféﬁ depts 8 I'HPrlnYng} he

buried el ectrode of capacitor . One aspect nove ty 1n
structure isbttied IStrda'turemaﬁgl”d]In here zontally relative to QL. CI may be

I t b tiall h t al I

al | oui g maxi'mum BATPHEACYS THATE gnatprdoapin of B G AR aReo T ar 1 i
nay, however d:\gb el sﬁa@bﬁ‘rt&@grseérlusmqﬁr@ mehré@ ARNRO HidG TR

PCT/ US02/ 1759 regi on covered e of for a mininumdensity

result and sShPWs agprIcapiual Ved srructuse tHiging e sepiondHcer pedcassing i ve to
QL i's non cridd &g offhis invention to construct four N-type transistors that is connected

as per the Figure C schematic to provide a two phase dynamic shift register
20 with the Figure 9B timing diagram. These dynamic shift registers have been
a classical circuit technique to store data.

Figure 9A shows the cross section of one possible SOI structure
created by a substrate 91, a device layer 92, and an oxide layer 90 separating
the two. Further, along the teachings of this invention, two buried gate

25 transistors 941 and 943 are formed in the substrate region 91. Two top
surface FETs 942, 944 are formed using additional process steps on the
device layer. Allthe FETs are N-type, as determined by the choice of
dopants in the device layer and Source/Drain regions, and all sharing the
same body layer 92. By use of overlapping source and drain regions 95

30 between adjacent FETSs, the series connection of the transistors as in Figure
9C is achieved without a heed for any external wiring.

In a two phase dynamic shift register two transistors are used to store

one bit of data. In the case of Fig 9C, transistor 941 and 942 together store
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|l ong as C does not cone closer to bit Iine BLO than sone m ni num

di nensi on established by a | eakage current/storage cell retention tinme 5
criteri a.wbiogues28C i s an extension of Figure 8B, wherei nPChASOap@EeItor i s
provi ded by form ng the structures 80B and 80T, where 80T is now forned on

t f the dey 82. T t f t that t f
capaci tor . BBIcaR b UAaRI T S IS PbRIGNG Heh BPiaITag t@%@aﬁfmsé@%ﬁg
density. I'n gggha} bgis éﬁpa tbsﬂh@ggéié%tﬁtr‘éhgisg%rgﬁ @QQS%%‘EH @%F g¥or

the capacitors, one ca use roughened surface e ectro es t0 1 ncrease
t he capacitois epwmwiraceanectadﬁogatm@‘ trawdistocpie42,884t. wdlhie datavit isn t he

the’ gener al _GOMELRELSBH Ao ARy Rt Crba S e he e Bl iR S BB c. 15 1

Fi gures 9A- 9@|ffds||df$éé@écﬁta@|6eaﬂmd élabk@rgn@is @@Iéﬂa@u%wtcp@&ﬁt?dutﬁ@ of a
dynam c two phase shif (;%I ster using the invented structure, Figure 9A

shows a concébffiing Oﬁ/féuetdata |Trose onethit Iecamn iorthegedie Grembit imshitted one

Phat 15 connegenan HalRbRISR Fahu e LEnERTRIENED nPbohe'df GF Bhace °'°

dynam ¢ shi f highggiTsicedlocks avet fori-beefEHing naringitiig G agd @2 arEheserdynan c
shift registers have been a classical circuit technique to store data.

Fi gure 9A shbeih bigh altbe sameciimen Byenbiallypbe slata entseed éitp ae shist registert ed by
a SUb rate Qslatlt&u%‘?%éﬂ%ﬂd 184 a{fte%?son?é]ﬂHﬁ%e?)é'f dfjirt ;?é’s‘?tfc%n%ourﬁgggft ing the

urt her teach I nventi'o Wo buried gate 25

tran3| stors %@tommin%ﬁpmudeﬂnyra@dmlstagéleVaﬁlaﬂtbmﬁbﬁtHeetwmh&b shiftfo t op
surface FETs 942, 944 %re formed usij n(r:;n addi ti onal Brocess st(e!:ﬁgﬂon t he
devi ce | ayer regipters faN PEEONSIECIRc Wie Mole tiansistaisiBan ShowRdn FighredA £0
dopants in the t@lgéféteﬁ‘e bRYoIify e SRtk GELRER DR doRidpT tn84drial driRfaThag Lhe
sane body | ayer use'o ove appi ng source an rain regi 5 30
bet ween adj acemntstETshlft mlsiemm@andmmm&mabm afe khewnimatts stt@ns the i n

Fi gur a need.f externa

phase dynam B2 1Peregl Hemeeas: Pranusrtidhe up o rse phibrediBRe sitiplres ¢ of
8;} imggSt gg_srﬁﬁggzlﬂl grézgﬂcwhkh%v%cgpa%élsaw@ M gkast fensigt ore 21 WO
The two phase shift register structureof this invention register is based
upon the very important semiconductor processing teaching of this invention
that allows transistors to be isolated by BOX layer 90 to be formed on top and
20 in bottom of a shared region 92 of semiconducting material.
In the structure shown in figure 9A the transistors do not lie one above
another but are staggered such that the source of one transistor is shared
with the drain of a second transistor, an embodiment earlier discussed with
Figure 6B. As can be readily seen, one of the novelties in Fig. 9A is that the
25 two transistors of this invention 941 and 942, unlike prior art, do not reside on
the same vertical level, typically both on top. In this invention, one of the
transistor 941 (Q1) is in the bottom, and the next transistor 942 (Q2) is on the
top. The wiring of the clock signal C1 to the gate of Q1 takes place below the
common layer 92 structure, at least in part, where it is necessary to connect
30 to gate region, i.e., via polysiliéon. Similarly the corresponding wiring to Q2
takes place above the common layer 92 structure providing a means to

connect clock signal C2 to the gate region of transistor Q2. In this manner



bit 1 and transistors 943 and 944 store bit 2. Referring to Fig 9B, clock
Cl signal 96 is applied to the gate of transistors 941, 943, and clock C2
signal 97woiog/1exsps i ed to wire connected to gates of transiPETarse2/9%23 944.
The data bit is actually stored on the parasitic capacitance of the
circuit, such as the 5 diffusion capacjtance. Two cl ock signaL 96, 97 are

used to conftF _n%wsaé}ﬁwfm%@ Qﬁtefl’?. Qlithes t ‘T’H}Hﬂ g pithe pBH. 1 YAC{D the
next. QOne bi %Fbétaﬁhélyn 288 n eﬁ@zéﬁbﬁ;bf%wamb%gge&b%n g de (2 NI GN)

foll owed by clock si (a hg The cl ocks are non-overl appi ng
meani ng that Cl1 akdriGer,df georeetties didhé tangistars, difesmaseand gete wiringt ual |y

the data entered intg the shi.ft. reaqi. r 10 is attenuated a | ost after
Some nunber SETSRHFR et eRali foh REARRE rdal-osfasd e Wheniemilite B ' o
gai n stsage. V@l tAbigRs rédiohdef tWd sehasiat ahbistdrs ¢ ﬁ'ieeérﬁftcrégis’fé? chanstruct ed
with nore transistors than shown in Figure 9A so as to restore or anplify

the data at e&uehcentlichweuld kmsubstaniéallygeduted or eliginared by cionstrueting the shi ft
regi stering Lificati . ' e.ar .th . novel aspect
of "t he- pr eccntity AOen bt 4t SRR bl e ettt yREREI NP RAHE Shown
in figure 9Ashvfiheh figuryose THrasiRuahoREN A deticirtiele tReBbhYept IHthd W phase
shift register structureof this invention register is based wupon the very

i nportant  seRh@sndyoaic priddegisiaidpecadenitiy agrel kewn appligaton oft hat al | ows
T NPy A TN e

bottomof a S sem conduc € structure

shown in fi gobeicfslythendfit agaalpt wek with raedtcéd gatenwiradisility congetties tHug are
st agger ed suc[in that, the source of qQne transistor is shared wth the drain

of a second BHAMEGIPHIMPIAYEEARNIFSRIFCLILOGNSIEr di scussed with Figure 6B. As
can be readily segp,@1904nd H‘gﬁ%‘(ﬁd ﬂﬁgflaaoﬂligﬁﬁ?ﬂof%é@ojé&adisélg&r%stotam

transistors of this I nvention 1 and ke prior "art, do not reside
on the saneOMOBINAR logicetircuity pireaFigurdd0A schetapic showsha tvo-magribgical one
of th transj.stor 941 ).is.in e bottom ,k and .the next, transistaqr 942
(@ 15 on't NOR gt e sidriats Bid Brarsdanirestiihdhe Geten ot b gsicss b on
takes place Behawnd@l &xsTREpEANRYy. FPrabikisisisUD £ andlQd 8ASP-typepart, where
it is necessary to connect 30 to gate region, i.e., via polysilicon.

Similarly thtapsisiassgoddransisipis Gg and @ are Akipepl Hie sabematic Frewethnmon
Laer 52 St UEb Y Sl 8 5 B8 ApEFORR G BURSSHohk o T NEPLGRy Lot e
CMOS circuits are the NAND and the simple inverter circuit, and the
20 implementation of the invention into these well known circuits would be
obvious to one of ordinary skill in the art.
The structure of the NOR circuit in Figure 10B represents a vertical
cross-section of a semiconductor chip utilizing the subject invention . A
substrate 101 and a device layer 103 are separated by a BOX layer 102. The
25 transistor Q4 is formed within the substrate (buried) using the process steps
taught in the preferred embodiments. The transistors Q1, Q2 and Q3 are
formed on the device layer using conventional processes of oxidation, gate
electrode deposition, patterning etc. The scale of the semiconductor
geometry is simplified here to assist the understanding of how the NOR circuit
30 of figure 10A is realized. The most dramatic benefit and novel benefit
apparent in figure 10B is seen in the location of transistor Q3 directly above
transistor Q4. It should be noted that transistors Q1 and Q2 are constructed

on the same horizontal axis. Since the transistors Q1, Q2 are P-type and Q3
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WO 02/101825 PCT/ US02/17593 the necessary wiring to gates on either the
top side or the bottomside is substantially reduced in utilization of
avai | abl ewpealies82t at e on any one side. Further, if geonet PC&IS0L/115h%e
transistors, diffusions, and gate wiring vvere such that a conflict for

| abl I t t tt t 5 th i
of "tuo sequeRT S EFSNEVBRoTE delioenBveh ke i e St erautR Bnt i ot
woul d be SUbGIf@?éhtadldpédt@Wﬂ%dd&fcé‘l fym e@itrégp&ydlﬁg Xg@cédd"g-t%@ shift

register in an alternating fashion of top/bottom istor |ocation as
shown in figiegion. Tiaeueient industtigsastioceds de mans thapiacementcspbypical s t he

two phase d eql st er, becaus vveII known application of
10 cl assi cal Y@Eéﬁ?ﬂﬁé Sb%%"s mg\?eWB?ﬁ‘é’PZ@i‘ﬁ%&HI ppI i cations would

obvi ousl y benefi t Heguskk thigshletidallRel s &fhiglal MeanseaPhbridate ﬂ@ﬂgi%%ﬂ on
thus allow Qg?qf or inproved device/circuit density. Figure 1 OA and 1 OB

show t he app% 44 sectbaveetheuihes thug alowisgrfer @@lgamﬁqamqimwdgmlp

Chput i gnal S2Rd § Ayl oBERERTct oo tiouu bediatd i3 md RNy, “ane
Ql & B, respacusyed garlier dnwhivhatom§@namns at® cenredtetiyp atdll@ﬂﬁ/itﬁb@lf s and

transistors (B and 4 are N-type. This schematic is we known and one of
the nmost wi d@%‘ﬂ%ﬁepi‘f@"%'@?W@UP?@t'OW%{%ﬁ wi del y used CMOS circuits

are the NAND and hhgit %‘ngpbgn%ﬁ’t‘(/ﬁn%%ra ar&ﬁ’l‘uﬁ’th@%‘i’ é}cg.ﬁ“e%rq Bl ERIY Aelon of
the invention into t ese wel I known rcuits wou ObVIOUS to' one of
ordi nary ski Fdrthae cbmmamlly shahed sburcetdraiv diffusibas NERrexd by trahsistor&iQaire 1 OB
represents a vertlca& ss-section of a sem.copduct or Mﬁl&llm n the
subj oct | nvefd-df PaTicuIS] e 22AeT 169 caminan devin U TySige P!

by a BOX | ay@itnkfe solil® diffubioAnsticd Pc{re%cbé i) QreEE Ut fﬁytg}wégﬁ ttl'h*?ée

(buried) using thecgrocess steps taught in the preferre nts. The
transi stors QntheN lﬁ@ll@ltéﬂ@gnﬁbamﬂdraﬂuceﬂe Td‘ewcomnhcayeodeugrdgfusmn

conventd onal _proc X at e. trode deposi.ti on, patterning
etc. The sca?gs o?e?Y%%agghﬁ 81%@ 3? Of&%ﬁ’é?té'b g'ncgla}ﬂ%q#)qa@ Refe to assist
t he under st apsiuttioAfreboivs inhe rd¥diRedli direuit tdefsy @,i/wtthmgrtﬁnépf%hé 8p&&@id zed. The
nost dramatic benefjt and novel benefit apparent figure 1 OB is seen in

the | ocati onagglitiopalsingrenseds the eenqapt Ases i shcwmécrrsa dPRRircyit betisul d be
noted that tpaRSLILR §p e PhEDH R tRARD 18GkSrcuit and many other circuit

types found in the current CMOS logic technology industry that produces
20 today’s microprocessor chips and ASIC custom chips.

These are but some examples of circuits that can be formed utilizing
buried devices in conjunction with traditional FETs and other devices. Many
ASIC applications can benefit with the additional design ground rules allowed
by the inventive devices being available in the buried substrate.

o]
i

The examples discussed also demonstrate that with these techniques
the buried oxide can be used for more than simple isolation. The BOX has
been shown to be available for other functions such as the gate oxide for a
buried transistor and the pass-through for a body contact.

While the invention has been described in terms of preferred
30 embodiments, those skilled in the art will recognize that the invention can be

practiced with modification within the spirit and scope of the appended claims.



on the same horizontal axis. Since the transistors QL, @ are P-type and @3
23 WD 02/ 101825 PCT/ US02/ 17593 and 4 are N-type, the device |ayer has

i sol ati orwpegilorses t o separate the different dopants in tRETASY/CHBI3 ayer
corresponding N-type and P-type regions. The current industry practice is
to have the Blscenent or, pE¥$|caI | ocation of all transistors on the sane
hori zontal p trigl li¥hi s invention all ows a uni que neans to
fabricate transi g jnfdhticihs a‘b@ﬁo?&%‘f@s@ﬁﬁc&ﬂl%mr |HB§? ld GiuRg aher @
significant reduction 1n chip I'ze Tor a given logic unctlon I't should
be noted thafabrlmaﬂonqor@ct%seedheraﬁme di scussed earlier in which conmponents
are connected in parallel without requiring separate interconnection
conductors. 10 Additional benefit will be apparent in this structure in the
area requi.red for the commonly shared source drain diffusions shared by
transistors @B, . In particular the area of the common drain diffusion
of @B and 4 shared wth the source diffusion of @ is reduced in area
such that the switching time on the NOR circuit is significantly reduced.
This common node or diffusion 15 also serves as the output node of the
circuit. Since any capacitance reduction results in a reduced circuit
delay (switching tine), the speed is additionally increased. The concept
here is shown for a NOR circuit but is also readily applied to the popul ar
NAND |l ogic circuit and many other circuit types found in the current CMOS
| ogi ¢ technol ogy industry that produces 20 today's m croprocessor chips and
ASI C custom chi ps. These are but sone exanples of circuits that can be
formed utilizing buried devices in conjunction with traditional FETs and
ot her devices. Many ASIC applications can benefit with the additional
design ground rules allowed by the inventive devices being available in
the buried substrate. 25 The exanpl es di scussed al so denonstrate that with
t hese techniques the buried oxide can be used for nore than sinple

i sol ati on. The BOX has been shown to be avail able for other functions such
as the gate oxide for a buried transistor and the pass-through for a body
contact. While the invention has been described in terns of preferred 30
enbodi ments, those skilled in the art will recognize that the invention can
be
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practiced with nodification within the spirit and scope of the appended
clainms. 24 WO 02/101825 PCT/ US02/ 17593 Industrial Applicability The

i nvent i orwD2amsks cabl e t o sem conductor integrated circulPC3/ts0217593
fabrication processes therefor. 25 WD 02/101825 PCT/ US02/ 17593 C ai ns \Wat
is clained iz: 1l 1. A nethod of fabricating an el ectronic device using an
SA techniqu ,'a' aid SO technique resulting in formation of a buried

oxi de layer, said nmethod 3 conprising: 4 fabricating at |east one first
conmponent of said electronic device in a 5 first single crystal

sem conduct oWhalyisrclabneld s:f abri cating at | east one second conponent of
said electronic device in 7 a second single crystal sem conductor |ayer
separated fromsaid first single 8 crystal sem conductor |ayer by said

buri edjoxi de4l aye mﬁ(ﬂz y to
perfor r% a fur110t| ol'?\‘ T%tﬂ*edgjrg%{oﬁgastg?gdg@e!a%@@m ge\hgz%/pggg% SD@%(L t'hod of
clai m 2, whesgidriSQhtechhiquai r¢sulbimgdn éomzatioongfrd beted ox@ledayérpdaigemethrened sai d
oxi de lLayer is made thinner locally over said buried gate. 1 3. The nethod

of clafm 1, GREPUFRY%ne of said conponents is a body 2 contact for an

overl ying gat e anﬂalﬁ@'aﬂn@é'tﬂé%wlt@M@rﬁrstsoon%kﬁnérﬁrd?%dlcPM@btréﬁlejev%eCiﬁ@One”t
1 4. The nethod of claim1l, wherein one of said conponents conprises a 2

conponént enfisdsingle arystal sesicendudienieyen asdi d buried oxide | ayer and 3

Form ng an | nsut al i caina e et BRg sgshgBuitbutat pPETR LBl 88 o 6
surfacg; andakecontisirgle cogtawehsicondddionlager separatsahiromcdnid Fidt sirjlsl
conductor and a 8 top surface of said substrate are essentially planar. 1

5. The 3met ho8rvstal semisenduster layes Ry salRduiad @ddellaver) said pupad omdesltayer
9 being modified locally to perform a function integral to said electronic device.

a—

2. The method of claim 1, wherein one of said components comprises a

3o

buried gate and said oxide layer is made thinner locally over said buried gate.

1 3. The method of claim 1, wherein one of said components is a body

]

contact for an overlying gate and said oxide layer is.not formed over said

3 component.

1 4. The method of claim 1, wherein one of said components comprises a

2 component embedded in a substrate beneath said buried oxide layer and

3 said fabricating further comprises:

4 forming a trench in said substrate;

5 forming an insulator on at least one of a sidewall surface and a bottom
6 surface; and

7 forming a conductor within said trench such that said conductor and a

8 top surface of said substrate are essentially planar.

1 5. The method according to claim 1, wherein said at least one first

o

component is initially fabricated on a first wafer and said at least one second

w

component is initially fabricated on a second wafer, and said SOl fabrication

26



2 conponent is initially fabricated on a first wafer and said at |east one
second 3 conponent is initially fabricated on a second wafer, and said SO
fabricatiwo 022618980 02/ 101825 PCT/ US02/ 17593 4 conpri ses beadiusg2/sapd fir st
waf er and said second wafer to formsaid buried 5 oxide layer. 1 6. The
met hod according to claim1, wherein said buried oxide |layer is,. 2 fornmed
by | mpfant | nGOBRAEER bORNG Seidkiie Sies RS SRKSRING el SelSIATLAAIE Hirledu
accor disng toogibgi,gg,ejf,_ said 2 electronic circuit including a plurality of

el ectronic devices formed according to 3 the nethod of claim1, each said
el ectronic device having at | east one said 4 first conponent, at |east one

oo or b o uherT o B neRE R o B bbbt PR B oL 858
met hod zaccor ghirfed 18y FhbAtifg o ein at |east one of said first 2

conponents of a first said electronic device is also a conponent of a
second 3 said electronic device, such that said first electronic device

w thoutl equr i ng el Bty BB RRBE AL Bl TS ERASE Bt o1 ai m
8, further cemetiodicWicudt incluainganpleedlitpof alectreprt dévicesrinthetlidctbrdingrenent
to at | east one said 3 second conponent with a via penetrating said buried

oxi de Payer . the mgthod atelpiva 1aeaeh griskelestreniaidevicediaving at east ane saidRaM cel |
whereinp sai dg ' CPRE| [ L : h said
buri edg'oxi deflfsiyéb{p%begﬁ? gé%égtozlebene%%ﬁ%@?%@hﬁ?gg%ﬁ%@%aé@gp ﬁgérild sai d
second 5conpoogiokds Aaxified loallatd-pdrfeion adancia tegratitcaeddhlsald &lectrarge on on
top of said buried 5 oxide |ayer, said gate being adapted to operate a FET
channel® bet wd8HC€ai d 6 source region and said drain region: and said

met hod further conprises 7 interconnecting said capacitor to one of said
source region or drain 8 region with a via penetrating said buried oxide

| ayer, 1sai d 8i a cdhpmheibddaiccarding bonkhirot7, wharainatiladst ahiz MiB0@fil11825

PCT/ USQ2/ 17593

components of a first said electronic device is also a component of a second
3 said electronic device, such that said first electronic device and said second
4 electronic device are electrically interconnected without requiring an
5

interconnection conductor.

1 9. The method of claim 8, further comprising:

2 interconnecting at least one said first component to at least one said

3 second component with a via penetrating said buried oxide layer.

1 10. A method according to claim 1 of fabricating a DRAM cell wherein said
2 first components comprise a buried capacitor beneath said buried oxide layer
3 and a gate beneath said buried oxide layer and said second components

4 comprise a FET source region and a FET drain region on top of said buried

5 oxide layer, said gate being adapted to operate a FET channel between said

source region and said drain region; and said method further comprises
interconnecting said capacitor to one of said source region or drain

region with a via penetrating said buried oxide layer, said via comprised of a

o 00 1 ™

conductive material.



1 11. A method of fabricating a DRAM cell array according to claim 10, 2
further conprising: 3 fabricating an array of DRAM cells according to the
nmet hod ofwoloaitms2s 4 wherein said gate is forned beneat hpPsaiwourshed oxi de
| ayer for a first 5 set of DRAMcells in said array and said gate is
formed _on top,of said buried 6 oxid er for a secqond set .of M cells.
1215 he modiod BmeInAdeEbioHTGS DRAY AT Bie AR B B EN ses a 2
buri edcondugiineg difd. encased by an insulation |ayer separating said
3 conductive mat erc?gr}p?rg r"gén sai d substrate, said nmethod further conprises: 4
formi nd an i nsul afdbsicatingean amayaot PBAM cells aadardingdistthatmeethodiod ckesmedd h 5
said byried oxide layer; and 6 filling,a region, for.nmed by said insulation
aver i th a condibelaR sa fafeds famedb3ntatt sHld ROHPE cxBlkdRlE ok it m 1 o
fabricating geAMRAR bRl i apalyBndsdid gate ROBRABEYN ORI dafEBuAedur | ed
el ectrode beneath said buried oxidé |layer, ~ 3 said buried el ectrode serving
as a | 6wer capdeilayar foharsgeopt setobhRRANicgllss second conmponent conprises a
region formed on an upper side of said 5 buried oxide |ayer serving as an
upper capacitor charge plate, said method 6 further conprising formng a
di ffusijon |inR, betneenetnde dtiddinst prwheeirrsaieibudiedicdpaanst sémprisésat ed on a
upper side of said buried oxide |layer to said upper capaci tor charge

pl ate. 21 14. byried genduetiver matasiakengaseghby anrinsulabigrtayes separatingtsgid f or med
bet wee 2 saj r YT r ci I ' ri ses at

| east g 3 po??ﬁ%"lr'\wc\))/ @%@g'agﬁ?ﬁ]e%ﬁg%uggﬁgayg%ﬂT%@&%@e?rté)ﬁ ﬁ](%lggg‘pcl ai m 15,
wher ei # sai d capafgriing endnswaton yepin & éengh in 2aldsubstitateto batenhieath
different fromsaid buried oxide |ayer. 28 WO 02/101825 PCT/US02/17593 1
16. Thé met h&AdRUrgdp¥de Bayeri@Rther " conprising: 2 forming an area of

i nsul ator nat eri ak; it e g : : } ayer,
over | yit6ng t he Boxhll"g%r',% parﬁ@%as%%&g?iﬁﬂgéﬂgggrg@g\e‘/ﬁe&?ﬁ%ﬁ@l buri ed
capaci ffor, amhterionducting link in the device |ayer electrically 5
connecting the respective charge plate regions of the buried and overlying

| 13. A method according to claim 1 of fabricating a DRAM cell wherein said

b2

first component comprises a buried electrode beneath said buried oxide layer,
said buried electrode serving as a lower capacitor charge plate and said
second component comprises a region formed on an upper side of said
buried oxide layer serving as an upper capacitor charge plate, said method
further comprising forming a diffusion link between the diffusion region of a
transistor located on a upper side of said buried oxide layer to said upper

[~ BN e Y R

capacitor charge plate.

1 14.  The method of claim 13, wherein a capacitor insulator formed between

[\

said upper and said lower capacitor charge plates comprises at least a

3 portion of said buried oxide layer.

1 15.  The method of claim 15, wherein said capacitor insulator comprises an

[pe]

insulation material different from said buried oxide layer.



6 capacitors, thereby increasing the value of capacitor in said DRAM cel |.
1 17. A nmethod of fabricating an electronic circuit according to claiml 2
havi ng a wbuweadisey of el ectroni c devices, said nethod fur®e@EUseymses sing: 3
form ng an interconnector of conductive material to interconnect at 4

| east two of _sai dﬁ‘l urali of el ?gt on| c devices, said interconnector at

| east 15 part'Pall @HE?BEO figlaigyila, BEEGOBRIIg: 1 18. A net hod of

fabricating a dynasthhing W 48858 |§§Ul£tbrh@£éﬁéleén§%c@é¢3&6rb%ctr%dé'a@o%l
wherein said first conponent conprises a first clock signal conductor 3 at

| east Parti akl qe\ma:laased)mylym@nbetﬂ@)(é@yerxpd@oﬁag@karegdbdateécahwe@amaonent

£ PoTBl 5o B TeRea kR AN BRRRSLIN LTS BB BERyp oL O

transi stors cBnh&cthrj theseepsetive @iﬁr%e@lététrébloﬁgrﬂfWEUﬁé@hﬂH@(f@flyﬁgove sai d
buried oxide 7 layer. 1 19. A nethod of fabricating a CMOS circuit

accor difng t oCaPagiiars, teeekyf increasing e valde of eapatitaiiR saishipRAdcell.pl ural ity
of FET transistors formed in a 3 device |ayer above said buried oxide

| ayer, wherein at least two of said FET 4 transistors share a common

di f fusiton regi7on, Ahﬁéthbdo¢*f@(mdatm@drVeIéc!rGIﬁleroﬁmni’o@@bbm@ﬁj clamh 1l east two
FET tran3| stors without using a separate 6 interconnecting conductive
materi & ; an8a¥KOR BREJRY of slasHRBin deuess: |S§&me?h%fuﬂheétc@mm@mg ve
conductyor forrred 5415?% i; r east t wo
of said FETs. g A ﬁhqu%'f&t(llﬂagfe&@ bﬁheeﬁqeeit%ﬁ%atlggﬁﬁ?{&reﬁgg{nnecti ve
conductor belle.wt t@omsdldQQurmw bhglectromca:tevimsBaIUantereérinemtdsm by said
buri ed OXI de Ia r. g} 2/ 8 5 PCT/ US02/ 17593 1 21. The met hod of

clai m 99, vvhé’rag y $AYC % QOff-i ses at least 2 one of the
follow ng: 3 at |east one NOR ci rcwt and 4 at |least one NAND circuit. 1
22. A method of fabricating a FET accordi ng to claiml wherein said first

2 conpdnent dBnpriAsmstrmdbfrfabrigaﬁmg aalymachic twe-phesé ishit rexg‘isigd acaorgliagab 3
sem conduct or

PRl T R T e S S T

3 at least partially enclosed by said buried oxide Iayer, said second component
4 comprises a second clock signal conductor formed above said buried oxide

5 layer, and said method further comprises forming a plurality of FET transistors
6 in said second single crystal semiconductor layer above said buried oxide

7 layer.

19. A method of fabricating a CMOS circuit according to claim 1 wherein
said first components comprise a plurality of FET transistors formed in a
device layer above said buried oxide layer, wherein at least two of said FET
transistors share a common diffusion_region, thereby electrically
interconnecting said at least two FET transistors without using a separate
interconnecting conductive material; and said second component comprises

an interconnective conductor formed below said device layer which

(o B e Y N I S

interconnects at least two of said FETs.

1 20. The method of claim 19, wherein said interconnective conductor below

2 said device layer is at least partially enclosed by said buried oxide layer.
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5 and wherein said first gate controls conduction of said FET in said 6
second single crystal sem conductor |ayer, and said second gate controls 7
conduct i owowk/16m23l FET in said first single crystal sem ce#adasoot7shayer. 1
23. An el ectroni C devi ce fabricated by the nethod according to any of 2
claimslthr 5,{21 é4 ‘?Af,:clnt rated, circult f bricated bgthe met hod
accor dilng to € rpei0g) 'Gl'"'t ’o‘ﬁBWesta'? CirgHLF/MPHESR.81 I8gshin
integrated c ed by the nethod 2 accordl ng to any of clains 1
t hrough 22. ?h%?fq%@wﬁ%rl cated by the nmethod of claim?22. 30

3 at least one NOR circuit; and '

4 at least one NAND circuit.

1 22. A method of fabricating a FET according to claim 1 wherein said first
2 component comprises a first gate formed in said first single crystal

3 semiconductor layer, said second component comprises a second gate

4 formed in said second single crystal semiconductor layer, |

5 and wherein said first gate controls conduction of said FET in said

6 second single crystal semiconductor layer, and said second gate controls

7 conduction of said FET in said first single crystal semiconductor iayer.

—

23.  An electronic device fabricated by the method according to any of

2 claims 1 through 22.

1 24.  An integrated circuit fabricated by the method according to any of
2 claims 1 through 22.

1 25. A module including an integrated circuit fabricated by the method
2 according to any of claims 1 through 22.

1 23. A FET fabricated by the method of claim 22.
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