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An layers formed over an insulating film or substrate.
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 commonly silicon dioxide. Devices 113 are formed
in device layer 110 and interconnected by surface conductors 114. The
ponventional SOl structure is predominantly created by one of two

techniques.
20 " The first process, known as SIMOX (Separation hy. IMpianted

OXygen), consists of implantation of oxygen into an Si substrate ata
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 |ayer quality for uniformity and defects.- An
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Disclosure of Invention
' The inventors have recognized that the SOl insulator layer, or BOX
(Buried OXide), can be an integral part of a.sp'eci_fic device, and further, even
circuits can be advantageously built around this innovative approach. That is

20 | to say, the BOX can be considered more thar a mere passivé isolation
mechanism separating layers of devices. It can becdme 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 SO 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.

o
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teach a nethod in which the BOX|s—eweh-aafar fiinctions of her t han v

i solation'even within a single device. Another object of the present
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 connectWORBYIMMREN devi ces on SO chips. Anot her obj ec'rpcp,fus(?]ztﬂgwgresent
Invention is to reduce parasitics and . increase speed on SO chips. 10
Anot her obj ect of the present invention is to teach nethods for formng
features in the subdynothesopjecbof the présent iwentidnds toteaShla rabihdg inivRichAnot her

obj ect of the I ' IS Lo teach nethods to form |nproved FET
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usi ng establ i shed sﬁnpﬂ‘@ﬁ oRigrt#tihe Presept pvenrtionds to imnfoveelatiponio devide

achi eve the aboips®poesD? cApsording to a first aspect of the 20 invention,
a method and structure is disclosed of fabricating an el ectronic device
usi ng an SO t echni §aetheegbieet ¢fghe presenhinverdionds taareduce thb mmitssr of ay er
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separated from e crystal sem conductor layer (23) by a
buri ed oXPde | ayer Anather objectsifthe presentlinventionis thetehety mietHodd Yori formmei f i ed

|l ocally to per : cl | jntegral to the electronic device (20A).
Accord?/ng tg aff%{ég?gggg Q\'S%péedggﬂgﬁe éﬂ‘?ﬁ?éﬁ\?éﬂ?‘i‘%ﬁ," 0332&%8‘"(% di scl osed 30 of
fabricating an el ecAnothecobjectafittie psat iavenGoh i ©aBaEHIMethods télfonq

techni que res Iting E fprmati o lf at | east one buried oxide |ayer, the
el ectronic ci r dPPved E‘Er CYICRG %] Btlural ity of interconnected el ectronic

devices, each el ect Aatil fusthdewbject Gfan@inventits ie deRfREFAle\UPpRtatoas iHar of
corrponenﬁ ' Th?akgea;[ vgtg.taigg %lf H\%easbove 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 jnvention, 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 SOl 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

3
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respective plurality of conponents (0 D UM afrrot—tmae=sdullo. il | ed

oxi de layer and fabricating a predeterm ned second set of respective

plurality of conmponents to be on a second side of the buried oxide |ayer,
where the SeWﬁ’z/ﬁ‘ﬁﬁ? I's the opposite side of the first S side, and where
the buried oxide l'ayer performs a function integral to thepclussiisepni ng of
at | east one of the electronic devices. According to a third aspect of the

| nvention, a ne s isclqosed of ., SO fabrication in which a buried
oxi de | ayer Is fg&'ﬁ@h;ﬁg%{’éﬁ’%ﬁ?’%n?&?ﬂ%ﬁﬁfqfrﬁ,qpeatb@ ploraliyrof cambbneérits §¢t  of
devi ce conponent® droa test side af tHe' ilried i oxl de l.ayer and
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first side, whePBOQMLSH @ respesivecriunaliy of compomants tebe bhacideand kighger al t o
the functioni ngikd paded Sdid i i.sed of conponents fromthe
first set of conponents andla %}Bfr‘]gvg%}eér{ﬁgsgé)cgﬁ?'ﬁ%'stg@@ﬁﬂﬁsqgei'd%ﬁftbeﬂMnents. .
15 Accordithg t oSiler and whetedhe buried osite laysr partdram.a RinBES bRl b B UCt Ur e
are discl osed ofunfcﬁa{ié%gfétqg% DRAM. cel | usi.%ng an an SO technique on a
substrate, where the e CgR O eglpqtonicdevigesat i on of at | east one
buried oxide |ayer .AcHoedingtd® thirdrasbostess thenvd hedl i i tor beneath
form ng g%”ﬁ%%gﬁgge(ﬂ% egroéi n

the buried oxi ; s.ub uent [, )
regi ons on 20 tgg‘ t&?ﬁ%"%’ﬂr”f %EW&% Pddeelayeris dormede wherenthe niathod he
capacitor to oniaclties femirtoalfigesdtef ! ' | Vi
pelr[:et r at il'bg t hel?]I1| urj ed, oxi de lI v t%U@&lﬁéé’F%HPﬂ%éh&é g&?ggg‘gg&%&%?f%e
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er,
material . Acco F?é' q %EY?'fW%éE'HEQG‘ sgrondheetiof device oompanents hoble and
structure are tibsitleaspdsis tHealst S, WhSretnERAMe ' n SO technique,
where the SO 25 tq%ﬁhni e results I'n ¥%Pnat|oﬁ%g¢deg€)}qq%3§?m&% buried
oxi de (BOX) | ayHprctiopategis) tothedungtioning of et leasleoreriMicestdmprizeliof med by a
L e et S e Bt ot . mprisefiof med by a
process 1 ncl udigagnpdnehtd fidin thehist . hQtS gpi€rern the
buri ed el ectrode sper ves as a | ower oga%g%(?%?s %’ﬁ%?%’ﬁg%?%{‘[‘%&a'ﬂdh? ormng a
di ffusi on |ink 56P0@&et af sempanentssi on region of a transistor |ocated on the
- upper sids of the B@¥cavamhago 3Gohgyl ' er_charqge plate of
: the capacitor, where the Sqoero_ @ﬂg%maggprtiﬁg@egﬁg?'ﬂé;mgﬁﬁgcq"gcfimﬁg"é)ormad on
the upper si de %¢ disalosednf tahdeatingraPBAM ¢ej using arsav SO taphnigpetoher bur i ed
el ectrode. substrate, where the SOI 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 anda '
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.
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electronic circuit having a plurality of electronic devices using an SO
techni que, the $01 technique resulting in formation of at |east one buried
oxi de | ayer. The nmethod I ncludes form ng an interconnector 5 of conductive
material to YRO¥UEEnect at | east two of said plurality OfPCTﬁJlsgz%tﬁg?ni C
devices, the interconnector at |east partially enclosed by sal Yari ed

oxi de. According to nt h_aspect of the |Invention, a nethod and

structure are di scl%@g&{@q *of%B’?‘&’c@ﬁﬂeﬁb‘”én@w&ﬁi'@’l.ta/metbbdwdssh’uétwd egi ster.

The nethod 10 amedisdtsedicligbricativy By i | PSR SO

t echni que, for rrciépr%@gdgl ural | tr (;'1?9 .FE'?'ie?ﬁgﬁigics@g{r @X\{?ﬂé}g %@W%"’é%é%?t[%"q ayer

above the buri € Ing) 31y 8F techpiquagha SOltechniquaclesaitiog it forRANBHGRR ON

top of the devi I : it ' cond cl ock signal conductor bel ow
1645t oR¥ Duried 3%ide é%{)eg?k ‘ig? &%ﬁwiﬁﬁweﬁ gq

the device |ayer, the secon 'MIRg f iderconnectarl | y
encl osed By theOflGQndlmllvea}a?lerjalwimcmnﬁcﬂﬂt-lbﬁsﬁtﬂ/o(ﬂf@Qu’ﬁfbhﬁ%ﬁy%? of the

i nvention, a n%%?%n%r%v?tru&tpurte are di scl osed of fabricaling a CMOS
circuit. The method I'nclvugas PaMRIGegnectonatipad partiali enelpsed byssaid an SO

t echni que and fhoried ogide. pl urality of FET transistors to be in a device

| ayer above the burked Xi qe | ayer, wherein at |east two of the FET
transistors share a 86‘?’5&99 Rirgeventhspagli Afithe inventisoy a 7ostbbd end stradting

i nt er connect i n@ré Hieclowsd bEEbHERING! SdyHamid i

interconﬂgcti 23] opdyctiyve mat',erlga_l .ngné%\?vgélﬁgésteg&éﬁ]n|gﬁﬁtﬁﬁgﬁ@e§’b§m8fl t he

i nventi o a sderniag phurigd exidglayedusthgeneSObliechnigué, fammingaa FET usi ng
an SO techni geRirality6f KEF arpy i : | tion of .at | east one
“buried oxide Ih er.%The rrg;aﬁggﬂrﬂgﬁued@?%ﬁéé;@%%gogéWE&é‘?&gﬁ%&oeneat h the
buried oxi de | Y& femming afisstieipck signaberndyatas ondop bbiheafevichdayaurdredd oxi de

i ol osed of - iy 8sb & LIg3Tal Sonddofor S ey AU e B o de
| ayer, where t Rlock signalcenducioratjeastamrinaliy @acloagu:by theruriedayerS unct i on
nvent; o a struot o 2rid A Bl nsp: 8ng R TRBEG B9 bR ng a
| east one SO B digelognd efdabricating a CMOS circuit. The method includes forming a
buried oxide layer using an SOI 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 SOl 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 burled 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 SOI buried oxide
layer, where the at least one SOI buried oxide layer becomes a structural
element integral to the device.
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According to a twel fth aspect of the invention, a structure is disclosed
of an electronic circuit conprising a plurality of interconnected devices,
the circuit VPB?@ ed on a wafer having at |east one SO buried oxide |ayer,
wherein the a $250ne s buried oxide layer is a funct b@ﬂ@gozﬁh@gent 5
integral to at | east one of the devices. According to a thirteenth aspect

of the invention, a : ' | sclosed of an electronic circuit
conprising a plurali ?{96 gﬁﬁtt‘a edrtgv&lrﬂé%tp@&?oﬁggi'W@Q?'O'i:WeSt&CﬂUail&diacjosﬁdad on a

waf er having at af@asgectaictculs compelsiny adsturalig ¥ int eefaﬁ{e%téchge@te' gst _one
| 10 e?ement it egra "o at

SO buried oxide;layer conprises,a structura

| east one of thg'ﬂaaﬁ‘gggf)edﬂb%\”ﬂ%@at”ﬂgé‘f%ﬁ@@%ﬁﬂhbaﬁqxbﬂid@fayéhe
invention, a stwvieirsihthd &t lefét RS £l Loni Lrcuit conprising a
plurality of interconnect egég d%g\%i ces,@{eﬁ?}&oﬁr'gﬁérf&%‘ﬁ}?ﬁ%ﬁc’cﬁ]ﬁ'ﬁe%f er having
at | east e Sointggral locatdeastiene phtherdevidesr e t he two adj acent devi ces share

at | east one device : I electrically interconnecting the
two devices without gﬁﬁ@?@?@%rﬁé@%@ﬁﬁ%ﬁﬁﬁﬁ'B?’?"?t!i’ﬁda\ﬁﬂﬁ?‘éret'ﬁe 801 buri ed

oxi de | ayer ser tisslosed oban abetroﬁonbmm%mpﬂﬁing@pu?m?y %ﬂh@&@@ﬂg@@&ed d;avi (r:]es
ot her than the ) cordi,ng to a fifthteenth aspect of the
i nvention, a mata ﬁ@%éhgéﬁ'gﬁ@%%@ﬁn waaéﬁghqvgﬂﬂ”f‘tdﬁ?ﬁtGHG\ﬂ@@'ﬁﬁg axider i ed
oxide | ayer s layetahorertie atiddsodné SO belsd ofids Iyd ombhidetda SRlcnclhy devi ce
conponentg to bgb% i E rg't rs‘?i%e gf thfe buried oxide ayer ancf ormng a
second set of dev 5y E‘éﬂf 18 &t eastonpoldhe deuices.de  opposite, where the
buried oxide |ayer |According food foumteanthi apebtioiahe AERSLOE shlictufpisl €ast one

buri ed device. Brjef cription of the Drawings The foregoi ng and ot her
obj ects, aspect 'Sgﬁﬁeiﬁs\ﬂ.{m' gnic pirquiticompaisingra pluradityrof ineonnested he

fol | owi ng det ai dedeasetwrdilit AoupfecPorDs Watsr RN RSHSTBAS SOTbulidtEokigyent i on
with reference to the drawi.ngs,. in i ch: ,
layer, wﬁere tﬁe twg adjacent\mvuces share at least one device component,
15 thereby elsctrically interconnecting the two devices 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 to 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;
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supporting silicon body which ill| ustrate—hewskeBOX_can_Dhe advant ageously

used; 6 11 JAN 2006 WO 02/ 101825 PCT/ US02/ 17593 Fi gures 2 shows exenplary
device structures using the techniques taught in the invention; Figures

2A- 2E show exenpl ary structures formed in the | ower section silicon body
prior to f or MO/ 14625 substrate; 5 Fi gure 3A-3E illustrate gchfishp d SO

process for conpleting the process of Figure 2A-2E to formthe dévice

illustrated by Figur ’ Laures 4A-4E show an exenpl ary set of steps
usi ng the SI MOX procg'gémfs oér:étﬂ)mS ’f?&‘pia"éféfﬂv@@ siruetyeass ugingthe yedhiniguee 2;

Fi gures 5A-5D i tdught indbe irssatign;es of different device elenments formed 10

usi ng the Invention ,[..hat il lustrate advantages of the invention; Figures
6A-6C illustrate an dWQﬁ@é\gﬁ §how exemplasnstrustures farmieddn tHeslowB R dtien

I nt erconnect co ] Vd e connectors; Figures 7A-7B

I 1l ustrate anot her exa%l g}yﬁ?ﬂgﬁi%@%nt{blgg% 'as used to inplenment DRAM

cel I's; 159Fi gures 8/i@eeidA-8Eilluatratechs bondet SOPpRIBSY b&ﬂp@fmé‘)ﬁ@\ﬂ cells

using the invegsbbody of v il]ustrate an exanpl e of the 1nvention

for a dynam c teﬁm}gbg%hoa{?é&g%%?\%éogﬁ@ébeQPY'E%ﬁly?’“%‘i’EM FiguseBl e denonstr at es

the BOX as .a circui FigusbeAAME sifv &h guereplaly $Aof 8Bpk LkmgihaBRudke i nvention

used for a NOR g gl s FiLqure 1 a,, 11l b show conventional SO

struct ures. Notﬁe}b%%étf&ifﬁ@n@\gﬁ\#%@%e @V%@?‘%\W&WHF@&O illustrate the

i nventive processefFigunes SASICHlustRRe aREMBIES of 8 i Made

for Carr%“')ng Oﬁé'th‘ﬁ iﬂn#egti%n @5_, G%i ng acI‘<J tﬁe%nggg\géé)i%ﬁ%ﬁsﬂogﬁgé

i | lustrating t & EOAE EYeNHenInakMustrale advantagpseftha inventien;| ayer 111

separ at es devi ce | aFRjurdsléads ' 13.,are built
gur CORRHRo b, ?H?atné%ﬁ?f tﬁgTr}vgﬁ*r{r%&&E‘I&qgr‘Qﬁsi stors

i nto device Iaﬁ 110. One conventional gque
with the follo %t%'f‘?ﬁgf?"f’@cggﬁe@PereWItéom having to use connectors;

Figures 7A-7B illustrate another example of the invention, as used to
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 circult, 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 SO structures.

Note that the drawings are drawn more to illustrate the inventive

processes and structures and are not drawn to scale.

e for C i ven
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 slectrode 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




formed by a surface oxidation of [ayer 110, a gate electrode is forn]eplmNmﬁ

30 deposition and patterni ng of polysTTcorm—emd—eawea=and. drain regi ons

are fornmed by Inplantation of a dopant. These source/drain regions, gate 7
11 JAN 2006 WO 02/101825 PCT/ US02/ 17593 el ectrodes can then be surface
wired 114 by \QSW 2| nterconnection processes. Turning now to the

I nvention, Fi gure/ A . ICcillustrate respectively a buri egrgghfishs. 2
buried wire 14, and a buried capacitor 15 which are 5 exenplary structures

resulting fromtg ' ' to. u e BOX 12 as an integral part
of devices and evgﬁﬁfeﬁﬁfﬁg t'&%@%%w&ceﬁﬁﬁcﬁh{ H%CQIPN?GR InteedRneation or t he

bonded t echni quePreegsse8. used. Substrate 10 receives device conmponents

whi ch are then conpl d wi.th conponents 16 in the device |ayer 11 above
BOX 12. Sinmlar to cmlﬁﬁf"BWé? MU&WJ igrees 18F IC llostratguegreciivelya 1l B,

surface conduct dnsied gatoys,d Siridd wi ' rconnect .devices if

desi r ed, a%thou h thfzniﬁgventiJ#dp\%lﬁlf'?@n%g‘#iﬁ]%@%&?%ﬁg ng?;\a'edi fferent

manner. Defail s “¥PMP H@Ctﬂﬁéﬁswlﬂﬂgﬁmmlﬂ?s5&3dnﬁiﬁ%rﬁdﬁ@@]§l§@% mhx 1bhe

Invention will R i . illed.in the art after an .

under st andi ng of th?ﬁ@ﬁ‘&%“ﬁ’é@‘é@%ﬁ‘ie‘i@ R Plrcwits s ERRr tha MOl ary SO

structure 20 i nteghniavetardhe-bamderitachnig@Bea be 086t t Sutssath Yo tdeehls BOX 24 as
d el ements 21,22 have been

Formed In t he- | Sodre ESRPBRMNE Binich feitpertimlermeniog i comshamonts 1eindhbody
contact and el efieyice Byer $1 above BOX mag%imllaﬁ@)élo%er&%af%gﬁr ANBE opect i on2§3
from uppejfq sect | D, I ni 20 I tional source an rarn regions ,
27. Fi Sﬁr {eos 2A !: @ra{)e?usgkﬁg'?)t'@h%ﬂﬁ‘gﬂ CQQ&'&B?E%V qayidglilliberiisgditaintemennestded  SOL
o Mot 1o USI OGN o e e IO AT R Godon e £ e cnent s
13, 14, 15 shomﬂ'%%%%%‘r"&% qe‘i&!‘ﬁé oHBlngBesesstaictures andithemdvariges efrent s
21, 25 22 in Fitherievehtion Wilbbdwomershvisisd 16 che3RiIB irF MBHH &ifran®’ Wi Te,
depending on th used in formng the elenents. Therefore,

e ,process/material, .
it should be oB'WgﬂE" 'HQP@%P@%’(’"Q&P‘FW of devices can be constructed
using thesconcepts Rigugl sHowstah exdnibi@y'SOBtructure 20 in which two FETs 20A,

20B are constructed with the BOX 24 as an integral part at the device level.
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
SOl techniques to result In the structure 20 shown in Figure 2. An exemplary
formation using SIMOX is illustrated in Flgures 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 varlously a gate, capacitor, or wire, depending on the
process/material used in forming the elements. Therefore, it should be
obvious that a great varlety 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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Concerni ng the bonded techni que, Figure 2A shows a method of 30 171 JAN 2005
constructing | ower section 23 wher-eby—a—smsea=dioxide | gver 200 havi ng

t hi ckness of 250-2500A is forned on a silicon carrier substrate 201. TNT3

| ayer 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 |ater on"@UAHIBAN 2006 WO 02/ 101825 PCT/ US02/ 17593 popeyidebsfagy POl i sh
process will renove sone of the oxide layer. In a preferred process, the

came ot op as 1 SERHEE PR bod Sl PR Forfe b theoxdedanst, ne prorereron

nitride |ayer 20Gcess/the BOWybr afll B VefdiRaStoR rdrisyi gfé}gﬁr 24200 A5 is
used in additi ?n to“?'i | i conwgi oxXi de'2600. Si Iftiblc;:]{)n ni"i [ e,eg@P@ﬁﬁﬁ‘é% not

Intended as partYebf! PRSAMOSteR & forming trpneh sidewaldosulater. elf nesdddy af or et chi ng
and chem cal mggiBamhitrid | oSyl | Lel o b OF t he und | ng oxi de or
the substrate, Wen nietlrag%reﬂés(ﬂﬁbstgﬁ%w t%fg%l&gfe_sgﬁ‘g !55%'689?9 ,'2%/\

remai ni ng® ni t 19 ¥ed inpdditian tesilicamdgibxide @00.08ilibor hitrttes aRtwsUighTs i N substrate

23 will be 10 M | \ng it to the device wafer. The final
i nsul at or stac‘k’ﬁ or ;ﬁdﬁéﬁ?%%%gﬁwm{? qQadsefectivity for etching
oxi de/ nitride/ and db?mlagbnechmilctdhpu@hingnnd willlprdtapans uﬁﬂ&lyﬁﬁg%{iﬁdhéﬂ tPeThe
t hi cknesses OfSl?]%aie[]Wlh%rgl s, are chos?n fde enéjl ng on the dePt of the
trench 202 which In tur Bg?d%”ﬁﬁ%ﬂ“ ot axigy layer Afydpm@Aaining be pl aced
N the trench, nlrids layariatiat bomplotion OMUMRLIARIUKSE RSMBSSay8 Ralif pb NS U N

I gure :

stack is,] ess 000A, For.formng a buried gate 13 (see

t he trenlcdh dep{eﬁ'%}’ﬁa Hngﬁ%}fﬂ'@éﬂq 'i/t%'ﬂgtﬂev'%@@fgo i finakinatlater staok fdre t ypi cal
t hi ckness of gtheansdkdayerqisis EorhpYigBs ki bWy 4 (Figure -
1 B), the depth, of theytr(rpgn ,F\aﬂi'_yo? @%W&ﬁ{rﬁfﬁ%@qyﬂﬂg@fa"é%noingstroms
to 2 mcron. },'W?{Pﬁ{%@s%?ngl%n %E’ﬁﬁ%%@f!@mw@@f&a&@ opsern 20 | ar ger

depth of the odephdig ozrt_ﬁembpm&né_&eﬁ&}pégwhﬁﬁm%@&gﬁ&o‘éfug%?fm ng

vertical trenches,in silicon substratis or ex ['e, for the

exenpl ary bur i tRecli5campoperide be placadia the trenchn byt tipingllydhe combinsdd to create
oh & I ; ) . . _ need
e pattgrn n:h@kﬁ@%l&tthérm%ma;&r%kécﬁva@%égxé%@e%qbog\gﬁgri%.ﬁégnh&g?%i%l ng a

2/ Ar plasnp (gsuch as described i , ass ed to

, n
the assignee ahtiSPREKUERAA) doe HERR densh 204 fstlypisaly aboot REGO-6@0%r cial |y
avai l abl e et cleiRIfAs BReHPREPNRKAGss G datd BlobPEdes’ Hor tdHhing 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 substrafﬁs well
known, For example, for the exemplary buried gate process a stal;ciard
lithography can be used to create the pattem 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
tronch 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. |f
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trench etch. After renoving the resist mask, the substrate is simfl BRyAN 9005

that - shown in Figure 2B. Subsequentty s stromwm—=mlnghnfamead0. [ Ul t her

devel op the buried 30 gate structure, an insulation |ayer 205, 206 will be
i ncorporated on the sides/bottomof the trenches 202. This insulator |ayer
205, 206 typg%aql uld be an oxide or nitride |ayer or a conbination
thereof and is zgl}"lr%%mby depostion, insitu conversion of gty 5%;pr a
conbi nati on of processes. If 9 11 JAN 2006 WO 02/ 101825 PCT/ US02/ 17593

t hemal oxi dat i othérsal®xRRESn id &h i.pnal steamor dry oxygen in
a furnace, a rﬁgi d thernal 'hea%%ﬂ'grﬂ?ﬁ.' gﬁy%ﬁ‘}&b%’%s% eihdry oxygesvip a
et

equi val ent pace, Bdpbig theumaltieating joraovxidizigg gm'ﬁ:%"f@'{y%i%)éngan al so
b d F biHel ' L T it Is desired h
conduct or s ?rye?:iﬁaii%:{ﬁéﬁﬁ%ﬁﬁ%ﬁﬂwmes o paslormalityancaiscbelutar. t om 207
ith i | at . uri apipkriesiavil i th
}Mnsul :i?zlrj S?no'[ 63% tom offs t he ) t re':]ﬁﬂlliﬂ’%&eﬁg%gﬁ% r‘%gg%g@&%?ﬁ &ﬁl
ShFREH Ll

removi ng tthe bott beneasediaithe gidegiand biottoma207awitthineglatesi Fer

fl i ne- t ai oth risUsife ' ' di ti I
rmggr It gesglogc?: ve?czzlg?‘gﬁﬁ? he ngvﬁé%%rcﬁeﬁgcﬁﬁ&ﬁqﬁf%&%ﬁg' tbgfgggl')‘ré&ﬂsl ?Pgm t he

hori zont al bot t¥FHCES patdesiieble 208 and doraameving dhe bettomirsulatéd s8afiort, e trench
vertical side vditde§ondfi ! - ches.are then overfilled
and planarized bag%n t %@u@?ﬂeﬁﬁﬁk@ﬂségﬁﬂc rC%O‘g éf%fé"é’ﬁbedded in
the trench. Th'Se@dmastirestional masigroselostivalicete thia newlp domisdd ihedaor t UNGSt en
or nol ybdenum gag ' : I i,ng Wwith siljcon and
stability at | fosddracy i ‘ﬁ?éﬁﬁ*ﬁ%‘£§§§5@ﬁfs§? gﬁﬂr'@&mg\ﬂnwmq igulatorsi 209
process can al $pngethadench varticatsidgwalizr red process pol ysilicon 210 is

formed by depositing;, r tor at ahout 600-700 C, usin
di chl or osi | ane and g'da@?)%?t*g%??ﬁ'éﬁ??fsﬁws ae illed angplanseized dt h of

t he ggt e Ipat t elack o reshiéira Béledtegleuoadud:tgrl 205121 b@yﬂﬂ;d'ayd ‘irhdﬁle tRIABh! thec d_els : gn
P11 andpr ovi den a2t e LB Hontpolyslian, fiBbsionios maytyenimand | <
then preterabl plikshtorclose therolal statching wity siliésn ark StaBil et Ibllowron! higi
col loidal siliga,dels MinGHHRRSS Aﬁgé'pﬁa%!iéitsl,i 989 ‘,’,"',.chsg thn %l(')s'o bcexugtea{:l. In
one prefetred process polysilicon 210 is formed by depositing 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-l, a colloidal silica in an aqueous KOH solution with pH 110, 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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25 polishing slurries comercially avail able and known in the fie€ltl JARR005
polishing, polysilicon with good setettwitymiemtimtolalllLide O silicon

di oxi de can also be wused. 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 snoot hness, typically a few nanoneters.

SpeC| ficall y PF(&‘"%I I shing process described in the publpteabizamne;
"Characterizati on of Pol ysilicon Oxides Thermally G own and Deposited on

t he Pol i shed Po, | | EEE Transacti ons

on El ectron Dev exﬁ‘%ﬁ)eﬁlﬁrgme%r ‘F'naégﬁgh?sbaaeethmsﬂiooqaumm 2005 WO

02/ 101825 PCT/ ueabzpdnéﬁ%@wen silldbhtrflﬁHE'zmSaﬁk%@tds}é& f,ﬂ&w%mﬂu&i figm2 highly
The polish stop layer silicon nitride 203, if

snoot h ponS|I| on surfac
It was used, is ﬁé%’ H%ﬁ'ﬁ?\?&ﬂ spratas et lghing seiaelivedp S&mn aodsilignn wet

etching sel ectidigxidé a%iis WelRndWA isiHe! £N  di oxide, as is well known in the
art. 5 - Figure 2D represents approxi mately the appearance in cross section

of the sdbstrate afigwre Qﬁe‘epmlseaﬁsmmroxrmahlwhelappbarame?lm cEk swRtibhes t op
hori zontal sur il f S e then, subjected
to post CVP cltéggﬁﬁséﬁggagga%?ﬁ?h% Q&%’ﬁ"%f“ﬁ %%ﬁé’ é%ﬁﬂpchweaﬁ r. An
Sdg :c tional RCAsuifeces mwpdySIumlﬂTb kel smmd s ﬁte thbr subjectet éé FSst*tﬂ\hB ht

I fferences 10 Ilicon and the silicon substrate Is
typically |ess L{l)%i‘v@%&)é\m%g%oy P%@"Wlﬂl\ﬁ § megaspnicLleaner.An additenal ayer 211
of about 500 10R0A éleanwcﬁcyseeduld\beruéelde AYahig Point GRMeigh difRidiRess of thermal
oxi de | aéﬁr % W i %/ t hermal. oxidation, the thickness of
oxi de ovél dope ?ﬁﬂe‘gsﬂwél&'ﬁm §"‘g§l?e% subsirate dsivpirplyt lepthar&i00Ahan t he
oxi de growth in theNéﬁt aychowRH R @u@2@r£ﬁéxidd fayémrﬂm'abeas Vé}&*ﬂéﬁms used,
1000 A of oxi de ume about 400 A o I con ereas a

slightly thi nné? ?@8"?%@8P°’y§mc?'bﬁﬂ%d96\ﬁéf‘tst%§‘%'mﬁ|@@‘?ﬁ layerc2Qur f ace of
the oxide Is Clwmmﬁsﬁehh&h@ﬂthe%hr&ué’aﬁbh' ik tﬁ’iéﬂwe%@@f adué 6%#1]0%&(16

slurry such as Cabgt SC-1 so as to forma continuous and snoot h oxid

layer. |f need®@lystieqreis axpeeiad teybp samendatthickerthan thesoxide afomdh inthebe used
to conpl hgrent stﬁommfgl é}gaé Qf ﬁtféh’h&l"cﬁtndéfﬁn‘?&eﬁéerde‘i'ood’)i'o‘i'%mgg wikness over

the polysilicon gate electrode. The process Is I ca esigned to | eave
bbout 100 250 ROBIUS P0G RRYSIDENOGBRTeaRE BNy PIEATS Ryer s

formed over 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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gate. Alternatively, a high quality CVD silicon dioxide of about 2p§-AR08A
is- 25 deposited and polished back ced thinner oxide |ayer

over the polysilicon gate region. Because of the method described above Tor
the formation of the polysilicon in the trenches, the resulting structure

i shown in  2Ewhhiqoig¥e @ thinner oxide over the polysilicon gate region 212

and a thicker ~oxide 213 over the silicon substrate regi onscT/gfhaA%sos
possible alternative, if CVD tungsten is used as the buried gate

| ectrode. | nst daahlet it bil o d layer of TINor Ti/TiN
ek, L, et kvt 4 B S e
establ i shed tedFRPEHYL Whichean b&%eﬂgggcggeﬁagmg/dﬁgmz% ée?‘?@vﬁ':atpglr mfa: .
tor. The 11 |
\r/\n'e?IC g[rapear esi mﬁéﬁ?& tgﬁ%&?%g}ﬁi@@nmfﬂ:iﬁ%e% '}%QQfeé?Féﬁd m\t/)\cl::snhgﬂﬁvgt !5226
i ere ' ,
IByers from the 4 moé@ﬁ?ﬁaferrégﬁédr'@%g?yfg N9f CRRPEr will -

I f t he .ace I n rowl
2 AT A r snr s i
i . Thei ' Lcide or polysili ‘
iog 35;: (r:IOtH 0 ;rore:‘r%g atmr)]tiwfogiliagtgrﬁ%a%'eﬁdg\g}g’r%'teﬁgségcé@fjﬁbgg? b‘l”fed\alp_%'l_l(ri ed body
contact is bein§ qﬁ?'ﬁ%ﬁ?'"ﬁﬁ%‘ﬁ"ﬁ%é‘?@ thererls npeeddtto fdror thotadigitiefalidkidensy  oxi de

thas&Hd ' n the encased
ggndhgteofuir Tsaggtlhem::ﬁgle. @ﬂr enpvggww{%né\% °8§%3§?$?%$@P0%}°8§%se$ can
10 be used to afHAUGIor ésacipntivalyiremoued. sOthec Ismown ﬁfu;ianmjnﬁ of ﬁ?ﬁéf‘ﬁggg‘é“né Qda
{echn Jue. Fi gure Sk raomaeiBebaief HREHERY s shofe i Hiute 2k with arverity
Substrate 30 i sOffpaigealedo fQﬂTUbe@pmpanemerlrpo][ ary carrier heFIr ;?r;(/aﬁso?nexcess
\7&'21E la?nﬁlat lélrjlt alongf !to ;?ﬁiéﬁﬁgvt“\g{ﬁ q@%@?ﬁ%%"o'fﬁ’?'aﬂ'de' e raAs@WSdhe 25 have -been
| ohned (1 el ereruskonereabye ieper swsion'as, Supirteisls pladaidoligoRidd oon
substrate 30. AphbanPbot@) i od A oMbl e Moterou mmreiumione
substratd3 Qpt ifaciltrietheirembial oébztjmssavaﬁérbma@?QFﬁtefriﬁibblgglghgé%ﬁEg ?\fﬁ:e 20
]‘ g)e/e'; f)p sur f acquhePhddlioR '25tHkve £2%h fsinsd {teference Figure 2), hydrogen is
implanted 31 into the silicon substrate 30. Epitaxial layers 32 of silicon with
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 aflow separation of the unwanted layers of carrier wafer 30 after the top

section 25 is bonded to the bottom section 23. Although Sman-Cut is the
exemplary process for transferring the device layer 32, alternate 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 "Smart-Cut" process. utilizing the epitaxially deposited |ayer]{9AN 2005
described in greater detail in US—pateri=bmS8m08lharahy incorporated by

reference. The process of hydrogen. inplantation forns a silicon hydride

| ayer. 31 on suitable annealing, that becomes the basis of the Smart - Cut
technique to 25 all ow separation of the unwanted | ayers of carrier wafer 30
after the tWQO024MH82% on 25 is bonded to the bottom secti opcg@soAlzidzough
Smart-Cut is the exenplary process for transferring the device layer 32,
alternate procgsses of conbinjng etching and polishing, such as those
described in eﬁz’f’&ﬁf‘%e"t'@r‘%ﬂ%'g}@ﬁeaha% Adbindhrermal exide|38wf thckreed. 30

Speci 11 G at er R aa ety Lok th Mo oS Raling sufAE Rffen Rodd "ot op

| ayer is opti ofrMigewil inmdurieobodyogonteict i dnbardesiticor withper oxidélaghr 3k udee si nply

a highly doped sil or.a silicon-germani umlayer, as per the

teaching of 12 11 TWW%'@EHM%&?’?%&%?S@@@% SRJeEablent i oned

US Pat ents ' 987at addpith belonetherlepositedideiibedaydrDAS KRGS in ﬁlﬁu%@@gﬁd&fsc, -
e en evice W

optionally gr n the crystalline surface: Wen t
i ncl ude body gﬁﬁtdgté‘?? Wé‘f%%sé%ﬂ @enew gitachedite the egrder sibsirateBSed.
Hydrogen 31 i proparediiv p@umm.ggprgng\y)&se,{e tédhni 7thlexﬁfeerab| y 5 at

a depth bel ow t he degos,i ted device’l ayer. As shown in l gures 3B and 3C,
the devi ce waf®ifages pie jpled usingswace fraatmanig teonake oxide sudagesd3, ubst r at e

23 _prepar ed InydfiiioeSudtebencBivatent Hilve AIRRbYndifT I Witifand R8s 0*| d¢

surfaces are joined using surface treatnents make s 33, 211
hydr ophilfi c. ‘haeding. t Bawafefmate rowheatod at AbaitSA0-609r@ togompletsi thest and nost

L 1201, S B e R

Smart - Cut process as own I n Fi € exces section
34 is then rer@isthenyremgvedvari ati on of the Smart-Cut process, the wafer is

heat ed Lo o STl ig ol FRESAUR bR BETLTo N HERRg O 11

device layer 15 in ace (In osTt , followed
by cl eavi ng t Hemperature sarge325Gien G to isegiegdtedyeinngemtbding devisailaf/ace usi ng

oot 12ur £ adbefis0) fel (it SIGE dhPyfleg ] Enciied S BBMma et "o * 067
usi ng an substrate 34 along the hydrogen implanted 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 SOl 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

25 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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optional etch-stop |ayer Thus, an SO wafer 20 (see also Figure 2) mgN&a
buried body contact 21 and burled—-g-et-e—e-l-e-e-tamie_?? bas..now been fo 00

The gate oxide 36 on the buried gate el ectrode I's roughly equa

t hi ckness of oxide 33 or to the sumof the two surface oxides 33 211 and
can be between 100-500 A, dependi ng upon the selection of thickness of

i ndi vi dual oX¥O0MMW&fers. As discussed earlier, one of the ppiidgyfayers 33
can 25 al so be conveniently not formed since bare Si surface can also be

ffectivel | d din the | EEE

bl §oat L on monlUERad R ity b Hafnsl S Boiy [aer tos PG top opios 2HAIS and

pol ysi | i con, ei bdstwmghwémic{w‘esf o1 Eszherto&g&%%lé&fade %1&%%’%@4‘&“‘” Iy,
ns

appr oachi ng t hat ' 8%“ red, for gate oxid cati o §Ag now
back to Figure BPYHIRVAYET i He mtm%’emmmbweeresmWegate el ectrodes

214, 215 are forned 16 J0 e this,
typ| cally a polysil |F§%unrbﬁgﬁg{E e%gaggfﬁ@tgﬁ'ak%%? ?%HS'PQH‘%QM)Yl nsul at or
i s patterfed tdecessef aegregponding bumfd)ctmiaélhﬂad biiHed ghheeldgtddee 13 11 JAN
2003 WO 02/ 101 / th h I body |

for both the t%%élgg@ yﬁgﬁ &%?ggtghg)( e&gﬂé\/dggrﬁﬁ@(%ﬁfg g%r’ E@%n')éwea%/gg
gat e el ectr odesasused i2 Figures 2A-2De 'EhuspElg)Af.é Ms{a%é%s bding e 3Ry i cation
woul d require | stance. | lustrate an alternate
formation usi n%t{uﬁméﬂ;\@{‘ 8‘!’8&5{@9'6 rGQC'g@F‘P‘@'IH eonrfucter?@Piagd cont act and
buri ed gat e el dmnchiiewalibottom/oendddier @T@@tﬁ&@ufé&@iﬂéd Wﬁh%ﬁ@& 6?#'3&09“” ed
struct ur 209, Qﬁ'&?@& rre as used in Figures 2A-2 gure 4

starts a be| nd’ ﬁfﬁﬂﬂ%%"‘mﬁr{“@tﬁ"ﬂr d:tﬂll@“@Dﬂwm abitrarify be

trench/ si dewal Idseomdy tiors a2B8 dRBuctb, FIGINESIES SHEY, b or 210
structures filled w th doped pol SI|ICO§1 10 or otéher swtaéﬁe refractory

conduct or mat ef@ing hegnyempyedand gate ingulater 401 havingsthickeessolbh @08 as t he
conduct or : Fi glarngstﬂ&n%ewg f@erJda&/%r{Héséle&FdUe 2Pto BAYedYh 9‘-@@[& r%?{‘??{( d and

gate insulator 401 havi ng thi ckness of - 200 angstrons d over
the el ectrode :E’I?fefrﬁdB@%%d”ﬁ%tﬁ'ﬂﬁ‘da@af‘@’ ig ferraed byfoxidizing theocess, this

gate insykat or p@%nlub&\ Mlﬁ iﬁtdo@d'e Agy Qio?b@@ stiff i lﬁléce?&ﬁci@@n tﬁQI?'ssWa{oﬁ' Qae oxi de

i nsul ator 200 sti’l pl ace and he 1 ns enove
pol i sh or et ch'ﬁa?et'??fé@g byjapdigl Obﬁ@f‘é’WQﬁ?Seﬂﬂ)@m Reaferred eltnbpétment of this

polysilicon oxidation process, the insulator 200 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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pol ysilicon oxidation process, the insulator 200 has an additi onal NAN 0
layer to allow only the polysilicon—te—be~anpasad.and thereby oxi di zed s

a controlled manner. 20 Thereafter, oxide |ayer 200 is renoved and any
insul ating |ayer 402 over the buried contact 209 is selectively renoved by
means of a block-out nmask (Figure 4B). A device |ayer 403 is deposited
under epita¥W@pywsition, which forms a single crystal pyfisdRfsof! !
silicon surface (Figure 4C) except that snall regions of pofycrystal l'ine

Si 404, 405 are,for rrg)rdtPﬁe R ée icon 25 and oxide surfaces. The regions
404 and 405 car®9gen 8"9%1“ gP athyhe deviemlayer. Resibusiad aliresandi ti ons f or

| at eral growt h cgga WHed t 46, 958, the
contents of whic %{tr&;sl ncorthgr%ggcggﬁeﬁe%ggﬂfyemas M@Bn gF| gure 4D an

i mpl antation mmplantmton§0<fadjomsdeas/emnaahmtmuefembly thegmplmt depthax RN ons
407 are inplan e 20 | cal 0. SIMOX condi tions
such as taught tt(?ﬂe B%&%g?”%@ cgaf%yﬁ aféé"'B?tFﬂgg ('ﬂﬂ%’? at at japstpagief the

i ncor por af ed h&GX laybyfonaber @ncverlthe 16 Gf%tW|F§arﬂfcé it tion
controls the depth ﬁf t he i npl ant ed |oﬁs 407. For ﬂ%ﬁr?gﬂéﬁ\g{\% 210 o
t

body contact 209, @‘"9rﬁ5‘|"8ﬁ't°°&€t§'f’ﬂs pad 1‘&"“.918"&)&&82@9@1“@1@2?@@&825
PCT/ US02/ 17593 6tssram, tthe fiplahiodit) YerbRBRAVEHIdWRISIE kLS bAYE TayeF g DU | €

odf b
wi res and capaC| hOI’S jnce the S%II’ uctures are P encase I n 1nsul ator,

this inplantaffé§ °‘P’Bé’h QHFP 4% T@@'S&rﬁﬁ%&rmgdwtbrg@teewadwoe laodigats ant
depth is chose G

that at gast RlookiBd R [ ating SnHEN Bk &0 AL qetb Ten eV 1
and capal{tor E’IGeﬁfEWﬂHe Sim}!ﬁrh@“‘@hﬁ n tdrigineidns and timi ng such as taught
In US Patent 6,04 nto.a.buried
oxi de | ayer 408 agE‘;%ﬁwn ?ﬁ ure ggm%fygﬁgpé ogés)&y é&ﬁg'lnﬁﬁds% {h gate
oxi de 409 and ge&f%rrectp@@ws)siess Wm anigw tp formingaudedgate elgctaot® aleposi ti on

Lechni ques €0 b bed b flad Berlrit SRR T 8 BAGIRAT e, 011 © 2

. Even though th een escrl referred
i process steps Wetaboa(e\de@wmeﬁ firocessrajeaucandal mdeaaalvdbtorfodam buri ed body

above debbr1 bedenhls S Ch@RAIME G e & ABEGRF e oy By ey Tahetions ™
to the above process.

Figures 5A-5D show a magnified view of three exemplary SOl
structures, buried gate electrode 50A (Fig. 5A), body contact 50C (Fig.
5C),and buried wire 50D (6D), 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.
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15 el ements such as buried wiring |ayer or capacitor elenents by snalll JAN 2005
variations to the above process. Figures 5A-5D sho et |

three exenplary SO structures, buried gate el ectrode 50A (Fig. 5A), body
contact 50C (Fig. 5C),and buried wire 50D (5D), for purpose of

dermonstrat i ngygagfbfghonal 20 advantages of the Invention. Figure 5A shows
the resultant structure 50A when the |ower section 53 andCifijsexri17sssct i on 54
are formed so as to result in a buried gate electrode 58A. O particular

interest in this strkigunerss §ibvs @#ndxaribielof di ¢ rior art, is
that the buriedrpxi eg &BO | ayer 5’5‘3%%’5 ngv‘vaéﬁre?vn@’éﬁ%f‘%ﬂ layout e 55
second gate devi 8@ %ﬁ."%%@?ﬁﬁ' 041 592 ofithe twopgatesrbi6eahdob8Alean iater 55A act s

as the second giffbrnt ls FET.and al so as |sol ation of
the device |ayer 54 P‘rh g“n?mh éﬁ%@%ﬁttgwﬁﬁ&ﬂles%?'%@?ﬁFé‘Pé’@%PePHVQ gatesi gur e
5A structure 50N tobigima dewiee otidiffedors xhaenel s Soothaf 8 dlihngatd Big Second
gate | nsulsat or 0 thickness thhan the upper

| v _be a different 30 t '
oxi de | ayer 59 %é’hﬁgﬁger%g'k%}ﬂﬁg'fmﬁgﬁ'é Pﬁgmbﬂ%'"_%ﬁ‘@b@lﬁc&ew Wifterefitf f er ent
thi ckness can bgaiss. B iop anddinttoaLgatb® 56 58K E4n bb ggsigéﬁﬁjslg%"gat ed device
characteristics, ﬁ%ﬁor\?ﬁlseq%;ﬁ'\' ZC%SPS' V@A_’O%/ 101825 PCT/ US02/ I'gure 5B shows
an exanple of a6 & CRLAN9IY0e8! galgelip faciltate for éxample,dettorpes
501, 502 of t hday oot afatiire thdckeion th8 Ao anedifLonflict {@dm,| ength, width or
shapes to facilitat ?: easi g contact to respective gates ‘or to obtain a

device of different ang ABtakso show thettechniaus ofmmeeet;l@tﬁe sppel e gate
channel negi onareEow SbanNedoi | i fferent . gains.
The top ang bot.t om gfgeéé 56,1’ggﬁﬁgﬁ@dpggﬂsgéﬁ%‘mﬁe‘ggﬁﬁe "0@59?5 i ons
such as differ dMPreshgd aa thesent it getson)batly tapaarnd botine, ifprovingathpdevicket t er

lay out of w riﬁWOFrﬁé’f%-s||'plﬁetirW%n¥i\%C’Br%eE{,‘§ti\i§B{Jﬁrg&aﬁﬁzglaﬁ %?%% itﬁ gera BEi ures 5A

;
i
a

and 5B al so show the technique o nnec gat es

ing

1501, 502 by vi &SMole progess ob using twoltayars ticpalysilicon dortthg top gate bisptregs.ed on

I the i nventi sacioas acscbbth O pana s 008 HUE Kol BRmFEY. oi ol o
process & usi fefetases Mpingshistreipmnced pragesss formation dfdhe giatso3eindsosase,
straightforward. ‘009 describes a process using dual polysilicon 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 pattemed 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 electrods 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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such as described in US patent 4,341,009, which is incorporated her?'WJAWZUUo
15 reference. Using this referencfe—t;l—pr_r;u;.e°c facroptign of the via 503 an
504 is straightforward. '009 describes a process using dual polysiTicon
form buried contacts. First a thin layer of polysilicon or polycide is
deposi ted OW({J}ﬁowg@te oxi de, followed by etching a contact hol e through
the thin el ectrode,” gate oxide and body channel |ayer, dad/Us0Yime gat e
oxide to the buried gate 20 el ectrode. A second gate el ectrode | ayer is now

deposi ted and pat t 4h 88 deficafMhérelii's sibh3neddth S8 AALYS S5t e, cont act.

During this process, it is also possi I€PP ons such as
body contact, '88londaiaqogaen g@@nd@tsubsirat@powaﬁd to etdblilizeahe thrédhokbst rat e.

Thi s techni ue, S re th trode iis formed in two
steps. In s? ep fﬁgéj Eg’ gégéf‘x@ff’t‘%%&t% “iﬂ‘f@rseé%sh?ﬂ'%ﬂ%‘f'cﬂ'élé@’sﬁ‘ted over
the gate oxi deBOX Idymrﬁﬁﬁgamd@ubsﬂﬂtéj&yl Re ionfS‘BU PSIB&] dig the via. A
second pgl ysilic now cfl depaosi ted on | rs ysilicon which

nmakes th2 cont mpﬁﬁ@té’oﬂt?ﬁﬁﬁ Wﬂy thed Qj/dﬁetlémfféilaidhebdéymdreothV| di ng
ddi ti | th
S o et R 080 B SR AT NS

patterned to include top gate e V|acn
tradi onal pr od'@@ﬁv%@é:ﬂg%f&ﬁ 2rfe Wéarﬁﬁﬁ@@@bmbpﬂmemPrmAldasta mdeired bodyor ned,

via 403 or 404 &S or a
Cont act st ud roor e LA sl SpaES heds, SRR pe3ior sRIEIAERNES  odes.
16 11 JAN 2000reRessdpyey tepesitas, esozmsambom@‘uheiefome@reddwm is a
strong ed t 0 a comon ground or
subst ra?g pot %&%P@Pb&?@& I'ze ﬁ%@‘éq;’g@%gmﬂ a?/tol tage. Figure 5C shows
one such structur eFSO(e mshmgs d(buneev\tamyi@c whith caB®% disboefor daking F6tal
Substrate 53. I C lect ode that contacts
directly the VI ce °§§g‘r d"??.‘:z °@§a§'?“ﬂ§tﬁ g?tagta aran té%nsgtq@r ®8r i ng
such a pol ysi résisior arlcapacitme Fbascl'tmmtlc@lmpmyede&lar &t is sowd ve to

Fi gures 2-4. cont act

refer ed e V|de a required hod
with no addi tlxg'ﬁﬁﬁﬂgﬁa‘e% 'ﬂ@eeblgb ‘t"l'i%iﬁ ll?‘&ﬂ ef%?wﬁdﬁ? fevielayghot o
process}s | ayein tvppa:csapﬂlacamnselhmlpléf vias a@é‘pb mitfjdwrﬁorﬁ kes s4rhé Buri &W\/ﬁéﬁnt s an 10
attractive pr S r for,qing_ a A, burj contact. Fi e 5D shows a
buried wire S%ﬁ%\f\\hqagﬁ)ec%edgé CE%'&?‘ ESY'C?F& 5tqq)§|.gfacer r#f%‘?%'bﬁrl?éﬂ? dpet veen a
contact of a wirakmies62iis &l differstit plaabthdr hesievices, wikabilty & easily
achieved, wihtout concenrming of crossing over other devices or other

connections on the top surface.

20 ~ One of the important features of this invention is the ability to use the
8Ol 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
Iayer 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 circults can
be more effactively 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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resistor or capacitor. For schematic sinplicity one via contact is shbyan 2005

extending a via froma buried W r e-to—the—tep=seiatomalals. the device

| ayer. 15 In typical applications nmultiple vias are provided fromthe sane
buried wire which can be used to connect devices at the top surface. Since
the buried Wbro‘i‘/nh?%er 52 is at a different plane than the devices,
wirability is easily achieved, w htout concerning of crod€TA§0M693 ot her
devices or other connections on the top surface. 20 One of the inportant

features of thifedtiiténabRs f { LAkt e buy | | ayer to
form separate devj ces V\hfé:géb@%uleﬁ o?g'%dg'ry I‘{IM %%ckaé‘%(f)%%ﬁp'i‘s%yer B(e’lf.gﬁé'ﬁswﬁe
devi ces. This fkeingcetimizegby sepatatetayut ietraintserAndisecsed ewilich Butieavi ng to

provi de interco ' her eby | npr ovi evice density. This

feature is exerr%'lggﬁqé%rblwggﬁégtﬁ %a'\:'ﬁega%éafﬁ%eéwa@%sag fQintergompect or t he

case of forni ngtheepdevites 6 Gitcuits2 When tHitbiicdQe 62 isqﬁtéré@)@;e@a%d .
| scussed | ater and many re should

Addi tional; specjific exanples will be d )

be obvi ous to'ofﬁémgt?e é?p(rg)ar‘%r199§R'i"PP&r@f”tr%°'&? tor tha buriedgata aambe sormed _
Fi gures 6A, 6B by pattedsing ot ' NP ' circuits
can be nore ef?vebti_velng fam@%é;gv%'?ﬁg?ﬁ?%g?@ng t@gﬁ@%&la‘é@éﬁ& nport ant
30 conponent atirﬂf’ielm'ﬂﬂlsﬁ'eﬁh\@ @aipng do rempletethe buried FET déviceci rcuit | evel , as

will be discussed if il | ' .shown .t he
general case of two dém@sﬂg&ﬁgh?’ggé%lbésﬁgfe@reac@ %@ﬁgﬁb{ﬁ\f'é% q\gn % 63 and
sharing a commuifvebi@gepuslyshayad, asshownvin|Figure BEINtCOIOGIdNEPEEfid Bit AR5

PCT/ US02/147593 jh@pdon bl ' 1 Is. wth each | ayer
of - FET desi gn ‘{;_ei nghggﬁ% ze t%gﬁﬁsrg%%’rhg{éegsfa%?é&%gg? fg?‘ﬁ?%'.am@ MNcussed
earlier, buri edhissoptiguretiersbenamdsaigeriasttoncbstianeat ode 68\mtwearePETS B5Used t o

| atoral 1y separth o RRIRSd fod MGl orkSrnaktiE  aPar et BRs gl 1 ne
buried gate carpasalef omnnad:tiomg/atp_asﬁmMrlyi pogsitleny gates over the buried gate
B oo U B8 SRS o B RS Rt o
can be dfvant sjsnwdey 63/66rand, bottermsélesirodes 62,¢firesulliBy from isdnveltionpeci fi c
circuit For example, one or both of the gates can have bends in order to meet other
requirements or provide other advantges 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 SOI 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. Butied 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
24,
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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10 interconnections. This techni que increases the density of device 1 PYBN 005
since this configuration becones a seri es—corhecichmaienads 08 bet veen

FETs 65, 66 without having to use additional interconnectors. It should be
obvious that parallel connections are simlarly possible. Figure 6C
Il'lustrates the degree of freedomin the layout of the top 15 el ectrodes
61,66 and bdYQBMOBRECt rodes 62,65 resulting fromthis i nvieRiis§s 7503 0"

exanpl e, one or both of the gates can have bends in order to neet other

requi renents or lL.de ot her advantges such as ease of wirability. Figure
7A 111 ustrates ngg@éhﬁ‘ﬂ??'%e B?Pagﬁ%)&ﬁﬁ of1he byige rapaditorss i The capasitorgl e FET

75 and a singl growpkaledtRdes @an bQ?@nféldeé?q:@ggbeé °{€§i9§ﬁ'ﬁd§o§§e§f’s@p'§t?q;gzo

connected to t?g drain region of the FE and eis
grounded. Fi gur'8® 9EPYHBUROR ddvesaiof depants tefdrmdya hightyeopet dxtsras! DRAM cel | s

and taki ng advagyi V, Lon, ,the first usi a top gate FET 75A

and t he second%z;ﬁlaurlégi %gﬁgk%k%{é 3ong the 995‘5'5‘3?&(83’%9 FRPACHOSE Gy, e

fornmed 1n5the 0BsgrioatodoiBing tteb haxe igsulgtof.OThid 2l Badific E@cgsg orf7SB are
ucture of Figure

25 connected t citors usi vias 74A, 74B. The str

7b is forned ?bgﬁ%ﬁ@'g'ﬂﬂg Sueh %ﬁt@g@dﬁgf'?‘é{'ﬂ and deggrineddn USmwatent ayer 77
through an i n6A70p8MaRIcBOENteAsalre REroirYMcbReFatB@sSsi bl e processes that can
be used to formthese t%:fctures have been described already with the aid

of Figures 2-4. 30"FRBTRYLRiaCassasiwheipiha byrjed capacitais fasmedsubstrate, for
exanpl e, has besseqaanas thesOl yub%ir‘éf‘e‘ﬂ?rﬁﬁ&o&ﬁé’béhslaﬁbé’d Aerdf wﬁéﬁ%gs 24 2D.
C

The burigd conducior 73A, 73B with the ri ol ce of trench di nensions

and capati t or apEiQr asifermed priorfq the g@kﬂﬂ&ﬂdfﬁ, offardprodessi de fornmed on
e ot il SO A AR

determ ne the capaci'tance val ue of capacl t'ors.
ground el ect r obfe¥ide Htteyields aad lawargest. by use of ‘a hi ghly doped substrate

24 ons Fof | 153 PTARBYENE S dR3pE LR Sl IR o1 7
70A, 5 70B priBButes 7Aofti Riguren@A iscaiwel %BQWumr.artTmh@mle mliagramaddi ti onal
Patent 5, 770, 40 oAb bRk Ehacl ditdil bhfn e BRI RENAIE0H BREd " T
storage capacitor C1. Use of depletion capacitors are well known in the art (
see for example US patents 4,163,243 and 4,259,729). The gate of Q1 is-
activated by a high voltage to tum 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 lllustrates one
embodiment of using a éingle 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 clrcult 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 BLLO. Transistor 83 (Q1) is activated, as previausly stated,
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I.n contrast to processes where the buried capacitor is fornmed subgeq wtm
to the SO substrate, the process descrt 10 hur|e U

capacitor was formed prior to the SO structure, offers process sinplicity
in conparison with other SO trench capacitor processes and can provide
better yields and Iower cost. Figures 8A-8C show a variation of the DRAM
cel I's di scus¥OPHI825; gures 7A-7B. Figure 8A is a well knegiugid@Eszart
schematic diagram of a 15 single device storage capacitor circuit which

capacttor s are RGN SlnareRPE 10218 B2 o Bbiuing ihe vobagalevat e BLGLES. 243
and 4, 259, 729). tomragwfareﬁ to@hpb&utor%@t(t'}f‘)atﬁé% Wéufk neﬂbﬁ.%'atrggﬁeebﬁmrn QL

on, thus all ow n nal | evel bit- | sferred
to the capaci to aﬁj%” gﬁﬂ'! B'OQH'QVRLQ!Q Wede!guniaeal&)(oltageslbvélltmt 0 the
schematic in Figgtiweer &\ ' node J.abel ed VDD was at
ground potenti al . Flegur%@g%q%?ﬁjgﬁ g?@caﬁ)?@&ﬁgé@{% 'ﬁ)é%t Blgf i sﬁi?glsa single '
depl et ed éapam‘tQﬁWegeddiQ alaensmgnmhﬁms(nd)tlsmwb) which\mﬂ direrontialy &sxgdhen the:

buried electro tlon i on ounter electrode
in the device ﬂ&tﬁge Bé%%ﬁ ﬁ.&p@}féﬂ”e r?&%l"?'iﬁé A higt vgéag,q is@ppliediop! | catl)on
i s |nfthﬁ phymW&lthargamgHrmststm‘th hﬁhhnmsmt@fa@tdr@@h@nalk red 65 OnC} h((a )
top of the co co on 82 and the capaC|tor 80
| ocat ed on th%@?@@&@mﬁgg}m?ﬂﬁv‘%g’r@&g 'é& ognaivig e V91Dh$f§a|§tructure is
made possi bl e leMplaaecBWe@rydubmafwb@aﬁ@hélQ vttennh® thé Eémfﬂéihggi_ re 813
w | | befurther des oW N d be

expl ai ned’t hat s&"ﬁ%ﬁ@ " g"bé’f"f be Fﬁﬁgb%e@%ﬂgglgﬁgr@ﬁéerdh@ pesitive yoltages ual i zed.
I'n the enbodi mefirectivh dr rwg’aﬂveﬁ%lfab@ dﬂ@&ﬁbrﬁr&m‘k@ ppé‘de?érﬂﬁﬁéh inforgi g&t ed to

the cell on bi e BL %nmstor 83 (01) 1s actl as previously

stated, 19 1 15%" PMSE&OVMWQM%‘QQ‘ Weashlampllﬁergnal

| d t t até to b
[ Ansrerred 1 ia?ap'?ﬁ?o?"""““ S""“ﬁ;g"‘b“’? USRSk @ikl 10 Dram

cell Is read out byFigHER8Rghews BE@GMCQPW@dGiﬁmmewuﬂmmge | evel
that |s 1pet weghfugioh®d todtandistirddy. &ﬁ%?(h%f) Eiféde ofI ?ia&ﬁfb&wlean\(ﬂh Bi t

line BLOis 5 connected to a sense a
differentiall ypggﬁg@q @jectrode of capacitor 80 The msulator 86 overlymg the electrode

of capacitor 80 (Cl) is the capacitor dielectric. This dielectic could be the
same or similar material Si0, as in BOX layer 87. It could also be a different
material such as a high dielectric material allowing a larger value of

20 capagcitance 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 catriers 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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vol tage between BLO and a reference voltage. A high voltage is applifkt JAN 2005
W.l the gate of transistor 01 . Thi-s—ttHhe—Qlmtn-andthe. signal stored on

capacitor G wll be transferred to BLO This signal will be very snall
conpared to the signal that was originally witten into the cell .using SLO
The 10 sense bit line BLOw Il be disturbed electrically In either the

posi tive voMW&3401825 rection or negative vol tage directi opdi@m/iia
predeterm ned internmediate |evel depending on the state stored In

capacitor C. The sense lifier ached to BLOw Il sense and anplify

this small vol tr%ﬁ%" W‘@{?ﬁggm?egatﬁpbéi r @BNiHBWS density kesult andetilbf capaci t or

C is connect e@pdfade.aTHSpEh Y64 : ' .. The ot her electrode

of d'is a pl ath formed ﬁﬂ‘ L'Eqﬁ%th@esﬁ??{é@nbfe?g@laﬁgggog&'%ﬁ?ﬁ\eri?qcé $80. The

i nsul at or 86 olanglas Gigloelmotterne cioder todit lirenBicd than sBMe(inimii t he capaci t or

dielectric. Thi lelectl d be the sane or simlar material Si Q2 as

in BOX | ayer 8y&nﬂﬁdgoelcﬁttéﬁlgﬁg‘gL%@%P"GQPPHF'@H&”WQP&P" igterlipntirag a hi gh

di el ectrix nmt ertedd, al | owi ng a | arger value of 20 capacitance for C using

the sanme plate areg:.as tegg‘.%s materi al .can be formed during the formation of
r

the buried capacit orY8P&tt SANSHINSIRNRITIguI BB, wherein theeanasiter isf el ect r odes
of capacitor bpmvited bylfemingthe RAFRRES BOB ENA'H0T, %@%@%-noﬁ?ﬁrrﬂ&{i BESi on
regi on 85 conn ctﬁth to el ectrode of the capacitor , to a plate-like
regi on forned E‘P q Hﬁl&?‘f‘f’gfpléﬁ%@’e The agvantage of ghis is thatheatrea htcapacitor
dielectric 86 gosanBeentih! ' ' ' : | yi .2 positive
potential to the | oag_r mp'rlgfﬁg ag?\mg?%%’gafggg@%l‘la@ga%)lg?gﬁ?ri?sgt&. mcgg%'@%'?negat Ive
carri ersih o belodsingigla dielestrigronstant insulaters fa@) therepanijors, one canlatsoi ve and
formng the to i | iLnmply the

buri ed el ect rof'ﬁl)seeo'lcc)’?1 b@%%%% %E&é@%’gkgéegg%ﬁ]aeg‘faa%ﬁ%#\gcgle@c"ioﬁeﬁﬁ?%
structure is tBeththess teehniggescireivwailiknowndn the an.eAdditiorml vari@tbns@f nay be

Al | ovi g maxi reA TR R i e bassioht ARHE o BondRalblehist Bomingur er 11
may, however, Wiedstuckesstabghtantived. |y . out side the 20 11 JAN 2005 WO
02110103 P 102 idiaF an NGRSO sl Mo St 3477 5
relative to Qldynemicmtwacphaseshlift registerlusing the irGlentbolestructutre.c Bigarecdser to bit
line BLO than GoR JUdNcBHk vertical structure utilizing the semiconductor processing
teaching of this 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. All the 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 regioné 95
30 . between adjacent FETSs, the series connection of the transistors as in Figure
9Cis achleved without a need 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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di mensi on established by a | eakage current/storage cell retention t'rme‘{ﬁ‘ gﬂ

o afannn
criteria., Figure 8Cis an ext€LF'5—'—<€‘4“—é"fv--E-'-Q-I-IJ-E-B-BAM:%?C%00
provi ded by form ng the structures 80B and 80T, where 80T is now formed on

top of the device |layer 82. The advantage of this is that the area of
capacitor 80 can be cut in half allowng for greater overall packing
density. I n WO®RAM182F 10 to using high dielectric constant Pbg@g&z?ﬁ%rs for
the capacitors, one can also use roughened surface el ectrodes to Tncrease
t he capacitor ekﬁitrode area. Both these techniques are well known in the
art. Additional P danditrensisters 943andSdd store il 2miRefeiriabo FIEOBasGAKAE L Wi t hi n

t he general con i ruct aught In _here. 15 1

Fi gures 9A-9C i Iglpﬁéé"? rsgtE gbgﬁéaapgf‘? Qg{eioggraﬁ%is@ﬁ? y%ﬁ%étsa lpek GRisignabp7 a
dynami ¢ two phalSépplied to wisgennectadsionmtads! tiaRgiemre 430440t YHE dafdl GHEE 9A
shows a conceptyal .y ngét i calthstructure utilizing the sem conductor
processing teachrng el ong FH@W*\C&HPW@BM{ﬁ\mrcvmucmsym transi stors

that i s cénnectdiffusios caacitahee. FT@s cRclcsRRARTRL b i phase
dynam c shift regi.stef. 20, w }rg t he Fi gu@g 913't?%}é§gﬁéﬂég‘$§%&ﬁf§gse dynarri‘c

shift registers® NSO the,data, Mena Ritipcationdaithe nexthRingusit is shifedromedat a.
" Substrate oL@ e o cn AR HoBlsiGha A Ol bR SR DA (" he
two. Further, ah@ng Theelacks e RgB-o¥eriapping Mmeardng that C1tami CRBreRevgRt € 25
SUrface FETs 943 a7 RuD FanglAe, Benhidhy Bl BhErostBl- e tbinragfuare
devi ce | dfer. Ap pttenyatedamd losbaftensppw numbatet ehiftiposiiiohy uhfees kfwi ce of -
sane body | ayer ooy etud ) sOHh SEadd Ve Sflfe abPhSseibns o9 S0
bet ween adj aceegdistEnscan b ceratiugtsdouitivraots temsistors tieart sHow BtFRIGWe @A dd)
phase dynam o ohitp foipereldrably et el o beslionas e soril Ses. e bit of
~data. In the caleultstforshift9eyisteriagiand amplifbdfiomark Kbl IAYLS BRGRnaRs € 21 11
2AN 2005190 024048 BTSRRI AT egioh snd W bhalS Lok L e s+
shown in figure 9A, which provide space saving and greater density.
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 polyslliéon. 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




signal 96 is applied to the gate of transistors 941, 943, and cl ock] €2AN 200
signal 97 is applied to W r e confectet o —atinetmoimiattimtdals..942 044

The data bit is act ually stored on the parasitic capacitance of the
circuit, such as the 5 diffusion capacitance. Two cl ock signals 96, 97 are
used to control the shifting of the data fromone bit |ocation to the
next. One biWOPAI0EFft ed one position by applying cl ock semgmsabafshs (a hi gh)
foll owed by clock si gnal CZ (a hi gh) The cl ocks are non-overl appi ng

meani ng that C .neve at the same tinme. Eventually

the data enter Be Pﬁ?%s?ﬁ'ew'é‘ﬂg i 9?@5 PB@&EGWDG itep sitle onthet kattosmside dst  af t er
sone number of sﬁbbﬁahtué]@&b&uﬁaﬁn '&ﬂiaz%ﬁén ok anéi#abfeeréépé @e o %&ﬁdr\g @e by a

gain stage. Variatians ers Bnst ruct ed
with nore transistofY 'E"Pfaﬁ ggnmmasrof megmns's)@rssdtffuaens @ndegtewiringr anplify

the data at ea Iy circuits for shift
regi stering ang‘;brg PCPF?‘%?A |C§ﬁmg{r}8} Q‘?%'aﬁlre rﬁglt?fgatglﬁ?'sgﬁgc}m?% atiemplingde aspect
of ]'Ehe pré;ent wmwtbatgatmegmns loé twwo\saquisatial tﬁdmsfstorﬁ C?QhBtc?ﬁﬁt @bfst&fcﬁéiﬁf Sho‘é‘“
in figure 9A S reater The two phase
shift regi ster\g/g ruc ﬁ&&oﬁaﬁlﬁ?gﬁq Wﬁﬁk"/g?f’a 535?'@'“F?d§)§s‘&ﬂ'5tf%mtbﬁe very
i mportant semi sblflduglstm irpamalemamq ﬁaeﬁiﬁhloﬂwpmotlbhi ﬁaﬁsl‘%t@ﬂbb&fbn éshat al I ows
tranmstorsto& ate BOX ger 90 to formed on to 20 in

bottom of a shiP® éq'ﬁﬁg% e clrayit cherande |dﬁ@"°ﬁ'ﬁlr%19 ithip COWﬁR‘Eﬁe thettwact ur e

shown in figurphlde dfraniic aRiRiregistes bedauzetit is aBvaNGARR ;@hcajlbﬂtd?e[] ?Et are.
e rain

staggereg such f hat 3\28 EE!‘I_ ce of one transistor I1s s
of a secthd trZRSFIEHMOS é%@ﬂn’éﬂwe‘@irqﬂ?%c‘fﬁwswﬁ@é‘@pﬂmWmﬂd Figure 6B. As
can be readi|yob@edsly Bé@efﬁ%q&&lgllvgﬂl‘é\ﬁm feﬁﬁcéd‘g{\bvae%ﬁ\h%ﬁcc;n:ﬁ@étaotrhﬁug5 two

transi stors of ﬁhls | nvention do not reside
on the same valqwieg forjimpeved deyice/sireyit dassity.on top.. In this Invention, one

ol " bt SO a1 A R A OB IA B 1

t akes pl ace bepMP R logiaiguil.ay be Figpire 1 04 @phﬂreahcmhqmatwq-wapmgtcgl wher e
it s neggssar Mdﬁ)cif?d&ﬂnﬁqﬁut §%n%|8 rﬂﬁ@a%gﬁnﬁgﬁtea t@}h’e %‘:%Bﬂ#&f@h hor§

Simlarly the correspon :g ove e Co
| ayer 92 st ruckfReand Q&R ge%pemimm T(ﬁﬂsﬁmm@itamfaahrefgm C2 to the

gate region of whdgiels i dtistdrd dd iy GRMEN-19e. 1 nid Sh&RAR: ¥R/ 101825

known and one of the most widely used logic circuits. The other widely used
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) Llsing 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, patteming 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 hotizontal axis. Since the transistors Q1, Q2 are P-type and Q3
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the necessary wiring to gates on either the top side or the bottom,qlﬂ\ Lﬂﬁ
substantially reduced in utilizatio tate on any ‘one""

side. Further, if geonetries of the transistors, dlffu3|ons and gate
wiring were such that a conflict for available real-estate existed when
attenpting to S5 wire the gate regions of two sequential transistors in the
shift regi st &O®H4I%S such conflict would be substantlallypdﬁﬁgdg?g r
elimnated by constructing the shift register in an alternating f“ashl on of

top/bottomtran t 0 vvn In figure 9A. The circuit chosen
to denonstrate ?s {gﬁqgﬁpq ihe( ﬁ%"' yer hagdeolationareions to boparaigi ths er

because it is admtdréntldmpuntsamﬂd G@-‘ide%ﬁ%oﬁ@sﬁ&%ﬁﬁ@l e?"‘f R function.

However ot her ci CUI t | i cati ons wou obvi BRIy well

with reduced gaf &% et PYITaN dnslvglespragtica isde have thevplagsrhent or BRyS¥AC
device/circuit ¢ratod Mfalﬁ'r%éi‘o %@ngé hﬁéﬁaﬁ}g w . the application of the

subj ect disclosure to a l'ogI'c Ci % ‘Fi gure 10A schematic -
shows a twb-way Ioglld@WGVGIEthimmﬁpmalld)ws aupitfueThedIw 1o fé’btﬁea?ﬁ ﬁél‘?&fﬁ pnect ed
ran

to the gates of oar ans 0, 4. an & 03, respectiv sistors
01 and 82 are Pptaygg' ?'?%ﬁéfé\(settg'?sﬁéga‘hw 5@‘@96‘?'@ %sm&wtoemrm k-ehjpe. Thi s

schematic is we$lee faraogiveralogicahienctfont hesHoutd bé‘\'hdl%HMhéﬁﬁ@ lé ﬁ‘ﬁ'tﬁ Mg ts-
th npr e Ivert er

The ot her wi del its are .the NAND and

circuit, and thée"s%%gd SR I Wb Bt s RpSranes Ara amested inparaliakidinont! | known

circuits wo]thI dhtsqumng\sepamté lntemﬁhr@bti&fébmmbrék' Il in the art. ;I'he

structurenof the rcu represents a vertica

Cr oss- segltol on of glog\e‘ﬁ"@&ﬁb?ﬁﬂeﬁf W@%ﬁ?ﬂﬁ’?mtﬂ this structura i thetarbaveqiiredn . . A

substrate 101 afodthe cx?bmmcmy shared sblidedr&in YRRIGHsShaky %%Iéﬁ%¥§%102 The
US|

process

.25 transistor thin the substrate (burie
steps taught icﬁ4 ﬁbp?d{'nq%'rtW@@erﬂﬁﬁ@ﬁﬂpn%@ iffugion oft @8 an@0)4 Shareathd QB

f ¥ i of. oxi dati on,
are formed on witrethd@ouee dlﬂdﬁ;tm gf('.r)]?‘% tﬁgit]'éé }H%sfe?&;‘%% eiﬂgfﬁ‘?%@"g%‘ﬁ%m‘?duct or

gate el ectrode dﬁg%l on
. georetry is si Gt ‘F@'Qﬁ‘glj‘rﬁ@ﬂy educeshdBhis camdiongnodte draliffusion NOR

circuit 130 of élsﬂwreesl%ﬁesodtﬁﬂ'doas‘éfthE*lﬁchﬁs‘sln% tchﬁa:#?t%ﬂgf't and novel

benefit apparent in figure 10B is seen oca on o 9nsistor 03
directly above re?chﬁg,rgq%t,s ima reqdycedeiouitidelay rwitshingtime)i tharspeed ir s QL and

(% :; : (F:> O?)S/ L;U;‘etr?gﬁlon@lgl |h$\%a§éAdl\r|E12' I(‘i)%%dr?c@ﬁf Rére B Sowntd? GNOACIGFDS St o s 01,
also readﬂy applied to the popular NAND logic circuit 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.

25 . 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.



WD 02/ 101825 PCT/ US02/ 17593 and Q4 are N-type, the device Iayér hasl 1 JAN 2665

isolation regions to separate the d in the device | ayer
corresponding N-type and P-type regions. The current industry practice 1s
to have the placenent or physical |location of all transistors on the sane

hori zontal plane. 5 However, this invention allows a unique neans to
fabricate twouhsksy @B, 4, one above the other, thus gldGupsdhsfor a
significant reduction in chip size for a given logical function. It should
be noted that this is the technique discussed earlier in which conmponents

are connected licgbilityut requiring separate Interconnection
conductors. 10 A@difional benefit .w structure in the

wi. |l 1. be apparent .in this
area required for HHENVERYARSpPUGable.t WE@@L{?F}%'W%WQ&TC’HW& a8fhar ed by
transi stors O3fabri€éion propéddesabiérdfort he area of the conmon drain diffusion
of 03 and 04 shared wth the source diffusion of @2 Is reduced in area
such that the switching tine on the NOR circuit is significantly reduced.
Thi s common node or diffusion 15 al so 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 sonme 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 additi onal
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
these techniques the buried oxide can be used for nore than sinple
i solation. 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. Wiile the invention has been described in terns of preferred 30
enbodi nents, those skilled in the art will recognize that the invention can
be practiced with nodification within the spirit and scope of the appended
clainms. 24 11 JAN 2005
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WO 02/ 101825 PCT/ US02/ 17593 I ndustrial Applicability The invention,is

appl i cabl GAIW% ts and fabrication piddcHdsa
-t+trerefor, 2o JAN 2006 FI S920000233 Clains What is clained is: 1. A

met hod of fabricating an el ectronic device using.an Sjb nlque sai d
SO technlque resul findwn formation of a buried oxid EA&@ met hod
conpri si ng: fabricating at |east. Qne. £y mSanonponéhﬂ\®L.§éld “e%WW&nlc
devi ce in EIS920000233 ngl e crystal Seni conductor | ayer; and depositing a
conductive material to fabricate at | east one second conponent of said

el ectronic device in a second single crystal sem conductor |ayer bel ow and
separated from ‘¥§|rst single crystal sem conductor |ayer by said
buried oxide la aid buried oxide |layer being thinned locally to
perform a function integral to said electronic device. 2. The method of
claim1l, mherel ﬁqg 35 E@ second conponents conprises a buried gate and
sai d oxide | ayer | ocally over said buried gate to provide
a gate oxide for said buried gate 3. The method of claim1, wherein one of

salC peond COmRONeT A ' O/ einyAmBOyRicknigod, sai d
oxi de |ayer is n10t f @Og&éfa%ql ﬁ@ﬁr@&éctF&ﬁc dévi ) g/

conponent. 4. The nethod
wherei n one of saiidiseopreRdiqae rEEitigtis formetiet P%%Q%?%%‘Eﬂ)‘ﬁ%‘t s@'ﬁt%eghéd in a
substrate beneath sajd buried oxide |layer and said fabrl cating further

conpri si ng: forrﬁ"@’ﬁ'\grench in said substrate; formn i r on at
| east one of a si dewadaﬁncaumg ableaameélfﬁi@Pmﬁﬂefé‘Lﬂ‘ﬁé@@' r?H'C&geﬁﬂS’?l |gng sai d

conductive nmat er Wt hin ddat said deposited conductive
. *’e@ a

material and a t Bt %’ﬂﬁ'?ﬁ@@aisésal h& te are essential Igl glgnar.

o depositing aconductlve materlal to fabricate at least one secon

component of said electronic device in a second single crystal semiconductor
layer below and separated from said first single crystal semiconductor layer
by said buried oxide layer, said buried oxide layer being thinned locally to

perform a function integral to said electronic device.

2. The method of claim 1, wherein one of said second components
comprises a buried gate and said oxide layer is made thinner locally over said

buried gate to provide a gate oxide for said buried gate.

3. The method of claim 1, wherein one of said second components isa
body contact for an overlying gate and said oxide layer is not formed over

— said component.

4. The method of claim 1, wherein one of said second components
comprises a component embedded in a substrate beneath said buried oxide
layer and said fabricating further comprising:

forming a trench in said substrate;

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

depositing said conductive material within said trench such that said
deposited conductive material and a top surface of said substrate are

essentially planar.
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26 é 1 JAN 2006 FI S920000233 5. The nethod according to claim1l1, wherein
|;ﬁé_§$1wﬁ'%y fabricated on a fitEUANGIET
at least one second conponent is initially fabricated on a second

waf er, and said SO fabrication conprises bondi
n.g«sallﬁEAéUSE waf er and
t

sai d second wafer to fowh said buried oxide |ayer

hod accordi ng

to claimyl, wherein said buried omge Iqaypr ¢l 54 F opiet . Dby Ul dpl & Hkl‘l“f“@

oxygen. 7. Fiso200002330f fabri cati'ng

n dl"&¢tfonic circuit accordi ng to claim

1, said electronic circuit including a pluralit

_ y of electronic devi.ces
Lorned according to the nmethod of claim1l,. each said electronlc devi ce
aving at |eastgone /By JﬁethBaraé&oremgn@nam1 aheieirsaid aHeastang ftslc ond

conmponent, mhereln sal urie oxi d di f

NGt on 1 nt 6or omponaskrinbaRIeBIEd B AP EEhd ST gt ol g oot B 1 g

glo eg![ ?l)nm 7 meégﬁw@%@ém kselﬁﬁlkllfgﬁpéﬁteé 8h@ decond watemmmmaﬂ SObfakwicationst sai d
ic devi I'ses a fusion region R ssgonent -

of a second sai dombﬂwsrtmmdmg(mxi tivst waligg And %&'ﬁ 5951?’3# W?fngq hﬁ%@@r oni ¢ device

and said second el egew gnic device are electrically interconnected w thout

requiring an i nP&Ag

conpri si ng:

®&ction conductor. 9. The nethod of clai m 8, further

I nterconnecting at |east one said first co
one said secon nponent to at | east
10. A nmethod ac

Onen iV hHdréie sarli bliribd oiield layarie | a
%or di \M%Jrzr:loﬁd"gq%f @?ﬁ:atl rrlg g DRAI\;I cel | V\)?:r ein sglezi

first conponent sOmwwyuam!&ntlbglok}egemapam tor beneath said b
_ : uried oxide
| ayer and a gate beneath said buried oxide | ayer and said second

conponent s
sai d buried
bet ween sai d

COI'TpI’I ses int er

drain” | PEAI S .

conprise a FET source region and a FET draip re
oxmle IAymethod@l tabgaamgﬁn ﬁgCtEfd‘éﬁ)?'@d"ttaﬁc?fﬂﬁpé?g‘ R

amAesaidy 2 nnel
r@@to cﬂrauué 5]%8‘% ng;gé glufjafhﬂ) & di&FioRIE de¥itds debmgtur t her

I'tor to one of sajd s ere |on
. 1Rd misthckhd! A4I061, each said electronic device having at? eastone s or

first component, at least one said second component, wherein said buried
oxide is modified locally to perform a function integral to each said electronic

device.

8. The method according to claim 7, wherein at least one of said first
components of a first said electronic device comprises a diffusion region
which is also a component of a second said electronic device, such that said
first electronic device and said second electronic device are electrically
interconnected without requiring an interconnection conductor.

9. The method of claim 8, further comprising:
interconnecting at least one said first component to at least one sald

second component with a via penetrating said buried oxide layer.

10. A method according to claim 1 of fabricating a DRAM cell wherein said
first components comprise a buried capacitor beneath said buried oxide layer
and a gate beneath said buried oxide layer and said second components
comprise a FET source region and a FET drain region on top of said buried
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
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| PEA/ US FI S920000233 regi'on with a via penetrating said buried oxi

'Wteri al. 11. A met hod o?? JAN 2006
) Mg a M cel | tarray according to claim 10, further conprising:
fabricating an array of DRAMcells according to the ne claim15
V\/n?re:anst:VId.gﬁte i's fohged beneath said buried oxide or a first

set o AM cel I's in said array and.sai,d«gate i faormed.dnlt bp? ol S
buried oxiFi8920008233 or 4 secbnd?"‘s“e‘t 'ofl\""'D%%\tl\“ﬂ"be'?l S. Tg The ngt hod of dcl'ai m
11, wherein said buried capacitor conprises a buried conduct i‘ve matéri al
encased by an insulation layer separating said conductive materi a}l from-
said substrate, JﬂjwﬁﬁraWpéﬂHtﬁahﬁg saidiyoried eside fayerisaig \iéh comRIse S én | ayer
in atrench in sard substrate to be beneath said buried oxide |layer; and
filling a regi OWOﬁWQWG"We@-i d insulation |ayer with a conductive

material. 13. A nethod according to claim1 of fabricating a DRAM cel |

wherein said first conponent conprises a buried electt th '
buried oxi de |aydr, Asaetiotof fabrcatinga PEAM Eﬂtvfaﬂ/gacggrdé{%qg\?gaﬁ'ﬂsgbaciS? 1)(r:I

charge plate an ai d . conponent conprises a region f
upper side of sgPﬁhefﬁﬁf"ﬁ@% m g ormed on an

_ xi de | ayer serving as. a er ' char ge
8: ?]E 3,Si iﬁ' (rjegff) Eogf f;abrtobﬁng g@ﬂﬁaylg RBAMeals C%fdl'j‘ﬁg? H%D'Bﬁthﬁlaﬁzg%ﬁagen tge
_ Ansd ; ariecsdxide mfferstar @ fitalr |
oxide layer to said 1 S ér'ﬁgé'g g‘% {Sggﬁﬁgeg'gaéﬁmb ¥ g s

te 14. T i
13, wherein a cagaof DBAM pellsiiasaid areyrsd S5kt gale :‘Fef°§a?%°ﬁ E%e‘%é%sr%pdcl Z"WL” r
capacit or chargﬁgﬁ#%{ﬁg?ﬁggg%aﬁs&tmmcgq.s, portion of said buried oxide

layer. 15. The _ ] wherel n said capacitor insulator
conprises an insulation material different fromsaid buried oxide |ayer.

28 11 JAN 2006 | 15' Sgﬁ-\oeonqg%%é of claim 11, wherein said buried capacitor comprises a

buried conductive material encased by an insulation layer separating said
conductive material from said substrate, said method further comprises:
forming an insulation layer in a trench in said substrate to be beneath

said buried oxide layer; and
filling a region formed by said insulation layer with a conductive

material.

' 13. A method according to claim 1 of fabricating a DRAM cell wherein said
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 capacifor charge plate, said method
further comprising forming a diffusion link between the diffusion region of a
trénsistor located on a upper side of said buried oxide layer to said upper

capacitor charge plate.

14. The method of claim 13, wherein a capacitor insulator formed between
said upper and said lower capacitor charge plates comprisés at least a

portion of said buried oxide layer.

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

insulation material different from said buried oxide layer.
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IPEA/US (11 E 1. 16. The nethod of claim 15, further conprising: formng\ams
. 0

ar ea’ of i NSl eraret-or—etec i
irea_of trode above a device |la
overlying the BOX | ayer, part of said area | ocated above said buried Yot g

capacitor, and a condugting link in the device | r '
connecting t he respepti e c_harge pl ate regions o%hem'ggglnljyoverl yi ng
i ;ipaCl tor.ﬁﬁﬁ%&&%# ncreasi ng the -yahue: pficapacklqrsi L Eaia DIRANE ekl |

. A net : i cating an &l et rofi ¢ ci'rcui t according to claim1l
having a plurality of electronic devices, said method further 'corrpri'si ng:
form ng an interconnector of conductive material to interconnect at Iegét
two of said plurality of electronic devices, said interconnector at | east

partially enclosed by said buyied i.d et hod of i i

dynani ¢ two- phafe s Pt"_"?‘%qbg{cé?'"h@%5?'ﬁ?eﬁél'§?18ﬁ5'§§'ai 21 1? \/\LgPrez ﬁa;;ing ?i r st

gg(r:r})onent conpri ses (dufihd &4 afdaQstingtilgoahatedaldand acapagitor elestrogmabaval | y

: osed by said buried ‘oxide |ayer i d second .co oneab iges a

se_cgnd cl ock swdet\rlca‘,bmeru_@ﬁfh/'@%ﬁﬁp)g%(WE pagio Sﬁ'aﬁ?%jl OXI 8388?%§/éel§ and

sal SEEQ?,S f!”tBlP%Hc gggfqr.sﬁﬂéeéﬁauaﬂn@umd iHied déwcelbydiBledtricaliyi stors in
singl'e crystal sem conductor |ayer abgve sai |;,' xi de

|l ayer. 19. A netdvneciig thalsespestiyenghuoTRIe EﬂgP@ai“? 8’?3%‘6‘?8%‘.‘% (h)ﬁ@?%i m 1

wherein said fj Sk : ' Lty inadai :
. t ”ﬂP.SFb%gt.ﬁcrsm inevafuendfwaphditoy inodaidBRAM oelsi st
formed in a de{:/lpce“ﬁgyer above said buried oxiptle Iyayer, wher ei nI ZtOIrZast

two of said FET transistors share a common diffusion region, thereby

electrically ipterc i i.dat k 2. . :
o o/\8irchit Actardingits tlains 1
using a separ at y In?gﬁ%@%gg{aﬁﬂgﬁg\gnﬂﬁﬁfe’ﬁ mart er | cI 3 aﬁiﬂs‘? ?E,\émez;gﬁgt

conponent conpr havisg apiurality of eleetrrnis deMcasy g Meiho Lo O\I}V sai d devi ce

| ayer which interc ] '
claim19. wherein Sg@ﬂﬁlﬁﬁ%n%te}&%ﬁ&ctbm @hdeéive rrdtdsal t@diterSormeckathod of

( ! . terconnective conduct or I ' |
i s F?t-sg I2east par 1daat two efraaidopladlityyof elacionig rqeéﬁe%ﬂal%sn%\évﬁp@?‘ga%gﬁgﬁﬁeJ Lﬁyg(r)%
v 0000233 ngﬁéﬁ)pg'\closed by said buried oxide.

18. A method of fabricating a dynamic two-phase shift register according to
claim 1, wherein said first component comprises a first clock signal conductor
at least partially enclosed by said butied oxide layer, said second component
comprises a second clock signal conductor formed above said buried oxide
layer, and said method further comprises forming a plurality of FET transistors
"in said second single crystal semiconductor layer above said buried oxide

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

interconnects at least two of said FETs.

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

said device layer is at least partially enclosed by said buried oxide layer.
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~1'3 W3 21. The nethod of claim 19, wherein said CMOS circuit co
TR B

B8ORSyt TSt~ O NOR TiTcuit; and at leas
NAND circuit. 22. The nethod of claim 1l wherein said conductive material is

deposited wthin a trqgeh etched through said bt ed mm$ayer into said
second si ngl e crystal sem conductor |ayer. 23. An ele devi ce

fabricate thod according +o gnyyef - ql @i 21t Arpugh E2AI M. An
i nt egr at eﬁ:'gg?@h%lzg?abrl cat ed by Phe met%og] ‘accor di ng to any Qf clains 1

through 22. 25. A nodule including an integrated circuit fabricated by the
met hod according to any of clainms 1 through 22. 30

21.  The method of claim 19, wherein said CMOS circuit comprises at least
one of the following:

at least one NOR circuit; and

at least one NAND circuit.

22. The method of claim 1 wherein said conductive material is deposited
within a trench etched through said buried oxide layer into said second single

crystal semiconductor layer.

23.  An electronic device fabricated by the method according to any of
claims 1 through 22.

24.  Anintegrated circuit fabricated by the method according to any of
claims 1 through 22.

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