T Semi condyctor-on-1Insul ator SRAM Confi gured Using Partially-Depl eted and -
Ful | y- Depleted Transi stors [0001] This application clains the beneflt of .

U.S. -Provisional Application No. 60/491,698, filed on August. |, 2003,
entitled "Sen conductor-on-Insul ator SRAM Configured Using ' -
Parti al Yl ARSHLIGhS PartligiDapRtdCaRdON s
her eby ?ngg?&%ra %relJl éﬁf ?ﬂnﬁi 1&% %E gE %%PRELATED
APPLI CATI ONS [0002] The foI 2’ten 'S and/or commonl y assi gned

pat ent”" appl i cations-are . hereby - |ncor orated her ei n by reference Pat ent
or Att o&ﬂﬁgu S@hisAppligstionlaime ghe panedit of V.S sPravisiana Appisespn Ne. 006996, 2002
TSMC2002- 0895 10/319, 119 Dec.-12,2002 TSMC2002. - 0979 = 10/ 426, 5. 66. Apr.

30, * 2008t sMA2eG31PLE3, eriANF erporpepErT-Bogspr STHEMSradered Psvent i on rel at es
generally to sem conductor devices and, nore. particularly, the preferred
enbodi nBatiallydPenieied ang Pully-Depieied hernsistor. SHchiIRpHoARY is BeoaRy m%mf?t@‘ﬁr ed using
partially-depleted and fully-depleted transistors. BACKGROUND. [0004]. The
desire h%@nﬁﬁgﬁeﬁmﬁerfornance circuits has driven the devel oprent  of

hi gh- speed

CROSS REFERENCE TO RELATED APPLICATIONS _

| [0002}  The fo]lowing Us. patents and/or commonly.assigned patent —'aLpﬁliea_tiqr_xs_- are hereby

ijlcorporatcc[ herein by reference:

Patent or : _ ' . . Afforney -

Serial No.-  FilingDate . IssueDate . Docket No.
Nov. 26, 2002 | TSMC2002-0895
10/319,119 Dec.-12, 2002 . 7 TSMC2002-0979
- 10/426,566 . Apr. 30,2003 TEMC2003-0111
TECHNICAL FIELD -
[0603] - The present invention relates generally to semiconductor devices and, more

particu'larly, the preferred embodiment relates to a semico:;ductor—ominéulator SRAM . -

configured using partially-depleted and fully-depleted transistors.

BACKGROUND

-[0004]  The desire for higher perfermanc;e circuits has driven the chelopment of mghéspeed_
sub-100 nanometer (nm) silicon-on-insulator (SOI) cofnplcmex;tary nictal—oxide—semicoﬁductor_
~ (CMOS) techriology. In SOI technology, metal-oxide semiconductor field-effect transistors

(MQOSFETs) are formed on a thj.n.laycr of silicon overlying a layer of insulating material sech as
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sub- 100 nanoneter (Wixi) silicon-on-insulator (S 01) conplenentary

met al - o&i de- sem conductor (CMOS) technology. In SDI technol ogy,

nmet al - oxi de sem conduct-or field-effect transistors (MOSFETs) are formed on
a thin l.ayer- of silicon overlying a |ayer of insulating material such as -1
S|I|coﬁﬂéﬁFaﬁdeQ%VﬁseﬁnﬁmwamﬂbﬂmﬁmﬁﬁthHﬁﬁmaﬂﬁMNér&Q&%ﬂ&ﬁ%uém&ﬁﬁg their bul k
counterparts, 'including reduced junction capacitance, absence of reverse
body efipdeding rsdiced impetinn chpanitanid, yhsefiaslof revets€b@Btetfe6t, do30da; | i 1¢pbsence

of latch-u SOT technol ogy therefore.enabl es higher speed "pertornance,

hi gher db%?f‘%cﬁﬁ)l’ﬂ@ﬁﬁnﬂ pbseapa @7 fagnditnpe §OPEYRID] QE HisdTPle| e@ibled IR8RPLpelAe NDST

commonl y used and nost nmanufacturable SOT technology is- partlally depl eted -

SO ( PECYemAnGeckighes Pagkins ikrsits, and amiséegtpowsr doabivigiahed have a
partially-depl eted body region, that is, a PD-SO transistor is. -one.in

whi ch tipesspbod . et | i-dt h
I b TShOsy kRSl Syt BKER LR DB T epl st Lol v
0 LNe SEEBOLERIY Lhaolory DAkes LB SO AN B 208 0, 5. Commn' o

described as being'a floaflng region

(rans! sugmsahaye i eotebbieof e ANy %@Lnfgggmg' ﬁg%@eg ni L | cant.

design-burden is faced by its users becaus I'n

PD- SOT makiniiSdeSle06 carrl i oni zati on near
T B A R P PR ol uBilles, P on of [he

t he drain/source region -accunul ate néar

transi sidpleeVbery o ullBrsbentae tein. the floatin body,
whi ch i-s formegﬂrl gr?t bel owﬂtﬁé{%%gﬁﬁg? |Dgtﬁ°° & T?GH:E}O "éﬁ‘ﬁl‘?

effectmmaﬁgmﬂdmauy@d @071 Fl oating body effects occur. in PD—SC! deV|ces

because of charge bUI| -up in-the

: [0006] Althouch PD- SOI transistors have the mer1t of being l:ucrhly ma.rrufacturz'ibla.
 significant desrru burden is faced by its users bccause of ﬂoatmcr body affccts (In PD-SOI
transistors, charcre carriers uenerated by nnpact lonization near T.hﬁ‘. drain/source region”
. accumulate near the source/draih rcglon of the tran515tor When sufficient carriers accumulatc in

thc floating body, w]:uch 18 fonned Tight below the channel reg10n, the body potential is’-

effectively altered,

._ [00067] ].:?'.LozﬂtmtT body effects occur in PD SOI dcwces bacause of cha:rre buﬂd—up in the
' floatmcr body reglon Tkus results in Lml.s in the device current—voltacre (I V) curves, thcreby
degradlncr the- alectncal perfonnance of thc circnit. In UBDBIEJ. the body potentxal of a PD- SOI
": dévice may vary dun_uU static, dyna.mlc or tra.nsmnt device 0pcrat10n and is a function of many |
factors like teglperamre,.voltage, pn':cult topology, and sw1tchmg.h13to:ry. Due to the _fac:t-that the -
‘body potential o_f. th§ PD-S0OI transistor depends on switching ﬁjstory, the device c];aiactedsﬁcs'
therefore depend oﬁ,switchigg histor_y, giving mise to 'a'p-hendmenorx. known as hiétor_y effect. |

o



floating body region. This results in kinks in the device current-voltage
(1-V) *curves, thereby degrading the electrical performance of the circuit.
In general, the body potential of a PD-SOT device may vary during static,
dynami c, or transient device operation, and is a function of many factors

i ke 'tenperature,.. voltage, Ci it topoglogy; .and sw tching history. Due to
the fact eg%rét HEu Bien “8’6‘5 g%ﬁ’éé}utraé‘ﬁl?to’is Hengbesraibiforyahaind thsre i88pends on
swi t chi ng, hi . the device r eristics therefore depend on .

swi t chi ESSEDE%%%%F%?@I té?*\??‘“’n%“?ﬁ“’é‘e&& Z’igﬁfﬁ%‘ﬁ?}ﬁﬁhﬁﬁhﬂéﬁﬁwoa?% llsidesign it .
Thereforﬁmsghﬁgﬁ%;-design using PD-SO transistors is not straightforward,
and there is'a significant barrier for the adoption-of PD-SO technol ogy.
or the migration frombulk-Si design to PD SO design. SUWARY OF TEE
| NVENTI ON.[ 0005] The preferred enbodi nent of the present invention rel ates
generally to the fabrication of sem conductor devices.. Mre particularly,
the preferred enbodi ment- of the -present invention-relates to o

seni conduct or -an-i nsul at or static random access nmenory (SRAM cells
incorporating partially-depleted, fully-depleted transistors. [0009] In a.
first. enbodi nent, a static nenory elenent includes a first. .inverter having
an input.coupled to a left. bit node and an output. coupledto 'a right bit
node. A second inverter has an input coupled to the right bit node and an
out put coupled to the left right bit node. A first fully depleted

sem conduct or-on-insutator transistor has-a drain coupled -to the left bit-
node, and S o S ' - 3 Lo




a second fully. depleted sem conduct or-on-insul ator transistor has a drain
coupl ed*to the ri ght bit .node. [0010] As an exanpl e, one enbodi nent
includes a nenory array formed froma plurality of SRAM cells arranged in.

an n by mmatrix. The array includes a nunber of conplenentary bit line’
pairs; egrRAfe %F@ﬁ bit line and.a right bit line. Crossing the
bit Ii ne pai rsbl%s a nu (5N of word lines. . An SRAM cell is Iocated at the
intersection of each word line and bi't line pair. Each SRAM cell includes

first at#08ecohbe iphwet absdimret ofdhrmesantimehionelat:s @eicgRAyaLeor - . On |
insulator pull=up transistor and an n-channel- semi conduct or - on- i nsul at or

pul | - do%ﬁn‘taﬁ%@swfiductﬁatl@wccseIMorapataculanryL thel eefarelierbbdiad gagond ful ly
depl et ed seni conductor-on-insulator transistor that serve as access

tr ansi sPi8t inweErTlatehtogricendpecbi-insulentrodic TRdbm- oS nBRAMICal) i ricl udes!
a pair of p-channel fully depleted transistors. (P-FDFETs), -each having a
conmmon %ﬁﬂ&@%@iﬂ}ﬁlpéﬁﬂlﬂ}odﬂalev&dl fullgdeplpet entisats. and a ‘gate coupled to a drain
of the other P-FDFET, A pair of n-channel partl aIIy -4 depleted

transi sposs ( NoRREET ted the drain of the . -
respect%ovequ- FDFET %?Oﬁgﬂpgﬁﬁﬁeug@% ‘& Esoa ﬁﬁg‘ﬁv%%ﬁ?tect ed to
ground d leg &t i n .opposite P-FDEET of the

pai r & %%IETS ﬁ,&ﬁgg? ?ﬁtagﬁl glntgnne %5@5%%&’ & DD@ g %§F%1n8?%veétaf:lrﬁshas t he
drain r Sﬁ)ﬁl@&d B4 ¥ t6OR t | e res ive drain

of the N PDFETgof %t he - pgﬁ&o i EIBFR@@% ? X ?ﬂ%oﬁjq PB%BTfET of the
pai r Off“ﬁ)ﬁ’ @Eﬁa%mmﬁidQ&MngM&rtme%tor am coup ct:llpo t% lo%tqmtt Qoedesa%%r e Of

t he n- channel pass-gate transistor
a second fully_ dﬁpletcd semmonductopo_n—msulator .transmtor has a drain couplcd"to the right bit

node,

[0010] As an examplc one embodtment mcludes a memory a.rray formed from a t:lurahty of
g SRAM cells arranged in an 1 by pst matmt The array includes a number of complementary bit
’ “line pairs; cach mcludmv a Jeft bit line and amrht bit line. Crossmcr the bit line pzurs isa pumber. - A --
of word lines. An SRAM cell is located at the intersection of each word 1me -and bit ]_tne pau:
' Each SRAM cell includes first and second inverters mclud.mer a p-channel sem_tconduotor-on-'-
: msulator pu]l—up transistor and an n—channel semlconductor—on-msulator “pull-down transistor.
» Each cell a.lso mcludes a first and sccond fully depleted semlconductor-on—msulator tran51stor

that serve as access transzstors.

.[0011] In a'more 3p301ﬁc cmbodlment a CMOS SRAM cell mcludes a pair of p- ‘channel
fuﬂy depleted transistors. (P- PDPETS) each ‘having a common source coupled to a voltacrc

potentlal and a gate coupled to a drain of the other P-PDPET A paJ.r of n-channel partially

-



.of n-channel pass-gate transistors. A wrd line is coupled to the gates
-of the n-channel pass-gate . . transistors. [0012] Aspects of the present
invention also provide a nmethod of formng an SRAMcell. A : :
silicon-on-insulator substrate includes-a silicon |Iayer overlying an

i nsul at OrdepBie fivansiRord(N-PBREPY 48 havdH ?r %§ﬁn39t@§toq:ﬁé %r\cjﬁ S BN LS. }%i-.e“ ned in
the silicon layer. A gate dielectric llayer 1s tormed over The 4tti ve :

regi on aRDEETNSfME ek POaireTe] £% ! | NGt
dielectric 1 ayeim.WSour ce and dar a?ﬁ%%‘f%ﬁn‘%ﬁ%@@%%ﬁi%g%gncpg?%%ﬁ%

pl ural i t yhoodraigat en eppRsit PHOBET 6f thobfBorPUiinEden! ! I3 Qh2nd a
partially depleted transistor. [0013] Advant agesﬁg%?%lﬁéﬂg?lﬁges%ateed, : :
enbodi. memtansiftodsRhh Hafte REdiORs e BSle OISR RY kY] Afindtios hfHG JRLfod for
the' integration of fully- depﬂlcet eegdgnd parti al I'ypgeﬂgéetgé%&g%@ﬁeﬁ%?stor's,

as vel | af theN-PDPEE ok gaif SENPDIEOS &-thASRE6F fe LI S0tV BR L PRTARSS I bes .
an SRAM cell structure that enpl oys both FD% 01 and IgDF%J(}J ktpr_ans,l stors;’

i npr oved Apenripienaineebio finsSO¥oupRAM ﬁl@lséur&%?ftﬂegyéﬁgné}'ﬁésggatg Ranstdlor 8Pe E SO

transi stors; use'of FD-SQ transistors as pass-gate ransistors or access
transi st of s-chiringl paed @ PE OBk ORS 28560 GhdlsRupld B tﬁehgt%teg bARSh e iRQl AL,
effect; and use:of FD-SO transistors as pull-up transistors tg elTm nate
pr obl ens tasseakat ed with history effect. -5 .1 BRI EF DESCRI PTI ON OF THE .
DRAW NGS [ 00141 For a more conpl ete underst-andi ng of the present "inventi on,
and the t ag thereof, reference is now.made to the following - '
descri pt ?@ﬁ?t akg‘%ef’-tﬁo ‘DR PISRLE SFRHRR iRo PIR¥de a method of forming an SRAM cell.” A

si]ic;oqeon—insulator substrate includes-a silicon layer overlying an insulagor-layer,"e.g., an oxide.
' At least one acﬁve region.is d;ﬁned in .thé silicon layé%. A gate dielcctric;_ layer is fon;nt-:.d over
~thle active region and & numbér of gate élccqode;s are forme_{i overlyiﬁg the gate 'c.liclectric layer.
. Source and drain regions_al;c;,‘ formed a_tljac;eﬁt to the plurality of gate électmdes to form a fuIl;v '
.depleted transiétor and a partially dépleted transistor.” |
[0013] ' o Advmﬁges qf—the pgefcrred e.mboit‘:ﬁmcnt lof ﬂllS invention iﬁblude-proﬁdiné a o
stmqture and anthoq for 'thg'ir;tegratiozi .éf ﬁﬂly-dc‘plefed and pértiélly-depleted S0l tr_ans'istors,“-
as well as mu.ltiple-g.;éte tran.sifsfo.rs. Aspecf;; of thls in‘\-rent_i(-:)n describes an SRAM ceﬁ Ast'm.c':tu.re -
| that em;plcéys Bbth FD’.-S Ol aﬁd PD-SOI n'én;sistors; improved performance of SOI SRAM cell |
,conﬁéure_d using FD-SQI ah.d'PD-SQI ﬁausistors; use of FD;SOI transistors as paé sﬁgét_e'
transistors or ééceés transistors eli.tuinaté problems associated w_i'th the. transient bipolar effect;
and use of PD-S,OI_ tr.ansistors as pu]_l—ﬁp transistors to eliminate préblems associated with‘-histbry

effect.



acconpanyi n?-dr awi ng; in which: [0015) Figure 1 is a schematic di agram of
an SRAM that can utilize aspects of the present invention; [0016] Figure 2
is a. schematic diagram of an SRAM array; [00171. Figure 3 is a
cross-sectional diagramof a first enbadi ment; [0018] Figures 4a 1-d

i |l ustrggerpacH bV %9{” ansi stors and a fully depleted. SO
transi stors@%SbF#eﬁ%W?%\/Aen |¢.’)$1; [0019] Figures 5a and. 5b each
provi de_a.map showi ng the region of PD-SO, FD-SO, and nultiple-gate
transi s[P@V‘ asFol AR EImIIF o apistinHing\bihelpleenginhention fa8 tNMAGldEegur € - 5. a)
and Prl\flgs '(fFi ure 5b) transistors; [0.020) Figure 6 shows a layout of an
enbodi MEHtLS et povomadetie thefellewing desemmichomkendn dodiQ0A3) whhhelr €S 7a- 7¢
and 8a-8b provide perspective views of .a device during manufacture. ' '
DETAI L EfFOBIESB e #aRe. @ Which: USTRATI VE EMBODI MENTS [ 0022] The .nmaki ng and-
using of the presently preferred enbodinents are discussed indetail below.
|t shoyb@sbe apgfeciatertmaho ah BRk 2Nt i nyenti on provides .
many appl i cabl egﬁi_nvent ive cg%%%gogﬁﬁat' cgﬁt %éﬁé%o eé% q?&ihceprﬁ_e vari ety
of spedifehioncont exts. The specific .enbodi nents di scussed are nerely ‘
illustrative of specific ways to nmake and use the invention, ‘and do not -

limt. t&ﬁ fco of _.the invention. [0023] The present invention is related
to co- bERET ng 391 T BAtsrsrraticdingram ofign SRAM 4taved " St rai ned- Channel -

Mul tiple-Gate Transistor", filed Novenber 26, 2002 (Attorney Docket .
2002- 08@BY] andriges 3 ala chbss-SefiStk® dikEment intd: edbodsgBiconduct or - on- i nsul at or

*.[0018] Figures 4a-4d llustrate partially depléte.'d ‘SOI transistors and a fully d'jcpletéd'-'S(j.I :

- transistors of the présent invention:

~[0019] Figures 5a and 5b each provide a map showing the region of PD-SOI, FD-8 OL and
multiple-gate transistors as a function of width 4 and'.léngth Ly for NMOS (Figure 5a) and -
- PMOS‘ (Figmc'SB) iransistors; | -
[0020] Figure 6 shows a layout of an embodimént.SRAM ceﬂ of the present invention; andi

o621y - Figl{res 7a-7c and 8a-8b p_rovidé perspe;:ﬁye: views of a devicé during maniifacture;



I ncorporating Partially-Depleted, Fully-Depleted, and Miultiple-Gate

Devi ces", filed Decenber. 12, 2002 (Attorney Docket 2002-0979.), and Seri al
No. 10/426,566 entitled "Sen conductor-on--Insulator Chip Incorporating .
St r ai ned- Channel Partiall y- Depl eted, Fully-Depleted, and Multiple : Gate
Transistors,” filed April 30, 2003 (Attor ney Docket 2003-0111). Each of

these aH@ET&E@@ﬂEBCM@I@I@Qﬁ*]ﬂQU@T@TMEmmw ence. Aspects of the
present invention build upon .and, provide inprovenents and applications

of previ |nv ntions-.: descrl d in the incorporated applicati [ 0024] -
In one a@ ﬁ&%% BHY ISR ﬁ?lpgﬁeqﬂélpggﬁréedteéﬂ%gﬁﬁei“é a‘r%élﬁﬁ%sﬁ? agrcagf% memory-
( SRAM : E}R‘{‘?I\{]‘é onmonl d d%a,l processors for .the sto
st r UGt o Pisf S he 1 Be R SRR SRt B BB
-reqwrrn? aptini al | fas& acces rate Recent %Ugex% sstgg,e expl oi ted
t he advaf %C?ﬂce o Qﬁ/aw VEREY S5° P§?¥ER/F LH) Yates, ‘
perfor enhan enen u 20- 30% nmaybe. achi eved ,conpar ed-t o SRAM
mede. on eﬁaeﬁ%ﬁtﬁ Siropsps ey bt G S pakCR GRIREREEE, T
di agram o d? GTH%-}SEI X trani st or ncuvos SRAM-cel | 100. Such an SRAM cel | .
100 typi 5c?gl >5‘°f (FSEORE© EI290xi de- semi conductor field effect
transistors --(MOSFETs): two ‘P-channel field-effect transistors (PFETs) 102
and 104 [bo23la leIIHe-prqsermpee:atonmelateﬁmd\pembm@mpphcﬁmceﬂs JemdlNect transistors
(NFET) 106.and 108 for pull-down, and two NFETs 110 and 112 for
i nput/ ouetquﬂed fceeg;Chane] Mphipte-Qat Traagged shiledNowmdwn26, 3007 @emed, P1. and
Ni forman inverter, which is cross-coupl ed Wth another inverter that =
i ncl- udesDéta:eemﬂ)ZNBS?S)Tdné Sekial NoeHY/3 19109 amleilae@p@dpagsorgbzﬁléﬂtad'éless deV| ces
that control .reading.fromand witing into the SRAM cel | ~100. ~ -~

IncorporatmET Parually-Depleted Fully—DepIeted and MuluPle—Gate Devices", filed December

12, 2002 (Attomey Docket 2002-0979), and Senal No, 10/426,566 entitled fSemlconductor.—on— B

Insulator C]:ﬁp Incorporating Strained-Channel Partié]iji—Depleted,’ Fully-Depleted, and Multiple-

" . Gate Transistors,” filed April 30, 2003 (Attorney Docket 2003-0111). Each of these applications.
" is incorporated hetein by reference. Aspects of the present invention build -up.oﬁ and proyide
i_inprevemenfs and e.pplieaticins of previous inventions: described in'the incorporated applications.. .
' [0024]  Tnone aspect, the present irivention relates"to static random aet:ess_ memory (SRAM)..

SRAM is commonly used n data proeessors for the storage of instructions and data. SRAM is

generally used in data processors requmng opumally fast access rates. Recent SRAM des1gns

have explmted the advantacres of PD SOI technolocr}r By makmcr SRAM on SOI substrates

perfon:nance enhaneement of up to 20-30% may be achieved compared 10 SRAM made on bulk

- silicon (Si) substrates.



[0026] Theleft bit line (BL) 114, the right bit line (BR) ' -116, the
ground’liné€ (G\ND) 118 . and supply node (VDD) 122 are al so shown. The lef t
bit line 114 carrl es a signal that is conplementary to the signal carried
on rig (2 As . a result, the conplenentary bit line pair 114

and .11 ds]ﬁivi”)scimém%’ﬁr‘?ﬁ‘ﬁ%%f rﬁéri‘(é‘?*r“@aSI%tBﬂ % ERAMaecla®- bit i ne

bar ., X@}T coupl gﬂﬁ] % the gates of the pass transistors
110 and 112 so t oglyclnc ’éqeﬁélxé‘?e SHIPRCIGRRdVERD G 6EPY TRpOSter N be
o aceSiancht b g A AN AR S S PR ICET) L A UTER S

array.includes a mat rrx o

Do o5h %R 8o o b8 s bk B Sl R SR e
Th'af oy orois LR ﬁ&g%f{%%“ " 1a%34§££]9°°%%§é%§hc%%ﬂ/§4m?%nﬂ|Pgégﬁor1ff§$n Sami e &
a ?%%%ﬁ“égﬁméosn R ES'%%‘Q%? B et Bt o dertceanid st or o in.

the ce % S nsi st or SRAM cells configured
usi ng nglg lqsﬁea%ﬁéﬁg%%%%ggme@@lﬁc% ey Cﬁ“ llg ‘?“’f‘%ﬁntop‘ihﬁﬁﬁé‘% c¢lb| ated to

the flgating body ‘effect. ‘A floating body region nay be charged up when = -
the source and drain of "a transistor are biased at the. supply voltage.
[ 0029] For exanple, referring to Figure 2, ‘assune that WL0 is sel ected

(e.qg.,[0820] 5 hilkeiybit lingBL) B ety rightditWibd (BRY 16shb guadllife(GND L1 8ank OW - .
voltage |.evel ). .The pass-gate, 'transi stor 110 of the unsel ected cell 100c .
may besuaP\IYHOdéﬁgﬁﬁél’?{ﬂF%@lsbvw 'ﬁmﬁpﬁn@t hlhnellgmamee aajgdaldlﬁausn regions at

B complementary to the signal carned on right b1t line 116. Asa result the complementa.ry bit hnc
pair 114 and 116 (or 116 and 114) is someﬁmes refcrred to as b1t line and bit ]me baI A word
- line (WL) 1’70 15 coupled to.the Uates of the pass iransmtors 1 10 and 112 S0 that a lou1c value

- stored in the memory cell 100 can be placcd on the bit lines 114 and 116 or vice: versa.

'[0027]. A typical SRAM an:ay mcludes 2 matrix of mrows and n columns of the -

aforemcntloned SRAM ceﬂs 100 as shown in Flourc 2 Cells of the same row sharc one WL 120 ... - |

. (f: WE or WLI) while’ cells of the same coiumn share the same complemeutary bit lmc pall'

| 114 znd 116 (e BLU and BLo or BL1 and BL,). The aforcmenﬂoncd deswn isused in many '

SRAMS mcludmg for cxample a l-mecra-blt memory havmg typlca]ly 1024 by 1094 cells 100.

[00;8] , In a prior art SRAM cell con_ﬁcrurcd using PD SOI transistors, all the tran51stors in.

the cell are pa_rually depleted SOI transistors. SRAM cells configured using PD-S01 tra.usistors, o



an initial high potential when a physical "1" is stored in the cell. The
p-types body region will be charged up to the same potential |evel as the -
source and drain regions. Wien left bit line BLO of the unselected cell
100c is suddenly put to ground bias (G\ND), the source region of the

pass- gat Rowdvaf) Sifdr@fonl SoBMEOERlY (hoHRdRE bodNdrebh ey POY s 'é&grr E8oPmly
junction-will be turned on. The charge accunul ated in t% | oat i ng body

Wi |1 1 obe etatgedfuptuten theafitedna raitCalahdtér dgbibd 3 tBaEdBlytvolageUr rent f1ow
fromthe transistor into bit 14i ne BLO .. T be current is also knownr as .a
paraslit pol.ar Ieaka curr Thi s grad t he-. noi se_margi n and.
st abi Iitgﬁ%gJ Orwl% THRg to %%a“fsﬁmﬁ g&n 85951@5:146{}%@5 the -
parasitic bi poI ar effect causes lop ¢ state errors if not properly o
account ewolfage levely anth WERANMRgecay (¢.g- e a o adtags levddi. bk aessigemivagsstouliDent
contributed by .the pass-gate transistors 110 .or 112 causes the SRAM array
t o be upofthe 2fpleoted kaingiOe traghe arf n-tHagnel trmlsa:gaaﬂng the Biurasasid Ba-exiosd snt .

This is known as the transient bipolar effect and has been reported by -~
Kuang et aminitial high BEEntdd whered phyficdbo]'iidlstGeatrethe41C Wbk $-typealody @Zionndll b6, _pages
837-844, " June 1997, which. paper is incorporated herein-by‘reference. -

[ 0031] | chaoged naspeetsanié henpinldeenis thawoeitt b@NdRnvSi6RS When M6t hotheaRd, tySt em
to overcome the shortcomings of the prior art, and to provide a highly.

manuf act ghe abdcfecPiRsh Odc'lkﬁldﬁw loQg,géﬁmdtbﬂ@t(Gﬂ'b? %’gﬁcﬁﬁrcg ReRlor ¥RGsdgN ces t O

ellmnatefloatlng body effect’s, hi'story ef
si | i con- gasishs W fl@n! MQJI Q:Ql%hﬁhﬂﬁy—@&ﬁ& SHAGREH Wiy ol gd cﬁzﬂgé
i ntegrates PD-SO' an T: SA transistors-on the same chip. 'In this

patent, ihemahevensrii.oned o%lvuﬁ&ﬁm%pﬁy et R e ® gteoﬁﬂﬁ&c Buridp@ti C-
random access ‘nmenory (SI3AI\/9 cell that enploy s both P and FD-S OL .

transi SUA® from the transistor into bit line uL The curent is also known as 2 parasitic ulyOla.L
leakage current. ThlS may degrade the.noise margin and. stability of the SRAM circuit.
[0030)  In certain dynamic circuits, the parasitic bipolar éffect causes lc;gi_c state errors if not
" properly écqo'un_ted‘ for. In an SRAM ‘atl'ray, th‘;: pargsitic bipolar iaaiiage current contributed by
tﬁe pass-gate transistofs 110 0r 112 causes the SRAM array to b'e ué ;LO 20% slslo.we-r than if the -
leakage current was non-e}ustent Tlns is L.nown as the transient blpolar effect. and ‘has been

reported by Kuang et al, in IEEE Joumal of Solzd-State Czrcuzts, vol. 32, no. 6, pages 83’7 844

June 1997, wl:uch paper is mcorp0rated hercm by refercnce

[0031] In one aspcct the present invention provides a, ‘method and syste;m to overcome the
7 shortcommgs of the prior art, and to prov1de a I:uorhly manufacmrable PD—S OI—hke tcchnolo gy
that produccs FD-SOI type devices to ehmmatc floating body effects, e.g: history cffcct. A

sihconnonfinsulator téchnology has been succéésfuﬂy‘ developed that integrates PD-SOI and FD-

0=



[0032] A first. enbodinment of this invention provides an SRAM cell with

both PD-SO' and FD-SO transistors. Another enbodi nent of this invention

teaches a nethod of foie 'a such au SRAM cell.. By incorporating FD-S01 -
that is susceptible to

t ransi in critical parts.of the SRAM cel | ,
unde5|sr%1g'{aisrftijr88? 53‘%“&53 &R fiatent. S PogYemeRtiencd SO techmang aranay usely -be

si gni f, t roved. I n add a structure and nethod .of form ng an
SRAM c!é?(ﬁﬁlé s){ahlc' AR £ B! S%i&gjr eridhad pPeYIRath PR e DpP3 or mance i s
provi qugmstLQOBB] The pref erred enbodi ment of thi's invention enploys an S01
technol ogy that incofporates PD-SO and FD-SO transistors in the sane

manuf acturing process, i.e., PD-SO transistors -and FD-SO transistors

may bd0433] nedAdﬁstFmbodsmmoﬁtbmmmmrcﬁrwdﬁubsRAM Eclbwigh bR $B-SbT AASi st ors -
may be formed.in close proximty to each other. Therefore, by using the SO|

t echndibgyr BAmsisiafss Anptherretibodiment cBRAMuoeltion tdaEhes bencdesiog ReehiSGR khat bot h.
PD- SOl acid FD-SDI . transistors nay be used. Enpodi nents of this invention

may al ﬁﬁl(ﬁ/}'mmmmgﬁﬁ -S§91 trahsiston dw @itiegl mitts of e ERAMIGICRANAE! Of these -
SO transistors to enhance-the: performance of the SRAM cell. {0034] The

schemébsceptipie taﬁﬂtgwccf@htﬁngatmdmcﬁﬂacmgpérﬂ:rmm@eeﬂhmeEMagfmg hjes invention is
.depicted in Figure 1.. As discussed above, the schematictc d| agram.of Fi gure

1, shé@lﬁéa@lmmpmmsimddmmmwmdmmm&m@@@&@%%ﬁ@ﬂ 100. In
the preferred enbodiment, both PD-SO.and FD-SO "transistors are -

i ncor SO aEED ST thnsistommihSRAMoedbdrfotfifince [13GHedcor  éxanpl-e;  in one
enbodi nent -t he:four transistors 102, 104, 106 and 108 constituting -the

tWo Cremss} C Oun;l‘e-%reifé?:\é&%ﬁ;%cﬁm@ﬁt 6t b RSkt A Ligdy! té/chnc‘fig Ehed =0
transistors. -1 S L )
) ,i.ncorpdrat’es PD-S0] and FD-SOI transistors in the same Jzﬂar.ulfac:tun'ntT process ie., PD- SOI
~ transistors- and FD-80] trausistors may bc formed oL the same semiconduictor substratc and these
tranmstors may be formed in closa prcm_u:uty to each other Therefore by usmcr the SOI
technolovy of ﬂns inventicn, a SRAM. cell may be dasvrned such that both PD- SOI and FD-50I

tTansistors may be used. Embodu:nents of t‘tus mventmn may ‘also employ the Dptlon raf

mtroducmv strain in the channel of tl:u:sa SOI U:anmstors to enhance the pcrformauce of the

'SRAM cell.

[0034] The schematlc of an SRAM cell accordmcr to one embochmcnt of ﬂ:us invention is
dcplcted in FIU’UIB 1. As dlscussed above the schcmatlc dlagram of FIUIII‘C 1 shows a §ix-
11'&11515t0r static random ACCESS Memory (SR.AI\/D cell 100 In the prefen'ad embodlment both

PD-SOI and FD SOI transistors are mcorporated in the same SRAM cell IOO

‘ A[DOBS] For example, in one embodiment the four transistors 102, 104, 106 alld 108

. constltutmc the two cross-couple inverters are formed from partially deplcted SOI Lransmtors

-10-



As before, the PD-SOlI transistors-102 and 106 constitute the first .inverter
and the PD:S 01 transistors 104 and 108 constitute the second inverter. The
t wo pass-gate transistors 110 and 112, sonetines al so known as -access
transistors,' are fully depleted SO transistors. In the preferred

embodi Merys, be}'ct}@ thd }aﬂ%birtr sﬁto}ﬁ l:b? agg' 90 ljb%st%tg %%El]l’g’é&?%gi? ﬁ'ﬁ PSF*BE@B' st .OI‘ S_ :

al t hough they may be p-channe fansi stors

transi'st @hdsidssRes &@%%o&ﬁﬁ%{&%o&dﬂ%e? t'ﬂ{e%w% kgss ?th tranSés’tcErs *fgo zbr@lr obl e mr

associated wth the bipolar age current or ransi

ef fect camRemedWe] Aedmokl 9adtng Q'EQYOrggeq?]%de%Ee ed%taﬁ?r?ﬁmgtc;}s

transistors. FD-SO transistors . o not rom ati ngB-body effects

due to t@;@cféﬁéateniﬂaaime&lb%e stdr§1fd’a{n|dy119§1€lb€fhergeh trﬂ&s?;?ﬁr %ftl?ogwﬁfth tyt he

body region is undepl et ed. : transistor ave a ed body

if it ha&@ﬂe@\l\éhmymﬁ{g,g{ow and/ or athin body thr ckness.” Addr ti onaI ly, for
good control of short channel effects i-n ultra-scal ed devices,; the device
body t hi ﬁé&ﬂﬂ%ﬂs} be reduced to less than.one third of the gate |ength.
Such a t ody F*B&ﬁBs?é)IFFé@mFOéh%ﬁﬁae‘f-%aéﬁ Fagcespinsisrnriad and bidviksl ogy f or
series - sbhstance reduction. ..[0037 According to another enbodi nent of
this i nvé’fﬂ GhaSpHEe WfﬂilthErBlPP]rﬂ%r]ﬁéliag% HrEenY erAheymapsien binptas efiest SO be r ansi st or s.

In this errbg%durﬁ ss-gate transistors 110 _and 112 may -be. PD- SO
transi st /¥ ?%ﬁ | Yecf%?te?rér"%%PV“ FB-H tranpigiasi FPYY tamigiofsidolnoionn
transi sto '.106 artrg é@% referabl @PDSO transistors. but could be
FD SOt PE e Pe g aﬂ%ﬁ% tertp deent et the fedssRANIydepipisd. ad 80 pamien of
descrlbe i.n.the. contet 0 ry.array - a two-di nensional matrix:-
of Tows %mb o b ey §o SBT PeskisRhanl bty Soplsiaierty Tabkaea Jemp y
equal | her d For anpl e ny | atches, registers, FIFGCs and
o'?her _y tDcly Opiiig an ora nbody thic esrsrpAddrtLon Ly, for good control of short channel. effects

in ultra—scaled devices, the device body thickness may be recluced to less Lhan one third of the

gate lenoth Such a thin body thickness may requr.re raised source/drain technolocry for series

registance reducuon.

[0037] Accord.mc to anothier embodlment of thls mvenuon the pull—up trans1stors 102 and
104 are FD~SOI trans,tstors In ﬂ:us embodment the passwate trans1stors 110 aneI 112 may be-
" PD- SOI transmtors but they are preferably FD SOI trans1stors The pull down transmtors 106

and 108 are preferably PD-SOI transistors but could be F_DTS o1 transistors. -

| »[0038] ‘To this'ooiﬁt the SRAM cells r:a{ie been described'i‘u the c'ontex.t of a memory array, N
i.e.; a two- dm:lensmnal mamx of rows and columns of memory ce]ls The concepts, however
| would apply equa.]ly to other dev1ces For exa.mple many latches, reqsters FIFOs and other
devices include cross-coupled inverters such as those shown in Figures 1 and 2. Any of these
| elernents could benefit from aspects of the present invention.
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deV|ces include cross- coupled inverters such as those shown in Figures 1
and 2. 'Any ‘of these elements could benefit from aspects of the present
i nvention. -11 [0039] Flgure 3 shoms a cross-sectional view of a device

t hat des_a ially transistor 130 and two fully
depl et@@gg ?ﬁgﬁﬁ & % glgwtoggﬁg’flgq%?tgnc@g@s apytaBpdepieded f or med on -

;grei%joﬁéf%#ﬁm et 4f>u]% %Sﬁéﬁa“zt%?‘ m?ase&epgayré‘;i%h%iﬁ%ﬁ :1?(5 s
sili cgn g?/%lran E%S]llbaé{a? t%%m%‘fu Fse@?ugﬁ%atelgf (FsoF %@%ﬁ%%’?’éﬁuactl ve areas.
as shaiss BV LpERs. B@fx%n%gﬁh st f@ TR oY fvﬂityrelrmliées.
ol 2 eid%’g?’é 53}35‘” i BeRn e’ f‘*@“fﬁwﬁ'ﬁﬁﬂ%fﬁg{%ﬁ‘@ &%@'ﬂgeﬁgﬁa?ﬁ%?nndgﬁ eti on

wi dt h \C[glvB The depletlon width Wi, max is gi ven by the equation:. (1)
where €s . s the: permtt|V|ty of the body region of the. transistor, qis
the electronie charge, Na i's . the average .doping concentration in the -
body rMef0bn ofbaIRAM celhB0sf Brgmeaﬂrrdnhbmlﬂezgmzﬁusmg s{regtued &y sholeniis
Bol t zmann' s- constant, T is -tenperature, and n; is the intrinsic carrier
congertigu 3. dfer eFowpls He/Fe$OT transikters in. ¥eSor 140 b@ntioned in {6 Gidd pnd keeostbpi ng
concentration Namay be determ ned i ndi rectly fromthe -known. threshold
vol t ageucsire fRAM proprslinesntscaniss mg:lm_t@é Glratei torbody thickness is thinner than the

) maxunum depletion width Wim .'I'he depletion width W max 15 given by the equatio_ﬁ:_

T a '4é¢b ' L
Wy =it a
e eN, o

e

where ¢, is the permittivity of the body region of thé_ transistor, g is the electronic charge, N, is .
 the average doping concentration in the body région of the transistor, and ¢ is given by

';'ﬁ,,=.-1—“-?-£n( J @

where  is Bbltzmanﬁfs'éonstaﬁt, T is temperature, and #; is the intrinsic carrier concentration:
For silicon, 7; is i.4_5x10m cm™.

- [0041] ‘The doping conécntration N, may be determined indirectly from the known threshold
voltage of the transistor using the equation:

Vi “_‘(¢M —¢5)+2¢b '5'%

3) -
&1ty @)



1 4~sgNa~ b + 20b ~ Ed I td (3) . -12 where td is'the physical thickness
of the*gat'd dielectric, ed is the permttivity of the gate' dielectric, and
CDM.i s the _Workfunctlon of the gate electrode- material, and Cs is the
wor kfunction of the material constituting the channel Tegl on of the

transi st owherf Q01 &le ﬁm&@ﬁﬁ&%&k@l%ﬁg@%‘%&\g Eé%s‘j t r%]%:”i% | Jay -be- known

or easily determ ned; and the & he gate

e] ect r odedimmiar sal ohss KB WA, ok RIUALLOR. BlUGH APOYE MRy cheSabyed for

Na. Na may be determ nedfrom Vth, as desc &rm ne POt her

known phymtmhateﬁalemaﬁmﬁ@m&@Aanﬁa%gyo?ﬂo%tﬁe% figues. [0043] The value of Na
may then be used to conpute the maxi num depletiton wdth. If tthe conputed
,,,,azsf&ﬁ‘d]arg r%n t he.. thickness of the body. regi on, the transistor
is a FD- tra éficgf ebold yoliage Vi ghipisler ay be knevingr sastly Heferminedy atchige
-thlcknes§ g%/ eqi t he transistor is a PD-SOT transistor. This
isa. firs g 5’?9‘?&%# W@gﬁ%élﬁ‘l"iﬁ%de Fatsripl if keayay te Ok edwaton ghepaSove :
[0044] A second way is simlar to the-

transi st or re a veg}o ? &r ansi st or..

first way-2> bFB e femLefiegermined Bpme uofs decried, oRgaierraRRgi g eterat i on
(3): (4s -2cUKtd | ed) Taking reciprocal on both sides
and rrultﬁ&l% ﬁhg' m%ﬁﬁ“mzl 515\9&5 Bidin desob _ _‘e.,On -

[0043] The value of N, may then be used to compute the maximum dépletion w‘idth Ii the . .

computed de ig larcrcr than thc th_xckness of tbe body regmn the tIanSIStor is a FD-SOI
transistor. If the’ computed de is sma!ler tha.n the thickness of the body regiot, the transistor .
isa. PD- SOI transistor. Thts is a first way of determmmg whether a SOI transistor is a FD- SOI

' trans1stor or a PD-S0OI transistor.

{0044] A second way is sumla: to the ﬁrst way, by cxpressmc Wd,m n terms of Vg,

. Raanangmg equatlon (3)
Y (4eJqNa¢,,)‘ =Wi-@y-2)-20X072,) - @
Talging :er':iprpcal on both sic_lf:s‘ and multip_l_}dné by a_faéjcof 455%, we obtain |

4-£J¢b = ; 4£s¢b
7 '_\/Ngs_qNa% ' (Vab_(-q’fﬁf '_"D.S)_l2¢b.)'(t.d /&) .

T (5) .

The left-hand side of equaﬁon (5) 1 Wit mars gwmg E

de g, .'__ | de g, .
JNEQN% (Vw_(q?M _‘bs)_2¢b)'(td/8d)

(6)



NESgN, @ ( VI b - (GM- (DS) - 20b.) . (td | Ed ) The left-hand side of
equation (58) is W4 x, giving 4ESQb - 4Esob NEsgNaQ "Vé&b-((D M -
-05)-2!b). (td/Ed) (4) ' (6) 13 [00.451 Since (Ds for an n-channel
transistor is (4.61 + b) and Ms for a p-channel transistor is (4 61 - -
fib), Wé‘bﬂ\ave mﬂ%‘b@m@’bmaﬂéﬁl tfﬁnSESFfﬁFFr{élﬁl trrds} andlms\ﬁplamclsaﬂoﬂ transistor is

© (4.61 - ¢p), we have:

* " . . 48 ¢ . . N
for n-channel tr tor Wyme = b 7
or n-channel transistor Wymer \/{IV,,; ‘_@M‘+4-51—¢'b](fd Iz )} (7n) '
' 4e,
for p-channel transistor W pa, = \/ {IV <I) vy Gfb NN (7p)
th d d

[0046]: A th]Id way is to examine the drain current v.ersus dram voltage: (Ips-Vps)
charactcnstrcs of the SOI Iransmtor If Lmks or dlsconn.ummas in the sloPe of the T, ps-Vps

- cha.ractenstlcs c}usj., the transistor is r{ PD-SOI_.transmtor. -Othcrw1se, the Itrans1stor isa PI)-S OI
-iransistor.'v |
-'[004’7] o In Figure 3, PD-SOI-and FD-SC)I tréiiisistoré arc formed on the sanra substrate by
mOdeme the thickness, using silicon thickness. larger than de for PD-S01 transrstors 130
and using sﬂ_rcon tthuess smallcr than Wd_,,m for FD SOIL tranmstors 1.3‘7 In. anothar

- embod:mcnt some of the tranmstors are formed in a silicon laye:r 140 that is tbmner than sﬂ.rcon»

. layer 138, e cardless of ththcr these trausrstors are FD SOl or PD- SOI tran31st0rs

[0048] . In the preferra‘d-embodiment howéver the ED—S 01 transistors are not forme;d by‘
modifying the sﬂrcon thlclness Iu the preferred cmbod.rmcnt the FD SOI transmtors are three- -
dlmensmnal or FiInFET-like FD-SOI transistors, which makes use of a novel device ermctry to
L eh;_:mnatf_: ﬂoatmg body effects. In general, planar FD-SOI tranmstors have. wrdths of'more than
' - 50 nm while nori—f»laﬁar_fu]ly depleted multipleégaté transistrxrs l;ave widths of less than 50 nm, |
[0049] C.oncepts of the fprmatiorx of both PD—;S OIAtransistc.)rs and FD-S.O.I transistors are

more clearly llnstrated in Figures 42;-—' 44d. -Figures 4a - 4d illustrate PD-S CI transistors and FD-
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4,,,~ = 1( Th"h -cliM+4.61-QblItd d )} for p-channel transistor W. _ f
~Vh - (P-Al + 4.6 40 1 ~b 306 Itd / --d )} (7n) (7p) [0046] A third way is
to examne the drain current versus drain vol tage (I DS-VDs) _

char act eri stics of the SO1 transistor. |If kinks or discontinuitiees in the
sl ope of SPhearsprrafogribetia naotpeniisg invsntion iwith SetidiBio! THOI9{ 19D @Atited a PD- SO
tranS|sth O herwi se, the transistor is a FD-SO transistor. [0047] In
Figure 3, Sepysoagyoofig-InplasoChin hawbeineP sty Topled: Ry {fheplesdmndsubst r at e by
modi f yi n]g['uguh hi ckness_ using silican thickness larger than Wi; for PD SO
transi st PE3ate haviers| e ddpacrrber 12 HA0OR (aitrsnayTRicke 208 hBIT VAT el D-EBI SO 1
transistors. 132, _1In -another enbodi nent, sone. of the transistors are forned
in a silFESKOF B%E“fiﬁ@“%ehalo“f Bodyisioping ko thitde mislibendeplkineridbd8largeegar dl. ess
of whethtgl éhe transistors are FD-SO or PD-SO transistors. [0048] In
the pref f“? Hickasst o aphige il depletion FDheI@YSOF aarsisstr of Bigarceldmeds.&f or med by
nodi fyi n e silicon thickness. In the.preferred enbodi nent, the FD-SOT .
transi st V§ &PREThioadoY thesAePathmeniH Zmte plegic ﬁPMéOEJDhSDﬂestqfahcsadsbnbedy whi ch
makes use- OkL vel device geonetry to elimnate floating .body effects.
I'n generBRtipiedrhPodrserlesion; r ansi stors have wi dths .of more than 50 am whil e
non-pl anar. fully depleted nultiple-gate transistors have w dt hs of less

t han 50° [@MO] Super-halo doping and 11“]11: body doping are designed to achieve FD-S o1 and PD-
SOI devmes at dlfferent uraf:e Iengths as showu in Flcrures 4a and 4b. Referrmg first to F1gure 4a .
a parua]ly depleted transistor dewce 150 is formed over a buried insulator. 160. Wkule not.
shown the buned msulator 1601 ‘is formed overa substrate e.g:, an undoped or lightly: d0ped__

SﬂlCOIl substrate (see substrate 134 in Figure 3)

[0051] The buned msulator 160 is typlca]ly an oxide such as silicon dioxide. Other
msulatcars such as sﬂ_mon mtrlde or alummum omde may alternatively be used. In. some

- embodiments, the buued msulator can comprise a staclc of layers e. g an oxide, mtnde oxide

stack,

[0052]. Transistdr device 150 is formed ina semiconductor layer 162 and includee a-sotu'ce'
- region 164 and a drain reglon 166. A gate 168 overhes a channel 170 and i 1s separated therefrom -

by gate chelecmc 172.

[0053] Sm:ularly long channel transistor 180 includes a source 182, a drain 184, a gate 186,
and a gate dlClGCt[‘lC 188 The transistor 180 can be formed in the same sermconductor layer 162

ag transistor 150 or in a dlfferent semiconductor layer e.g., a different island or mesa on the same
chips.
-15-



[ 0049] Concepts of the formation of both PD-S01 transistors and FD SOT
transistors are nore clearly illustrated in Figures 4a-- 4d. Figures 4a -
4d illustrate PD-SO transistors and FD -14 SO transistors described in a

00" PeNglisny | M@l s deoSRE AL N0 ndOLTAS: b b O §ilhid ble(ﬁr dqgble bl 4

" Semi conduct or - on- | nsul at or” I p- "I ncor paor &

Ful | y-sbspt edoad migandia) Md \/ , X o 002
(Attor%y Dockg}tg%o& Og%ﬂ)%og %ﬁﬁllgf}%ah%eﬂrﬁgr%%%f% g{r}d% E#lec}%%m%u]ses a |l ow

body - dpfi Rgnsieor bh@! debheseMBXhiR Heph 8lih Qs il he silicon
t hi ckness to aéh?%f/e fuIBI depleti oér-j\l!) The FD- SO dbém%gérg?%tfmgpﬁﬁhéure 4d

uses -shper-RAY RlgicB QONRLE Yhe k18 bt S0 RE0E RCHBACKRAEAY ectric. field
fromthe sides of the S|CI icon body to achieve fufﬁggﬁt& gépl etion. [0050]

Super chiin@ted 0P pAB dohcbithfioR BANe KR AGpR vg FD-SO and.
PD- Sa devi ces. gt Ed?fcf er egt gaefe gng% hs%d%'s%%{s%gggll nﬂ%::%ﬁu‘ér%eog 4a and 4b.

Ref er rabai@ 1£101s6 afiod: Hi1g¥aspAa, pelaculgﬁ:rcteﬁtﬁlllétéf depl eted transistor device 150 is
fornmed over a buri ed lnsuﬁ)ator 1,60. Wiie not: shown, the _
or 160 i.s forned over a substrate, e.g., an undoped or

buri e

||ght|‘§ﬂ gﬁ lgs“ﬁ‘*iac%ﬁmgﬁwﬁ%%d%@ewg%%@ﬁlcaltléomashqﬂnchap@%re 3). [0051]
The b%ésgq Fqs) tor 160.is .typical| étan oxi de such as sil'icon dioxi de

Ot her T l%ﬁE’ﬁm@gmsqe ettt desmeplenthamiva sbiroxiae 6ay

al ter ti ves% %E I n enbodi ment s, ‘the buried insulator can
corrprl 4 WSI?t%PQF%B ﬂé“‘ﬁcom P%Wa]é&ii%m%%ﬁﬁﬂﬁate &8 lgesthst ack. [ 0052]
Transi.st or devi ce i.,s farmed in a sem conductor |ayer 162 and incl udes-

a- squFc& et o™ ef‘%‘?tg B?THODaOfd]Fea]?OHY F“e%cindﬁo%tguteﬂb@i Sedishdpdenrdtpfes a chann eI

170 and [ ated -therefraom
?92 a.r%%c average G ectwc body concentratton decrcascs Consequenﬂy, the maximum. °

= dcpletlon w1dth increases w1th an mcraase n the. trapsistor gate lcncrth or channel lancrth Iu
F1Uure 4b the lonﬁ-channel tramsistor 180 has alight body d0pmcr and 2 maximum deple.tton |
: Wldﬂ:l that is larcrar than the sﬂlcon film 162 ﬂ:uckness and the traumstor body is fully dapleted
- [0056] .Rgfg:n;ng now to Eigurés 4c a.ud‘ 44, gno'_thg:r way»to.-rac.hi_c've‘fufll depletion in the.
transis'.tor bt;dy-is to aJiow the electric field iines to 'enci'oach from the side'é df fﬁc transistor boéiy.
: by using a novel transmtor creomeu-y Refsmncr now o Flcrure 4c, a tram;lstor '700 is formed over
Coa bunad msulator 'I'he bunad msula.tor 202 can mcludc any-of the characteristics descnbéd
above with ;espegt to ]_.D.SU.I&‘_I(:)_I' 160 and iay be formcd- on a substratg, where the di;;cussion o
. above with res_p'cct to Figures 4a and-4b equé]iy applies here. -' In this device, an active
: semiconduétor layer 1-'eg1'or.1' 205 includes a body region 204 and a delﬁletion region 206. 'TheA

- active region 205 is.isolated from the other active regions by isolation region 208." This isolation
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by gate diel ectric 172. [0053] Si‘milarly |ong-channel transistor 180

i ncludes & source 182,.a drain 184, a gate 186, and a gate dielectric 188.
The: transistor 180 can be formed in the sane seni conductor |ayer 162 ‘as
transistor 150 or -in a different sem conductor |ayer e.g., a different

i sl and oregiePAs drprefhredls ankmliowhiepsh isolatich3STIORRAL. (R uheatwsethbsokhe design
of the super-halo doping 190 in Figure 4b (or double halo doping 190 in

Fi gur e A#Plagemstiucyres mgplyusddpi ng 192 such that the effective doping
concentration of the transistor body decreases as the gate length is

i ncr easegbosThe doRIREGRACEILL RO ol Bl shakg. Legion, 190 is in the
range of about 1x§0186t0 'aboult 2x10"OQS %opante?éggﬁtog%?%meg)ﬁtff"ﬂ‘*b &r. The
dopi ng CemBRAtEAd Modminkhead hatidok doPsd ; S0 0192 nch Segidl Jode ange
of about 1x1016 to aborutn" xaf0118 doparﬁts perlp%g‘%?d{c‘g%éﬁﬁeﬁséc{aet}ofne.gm[w] n -
Fi gure 4g thifiBe QinGdon SRR 12y in HIORE D8k ORCAR Jatd 90 ol

short-channel ' transi st or 150 results in a naﬂar'r_ue%eggg%ﬁ € qlgﬁcﬁ%ﬁe%ltt%thtehat is
smal | er -tdpaficd@s &bl hsGRsiddvlal} oflfidve it 664168 Sate ARA L ik 950k body i's
therefore partially-depl-eted. %\s t‘ﬁee %Héte 16§afgln%f%lle%?%%?fehzlgzoslfm%n

i ncr easi &gwp@rthé@@c@gc&g‘(ﬁbezﬂgquthgggﬁ@qa}ie;z@pnsti tuted by. the lightly doped
body regi onl192, and the average effective body concentration decreases.

Conseque@&]% , thﬁ%naxi mum depl etion width increases with an increase.in the
transi st éat e "1IEAYYTT 287 deHLmRiars otdbgrasisipirlevice gOR ere bt showe it dag- char nel
transi st 180 h a Light body doping. 'and .a maxi num depl-etion w dth-
tirat is “5?"‘8‘8? tHan® #%gmé}i“f Pasonibe ThrpRel goreptfiane ies and et theags: alssd st or

body i-s ful depl et ed. 0056]- Referring now to Figures 4c and 4d, a other
Wayyt o %(%IHIL é{]lee &]&ﬂeﬁ s‘onragﬂqa.h]trF%tﬂr!q Witméqcategmaplane abovegthe page and the other . - -

located in fa plzme‘ below the pégf_:. |
[00s91 Figuf\_e 4d shows a similar structure fora FmFET-like transistor. device 220. Like .
' e.lemcnts from Figure 4¢ have been labeled with the same fefcrencé nutnerals. In this case, the
" active sémiconductor Iayer is-thin casing the body to be fully depleted.
[[]060] : -_One feature of fhe povgl'tran;sistor geometry is the intentional recess 212 in;thé; o B g
isolation region 208, as shown in Figures 4c and 4d. The planar partially depleted. transistor 200. -
of Figure 4c has a width that is much bigger than the maximum depletion layer width Wy ma. -
When the active region width W (éee Eigﬁre 4d) is reduced to less than twice the depletion width ‘.
Iayer it the body, the gate field encroaches from the tsolation edges and eliminates the

undepleted body region, thereby making the device of Fig'urg‘4d fully depleted.

{0061] ‘The resulting FD-SOI device has 2 non-planar geometry and is 2 multiple-gate

transistor where the gate electrode 210 surrounds the transistor body 206 on multiple sides: the

-~
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transistor body is to allowthe electric. field lines to encroach fromthe
sides of the transistor body by using a novel transistor geonetry..
Referring now to Figure 4c, a transistor 200 is formed over a buried

i nsul a . buried insul ator 202 can_include any of the characteristics
descri E‘ggéld%%%\slgn%v&ettﬁp F"E‘%B%?:I%y haymg agaic slegirode a0 hatemayndsdhs Brmse®Ton a
substr he discussion above with respect to Figures 4a and-4b
equal | ?;B%pzpqgihtggsﬁﬁfeupgba ef{]r THi'E a@g‘fﬁ- @8 encLyreRmn 9@&3 SYRPETHAHESP teayer fegi on
205 in ion 204 and.a depl et.i.on regi 206. The_active

r egi on%%fgﬁ?éa ??}gg%tlget%gjf(?lg?ﬁl LR T ok ia%wrtgﬁ?‘g??g%ﬁ'"%%‘i‘%tﬂ?ﬁﬁs' regi-on

208. This isolation -16 region 208 is preferably a shallow trench isol ation
(STI) [¥§2bn. The piefemgA dubatimen of fistinehierteachsal miquewagbf tizbiypbasngmy be
used. &)00571]CmA. ate el ectrode 210. 'is fornmed to surround the transistor
act i vePPeylond FB-SO§ rangisgs owtha sever chiragingthe sAme prodéss glchmolagy, wixhant i onal
recess 212 is formed withi-n the isolation regionh 208 so that the

sem coAEPRED of FS0I206 PP i) idnsisters dmwallngso trilvstoy dinenebec tFigdes 210 is°
adjacent to the top surface as well as the si.dewalls of active |ayer 205.
A gat e2%fi 2 (elieptivelyt 5)Zhaw the distritrson oftilet BRSO bikFy@0d tehagbsode 210 and
the ‘active layer 205. [0058] The source and drain regions of the transistor
devi cePoUingtethaeetive iaigm widthtend the trarsisioagdtokngh LEi Byte S4@rovidesdias case,
the .channel - current flows into-and out of the page. As-a result, -one of

t he sofff ERI@Y- davives wgifbgnse Wi dhbwheath foe AMES derics. (handisabeyeowidies page and t he
other located in a plane bel ow the page. [0059] Figure.4d shows a simlar .
struct Ehoé’l-ffgdlaf‘afeﬂp{hF%P-Spk@aItSiS@rﬂs(ig@W@ﬂfgiond@vﬁmﬁtﬁﬁDPDﬂdierae;{:jﬂnﬁ,mwsité rom -

Fi gure 4c¢ have been | abeled with the sanme referencé nunerals. I'n this case,
t he region), and multiple-gate transistors (in region enclosed by dashed box) as a function.of wid o

" Wand length L, for _NMOS and PMOS transistors.
- A [0063] _APlana_r PD-S0] and FD-§ OIItfans.istérs‘ typica]ly ﬁéve active region width of more”
than 50 nm, whil_e'nbn-p'lan_ar multi.ple-gﬁte fu]lyjdeiyleted traﬁéistdfs generally héve'.acﬁve _
' ‘;e'g:ion width of less than 50'nm. The results, m Figu;e 5 are oﬁtained from an. E_:xpéfimcntwhere
. .transis'tors ére fabﬁcéﬁ_:d usmg a 6.5'.nm_‘P~D-SO.I—Bés‘ecf .Iln'r:d-cé-ss; with a nominal gate lcngfh.pf 45
B n‘r.%l,..a sililc'on' gody thickﬁss of 40 nm, dual—dopedpoly—sﬂ_tcon ééte elécﬁ;édes,- 14 angsﬁomé
' ﬁitrided gate oxide, and i::oi:oalt-sﬂicided scurce/dra.mand gétc.r | |
[0064] - The PD-S‘OI region is .smallcr f.or P-channel trénsisfbrs (Figure 5b) than for N- |
- _ channel transistors (Figure 5a) bé_caﬁse the impact ionization induced p.arasiﬁc bipolar action is
: ﬁreaker in P-channel transistors. '-I‘he_u-a.usition from PD-.to FD-SOI occurs as the g;atelleﬁgth is |
increased. In addition, the non—plana; FinFET-like or multiple-gate transistors are obtained at
small width W, typically less than 50nm. Wide—chanﬁcl devices with smaller gate length Lg are

18



active sem conductor |layer is thin casing the body to be fully depleted.

[ 0060] -Oie feature of the novel transistor- georretry is the intentional
recess 212 in the. isolation region 208, as, shown in Figures 4c and 4d.
The planar partially depleted transistor 200. of Fi gure 4c has a width that
is much Pﬂrﬁﬁjé(rﬂe?]ﬁﬁﬁ spereingragharentrisipkiek inche draiy enmait distvedds draix volvhewy§ he
active.region width W(see Figure 4d) is reduced to |less than tw ce the
depl et i o™ WiSd(H 1Y Byeiucedntranssiop b PR-HET eSO efeursent the abdreserfstiolst he

i solati og ei%%elg and elimnates the undepleted body region, thereby haking
t he devi c®& T2GHT%8- 4d ful |y depleted. {0061] The resulting FD-SCS device
has a-nan-planar geonmetry and is a nultiple-gate transistor Wnere the gate

el ect r od®0&8I0 s Uik Cldirdsar tHR@ b Ameudsd SHrey-sOOAY FE0 0, U L4 RLE: dbé'l“g the -17
two sidewalls and the top surf ace. By having a gate electro 6 hat . '

sur r oundsasherd wisndiffeeRcombBEyord 85 W dnh €, Nkt bk e, %Ex?céﬂv@rﬂﬁ%?%@crmcal I ows the
encroachnent of .the gate electric fieldto the  transistor y In

| ateral dbsipecrtolk, tedhhtlSgyeohamnehin@esish SorBDIdchYold s, SRIMT Rl OF ki %ﬁﬁ'el
effects. [0062] The preferred enbodi ment  of thlgg i nvent (l)n teagﬁes a uni que

way of- imegoempdoRFDIPI dRRES® achnse M@ﬂdaﬁ@gﬂ?‘dd?&ﬁéo%s Wi there chi p usi ng
the sanme process technology, with a distribution of FD-SO an PI} sa

t r ansi stpwisona ot te dirtidts ey £mphs PELSD] @B FoPH&m |g1%§§ca§ ﬁ‘@‘ﬂg’frﬁ_’% ‘
(collectlvely Figure 5) show the distribution o t he PD- and FD- SO

t ransi starcsits mecorldiangalbg cirfifits aRCijnd@ic@gui@n W dth Wand the transistor
gate length Lg. Figure 5a provides data for NMOS. devi ces and. Fi gure 5b

ooy on oV PP 7 o e R G SRR
g:}?:"g !S Z gﬁ%?n%éaryﬁé&dtﬁ% ﬁ‘%{' ﬁgg @ﬂﬁ%%m%' t ! g E?l\—kng cﬁl 6Pt § e%gc gun(plhgxtyt I%gtlaloh
1ayout shapes are not shown. In this particular layout, the word line (WL) 120 is shown aloncr the
honzontal direction. The left bit line 114, the right b1t line 116, and the ground line GND 118 _
arc also shown The dimensions of the transistors are also labeled. The width and lencth of eac:h
' transzstor are labeled W and L respectrvely, and the name of the trans1stor 1s indicated in the

subscnpt For examplc me FD 5 and Lpe1,rp 1abel the width and length of the FD= SOI pass gate :

tran51stor Iabeled 102

[0067) According to the preferred embodﬁﬁent of tﬂis.inve..ntion the -w.idth and length of the -
' pass- -gate tra.usxstors 102 and 104 are sclected such that they lie in the FD-SOI or multtple—gate

lIansmtor regions (wh1te recrmns) in Figure Sa if thcy are n- channel transistors or in the FD-SOI

or multiple-gate transistor ;‘cg10ns (white regions) in Flgure 5bif _they are p-channel transistors.

More preferably, the width and length df the pass-gate tJ.ja.n_sistors 102 and 104 are sclcéted such

that they lie inthe multiple-gate FinFET-like transistor regions. S'ﬁch transistors typically have |
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Wand length L, for NMOS and PMOS transistors. [0063] Planar PD-SO and
FD-SO - transistors typically have active region wdth. of nore' than 50
nm while non-planar nultiple-gate fully depleted transistors generally
have ve. i on W of- le han, 50 nm .The results. in Figure 5 are
obt ai ﬁ%%ﬂ“ﬁ%dr# g%lt H@)%%%J?% (ﬂ%rﬁtor Wzg‘ﬁﬁé%or Prher dapidorand aﬁ%rﬁpéﬁi ‘érc'f“{?g?fng a 65
nm PD- - e i.tih om nal e | th of 45 nm.: silicon
body 1 binasd aRigse T e ety B0 B Rotipy A0 ing aleeal il isuBe? 14
angst r Qg RIS giMel=Te j and cobal t-silicide ourcel/-drain and gate.
[ 0064] Qgﬁ’?%gi@d%s 3%%? gfri&l? "‘%?r%‘%i té*%n? Gk 58%“%0%(;& &F&ﬁ%ﬁ'@? rs (Figure 5b)
than f : | j r I Qure ecause the -inpact ionization
[ nduceﬁﬁbgg?aegﬁh?%ﬁi%%{ g@?fg‘%%sﬁgﬁ a%@%%ﬁé%@%mﬁ}%?{&hhel transi stors. The.
transition fromPD-.to FD-SO occurs as the gate length is increased. In
addi t i 8681t heThiontipeishreronductameerof fulgown transistarJ06 (&) evet anohdicomse ar e
obtained at small width KT, typically | ess than 50nm W de-channel devices
Wit h sif@rferangiserd 1P £3g: 9an be used @s 2 besiqasttié withapsute featabiity shibaSRGMN .
characteristic _kink in the drain current |IDS versus drain voltage VDS
cur vestell astholility of tha edbio mtpin ifs dath optef ThinTaDiSEentd 1 iy QAODIRAMS and t he
characteristic |IDS VDS ki nk di-sappears [0065] It is clear. that the o
advant %§8Reross iy’ sobeigasior [t S@efinaizay thyaatirorfithemddiyanos biie ptli-dowhst ors wi't h
di fferent conbinations. of Wand Lg. For exanple, ‘when converting a circuit
desi griieViss otstithr cendueipnse efpest-gatadeicec It lass thg eth oatioSOiE ctlebémalesgy, criti cal
portions of the- circuits may enploy FD-SO devices to achieve mniml . .
f | oat i AR B8RS 26 Fetatis najst merzithENMBrmrwrsesg The cvdiomse of 2 thesigomisui t s . may
enpl oy PD- SO devi ces. "For exanple, the-critical portions of the - :
approximately proportional to the effective carrier mobility s and the ratio of the device width.

to'the channel length, i.c., W/L #ccord'mgly, the beta of thé SRAM cell can be approximated by
‘the ratio of pes(W/L) of Tfansistor 106 and ;LQE(WIL) of transistor 110. if'transistors .1:06 and 116 -
.-hava_ the same chapnel léngtb,_ th_cn the be,ta,ratio' beco.;ues the raﬁo 6f the él:ianne.lr width of
tran_;sis'to:% l1-l06_oya.r. t_hc c_];_a#pel: yi;l‘r_.l;'of trgmsistor 110. _D_@per_Lding on the SRAM applicatiﬁn,
-‘;._..A:.,.J.Lhe.,béta prjef;ra_tbiy.rat_néés ﬁo_ﬁ abou_t 1.8to gbfagt 3. R .
f0069] - | An SR_AM cell of the present invention may additionally employ. transistors with |
o 'sfuéincd_ channe] regions. For example, the transistors constituting the SRAM cell of Figure 1
. may all be str@ied channél transistbfs. The usé of 'strajn.ed channel transistofs is cxﬁectéd 1o
erhance the psrfgrmancc of the SRAM cell significantly. According, ﬁanéistors 110 and 112
"may be strained chaﬁel FD-S0I transistors, and transistors 102, 104, 106 and 108 may be

snainqd channel PD-SO] transistors. Use of appropriate strain enhances carrier mobility and
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circuits may include analog circuits and dynamic circuits. [0066] An
exanpl'e of” the layout inplenentation of. an-SRAMcell is illustrated in
Figure 6. It is understood that other |ayout inplenentations can be used.
For the' sake of sinplicity, metal |ayout shapes are not shown. In this
parti cul &Fait-Egated mobHisy svbamemenids (odbEr ¢A0impohowmsRtop g fddigncehor i zont al
direction, The left bit line I K the right bit line 116, and the ground
l'i ne GND“??ﬁméPém&W§@ﬂ§Eomm The di nensions of the transistors are al so

| abel ed. The width and |l ength. of: each transistor are | abeled Wand L

respect i jolg; amhe idcb®of i 4ol A} cated
-subscript. For exanpﬁg ag%gﬁhghqgﬁ%Eﬁ&ﬁ&§%¥§q%%g?§§L%%dﬁg§gpgﬁgﬁoghgth of

the FD- S6) thpasse @& i@ dedchiBdash 88 Péndl2hele tp%ﬂ:%tlm[ Qﬁk@ﬂrgaf‘ Oerf%%@%]é% o the

preferred. embodi nent of this invention,-the wd t he

pass- gat entildSenédafsctd:Qa- 1@%&%@&@@%@9%&%&&%@%&{1@ él‘gé‘r‘ed n the

FD-SO or multiple-gate transistor regions (white regions Igure 5a if

they ar eFullycheyMied, aid MIBhBIEST@ksidtdds,b BRAFDHDSD 2098 pﬁ%&!rﬁeg@o@keg%ﬁﬁo&

transi stor regions (white regions) in Figure 5b’i re p-channel

transi st@rd), andegppaet edrablvy rettgeVhthi HRdadeng; E' s@éss hﬂ&s Q&En%d %@érea
['1e

transistors 102 _and 104 are sel ected such that t

mul t i pl cecyafiedtrFEbr thk@re, PROSESER! Lol B8 hORSreSHEN aemgﬁﬁ&ﬁﬁnﬁ%&wa' ly .

have -19 |ayout w dths that are about.50 nm or smaller n- - channe

transi star thaamhnﬁ&)cmédl@&gﬂm éi’hcoﬁ'l@ﬁde%ﬁamrfg% e cRRABNEkiok, raﬁcﬁ‘ﬁl'u fn%duc? e gate

| ength for transistors-102 and 104 are selected such that t

t ypi cal | strairdn gerchatnbbiegibiiose of the. pul | -down transistors 106 and 108. In
the preferred enbodlnent the pul | -down transistors 106 and 108 are PD-SO

transi stgpen [0 ratlo f t he conductance of pull-down transistor
106 (10 over bovc-menuc)ned SRAM cell with Darnallv depleted SOJ _

transmtors and 'fully depleted SOI transmtors or multiple-gate transistors W111 be descnbed next

-w1th respect to Figures 7a—7c. The startulv matenal 152 semmonductor’-on—insulator Wafcr 250,
The semlconductor—on-msulator wafer compnses of a sermconductor layer 252 overlymg an
msulatc)r layer 254 Wb.lCh in turn overhes 2 substrate 256 as shown in Figure 7a: The

’ sermconductor layer 252 can be an elemental semlconductor such as s1l1con and germanium, an
aﬂoy sermcpnductor such as smcon-germamum, ora compqund semiconductor such as gallium 7
ars énidc__and mdmm phoép]ﬁde. In the é;:eferre,d embodiment, the semiconduc-t.oy: layer 252 is

silicon, preferably monocrystalline silicon.

- [0672] - The insulator layer.254 may be aﬁy insulating material such as silicon oxide,
aliminum é}dde, or silicon nifride. In the preferred embodiment, insulating matc:.;ial 254 1s |
silicon oxide, prefgrabiy $104. This layer may bé deposited on substrate 256 prior tol forming
serniconductor layer 252. Alternatively, a SIMOX process can be used to implant oxygen into a
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of pass-transistor 110 (112) can be used as a basic netric to neasure the
stability of the SRAM cell or the ability of the cell to retain its data
state. This ratio is referred-to by CMOS SRAM designers as “beta' or “beta
ratio' . subbtrabethal @fitiAQ GhoARied Hagh 1hgtrd £520fa bhe tance of the pull-down

ﬁtf dﬁxgqgélc(ﬁylﬁﬁgelf %at e_EgE%é(

devi ce over the conductance of” pass-gate device bSeta ratio,

t he cel dnylsemioomsctornbsras ala€ siliddthubduSite St gé.ﬂnﬁn@ﬁgérﬁgcs{r%st ok JﬁSNlN% I ncreases.

The conductance of a transistor I's approXi nat ifonal  tTo the

ef f ect | ambodianents eithe®bistrdtds ¥uddfck caBfliclol udrd hPpdfse &he deVI ce width, to *the
channel length, i.e., WL. Accordi ngly, the beta of the SRAM cel | can be.

appr oxi d the r WL) of transistor 106 and eff(WL) of
transi sftrmlff'}ll(t;}§ﬁ PP S"F@’P%FE 6@”&%“%9@33731%3/@ siliven ariibe lvalame| -

| engt h, 53 he .het.a rat econes the ratio of the channel wi dth of

t ransi st%?% gl\fge I\q?lﬁpli?‘?éar}l’ﬁ’ e\%ﬁ’&?ﬁ#aﬁf"??%?@’@@ﬁﬂmbpmwm ag on the
SRAM a preferabl ranges fromabout 1.8 to about 3.
[ooeglwcf‘%?sé{ﬂ?%% FPfang“t éﬂﬁFB’?éF?ta%P‘H\?@ gHroRER DA dati silicon akidg lasep| oy
transi sLo rai ned ch; : |ons For exanple, the transistors
consti tuti‘rt?\ng tspm‘}m%@%jf‘b%ﬁh@ltﬁﬁ?oé 3000 @pgstgms. be strained channel

transi stors. The use of strained channel transistors is expected to enhance
the peilPrandtelafing ey SRANCR, hn Shighiefios 8néilidon FAGEEE KRk 1y ansi stors 110
and 112 may be strained channel FD-SOY transistors, and transistors 102,
104, 10:61‘@?1@@m@mmyamezsvsmapmmmm%u%éﬁo&br M&H%%@’ﬁe Use of
appropriate strain’ enhances 'carrier nmobi | i ty and -20 str.ain-induced

mobi | i t5eoeiphdad derentmyls baregtohieng wamsmﬁatermn(@Vﬁm%ﬁ%ih%%&%m@%%ﬁﬂance i.n
addition to device scaling. [0070] The incorporation of ‘strain in the

channePateayngihe mfiskmt@@lbyarpdcﬁﬁth‘sﬁﬁhpﬁyﬁa ftcSd #4t8rned mask (not shown),

etch_mU the s;.hcon layer 252, and removmg the pattemed mask. The mask material can be a
photoresist, 51l1c011 mtnda or a stack. comprising of a silicon mtnde layer overlymg a SﬂlCOll -
_oxide layer Isolatlon reomns 260, prefcrably compnsmEr a r:helcctnc such as silicon oxide are’

formed 10 1solatc sﬂ_tcon acnve region 25 8 from othcr actlve regions (e.g., fing) that are.niot

. .sbown in the figure.

.- [0075] Referrmcr now to Flcrure Te,a véte dlelectnc iz formcd The rrate dielectric Iayex: 262 k
-+ .can have a th_taness betwcsn about 3 to about 100 angstroms. The oate d.mlectnc layer 262 on . -
top of the actwc region 25 8 can have a dJ_'Eferent thch_nass than the gate d_lelectnc layer 262 on
the sidewalls of the a_ct_lve aréa 238. For example, ﬂle»‘thlckness of the gate dlelectnc layer 262
on the top can be thinner than that on the sidewall. In some examples, tb.t;: thickness of the gate

dielectric layer 262 on top of the active region 258 is less than about 20 angstroms.



on the same chip is described i.n co-pending patent application with Seri al
No. 1014267566 entitled "Sem conductor-on-Insulator..Chip Incorporating
St rai ned- Channel Partially-Depleted, Fully-Depleted, and Miltiple-Gate
Transistors,” filed April, 30 2003. (Attorney Docket: TSM)3 0111), and

i ncor por B0&6l herBicryaleylicteefrie neiyeempiise atghic HicdppicaRtsial fichhOicsh baas filmis
formed over a conpleted transistor structure.' The stressor, Le.-the high
stress f§iliean oxyhimideeoraiittidedsilipni biidamtcoinbibtiten Gereof MTHsheuRRRALELHal pREi T Vi ng
the silicon lattice spacing in the channel region, and thus introducing.
strain i #5q bre2 kighperelitivigyihoerial with 9&#dtivity largeethhod] sadh o alumimmat dxidg t he
above-nmentioned SRAM cell with partially -depleted SO transistors and
fully defplefedafign oxida st afsunrsilivod ¢xypitadeg@Els ON) diafiish Slictenklrsicon

descri bed next.. wth respect to Figures 7a-7c. The startinng material is a
seni condHEeBgpride (i zicaiumeitieate (ZE00) Thasthsremd @odedileOg). - on- i nsul ator
waf er conprises of a semiconductor |ayer 252 overlying an insulator |ayer
254, whi po7in t YR ke jq€ : ' 43 - wa i R. Figure 7a. The
o conducror | o e 8 EERUBRANCRE PhEaihine 36 S4B Wi LBl 1 o
and ger nRahedBy & @A ) ‘ il.Lcon- ani or a
conmpound sem cy(')h%&a?g%@%ﬁagﬁ%?gg%ﬁﬁkgﬁni#g%ﬂ# ?iigﬁ ésagr%?%%%gng%g%osﬁﬁi de. lii

t he pref ﬂ{oﬁfﬂ)O@ m@,@@és%us. w@%ﬁ@ﬂlg%%gg%?g%h&yﬁgm i P) B f?r%:!e!i bf; on,

pr ef erably nonocrystalline sifTicon. e | nsul at'or Tayer” 254 may be-

any i nsudiainida0vaRt &pb@lioSdtedhe@R. sphtteliGP)! A edielec@iéjlg}qugﬂ[ &f%érgﬁile & % silicon

nitride. In the preferred enbodinent, insulating materi a S silicon:

oxi de, pirdftey SDdwalSbRBe sitdnSinl@¥er my be deposited on substrate 256 prior
to formng seniconductor layer 252: Arternatively, a SIMOX process can he

used to EOH:PS!] ant W ft%l L%S gatia Qitd?:uét%; layer 262 app:rol:)riatelyr formed, :gate_ clect.rodema:terial‘264 :
can theﬁ bc:forﬁied on top of thé gate dielectric layer.262.' The gate e;lectrode méteﬁal 264 can
be'formed from poly-crystaﬂinc silicom, poly-cryét-alline. silicon gcr::ﬁanh;m, metél;, meta]l:.c
.- silicides, metallic nitrides, or metailic oxides. For example; metals such as molybdenum,
o -. tmngsten, tltamum, .taﬁtalur'n, platinum, and hafmum may be used as the por_t_ior;l of the gate -
. -electrode 264. Metallic ;i].ié:i’deé may inciudé,' but will not Be limite&.to, nickel s;_i]i‘cidc, cobalt -
' 'sﬂjcidc, tungsten silicide, titanium silicide; tantalum silicide, i:lati.uum sﬁicide, and crbiilm
- silicide. Metallic nitrides maY'iﬁclﬁde, but will not be limited to, molybdenum nitride, tungsten
nitride, titanium nitride, ard tantalum nitride. Metallic éxiaes-rﬁay include, but will not be
' limited to, rﬁthenium _oxidc and indium tin oxide. | | |
[0079] 'I'l;e g:_a.tet electrode material ?;64 can be d.eposited by conventional tcchniqﬁes' such as -

chemical vapor deposition. For exaruple, the gate electrode can be formed by the deposition of
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-21 substrate that initially includes both |ayers 252 and 256. The
underl'yi ng substrate 256 may be any sem conductor substrate such as
silicon substrate or gallium -arsenide substrate. In other enbodinents,

i { be ysed. [0073] In th
ot her. sﬂ%ﬁ%&ﬁ%ﬁ&t&?%ﬁﬁ?ﬂﬁ@[&@%&n% agyoaﬁogég(ﬁeg% pige Seetfrs Wdﬁ}’ld Phe ©

preferred enbodi e sem conduct

bt bt a0 & B e S o 0 252

t he preferred embodi-nent has a ness 1n

angstr olit 2000 a oms and the silicon oxide layer has -a

t hi ckn@@” i »?Eregaﬁ EOCBfmag%h%ﬁ@e@m@ prtighiod usipo R tailystapbmechiifisis]

Referrij ow to Figure 7b-, an active region or silicon fin 258, is forned
by paatn%lJ g?C dfging B Ig? ?tFQ%WCFS&V@rfD@B@e e eleprndee rigug 7ofhowhehagtd ve regi on
or si I% on P ~acconplished, .for exanple, by depositing a mask
mat ef il E%CBP t']é}?\ i IBFFS’tghté‘m%‘-ilq“?fc?&iFd aag ére BIB30] pylbtiover mimiptdr BE prask

mat er i I|thography to forma patterned mask (not shown),

et chi %W%”EE‘D a&%ﬁsee’z%gﬂeéhdnﬁrgeﬁiﬂﬂgﬂ?gmﬁ medipaf the trasststorasde. The nask

mat er i I d? 8 tﬁ photoresist, silicon nitride;, or a stack conpri si ng of a
si i cSReATEPEaE afpee- dé‘"\?“é‘ﬁ’loﬁlrfw sBoW1 ig Sreureid. de lgaypdiclectsal@atsi on T egi onis
260, pref g? nprising a dielectric such as silicon oxide are fornmed to
i sol atremg?‘{art 8‘%1%1 PRFECT EOCF?VQESO‘TEFE(@W@?&Gr@tCEémdeBe-@egl ons (e.g., fins)
that -are not - shown in the figure. [0075] Referring now to Fi gure 7c, a

gate dOOSpct rAdiitonalli@scom diopWaL GAL R dibaCki: reséﬁg%% ﬁwu.?r@szsaan : ha".e a .

t hi ckness between. about 3 to about 100 angstro e gate dielectric

Iayer'@&zsmoﬂpmdﬂftﬁemﬂm(smve regi on 258 can have a different thi ckness
than 'the gate dielectric layer 262 on the sidewalls of the active area

258 Fi¥BaP ARk Gourd YR bll GKRSR8 el S nh Soped soueserdait axe ren.
' __. melanted using ion J_mplantanon techniques. Super.—halo Jmplant may also be performed at thls
. stacre Byusing mplantmtr the supcr-halo J.mplant at alarge a.ucle ranging from 15to 45 deurees
S Wlﬂl Iespect to the normal of the wafer; dewces ‘with short channel lengths wﬂl recelve a high -
eﬁectrve channel ‘doping concentratmn whﬂe de.v1ces with long channel lengths wﬂl receivea -
lovrr effecuve channel _dopmg‘concentraﬂon. | |
[0083} - -A' -s'pzieer‘?.'f(-)'is"'fbrmed' usmotechmques known and?used‘in'th'e art e.g. d@osiﬁoﬂf
'-of the spacer. matenal and amsotmpm plasma etchmcr The spacer material may compnsc of a
chelcctnc matenal such as SﬂlCDIl nitride or silicon dioxide: In the preferred embodlment the |

spacer 270 is silicon nitride. -

[0084] | Following spacer formatlon the source and drain regions 266 and 268 are J.mplanted

The source a.nd drain regions can be strapped with one or more conducﬂve matenals such as

7



on the top can be thinner than that on the sidewal|. In sone exanples, the
t hi ckhess "of the gate dielectric |ayer 262 on top of the active region 258
is |l ess than about 20 angstrons. -22 [0076] The.gate dielectric may
conprise a Egate dielectric material such as silicon oxide, silicon

oxyni t r i dtalomdrsilicides (netshowhi. Gthn candirctive @iat RN RLEONS s uRRREDhrin] NE
insulating material may al so be a.high permttivity material with

permitti VSRS PR coRtagimothe sidewrllasndibrubd topir tixiaclire réghd203) , haf ni um oxi de
(Hf @), hafniumsilicon oxynitride (Hf Si ON), hafniumsilicate (Hf Si A4),

Zi r coni upeoB%j de At - i ant m oxi de L
(La203). [0077. 11q| éqf%‘%h %ﬂﬁges]g&g,rgl rdégk %‘* spdr |ﬁrr§nc{eg‘55?ﬁ94')35fh§ @F‘S FF?%“%Z is

si | i con emicies Mbﬁhlm“fg’gbf%mﬂé‘%p B, 91“%%‘%3% g g bes

anbi ent at tenperatures rangi ng from about

Cel si us. ofllgehegad QurBeehealsé iHe olddy ly, be forme :
chem cal vapor ‘deposition or Srdeagslu%fggcss(gﬁ%fg}f‘%ﬁggg%%% £Fé“8¥aé? é‘b?}ﬁ c |l ayer

262 covehighishess filp 20 ehal S EENBLURIh it t Q0781 Wth
the gate dielectric layer 262 approoprt'?aft eﬂlﬁs/:‘?%!uhg aﬂ%?@% rdde material

264  caninthéure bensild G, Qivel @Bss f thl B 262 The gate
el ectrode materi al ZGOgﬁgrgn “be fSorned@aE?%%gng} ;fhg(r%m{%lﬁil ng;csglnfnp?:%

pol y- crysitatrdih nﬁnpdnlehtﬁmmaﬁfaﬂi?éﬂl O reTBLRE sui met al |
nitrides, or metallic oxides. For exanpl eﬁnmfg‘;g%élb%g%l md%o‘ﬁ?bal YR tﬁr‘ﬁf

t Ungst entendiod, distenahidAicHiugh ok @l | Na8or 2 as the -
portion of the gate el ectrode 264. OI\/let allic rm{()l Cl es nﬁlgglfnc but will
not be |fensikeedcdrapresive hethreSif bieGirde in 66 Pdnkhel rérht!u:l&.}i e 3%@9&1[1? I ] I ci de
titaniumsilicide, tantalumsilicide, platinums ICIé hd &

| devaryiby piok ditlond mb d { I :
silicidev prokdse catditlon, €i5h. BRY &chié ?re%st&i-é aﬂ’&tﬁé aﬂggfﬂgﬂ%\gpﬁtt fal um

nol ybdenum nitride, tungsten nitride, anifumnitri a
nitride. prhmsat Easce. deﬁ@om kded ﬂéd@gasm&” Mt | not be

[(?086] Following the formation of the high-stress film:272, a passivation layer (nr>t shown).
" -is deposited with a thickness of a few thousand angstroms, e.g, 1000 to 5000 angstroms. The
" passivation layer is .p‘referabfy c;ompriséd of siticon. oxide. 'Contact'hole's (not shown) are etched -
: tbroubh the pass:wauon layer and the high-stress film 272. Conductive materials. (not shovvn) are -

then used. to ﬁll the contact holes to e.lectnca.]_ly contact the source region 266, drain région 268,

and gate elecu'ode 264 of the transistor,

[0087] Moreover the scope of the present apphcatlon is not intended to be ]umted to the
_ partlcular embod;ments of the process, machine, manufacture composmon of matter, means
- methods and ste.ps—descnbed in the SpBClﬂcathn. As one of ordinary skill in the art will readily
appre_:ciaté from the disclosure of the present invention, processr:s, mar:hjnes, manufacture,
i qomp‘ositions of matter, m'czujs, metﬁod‘s,. or stéps, presently existing or later to be developed,
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limted to, rutheniumoxide and indiumtin oxide. [00791 The gat eel ectrode
mat eri al. 264 can be deposited by conventional techniques such as chem cal
vapor deposition. For exanple, the gate electrode can be formed by the
deposition of -23 silicon and a refractory netal, -foll owed by ‘an -anneal to

forma e el .ode materj al In enbodi ments, the -
ref ract gﬁﬁ’lB s'uﬁééa%ﬁg%%&% O%gﬁF%fFWb%@Bﬁiﬁme&mWFW@s the - [ 0080] The

gate el e&hg ggqlfmq; g{ en patter usi ng photolithography
t echni ques, "and %etc Og%leﬂégéc gl? Wa‘g@t%ﬁng?% wedias oghe pesent aenjigne
el ect rodg&m%fjéu&ga L,dlag them%&%lefdtagwﬁx troglgst of the FD SO . pass-gate

transi stor D-an t CRGEPER BPEBECsgat e
el ect r odgachREdRL] The g engt h and-w dt h: of the .
transistors are ﬁfkg%é‘l%ﬁ %‘gﬁtﬂﬂgmﬁfr’él%&ﬂ‘%sn%rr%@%nal figure shown in

Figure 7c. The gate diel ectrl c 262| S retained at least in.the portion of
t he device covered by the gate el ectroode 264. [0081] Additional- pr ocess

steps. Wi ll- now be described with respect to Figures 8a and 8b; 'which
show only one. of the transistors. [0082] The source 266 and drain 268
extensions -(e.g., lightly doped source/drain) are then. inplanted using

ion inplantation techniques. Super-halo inplant nmay al’'so be perforned at
this, stage. By using inplanting-the super-hal o inplant at a large angl e
rangi ng from 15 to 45 degrees with respect to the normal of the wafer;
devices with short channel lengths will receive a high effective chahnel -
eloplng concentration" while devices with.long channel |engths wll receive
a |low effective channel -doping-concentration. [0083].A spacer 270 is
forned using.techni ques known and used in.the art, e.g. .deposition
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of the spacer, material and ani sotropic plasma etching. The spacer naterial
may conprise of a dielectric material such as silicon nitride or silicon
dioxide:. In the preferred enbodi nent, the. spacer 270 is silicon nitride.
[0084] , Follow ng spacer formation, the source and drain regions 266 and
268 a%ﬁHi‘ | anted. ~The. source and drain regions can be strapped wth one
or nor At &Mt eri al s such as -24 netals and silicides (not shown).
The conductive nmaterials can reach the source and drain. regions through

contaqts omgtm@gﬁmichﬁn%ﬂ;{sm he top.of the active region. [0085] Next,
a high-stress filmor a stressor 272 is' deposited over the conipleted

transi st or p rRdthskehHEr & aﬁ'i‘hﬂ)ﬂ@ bpidaltg 41 b bt i 5 4 QYgti on,
the high stress film (\:Ig%t act's ﬁol{‘b or% ylﬁg %%dg%si(g%l?g%gmbc&}tlﬁlg{i Eooﬁﬁ%%n
si dewglilnogur f aces of the - active region 258. As an exanple, the .high-stress

film 272 can- bePECVD silicon nitride. PECVD silicon nitride can be used to

introd [ ' . ' ' in. h | - i on., Th
osi dual £ Froang BReriAURE R e bR el bR B 2 e B Rt e
resi d'ﬂ?elleft%:il m sl Less can be tailored froma. high state.of tension, for

stoi chronetPrc siliton nitride, to one of conpression, for silicon-rich

films. The t%?@|$ ?r co re{isi ve nature of the strain in the channel

regi on can RS EPOTRI SERCRUERPT IR IOSRFGY Fajsisiop badng 2 & ouBled tathen . as
tenmperature, pressure,. and the ratio of the flow.rate of a .precursor gas,
e.g. W’B?%sﬂcgne, to the total gas flowrate. [0086] Followi ng the
formation of the _high-stress film 272, a passivation |ayer (not shown) is

deposi t ed . 458470 gl derleisd semmiconduciaonHptvdaerdraapisor kaying 2 draig complgd te o 5000 -
angst Eth%rrs. The ga__ssi vation layer is .preferably corrp:r. ised of-silicon.
oxi dethegghhbi@pdaiol es (not shown) are etched. - :
, 2 - The static memory eiemcnt of Clﬂll’l’l 1 and further comprising;
a pair of complementary bit lines including a left bit line and a right bit line,-whefréii: the -
. left bit Iine is coupled t~'01 &séurc;e of the first fuﬁy dépletedsemiconductor—on—i_nsulator tranéisj:dr
;nd Wher_ein the right_ bit:].inc is p‘_ouplét_i toa soﬁrée of thé second'full'y dcpleted _sbmic_ondﬁctdr—
onfinsﬁla_.tq:; t_ran‘si_stlor.; ind | | |
;a_‘wo;;d hne coupled to a gate of the first fully-deplgfed écmicohduci_:or—ominsul—at_or e

transistor and also to a gate of the second fully depleted semiconductor-on-insulator transistor. -

3. The static memory element of claim 1 wherein each of the first and second inverters -'
comprises:
a partially depleted n-channel pull-down transistor; and

a p-channel pull-up transistor coupled in series with the n-channel pu]l-dbwn-tranﬁistor.
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t hrough the passivation |ayer and the high-stress film272. Conductive
materials (‘not shown) are then used to fill the contact holes to

el ectrically contact the source region 266,, drain region 268, and gate - -.
el ectrode of .the transistor. [0057] Moreover, the scope of the presernt

2
appl i cat i on 15 it Do trersat of dbeirm 3 witreid theop-thvan el3Ritdr @i ol ohagtiEnt @ of
ne

the prQcgss, r&rgqﬁhi-(ge, manuf acture, conposition of mattér, neans, hods
“and ste&%’-?éag ST FiBea ch#nelpelisparintistont | on. As one of ordinary skill in t he
art will readily appreciate fromthe disclosure of the present invention;
processes, machi nes, manufacture, conpositions of matter, neans, rmethods;

or steps, plbssatd nierotly sleind g @lcldiAtey 49, e devel oped,” -25 that perform

| , .
subst ant i glg:ny ‘the same function or achieve sub 'alﬁlf:_’?lﬁqeﬂy?e%é@%ﬁm—qnesul t as
the cuosnespomekisng hask ashdie [ herein maybe utilized according to

e R PR Ghatet oo ‘

Leting width beingended t o

the present invention. : Accordin I
i ncl udemulidr fian tHeltRIY 13QQRE, such processes, -nachines, manufacture, - _
conpositions of matter, means, nethods, or steps. WHAT- IS CLAIMED IS : 1.
A static menory el enment -conprising: a first inverter having an input
coupled to | eft bit node-and an output coupled to a right bit node; a
secondg’i nveﬁ}eéfmﬁ

coupled to the Ieft right bit node;

48: ¢b
gN,

a

.Wd.max =

7. _ The static memory element of claim 1 wh;rein the first and éebond fquy &epleted

semlconductor—on—msulator transistors comprise sﬂicon—on—insulafo: transistors, -

8. = "The Static memory element of claim 7 Whérciﬁ the. first and second fully depleted

semlgo_nductor-on-'inmﬂator trangistors each has a depletion Wid;‘:h ‘and a'bodj} thickness, sait.il :

- depletion width being larger i’han the bo'dy-;‘.hickness-.--

| 9 ’Iﬁe st_atig. mamory elcnﬁ;nt of claJmB wl.n:grcin_'t_l._le. é;;?l?ﬁo; w%dth.is_ d_eﬁizcd by
B e
IO.. The static mélf.uoi'y element éf claim S-ZW?JGI:BJ‘.I‘I the de;;lction width is defined by
i = [

-28-
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a first fully depleted seni conductor-on-insulator transistor having a drain
coupled:to the Ileft bit node; and a second fully depl eted

sem conductor-on insul ator transistor having a drain coupled to the right

bi t nogf . 2. The static nenory elenent of claim. | and farther

conpri 8t'ng: TR FRHGDEROE iRt elaimyl Wherein tireefirst andlsembin Gulty depfetechi t | i ne and
a right: hit I|ne wherein the left bit line is coupled to a source of the
first PORFSPIHEIRTOI-tgulatop ransisiers eemprise multipleisatedmansistansi st or  and wher ei n
the right bit line is coupled to a source of the second fully depleted

sem conductor .on-insulator transistor; and .a word line coupled to a gate
of thelZi rsThefsudﬂcxmmmat:@gmsma@m%mﬁtmug@ws@&% syl é%aor and al so

to a gate of- the second fully depl eted sem conduct or-on- |ns

t r ansi siticondBoroBieinShlabt €al¥RAE YorfhrREB M affe] ﬁ% wherein each of the
first and second inverters conprises: a partially depleted n-channel -
puII-domn transistor; and a p-channel pull-up transistor coupled in series

witht anel ull -down. transistor. -27 4'. The static nenory el enent
of clalm 3 Sre’ ﬁm’?‘!?@" Ferora i slaip 4P mhagsin tha Fisyt snd secontriilyslepleted part i al | y
deplete%w% ﬁhanne II-up transistor. 5. The static nenory elenent. of

cl ai m S ‘é‘?t?xf“‘fw &Py ?%S}S@rﬁ@mw@a chawrict BATBACAr Fitba-chamsLivadth of

transi %t has a degl etion width and a body thi ckness, sai d depl et| on w dth
bei ng 2 gﬁ%VF%Pfﬂﬁﬁ the body thickness.. _

14.° The stat1c memory element of cla:m 1 wherein the first and second fully depleted -

scmlconductor~on-1nsulator transistors compnse p- channcl transistors.

15, The static memory element of claim 14 wherein the first and sccbnd fully depleted
 semiconductor-on-insulator fransistors comprise p—chaﬁnel transistors with a channel width of

about 60 nm or smaller, - -

.16.  The staﬂc‘mgmqry element of claim 1 wherein the first and second fully depleted -

'semicbnduc_:fdr—q'r_l—insulatdr_-t';:ansis’tors each has & gate length of about 100 nm or smaller. . -

17 The static memory element of cla.Lm 1 wherem the ﬁrst and second mverters cach include
an n—channel pull-down transistor coupled in series wzth a p—channel pull up transistar and
‘wherein the first and second fully depleted semiconductor-on-insulator trans1stors hasa

conductance that is smaller than a conductance of the n-channel pull-down transistors.

20.
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‘b. The static nenory elenment of claimb5 wherein the depletion width is
defined by 48sb ,max gNn 7. The static.nmenory el enment of claiml wherein
the fi.rst. “and second fully depl éted sem conductor-on-insul ator

. transistors conprise silicon-on-insulator- transistors. 8. The static

menory gl e t.0f claim7 wherein the first _and second fully depl et ed
sem- ccljﬁ'duc ort %’r?—rﬁér@olﬂ slement '?fgﬁ%%@slt Bheenths, figs andsegapt Bllyskedloddt h and a

body thi .said depletion w dth-being | arger than the body-

t hi ckn%gsnéclwn%gabﬁ%%&awEﬂﬁ%ﬁtﬁﬁﬁa@lct@ﬁ?é’ﬁ‘tse‘of claim 8 wherein: the depletion
width. is defi;n?e?? %‘4s~a. V ~ M4. ~1-Ob "td dl 10. The static nenory
el ement .of TYEMHR FRRRErHT fimformed oaen srulgtog keyes tetefib hednpy torp@ufate The

“static mory. el ement of claimlg wherein the first and second fully

depl et @ Wesiewalh siréaces: thsnyulatingdassr overbisy s$ubssatepnpri se nul tiple-gate |
transistors. 12.. The static nenory elenment of claim1 wherein the first and

second. ful |3gaefirlettadlaysamiedgingubd sniconduntstifiat or transi stors conpri se '
n-channel transistors. 13. .The static nenory el ement of clai'm 10 wherein

the first “arghtesgienmode fdppingdepind!tdssammHapEHEh Of tR b RaMhAL #1 the AR Stors

conprise n-channel transistors with a channel w dth of ‘about 50 rimor

smal | esideviall. sirfdde, the 2td CledRITR LY e iRFBR baftf diQbakM eiigE el n the first and -

second -fully depleted - o . LT S _
"a source and a-d:_ain regions within the semicondictor fin on opp_osing' ends of the gafe i

electrode.

19. The static memory element of claim 18 wherein the insulating layer comprises silicon |
oﬁde, silicon oxynitride, or silicon nitride, or combinations thereof. -
20. Thf.‘. static ﬁ;cmory element of claim 18 wherein the insulating lafrsr has a thickness of
-between about 20 angstrorhs and about 1000 angstroms. | |

21.  The static memory element of claim 18 wherein the gate .d.{electtidlayer 'c@mﬁrises _

si.];'ccni oxide, si]icou oxynitride, silicon nitride, or combinations thereof. - -

22 The s’;atir_: nicmo;y-element of claiin 18 wherein the gate dielectric layer comprises a high _
permittivity material selected from the group consisting of lantharium oxide; alummum o'xide',

hafnium oxide, hafnium oxynitride, zirconium oxide, and combinations thereof. |

23. * The static memory element of claim 18 wherein the gate dielectric layer comprise.s a high |

permittivity material with a relative permittivity of at least 5.
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sem conductor-on-insul ator transistors conprise p-channel transistors. 15.
The static nenory elenment of claim 14 wherein the first and second fully
depl eted 'sem conductor-on-insulator transistors conprise p-channel
transistors with a channel width of about 60 nmor smaller. .16. The
static Mo Y, el ement of claim| wherein the first and second fully

depl et ed?*sem EoRHE SGITDAEmARIE staim 18 e tht gite dRRLRIRS adhigRels bengt h of
about 100 ri mag smal ler. 17.' “The static nenory elenment of claim1l wherein
the firsteried aBe Srgdiahous L@ prgstaimh i ncl ude an n- channel - pul | - down

tran5| stor coupled in series with ~a. p-channel pull up_transi stor and
"wherein the first and-second fully depleted sem conductor-on i nsul at or

transi stast s s s@tic BRABHELISASSE Q@éﬁ q_g r th cqnduct ance of t-he

n- channel pul |- down trair’g%gl?or sDrf Wgﬁ égsgaé? ﬁ@lﬁ@aétrl Pﬁon)a cI aim
1. wher abpsirhee b ths kin ang plete

sem conduI(E:]tor-on i nsul at bsrqﬁftffggﬁstﬁésﬁt %%E%g%?flﬁm?’?%@ﬂa&e%fhﬁf@al

. semi conductor fin forned on an.insulating |layer, the flan having atop

surf ace- wo sidewal |l surfaces, the insulating | ayer overlying a

nd
subst r at8; gattatigmerertelsreent ailelnmoﬂﬁewhqmm thet duee Gieltieio Mebet=04 of {18 rto;?‘ gat €
el ectrode wragg ng around.the seniconductor fin on the top: surface aci d

the twoSud ingg thirpeethan theegagadideatietioaee of \ied Siddwidl MG 82
dielectric Iayer ‘and.a source and adrain regions within the sem conduct or

fin on opposing ends of the gate . electrode. -19. The static nenory

el enent2pf cired Mtﬂcan%@l&%léﬂlcﬁlpgf :.l:lﬂﬁluwa VE']ZIIE? lnhayg%Ee Cﬁé}. u&cigssa t?lllclklngsgr:m a’
top su_;facc cf_the sc@conductor fin that is less tha_u aboﬁt 20 angstroms.
28. Thé'stat'ic memory element of claim 18 wherein 'the gate electrode is formed ﬁom;a -
" material selected from the group cons1stmg of poly—crystalhne SﬂlCOD, pely-crystalhne silicon

. cermamum 2 metal a mctalhc nitride, and-a metallic SﬂlCldB and combinations thereof

_ 29. The statlc memory element ‘of cleum 1 wherem the ﬁrst and second fully deplated

semlconductor-on-msulator transmtors each has a cha.u.uel region that is strained,

30, . The static memory clement of claim 1 whcrcm the ﬁrst and second mverters each include’

a partially depletcd scmlconductor— n-msulator transmtor that has a chanre] reolon that is

straiped.
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oxi de, SI|ICOﬂ oxynitride, or silicon nitride, or conbinations thereof. 20.
The static nenory el enent of claim 18 wherein the insulating | ayer -has a .

t hi ckness of -between about 20 angstrons and about 1000 angstroms. 21. The
static nmenory el enment of claim 18 wherein the gate -dielectric |ayer

conpri s¥s, /Asinpenrirey famed St cplnrabixyfistarit gedosi dcb @0 heMdry (TeAMDcells -
conbi nations thereof. 22. The static nenory elenent of claim 18 wherein the

gate dlaéllaéaﬁtdrimeﬂnhyermctnmmhaeﬁneanhmghemﬂémggbateﬂmaﬂmt@éhl@l uﬁ&g,%d from
the group consisting of I anthanum oxi de; al um num oxi de; haf ni de

haf ni um oxyaiptrale of aimleaintny biilde a@ngacgcg,ﬁmne%jrmdgﬁh% 80 it The
static nmenory elenment of claim 18 wﬁereln -the gate diel®ectric yer :
conpri sgght bt friegh pernittivity material with a relative permittivity of at
| east 5. -30 24. The static nmenory-elenment of claim 18 wherein the gate _
diel ectric bakrdit} B GipBeS; of . between about 3 and about 100 angstromns. - 25.
The static nmenory. el enent of clal m 18 V\/nerel n the gate dielectric has a

t hi ckness og t hat .i.s_different.than a thickness
on a sidewall ﬁgﬁfgf cé . o$ %‘?&hggﬁwﬁuf HPEYAT ¢ menory el enent of claim-
25 wherein the gate, t hi ckness on t e top‘surface-of the fin is

t hi nner than the gat]g %{epﬁé@tdﬁ% Ii’ﬁlimc?ﬂaé??%ﬂ yoirg-agrigatator Py-dewa L fin.

'27. T %;l&anﬁ Pil enment _of claim 18 wherein the gate diel ectric has
a: thic ness on ‘a é WP defemtncs Heltage Rpdend deosice powpledhtn the sighelsis t han
about 2 gstrq(g 528 The' static nmenory elenment of claim. 18 wherein the

gate e Fe cet P PREEPRARE RS- an-InfRleEy PRI-UB dRedstonwith o draih eouplalip 2

con5|st|n of poly-crystalline sil icon, poly-crystalline silicon
gd node F:311{1 a sourg/e coupled to the left bit nodc POLYmETYeRa

a second inverter mcludmcr a p—cha.unel semlconductor-on'-msulator pull-down h
traisistor with 2 drain coupled to the reference voltacre node and a source coupled to the left blt
node and a n-channe] semlcouductor-on-msulator pull—up tramsmtor w1th zl dram coupled to the
" ground node and a source coupled to the nght bit node;
a ﬁrst fully depleted semconductormn-msulator trans1stor havmcr a drain coupled T
to the left bzt node 2 SoUTCe coupled yis} the left b1t l_me of one of the bit line pairs, and a oate
| coupled to one of the word lmes and |
a second fully depleted semlconductox-on-msulator transistor l:lavmur a drain
coupled to the nght bit node a source coupled to the right bit line of the one of the bit line paJ:r:s

dnd a gate coupled to the one of the word lines.

32, Thearray of claim 31 wherein each of the n-channel pull-down transistors comprises a-

partially depleted semiconductor-on-insulator n-channel transistor.



germanium a netal, '"a netallic nitride, -and -a netallic silicide, and
conbi nations thereof. .29. The static nenory elenent of claim1l -wherein:
the first and second fully depleted seniconductor-on-insulator transistors
each has a channel region that is strained. 30. The static nenory el enent

of claim 1l wherein the first and second inverter ach inclyde' a '
parti aﬂ?y dﬁ%"? %’i”@’oOfscgaﬁ‘?‘éém&%FﬁJﬁ%% afRe @@r%ﬁ%‘eﬁ%{m‘i te'Has™a channel
region.that is strained. -31 31. A nenpry array fornmed froma plurality of
statict &%&6%&%@8@@%%@“@%5 EBEEYTS-arranged in an n by mmatrix,
wherein-n and mare integers greater than 1, the array conprising: a
plurality of conplenentary bit line paifs, each bit line pair including a
left bi#. | | MBe angh & clditnGhtwHekdin tHerfarst aad ptdohalfhltyydepleteitetriddndgsor-ap-pl ural ity
of SRAM cells, each SRAM cell conprising: a.first inverter ‘including-a

p- channgla&e MO e CbMbrifr-bieHbIatMEis®. | -down  transistor with-a drain
coupled to a reference voltage node and a source coupled to -the right bit

node and a n-channel .semni conductor-on-insulator pull-up transistor with a

drai n goupl to a_ groynd node and soyrce coupled to the left bit node;
2 secord | n@“g? £ fffﬁ?a%&gﬁdﬂeg%sm#aqﬁ%@mémwﬁwéw@%@fiaﬁgﬁq%}tr&? or
pul | -down_ transistor with a drain coupled to the reference voltage node

and a &38¥e coupled to the left bit node and a h-channel
sem conductor-on-insul ator ‘pull-up transistor with a drain coupled to the

36.  The array of claim 31 wherein the first and second fully depleted semiconductor-on-

insulator transistors each has a gate length of about 100 nm-or smaller.

37.  The array-of claim 31 wherein each of the first and second fully depleted semiconductior- -

on-insulator transistors has a conductance that is smaller than a conductance of the n-channe] -

' pull-down transistors.

38. VThe array of clai:Iﬁ 31 ,whc;rcin each.-orf the ﬁrst_.and second fu]lyAd_epl'eted_.s_‘.émicor;duc;tor_— ‘7

: on—insﬁlator taﬁsistdrs compﬁ:sés: | |
| -a've,rtical semicoﬁdﬁctor fin formed on an insulator- layer, each ﬂnd having-a top surface '_ .
‘and two si&eﬁaﬂ éurfacés; said in.sul_-étﬁr iaYér ow;erlyir‘;g a suﬁstrate; - |
a gate dieiectric'layér ow‘rerlying tbe é;amibon&uctcr fin,
| a gate electrode wrapping around the semiconductor fin oﬁ the top. surface and thetwo . -
sidewall surfaces, the gate electrode overlying the gate dielectric la.ycr; and |
* source and drain regions disposed m the semicoﬁductor fin on opposing ends of the'gate .

electrode.
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ground node and a source coupled. to the ri ght' bit node; a first frilly

depl et ed seniconductor-on-insulator transistor having a drain coupled to
the left bit node, a source coupled to the left bit line of one of the. bit
line pajrs; te ...coupled to one of the word Iines; and a second fly
depl et’ed sgr??g%%}g%c YPIFgoe %ﬁ?‘ﬁtg%tfa dﬁ?ﬁ&ﬁ%ﬂi@%ﬁﬂfﬂ%&hgmﬁ@ﬁmvw%m ed to
the right.hi source coupl to the right bit line.of the one of
the bi t&%?%éél%%igffg?m %‘ﬁ&f"éﬂl’ 58‘%%“‘858%&86@@ PRde ghenigrm pRisevitateium gxade, 32.
The ary f_cl.ai.m 31 wherei.n each of the n-channel pull-down transistors
conpri 's?g%u% Dx%é%tdf'ffg}ma]éBPQ?’@BSE%IH?‘E%@F&O%n-i nsul at or n- channel
transistor. _32 a3. The array of claim 31 wherein the first and second
fully depl eted sem conductor-on insulator transistors conprise '

mul ti fi%- gdbe SRAMheillst olisn 3 BherFhehafifsayndbosld @iy &hblosekaiidbiiigofi rst and
second fully depleted sem conductor-on- insulator transistors conprise

n- charfadhsiaterisinsistons sach'haba chbheclasgioy thaf is 6drahdm 34 wherei n each n-channel
transistor. has a ;width of about 50 nmor snaller. 36. The array of claim
31 wherein the first and second fully depl eted sem conductor-on.insul at or
transisgt or $he8R ANVDAS (PR ength of abqut 100 nm: or smaller. 37. The
array of claim3l \%ﬁg?(él n j'(g‘gléﬁe fth?,]ﬁéhafuflaé)ﬂm?'li]ﬁﬁ? g8 prRenel PYY U Bepl et ed
sem ceRgyst -l psul ator .transi-stors has a conductance that is snaller
than a con -u%%cglnr}l(?‘&epo# n?%éegf‘ﬂnctﬁgﬁ%ﬁmeﬁ" - - .



pul | -down transistors. 38. The array of claim31l wherein each-of the first
and second fully depl eted. sem conductor on-insulator transistors -
conpri-ses: a vertical sem conductor fin formed on an insulator |ayer, each
find having a top surface . and two sidewall surfaces, said insulator

| ayer o rIy|n strate a gate dielectric |ayer overlying the :
seni con gctor ?‘&%5%% EI%RfFF’@de wrappi ng around the sem conductor fin

on the top. surfa e and %l{r] i dewal | surfaces, the gate el ectrode
overlying t h&PgaPertiaane lryd(?P]Ie'é?géﬁanmgﬁﬁ (Eﬁ}f@érshﬁ@hmféhw-ﬁ@@ﬁnmﬂngposed'
in the em conductor fin on opposing ends of- the gate . electrode. -33 39.
The array" of CraHi ¥3°skrter Hokage pgkrialapé p sele chanertay by a dwirpofi thesther M gh
perm ttg}éﬁ){, material Sselected fromthe group consisting of |anthanum.

oxi de num oxi de, hafni um oxi de, hafnium oxynitride, zirconium oxide,
and conbi nations thereof. 40. The SRAM cell of claim 31 wherein the first
and second fﬁP?‘&OUéﬁ]a@tﬁ‘éH&fQ@iﬁ depletnddransistonpn(N-PRHE R orach péths INSPDEETeach has
a channﬁ regl on that is strained. 41. The SRAM cell of claim40 wherein
the n-cRa¥RET ﬁamqoméfém tethe dppinctithmesispestive P-AADFRIY ainissi il 0sfP-BBERThHAS a
channel region that is strained. 42. A CMOS SRAM cel |l conprising: a pair of
p- channE&HIER Peuresepnuscied ta gramsi, side gaté PoEBRET 8)the @ativieh dpbesie-FERHERS
having a common source connected to a vol tage potentl al and a gate

connect @ithe paipoff-EDREES; the other P-

a paLr of n-channel pass- gate transistors having thé d;'ram respectively. connected toa - -
conncctmn lmk_tng the respecnve. d:am of the N-PDFET of thc pa1r of N-PDFETs to the drain of
the P-FDFET of the palr of P-FDFETS '

complemcntary bit lines, each of the bit ﬁnés réspectively connected to the source of the
n—chﬁmel pass-gate transistor of the pair of n-channel pasé-gaté transistors; and

a word line connected to the gates of the n-channel pass-gate transistors.

43.  The SRAM cell of claim 42 wherein each of the pan' of n-channel pass—gaté transistoré is

a fully depleted transistor. |

44.  The SRAM cell of claim 42 wherein the pair.of p-channcl fully deplete.d semiconductor-

_on-insulator transistors is  silicon- on—msulator transistor.

45. - The SRAM cell of clzum 42 wherein the paJr of p- chamlel fully depleted sem_tconductor-

on-insulator trans1stors 1s a multiple- gate transistor.
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of the N-PDFETs having a drain connected to .the drain of the respective
P- FDFET of the pair of P-FDFETs,.a conmmpn sour-ce connected to ground, and
a gate. connected to the drain of an opposite P-FDFET of the pair of

P- FDFE]S; aApﬂtﬁodjéforgzgnhgtaa Nag Sy %te%oﬁ_rc nsi.stors having the drain

respectivel y,” connec o a conn’ec‘?l on m%?ﬁgsgm%'he respective drain of the
N- PDFET of .pair ..of N-PDEETs-to the drali f the P-FDEET of the pair of
o ForeTs. . PR itbn B Tlinby pkfictel aald Skt comiFiome p adEop a8t 1 vl v
connected, to the urce of the n-channel pass-gate.transistor of the pair
of n-cﬁ&%ﬁﬁgaﬁﬁﬁ%ﬁﬁmﬁransistors; and a word |ine connected to the gates
of the n-char%gﬁll aEgﬂss-gate trapnsistors, 43. The SRAM cel |l of claim42
wher ei n eacftiBReah £2P 4RF aoh7e RECRAMHEISLsaB ¥Y§Et e transistors is a fully’
depleted transjstor. 44. The SRAM cell of claim42 wherein the pair of
p- channel f inineddsledickutis daver Bribuastive T80 nsul ator transistors is a
silicon-on-insulator transistor. 45. - The SRAM cel | of claim 42 wherein
t he pair of fopuissamhetlity of gate eftspbétsededdng Sormtectidectunlajersaidat or transi stors
is amltiple-gate. transistor. -35 46. A nethod of form ng a SRAM cel |,
t he met hod Honipg issurergpnd draoviegiongadiacsit tb dlomnplorditynd ghatepetreddass fates sai d
substrate conprising. a silicon |layer overlying an insulator |ayer;

fully depleted transistor and a partially depleted fransistor. ‘ '

_:"{17. The method of claim 46 wherein the fully de:plefed transistor is a passnga;ce transistor of |

thé SRAM cell

48.  The method of claim 46 wherein the pa.rttally depleted transistor is a pull-down or a pull-

up transistor of the SRAM cell.

49, ° The method of claim 46 further comprising a step of fdxming a high-stress film covering * .
the gate electrode, sotirce fégiof_;, and drain region of at least one of the fﬁ]ly depléted_transis’tor §

or the partially depleted transistor.

50.  The method of claim 49 th#ein the high stress film contacts a sidewall surface of the

active region.

51.  The method of claim 46 and further comprising, after forming the gate eleﬁ:trode, forming

source and drain extension regions.

-36-



definimg—at  |'east one active region in the silicon layer; formng a gate
dielectric layer in the active region; formng a plurality of gate

el ectrodes-overlying the gate dielectric layer; and form ng source and
drain regions adjacent to.the plurality of .gate electrodes to forma. fully
depleted transistor and a partially depleted transistor. 47. The net hod of

cl ai m 46 s@her aha niektRdbobtibih sepldetfRertcoAnsisisE,Qftel Hmaing dkSogatand dansi st or of

the SRAM cell. 48. The nethod of claim 46 wherein the partially depleted

transi st-ertensio rqgiink, foleMel Mperhalditdgioap transistor of the SRAM cell. 49. The
met hod of clai'm 46 further conprising a step of formng a high-stress film
covering-'. the gate el ect r ode, source regi on, and drain region of at

| east one.of | | te nsi s or the aI | | et.ed
{ransi ot P 505 HAoRHE IOR SV En RS B e R O P SRR iy
contacts a sidemall surface of the active region. 51. The met hod of cl aim
46 and further conprising, after formng the gate €l ectrode, formng .

sour ce and. dr dhanmestiodnbilam Feghaein the Qetlo Ea@n het hdmbimyf combaitribh imthed
further conprising, after form ng the source and drain - extension regions,

form ng saipelos Bedud 1 @Yt Bboud3x1GFhentet hod of claim 52 wherein the super
hal o region is forned by ion inplantation.. 54. The nethod of cl.aim53.

wherein the super halo region has a doping concentration in the. .
55, ’I_'he method of claim 50 and further comprising, after forming the source and drain

! extension regions, forming spacers adj acent to the gate electrode. ~

56! The method of clair 55 wherein the epacers are formed by chemical vapor deposition of

! spacer material followed by anisotropic piasma etching.

~ 57.  The method of claim 56 wherein the spacers have a width of less than about 500

! angstroms.

'58.  The method of claim 46 Wwherein the silicon layer has a thickness in the range of about 10 -

! angstroms to about 2000 angstromis. .

59, ~ The method of claim 46 wherein the silicon layer has a thickness of less than about 200

angsfroms.

60.  The method of claim 46 wherein the active region is electrically isolated from other

active regions by shallow trench isolation.

61.  The method of claim 49 wherein the active regions have rounded corners.
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range -of--about 1I1x1018 to about 2x1019 cm'. 55. The nethod of claim50 and
further conprising, after formng the source and drain extension regions, :
form ng spacers adjacent to the gate el ectrode. 56: The nethod of claim55
wherein the spacers are fornmed by chem cal vapor deposition of spacer
nateri%g fobﬁomegggy. ani sotropi c plasma etching. 57. The nethod of claim
56 wheP&in tARTEHREEL slainblewhergip dhehroghdddeomer hane whiveof 800t Hhagsroms. . 58.
The methad of claim' 46' wherein the silicon |ayer has a thickness in the
range &t 2955610 BAgSTURYst roms to about 2000 angstroms. 59. The nethod of
claim 46 wherein the silicon [ayer has a thickness of |ess than about 200
angstrons. 60. The nethod.of claim46 wherein the active region is
electrically isolated fromother active regians by shallow trench
isolation. 61." The nethod of claim49 wherein the active regi ons have _
rounded corners, -37 62. The nethod of claim61 wherein the rounded corner
has a radius of. about 10 angstrons to about 200 angstroms. -



