Sem canductor-on-Insul ator SRAM Configured Using Partially-Depleted and .
Ful | y- DepI et ed Transi stors [0001] This application.clains the benefit of .
U.S: Provisional Application No. 60/491,698, filed on August-1, 2003,
entitled "Sem conductor-on-Insul ator SRAM Confi gured Using T
Par ti al Pgmizpidiatar-endreulatpr SRAM Ednfigamed fxing PardialiyiDaphited antlon i s
hereby incorporated herei rFtﬂj/y -Deiphsted (PrarSRE6S REFERENCE TO RELATED _
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enbodi nent - fel ates to a con or-'on-i i ed usi ng
parti alg Hﬁﬁnkﬁ%ﬁg and-fully-depleted transi stors. .BACKGROUND [0004].The
desire for er performance circuits has. driven the devel opnent of -

hi gh- speed . sub 100 nanoneter (nm silicon-on-insulator (SA) conplenentary

met al - seni-conduct or  (CMOS) technol ogy..In SO technol 0gy,
net al - gﬁﬁcg% - RBHEH %E%@%A@f 1S stors _

[0002] The fo]lowmg Us. patents and!or commonly assigned. patent apphcaﬁons are hereby

mcorporatcd herem by refcrenca

Patentor o o . . Attorney - .
Serial No.- . . Filing Date . IssueDate .~ Docket No.
‘ . Nov. 26, 2002 . TSMC2002-0895
10/319,119 . Dec.'12, 2002 S TSMC2002-0979
: 19/4263566 . Apr. 30, 2003 ) TSMC2003—01-1‘1
TECHNICAL FIELD
[0003]' | The present inventic'm relates gcnérally to semiconductoi: dsvi‘ces and, more

parucularly, the preferrcd embodlmf-,nt relatcs toa semconductor—on—msulator SRAM C e |

conﬂgured using partlally-depleted and fully-depleted tIansxstors

BACKGROUND_

E [0004] The desn‘e for higher performance cxrcults has driven the development of h1 gh-speed -
sub—lOO nanometer (nth) sﬂlcon—on-msulator (S Oon) complerncntary metal- onde—scmlconductor
: (CMOS) tcchnology In SOI technolovy, mctal-omdc se:mconductor ﬂcld—eﬁect trans1stors

(MOSFETs) are formed on a thm.laycr of silicon ovcrlymg a layer of insulating matérial suoh as
_ N 7




(MOSFETs) are formed on a thin.layer.of silicon overlying a |ayer of
insulating material such as -1 silicon oxide. Devices fornmed on SO offer
many advant ages over their bulk counterparts i ncl udi ng reduced junction

capaci-silcunexiddbDened 19fnek 6Y @ effect, soft-error immunity, full
diel ectric isol ation, and absf?gﬁfcfg ) ya%‘f%ﬁ“%?ﬁvce‘eere@@mwe@yns,her efore

enabl emc]ud:g@&rdu&ﬁmmlp@ﬂg n her packing density, and reduced
power consunption. [0005 Tﬁg&rr%g%nc %%%f%%géﬁ%ﬁﬂWWMrable

SOt edibleatiogylaiich, Radhkbd ¥ t‘éﬁ e 39 g% technol ogy where’
transistors fabricated have a p.g tiggﬂf: olgg eﬁwshﬁgrmedthat is; a

PD- SGpdrﬁommmsmgheﬂ cBREddn Bt body thickness. is thicker than the -
maxi mum depl et i on Ipzyer W dty%@d&ceggo‘?“ﬂéf?nsﬁm?@@?on of the body is -

undepl @&gj ﬁ% undepl eted body of the PD-SO transistor is not -tied to.
any vo st EWVw%@émoemmsMM@mé&aﬁﬁ apﬁgﬁlé, region:
el ng hly = -

[000'6] P Sot transistors have the nerit
ni anuf aﬁft ES? §§?@D %pé?ﬁhli‘?l%ﬁ’n‘f’h&t%gmgmtomfaﬁmated-ﬁa*fs%?l%ﬂnﬁw USES 'because

of f.l i ng bo effects, In PD-SO transistors, charge arrler generat_ed
by |rr%§‘%?n 91&%7%‘%%9 Hé‘&ﬁtqrh’eﬂﬂdmwhwhdﬂbc&ymﬁﬂh&@mtﬁ{éﬁwéna&g near the -
sour ce/ dr ai n{kfrpﬁf‘% on of the transistor. Wen sufficient carriers. accurml ate .

in the T16a OB B35 W%lWhmak,S?Othatmglmnbgihtabb@jli@\ﬂng%&{1 nel region, the -

body ~effectively altered:.J00071 Fl oating bo y ef fects occur
‘in Peag‘ﬁﬁpﬁ%‘*&@f’%%f ﬂaf‘e%?aﬁ@étremsxs@msgenemahgmeob anaﬁeomHo Aghady regi on,
Thi s ults i'n kinks in the device current- voltage curves, thereby _

(degra gt%% afpe TEEA. per f ormance of the circuit In gener al , the ‘body -
potent i aI .of a PD-SO . devi¢ée may vary during static, dynam’ c, -or. transient

devic B)O@ﬁe r awﬁﬂuﬁh&']ﬁSOﬁnﬁisfsEHi‘é:ﬂa‘vQ the ?denlggﬂyemg hlu];,ly mamlfacturable

51crn1ficant de31°n burden is faeed by its users because of ﬂoatmv body effeets In PD-801
trans1stors charge carriers Benerated by i lmpaet ionization near the dram/souree region”

- accumulat
_ € near the Source/drain region of the Uam;lstor When sufficient carriers accumulate in

the floating body, W]:ueh is formed nght below the channel regmn the body potentlal is:

effechvely altered;
: [000'7] Hoating body effects occur in PD—SOI devmes beeause of charvre buﬂd—up in the

ﬂoatmcr body reg1011 'I‘h]s results in LLDL.S in the dewce current»voltacre (I V) curves, thereby

deuradmv the- electneal performanee of the eircnit: In general the body poten’ual of a PDwSOI
‘ dewce may vary duxmc static, dynamlc or tramuent dev1ce operatzon and is a function of many

factors like temperature voltage, c:rcmt topology, and swﬂchmg hlstory Due to the faet that the :

‘body potential of the PD SOI transistor depends on SWltChlﬂB‘ }:ustory, the device charactensncs

therefore depend on svvltchmﬂr hlstory, giving rise to a- phenomenon known as hietory effect

2.




&

factors like tenperature,:. voltage, circuit topol ogy, and sw tching.
history. 'Due to the fact that the body potential of the PD-SO transistor
depends on switching history, the device characteristics therefore depend
on.éMﬁtchjng}histpry, giving rise to a phenomenon known as history effect.
- 2 Ther eftgreore, ¢irpuitdesigd esing FDUSONGRBS@ ndtk OSSO Anﬁ-thsﬁeofg a o
strai ghtforward, and there i$ a significant barrier for the adoption of

PD- SO t¥BH&H dgtrier fr thetadoptiar EPDOSOT thdRbIBRY, brtheSin @ Hn Gt Q- BPas desi gn.
-3- ... SUMWWARY OF T TIC > VENTI ON [0008] The'prefernedgenbo |W§E%§§%§%Iosed

herein F@*%@%@%§énerally to the fabrication of sem conductor devices.. -
More particularly, the preferred enbodi ment disclosed herein rel-ates to
sem conduct or - on-i nsul ator -static random access menory (SRAM cells :
incorporating partially- depleted, fully-depleted transistors. [0009] In a
first -aspect, there is provided a static nenory el-enent conprising a first
inverter - having an input coupled to a left bit node and:an output coupled
to'a right bit node. A second ‘inverter having an input coupled.to the .
right  bit node and an output coupled to the lTeft right bit node. A.first
fully depleted sem conductor-aon-insulator transistor has a drain coupled to
the left bit node, - and a second fully depleted seni conductor-on-insulator
transistor has-a drain-coupled to.the rj-ght bit mnode. [009a] In a second
aspect, .there is provided a nmenory array formed froma plurality of static
random access nenory .(SRAM. cells arranged in an n by in natrix, wherein-n-
and in-are integers S : S i o




greater than 1, -.the array conprising: a plurality of conplenentary bit |ine
pairs, each bit line pair including a left bit line and a right bit |ine;
a plurality of word lines; a plurality of SRAMcells, each SRAM cel |
conprising: a first inverter including a p-channel

sem condﬂﬁmay-@m%qm%wé -down transistor with a drain coupled to a
reference vol tage node and a urce coupled to the right bit node and a

n-channe[tboégm onductor-on-insulator pull-up transistor with a drain

coupled 10 4a ¢ '6%ﬁdﬂfWeembmiimemwg&&e&%glmeqegto the left bit node; a

second ipyer tcf:r i ncl.udi ng a p-channel sem Condiet sroemil Hs theatabricpioh | ofdown
11 uﬁt

transi stor W 1i°h 9isgsn phrechliny, the pl.fgp ence, vol tage node and a source

coupled to the |eft bit node and a n-channel Ladimeynditriessd hewin resudsaoor
On

pul | - up trans&PhpPr-ingulgior itatic mhrxﬂbﬂﬂ-a@@gplngq]ohp(%g%}dgr ound node and a source
coupl ed %Pq t{t;;(j@g{)(iqght bit node; a first fully {8l incorporating partiaily-
sem cong ct or "BH-9eRisted sremsistars.ansi st or having a drain coupled to the |eft
bit node, a.source coupled to the left bit line of one of the bit Iine

pairs, WA gai £ re@uRled ne of the word lines; and a second fully
depl et ed seni.conduct o%l{eoh}l?egesﬁlpa{?‘g‘[’ledﬁ JAYS Bempoheloheny camprisngla feauplead: t 0

t he ri giaviagtanny , ISP c led to the right bit line of the one of
the bit line pa?lgg ,cogjnd a ggetﬂe&ggﬁ% WY F04ipHs capdedofo 2 mightoit dodei Be&Second

Inverter having an input coupled to the right bit node and an output coupled to the left right bit node

- A first fully depleted semiconductor-on-insulator transistor has a drain coupled to the left bit node

and a second fully depleted semiconductor-on-insulator transistor has a drain coupled to the right bit

node.

greater than 1, the array comprising:

a plurali - .
plurality of complementary bit line pairs, each bit line pair including a left bit line and a

right bit line;
a plurality of word lines;
a plurality of SRAM cells, each SRAM cei} comprising:
2

a first { i i i
wmverter including a p-channel semiconductor-on-insulator pull-down

transist i i
or with a drain coupled to a reference voltage node and a source coupled

o . : . .
; | o to the right bit node and a n-channel semiconductor-on-insulator pull-up

. transistor with a drain coupled to a ground node and a source coupled to the left

bit node;

a second i i i i
nd inverter mclpdlng a p-channel semiconductor-on-insulator pull-down

transistor wi i '
¢ with a drain coupled to the reference voltage node and a source coupled

to the i i
left bit node and a n-channe] semiconductor-on-insulator pull-up transistor




[009b] In a third aspect, there is provided the SRAM cel |l as defined above
wherein the first and second fully depl eted sem conductor-on-insul at or

transi stors each has a channel region that is strained. [009c] In a fourth

aspect, there is provided a CMOS SRAM cel |l conprising: a pair of p-channel
fully depleted transistors (P-FDFETs), each of the P-FDFETs having a
commopn source connected to a voltage potential and a gate connected to a
drain of the other P- FDFET; a pair of n-channel partially depleted
transistors (N PDFET&} 2 dig roupled thibe sompieTs andrasourng caupdsdab mecighngct ed t o
the drain of the respective P-FDFET of the pair of P-FDFETs, a commpn
source connect ed tongfﬁound, and a gate connected to the drain of an-
opposite P-FDFET of _th ir of P-FDFETs; a pair of n-channel pass-gate
transi stors having tHE g\"ﬁ%ﬁplf"é%ffé&%@%lﬂy—oodmmadnsinoralavingmﬂﬂfaﬁcti on

l'i nking the respectjve grain f .the N-PDFET of the pair of N-PDFETs to the
diain of the P-FDREFPERY WSI%'EH‘W"S?raPOlFMFBIPd taathplefrbitiina pforsiof theibhes,
each of the. bit Iiﬁees resagﬁctively connected to the source of the
n-channel pass- gat et rangi28t 8eefoupled tmicrof 8k word harsnald pass- gat e
transi stors; and a r i npe.connected to the. gates of the n-channel
pass-gate transi st o%%?gndfﬁﬂ{'ﬁ??%ﬁ%

menory array fornme lurality of SRAMcells arranged in an n by in
matri x. The array drrcé’%ﬁ %ﬂa‘h‘g@@%ﬁa ef SEFeecovmediadi aghy bivlme ofithermepfii r s,
~each including a | gf{bjile dine€ gnd aright bit line. dossing the bit line
pairs _is a nunber oIt s Rt 3 & satappupfod (p the ope ofght wewliags. at t he

i ntersection of each word line and bit line pair;

[009b]  In a third aspect, there is provided the SRAM cell -
and second fully depleted semiconductor-

as defined above wherein the first

on-insulator transistors each has a channel region that is
strained. '

{009¢] "In a fourth aspect, there is provided a CMOS SRAM cell comprising:

a pair of p-channel fully depleted transistors (P-FDFETs), each of the P-FDFETSs having
4 common source connected to a voltage potential and a gate connected to a drain of the other P-
FDFET;

a pair of n-channel partially depleted transistors (N-PDFETs), each of the N-PDFETs
having a drain connected to the drain of the respective P-FDFET of the pair of P-FDFETs, a
common source connected to ground, and a gate connected to the drain of an opposite P-FDFET
of the pair of P-FDFETs;

a pair of n-channel pass-gate transistors having the drain respectively connected to a
.connection linking the respective drain of the N-PDFET of the pair of N-PDFETs to the drain of
the P-FDFET of the pair of P-FDFETs; |

complementary bit lines, each of the bit lines respectively connected to the source of the
n-_channei pass-gate transistor of the pair of n-channel pass-gate transistors; and

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

4a
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Each SRAM cel |l includes -first and second inverters including a p-channel
sem conduct or=on- insulator pull-up transistor and an n-channel
sem conductor-on-insul ator pull-down transistor. Each cell also-includes a
first and second fully depl eted sem conductor-on-insulator transistor that
serve a access transistors. -[0011] In anore specific enbodi nent, a CMOS
(SRAM cel{gﬂ]ﬁcl u ear%éf% ]glic,;mgf m%-gc_hannel ful Ii/ depl eted transistors. .
P- FDFE 77 eacrl n¢ GRAvodirsouinceds QUptEe-t:Qr ' i an
a gate'c u&ed to a drain of-the other P- FDFETWA Sglﬂrgmé%ﬂ%&éﬁﬁﬁéfgﬁ{ygg
- partiall [selireirapgaddn en mhyg insharis, ThbkairBhadPincRACHmAEE o feothRininGAMIECT €d
to the grain of 't.hcg, respective ‘P- FDFET of the. pair of P-FDFETs, "a conmmon
sour ce - connect & PHUYrDE ,bl%i’mtaadgaﬂghtlﬁolﬂihe@ﬁﬁkiﬁpthetﬂi‘ﬁiﬂr 0500 p@lher
opposi t f‘fﬁrEgET of _the Pair of .P-FDFETs. A pair of n-chanrnel 'pass-rag?re'
t ransi st.ors %h%Méc@ﬁdDwmmﬁﬁmedan@gmgfhﬁ&.&fﬁ] nect.i-on
””ki'”'glfa&ﬁl%gkgf ctive drain of the N-PDFET of the pair of N (
drai n oFEREAR epnetdse B en sicondivecrDREing -0 PRt cRr o L 1812
coupl -edmﬁq?au; he,source of the n channel pass-gate transistor-o ﬁémbai r- of
n -channe 65%’3‘55?%‘1%‘?%?#@;iastltﬂhsuuekmﬁédidh&tﬂﬁbﬁ%ﬂw)&ﬁﬁl_&&,g he ggt es of -
the n-é&%ggegll E%dgate transi stors: [0012] Disclosed hereini “ et hod
of :f or i NG Ak e st ppdsseloprrbiadlp el £t6d!bbhibn AR ndl.S JOP%E,H:’%S a -
siTico Jta er overlaying an insulator |ayer, 'e.g., an QXl‘&]i_le." _ 5"%3’é_t one
active- eﬁ%@ﬁsi‘?%ccs?d@ﬂi“ﬁ@éﬁ-i n the silicon tayer. A gate 'dielectric |ayer is
formed over the active region and a nunber of. gate el ectrodes are forned
over | yi[élg1} he 1gat@ i heql ayer.. Source and drain regions are fornmed
adj acent to the pl ur?léik %%é%b%&ﬁﬁégél‘%g@?é&g%mﬂmﬂma o palidl of pdetphatied
transi f'ﬂl?rdeﬁﬁgdﬁaz@ﬁfo&é.&iﬂ:ﬁpgfglggcg transistor. -

aving 2 common source coupled to a voltage

potential anrjl 4 gate coupled to a drain of the other'P-FDFET. 'A pair of n-channel partally '

S tothe




[ 0013] Adva}mt ages of the preferred enbodi nent disclosed herein include
providing a structure and a nethod for the integration of fully-depleted
and sem -depleted SO transistors, as well as nultiple-gate transistors.
Di scl osed herein is an SRAM cel| structure that enploys both FD-SO and
PD- SOt kemsics t@kSsiodk MREAYRsrperfarnances of SO SRAM cel | configured using
FD-SO and PD- SO trgﬁsi storé;gcﬁglévﬁfﬁﬁﬂ@@&%frd&ﬁéhesﬂt@mf*ézsrqga‘sévmte
transi st FOFEA df Mhdyalieo i ePLERE ociated with the transient bipolar
effect; and the use of FD-SO 'tr a?nnéz.[llqs"ts(g'r"?eﬁ%‘“‘ﬁffleqiLwo‘ff}daﬁ@iaﬂa@ﬁsﬂftﬁet&d to

el i m nat e doziobf enbprSRO OiFAIIRS: Y i st fect. 5 BRI EF DESCRI PTI ON OF
THE DRAW NGS [0014] For a-nore cot?lrgFge} geft‘dﬁlég’siﬁ-a%af'lﬁafwhwépmsgg@nt
inv'en.tjnotr;ms&nmtmkaﬂm&ﬁ%gpe&ﬂgﬁp&f ference i s now nade to the

foll owi-ng descriptions taken i'n conj

i n whi chof ho0LBDFET @8 kR phid oF MAPD tic.diagr f ‘an SRAM that can .
utilize aspects of the pp}llas‘erit _?ggg%ttp%ﬁfm[cgéﬁ%%“%?@roét@Ha%oéP“?@ﬁB'rF&t1' C

di agr am &coamleﬁ&%érﬁbnamé‘}i&gﬂﬂéh tﬁhggéuerﬁ%ogtﬁqg—gﬁross_ sectional di agram of a:
- |

first enbodimeni: f' [001S] Figures {aelpasupite Emsiogelibepad SO
transi st ofsclamdelpatubdy 8@t edSA 4t ansi stors of the present jnvention;
. 100191 Fi gures:5a and 5b each pﬁ%ff%%eg?&a@ciwm ﬁt}cﬁt'q*fégfr.lb@hawimssw@so,
FD- SO amuhsismb.t i pl.e-gate transistors as a function of Wdtth Wand | ength

_Ls for NMOS (Fioure 5a) and ‘PMOS (Fi aure5b). transi stors; [0020] Figure 6 .

shovis a fdnay@aut . ent.,SRAM.cel | of the present invention; and
‘ ' ﬂ(}ﬁi‘ﬁ Biscl%&delfgpé?lq 1sn§meth0d OM forming an SRAM c%ll. A silicon-on-insulator substrate |

includes a silicon layer overlaying an insulator layer, €.g., an oxide. At least one active region is
defined in the silicon layer. A gate dielectric layer is formed over the active region and a number of
gate electrodes are formed overlying the gate dielectric layer. Source and drain regions are formed

adjacent to the plurality of gate electrodes to form a fully depleted transistor and a partially depleted

transistor.

[0013] . Advantages of the preferred embodiment disclosed herein include p‘roviding. a structure

and a method for the integration of fully-depleted and semi-depleted SOI transistors, as well as

multiple-gate transistors. Disclosed herein is an SRAM cell structure that employs both FD-SOI and

PD-SOI transistors; improved performances of SOI SRAM cell configured using FD-SOI and PD-

SOI transistors; use of FD-SOI transistors as pass-gate transistors eliminate problems associated

with the transient bipolar effect; and the use of FD-SOI transistors as pull-up transistors to eliminate

problems associated with history effect.

DRI i PRee s Lnkingchismpring deriawi ng;




10021],Fi gures 7a-7c and 8a-8b provide perspective views of a. device
during manufacture- is -6 | DETAI LED DESCRI PTI ON OF ‘| LLUSTRATI VE -
EMBCDI'MENTS [ 0022] The making and using of the presently preferred

enbodi nents.-are di scussed in detail below It should be appr. eci ated,”
howev ePRIBIHEESGRIBTISPEQBREE DRAMINGS provi des many applicabl e’ inventive
concepts that can be enbodied in a w de varl ety -of specific context's. The

speci f [g014ienbe re illustrative of specific¢ ways to
peci'f [0014] dm&aeoﬁﬁlaeuﬁéegn%n%d% ?g} iY P oo

make and use the invention ﬁﬁltfn‘feﬁfeo%%‘ﬂa@e@ﬂv%n%% nventi on.

[ 0023] théiaef, Rleames | & endi ng applications Seri al
No. entitled " Stirsg?x’d\g%a%ﬁﬁe @ kﬁ:\ SCFE LI% g’i‘“a??é’il‘%’t‘%?’l'mthithﬁed Novenber
26, - 20R3orknyigg BEYing DRGEH. 2002- 0895) and Serial No. 10/7319, 119 entitled
" Semi conduct or - on- | nsul ator Chi.p Incorporating Partially-Depleted,
Ful I-y- ﬁgg ete and Ml ti'ple-Gate Devi ces", filed December. 12,.2002
(At t or &Y rﬁéowscbweyc dizgretn Sbr SRANhat 141 ¥26s B6RcO B itelBlon:

Sem conduct or=on- Insulator Chip Incorporating Strained-Channel

Parti aft§""Pepl et ed: Ful | y- Depl eted, and Miltiple- Gate Transistors," flled'

April 30, 2003 (Attor ney Docket 2003-0111).. Each of these applications.. .is
i ncor plooEy ed higheh s pgéhgnejtigr l?ipﬁ@fﬁ of the present invention bUI I d
nd a :

upon -and. prQV| de inprovenents a pp &4t ons of ‘previ ous
i nvent scr bed in the incorporated applications. :. [0024] In
one asqg t gurb Edempsspertiontl drgrame ol fost embodinati;c r andom access menory

SRAM i's commonl-y used in data processors for the storage of

opt i mally fast access rates: Recent SRAM
transmtors of the present mvennon, ‘

Cinst o o SRA a8 ot d&m&ofsrzmgatf&ﬂepfms%f requiring

_ .{0019} FlD’UICS 52 and 5b cach prowdc a map showmg the reglon of PD- SOI FD- SOI, and . .'

multzple—crate transmtors as a function of w1dth Wand lenorthL for NMOS (Figure Sa) and -
) g PMOS (Flcrure Sb) transwtors '

[0020] Fluure & shows a layout of an embodlment SRAM ce]l of the prf:se:nt mventmn and.-.

:[0021] : Flcrm'cs 72—’7c and 8a~8b prowde perspecuva views of a dev1ce dunnfr m:a.uufact"urc




have expl qited the advantages of PD-SO technol ogy. By making SRAM on SO
substfates, performance enhancement of up to 20-30% may be achi eved .
conmpared- to SRAM nade on bulk silicon (Si) substrates. . 7 [0025] Figure-l
shows a schematic diagram-of -a 6T (six transistor) Clvi0OS SRAIvl cell 100. -
Such an_SRAM cel 1. 100 typically includes six netal -oxide-sen conductor . .
field ePPEHLER HEGHBIONQ ATIMFEBERINETS i el d-ef fect -transi stors
(PFETs) 102 and 104 for a pul [-up operation, two N-charinel field-effect
transi sfomes] ( NFEH) mdAie€: aRGksihO8f e breRiabil peWMRd eafdddimaR:s NelakeusdeliGn capg 112

for input/output access, i.e. pass=gate access. As shown in Figure 1, P1

and N1 -belb® anhohld6e blfREciatd) héWevss tHat BS BreS@id Rivesliod frdvidh elahieipplithper t er t hat
includes P2 and N2. The devices 110 . and 112 are pass-gate access devices
that confvefivelc@actpRGhi caMBeARehoMel td Ngidk Rity BEspRRAM GRkls, THODeci@026] The
left. bit line (BL) 114, the right bit l|ine (Brg) 116, the o ound line (GN\D)
118. and emboapkyts ARe@sddMDheBATIARAR F SpelTRWRays I Rakeefnll uldithe thidd8od 14 _
carries a signal that is- conplenentary to theé signal carried on right bit
i ne 11§ndd§sn@1ﬁxg§mggoopggﬁhggmt%&ent ary bi't line pair 114 and 116 (or 116
and 114) is sonetines referred to as bit-line and bit. line bar. Award Iine
(RE) _12? is"co |l ed to the ,gat es of the pass transistors 110 and 112: so

t hat  a Q% b val dePrespidpetiph sepaediorgmyndiag popligetions SerseNpl-acat+-on-t he bit .

lines. 114 angd.116 or vice versa, 1Q027] A typical SRAM array.- includes a
matrix Sﬁiﬂtﬁﬁrﬁwfﬁﬁﬁhﬂ?ﬂ TR e %‘é‘“ﬁ]m&f’&l‘éﬁ%ﬂ‘fﬁ“&%’é%ﬁ KRENALFPES 1100 as

SRR R e e e

P Incorporating Pagtially-Depleted, Fully-Depleted, and Multiple-Gate Devices”, filed December

12, 20@2 (Attome_y’ Daocket 2002-09'}9_), and Seﬁ_al No. 10/426,566 entitled *_‘Scrﬁiccriductor—'on— ;
I.nsulatér‘ Chip -Incoféofating Stfajﬂec%-Channel Partia'liff—.Deplctcd," Fully-Depleted, and .Multiple—A
. Gate T;ansistor; ” filed April 30, 2003 '(Att'érﬁey Docket 2003-011 1)~. Bach of these applications.
" is i]}corﬁota.tcc.l heg:eiq by réfe_rem_:e. Aspects of t‘he__pre.:scnt inventipn build 'up.ori and, proyidg o
ij:nprdvemﬁnfé aﬁd ép‘pli-ciatidns' of prévious inveptions»:descri.}:'aed in the incorporat‘ed applications.. .
' [0024] ‘In oné aspect, 'tl;;e présm:t im;*enﬁoﬁ rc_lates_.:ttla staﬁc_randéﬁ aé'ces_s_ n‘:lcm‘pi'yr(SRéMj-.; |

SRAM is commonl_y used in data proéessors for the storage of instructions and data. SRAM is "

o,
JAT

geﬁe;ally used in data processors requiring-optimally fast access rates. Recent SRAM designs.
have exploited the advan-jc'agcs of PD—SOI technology. By making SRAM on SO substrates,
peﬁfo;mgnce'enhahce'ment of up t0-20-30% may be achieved compared to SRAM made on bulk

- silicon {Si) substrates.




E

114 ‘and 116 BL and BLo or.BL and BLS ). The:aforenentioned déesign is-used -
in many- SRAMs, including for exanple, a l-nega- bit -menory havi ng typi cally
1024 b[}gg?‘lsgm cel I; 100. [0028] Ina prior art SRAM cell confi gured usi ng
PD- SO nsi Egared shesla stivenatit dRgias! FhH%T

depl eted SO transistors. SRAM cg S conf%tﬁaggﬁaé%oiwcﬂ SI st ors

-8 hovRa SRMicel 190 typivaily Ginihelwssik eleal-0idb RerhfBnd-QkLR Uzt BBl RC!
floati n& body regi'on may. be charged- up when the source an TR of a
transi

to Fi ur(f\gch.’ ais%éreeﬁécgat Wo is selected (e.g., at -a Ievel)
and ee eangistoast NEETPYO6-H tiag €or!

transistor 110 of the .unselected cell 100c ﬁ@g%ﬁ?a%ﬁﬁwgm%gﬁﬁﬁranmstor
havi ng"¢ k& f@@ﬂplé@ummcchssaumpaa@amcs’ﬁﬁ A2Bhde ih iy d 94 aﬂrﬁ’f\ﬁr}t' alwhen a
physi ?a‘{qg" 1" is stored-in the cell. The p-type boéllI

up t o MUsEeIsHieh is Groentdnpled it ehotis: itvaRerSRAY 5 ons, en teft
bit line ELo of the unelected cell 100c |n§§us‘%gge ﬂwuﬁ%wce [],lm bias -
(GND) 209 HE axronpesc gt wgisodevinks tHAP-oRRSISe aigefrorh: %ﬁé‘§!h§£001%1 J e - § nly grounded
and the body-source p-n junction-will be turned on h %?‘gg lgc

i s thdl -1 oating body will flow out of the transistor, contributing to a
parasitic-current. flow fromthe transi: stor into bit line. ELO , The

currefgozgs akgg; [o b| . 'l eakage current. This may
degr ade 'tS]he noi séggr?rt\giraa Zrll‘%)r% %’H”FP{‘? )ltlﬁéhSRAMdddeND) 8638] I'n .

cert ag YOOI 15 i.c bipolar effect. causes logic state.
erorsﬁ? not. g)opg%% tf/ll%acszl'lcl:o @8?‘%}?“]’1}% 14 aromansigral et ist he parasitic

bi pol & ggﬁo IS0t tri.h by. the pass-gate transistors 110 or.
112 catﬁﬂes t he S%IVIE"%%C%%%?S &E’btq’t“fﬁé@)%%ﬁw feempldmentray bitdmkage - -

CUr r eflir MR gndPIB-(5¢ This is. Kriown as-the transient bipolar effect.and
has. been report(edflgt‘ﬂ?cﬂﬁz‘l o] S@’fuetéﬁ‘e” fﬁ“?‘ﬁ?@ﬁ&dﬁﬁ&ﬂhﬂl&ﬁﬂf%@bmﬁe dreuits,,

vol . B2, (WEPIOOQ.S ccﬂiﬁﬂﬁ’ ) t§€3 sztes cﬁ‘thc pass trans:stors 1 10 and 1 12 80 that a Ioclc value

./‘\

_ stored in thc me.mory cell 100 can be placed on thc blt Iines 1 14 and 1ll6or vice versa. ‘

3 [0027] A typlcal SRAM array mcludes 2 matrix of m rows and n co]umns of'the -
aforemcntmncd SRAM ce].ls 100 as shown in Flgure 2 Cells of the same oW share one W@ 120 . |
: g L., WL or WI., ), while' ce]ls of the sa.mc column s"hare thc same complementary bit Imc pair

| 114 aud 116 (e BLO and BLo or BI,1 and BL;) 'I'he aforementmned des:.un is used in many ‘

SM, includmg for cxample, a l—meoa~b1t memory havmg typlcally 1024 by 1024 cells 100.

- [0028] . In a prior art SRAM cell conﬂvured using PD-S OI transistors, all the transistors i m )

the call are parually depleted SO transistors. SRAM cells conﬁcrured using PD SOl transistors, ;

P tho Brsbamnelfieldpufecistuppibiyirs\(BFEBY 02 Lﬁ@ﬁﬁ]fofao%%a@%{% 8r eferring

y region w1 B® " char ged‘

cunul at ed




June 1997,.whi.ch, paper is incorporated herein by reference. {0031] In one
aspect, the present inventioen provides a. nethod and systemto overcone the
shortcom ngs of the prior art, and to provide a highly nmanufacturable PD-S
01-1i kehtechnol t hat pr oduces FD-SO type devices to elinminate floating
body ef fECtac (}% fm’ﬁlpéctb%ﬁ%* reifip@ it the floating bpdstaftedn 4 fistihabady. rt-,goinmbrogy has
been su%cegsfg& % tﬁgl oped that integrates PD-SO and .FD -9- .

transi store gn FhHEhY S%‘Fﬁcﬁndﬁ%mt%aﬁfab%%t@rwcbl@qq@afab@wpbmolmg&ed SC]

t echnol ogy can be used to forma static random access rrerrory (SRAM cell.

that enmil@a® boEhr HRKHO, kfornig FPi S 2, ﬁsﬁﬁ@%m@r se{e& %@b%t

enbodi nent of this invention pI’OVI des an SRAM c?e SO .and -
FD- SO typgsl of .this i nventl on teaches a-net hod
of formng sug%e%&d @E&%\Fﬁ cﬁéﬁ)% FE?:%P”p‘@r‘%%Ei lﬁﬁl)FﬂhSEﬂssfﬁT&ﬁ@P%%t@? HOGn .
critical, En%r tngd u?(gA that is susceptible to undesirable =~
floating: c(ie erto r‘?‘&ﬁc‘%‘a’éﬁd BnsiSRAEArE thy squeep abé dragi iggiohi stant | y

i nprove str cture and net hod of formng an SRAM cel |- wi'th -
o S0 qaﬁ‘@iﬁ?%%‘%d“%%n rieg e REIGH 1) loHpEh e g5l bp Mo boiis rgicowrides,

[ 0033] Tg%r %ef erred embodinent of this invention enploys an Sol technol ogy
that - i ¥ r‘%g ?%'ioé © 95 g0tentigh i velps Srsorten s drtio regicne: TWhen &dirhit lmenBEAGt Ur i Ng
process, ‘PD-SO transistors.-and FD-SO transistors may be formed on.
t he sarréhes‘éﬁi’lé@iﬁﬂﬁﬁﬂtl@ﬂc issulistly atieto zraind bias gGNDY, aRSbSEOR mﬁ%y RS &@%ﬂ@d in

close proximty to each other. Therefore, by using the -tech ogy of ~
this i neRtiiens spldepiagropeddd an&;helbedg}mrcgrpadjuabm)h wihat u@ﬁa%&@h@%@@d o
\ED- SO transistors may be used.: Enbodi nents of this invention may al so

eni pl oy accmnulatcdmthc ﬂoatmnr body will ﬂow out of tho tranmstor conmbutmg to aparasruc current . -

flow from tho ansi t mto bit line. BL0 The current is also known as a parasitic bIPOIEh '

loakave current, Th.lS may degrade the. nmse margm and stablhty of thc SRAM cm:mt

[0030] - In certa.m dynamlc circuits, the parasmc b1polﬁ effcct canseo lonuc state errors if. not
' properly accounted for. In an SRAM a.n'ay, the parasmc bipolar leakage current contributed by
the. pass-gate transmtors 1100r 119 causes the SR_AM array to be up o 20% slower than ifthe - |
leakacrc current was. non-e:ﬂstent Th.lS is knOWn as the transient blpolar effect. and has been |
reported by Kuang et al, in JEEE Jaumal of Solzd—State Circuits, vol 32, no. 6, pages 837—84-4

{ _ June 1997, Wthh paper is mcorporated hcrom by roferenco

a [0031] In one aspect, the present invention provides a, method and system to overcome the
_ shortcommgs of the prior art, and to prov1de a hlrrhly manufacturable PD SOI—hke, tech.nology
that produccs FD-SOI type dev1ces to ehmnate floating body effects, e.g: history eﬁect A

_smcon-on—_»msulator technology has been ;uccessfully‘develo;;ed that integrates PD-SOI and FD-

-0




the option of introducing strain in 'the channel of these SO transistors
to enhance the performance of ‘the SRAMcell. [0034) The schematic of an
SRAM cel |. -according Ito one enbodi ment of this invention is  depicted in

Fi gur éOltransA@rschnmm&edmgbgy@m phfafe. BENSHRLLS %%P? &egﬁn{ml':' gure 1 shows a

Si x- transistor static random access rrermry ‘i@@’anl PR e -

pr ef etorfodn @ sttdhmient acedaOinb i .ncor por at ed
i eﬁlﬂﬁ%ﬂ‘%@é““@%%?@ n%@it t he-four

in the sane SRAM cell 100. [ exa

t r ansit@ssios. 102, 104, 106 and 108_ constituting the two cr oss-coupl e
inverters are formed frompartially depleted, SO transistors. -10 As

bef ory R ansi stars 102 'and 106 constitute the.first inverter -
and the I; 6QE§9PJQH&SIP§?‘&§@11@HG%WB PIOYgiee amER AMutedl wiiebsk PDREDT aider t er . The
two passodal n 10 and 112, sonetimes al so known as' access
transi st or S E&éts?oééaf‘&l ﬁ&‘? ]ae‘:[“'éjd oS ipyeatier isaciesa miethotl loBforpigfeck ad

enmbodi Bt oy t ransi s 10 and. 112 are bot:-h n-channel transistors,
al t hough t % ﬁfm&’ %&%ﬁgﬂﬁewﬁ%e@ﬁwgarts[cﬁmkm eedlithg iFD- SQ

t r ansd,st.0f as ccess transistors 110 and 112, the problem
associ at Eﬁsﬁ%l%ﬁﬁgtlaﬁ Vedieelgedomases ofgn &RaﬁeMtarzaﬁmagrbe bi pol ar * ef f ect,

can t?s?gmfi’c qu t body effects are absent in FD-SO transistors. .
FD- SO tran i's d’rv% gﬁ%‘?"n §ﬁ‘¥$°€F“*F4@ﬁﬂl@¢@fdbmgbbdeAMwm’ﬁ%gge to the-
fact g | 1. depleted and no portion of the body region is
undepld(el?"iel%bﬁ}r?q%g%mﬁ’%ﬁ&#ﬁ? a5 IprmRpaceds pravideddepl et ed body if .it has a
|-ow bodﬁ dopi-ng and/or ‘e. ‘thin body thickness. Additionally, for good
(cont MB133bf  sHemefatrarmbbdiefhniugs idvBotith bhRisE 2l §6;{t%‘é1¥]&o?oaytht he device body

t hi ckness' may be reducéd to l'ess -than one“third o
meorporates PD-SOI and FD-SOI transistors in the same manufacrun;uo process 1.e. PD~SOI
_' ransistors and FD-5 OI transistors may be formed on the same semiconduictor substrate and these -
tran51stors may be formed in close prox_tm_tty to each other Therefore by using the SOI
' tec]moloc'y of ﬂ]lS invention, a SRAM cell may be deswned such that both PD—SOI and FD SOI |

transistors may be used_ Embod]ments of th15 mventlon may ‘also employ the- opt:ton of

mtroducmo strain in the channel of these SOI transmtors to enhance the performanee of the

SRA_M cell.

[0034] The schematlc of an SRAM ce11 at:.corc'l.mnr o one embod.tment of t]ns irtvention is
SR depmted in F1crure 1. As chscussed above the schemattc dtagram of Flvure 1 shows a six-

transmtor static random access memory (SRAM) cell 100 In the preferred embod1ment both

PD-SO] and FD-SOI transistors are mcorporated in the same SRAM cell 100

’ .[0035] For example, in one embodiment the four transistors 102, 104, 106 and 108

| constituting the two cTOSS- couple inverters are formed from partially depleted SOI trans15tors

-10-




gate Iength Such a th| n body t hi ckness may reqw re raised source/dra| n
technology for series fesistance reduction. [0037] According to anot her-
embodi nent of this invention, the pull-up transistors. 102 and ‘104 are
FD-SO. transistors. In this errbodl ment, the pass-gate transistors 110 and
112 nmay Hebefee. BoPD-FQheinsstons $0batd 106epndinge e e by alDhSpELsdf ansi st ors.
The pul | -down' transistors 106 and 108 are preferably PD-SO transi'stors
but  coul TR SandilPE st the.sead0 38kntdio Thhived pRopE tradshrSRAMge! | s have

been descrl bed in the context. of a menory array, .i.e.; a two-dinensional .
mat ri x o‘f 2y iRtz ab@ILWWFsasotcemmmytoxsemfuuymgleeacoe&trmstdﬂ@vm\tné woul d -
apply e Iy to other devices. For exanple, many | atches, registers, FlIFGs

and ot he CH%%?%E%‘Z‘% thelBangisiorssl16 anp I Brare: bioth (o i dkis B, i1hRegh &@9Wﬂ in
Figures 1 and 2. Any 'of these elenents could benefit-from aspects of the
present P F]%ﬂ‘ﬂﬂclt&aﬂflﬁ%g] Figure 3 shows a cross-sectional view of-a
device that includes a partially depleted SO transistor 130 and two fully

depl et edoda] tr HBikshlz IS SBRmsi DR SE %%%e‘)?%‘gff?“’éﬁgﬁgfggml?ﬂéﬁf g}ﬁforned on

an SO . substrate t hat i ncludes a su d an

over |l yi @obltrﬂ&bﬂo@ﬁateﬂ&u&hﬁh{@& olégea&ié_gDQ;gnS%O? Wl 8d 0 I)f-é he PD- SA - 130 is

formed in silicon |ayer an ranS| Srned in

si [ i-con dvaied. H48% ﬂﬁ?ﬁ active areas,
[ 0040] The SRAM ce?g: ggﬁ%fgrhﬁr%géng 1 c[aéﬁ“"b%?%‘%p e@gﬁﬁg‘“ﬁéﬁtcﬁ@ Stfuctures .as

shown i mufféd feih lodtin gy ERRRLE 1o CJ‘.BQF&CF Bﬁt%% bc} ﬁ*lgh@iﬁw eé%gigtggf B

nmentioned in the fi rst and secon struct ure
at npl enentiesbaredion shaakads thissness r. 4.h g naxi mu epl eti on
width Wi", The: depl etl on width Wi, aStlbliS}Ilzt vﬁﬁg&ﬁﬂ%@“& E%CEYH%H has g]lo 3

' body dopmg and/or a thin bocly ttuckness Addtnonally, for good control of short channe]. effects
in ultra—scalcd devices, the device body t.htckness may be reduced to lcss than one third of the

gate lcnc'th Such athin body thickness may requ:.re raised source/drain tcchnolocy for series

resistance reductton

[0037] Accotdmcr to a.nother cmbodtmcnt of t}:us mvennon, the pull—up tra.nsmtors 102 and
104 are FD-SOI trans1stors In th.ts cmbodtment the pass-gate transwtors 110 a.nd 112 may bo
-~ PD- SOI trans1stors but thcy are prcferably FD SOI trans1stors The pull-down trans1stors 106

and 108 are prcfcrably PDb- SOI transxstors but could be FD SOl transistors.

| _[0038] ‘To this pomt the. SRAM cells have becn descnbcd inthe context ofa memory array, -
iega t:wo-dlmcnsmnal matnx of rows and columns of memory cclls The concepts ‘however,
' would apply cqual‘ty to other dewces For examplc many latches, reg1stcrs FIFOS and other
‘ devices include cross-coupled i mvcrter.s such as those shown in FIU'UI&S I and 2. Anyof these
elements could benefit fron:t aspects of the present invention.

-11-




4sob (1) .+ gNa where s3 is the permttivity of the body region of the
transistor, q is the electronic charge, Na is . the average doping
concentration in the body region of the transistor, and ~b is given by KT

t,, - N403Y n. Figonh®shewka isssBebdchaRney Sf € 0R 8t inchdkSs S EARE @e;ui{'i%i and n; is
i n; 1s 1.45% 1010 e

theintrinsic carrier concentration. For siilicon, n; 1 cm s.

[ 004130nrasisfop i Hipnd omeiahy depletars Mo diBiobe] e trasaLagetd09bd 86t {35 L om t he

known t hreshold- voltage of the transistor using the equation: vr, ((Dnr-os)

+2mb-+ozeaiNach IF)substtatk thatdneldbs whatstrated 3k $e.5.NlidRy sldealovtiyigkness of the

gate dielectric, Ed is the permttivity of the gate diel ectric, and (VWMis

the vienkdtingdtyentBsdt.ot hengabeide)l e PDIROT BUiSTdrald indlloRhiykS 138814

wor kfunctioll of the material constituting the channel region of the :

t r ansFRBE6E rafsioute] 323irafoenddhin eiibed ldyar kb agsla¥dve Obnd f42NSi1SL Qépagﬂ%‘ be known -

or easily determned, -and the ‘value of (CM- Gs) i-s known i'f the' gate

el ectactvearerst.erj al is known, the Vrh equation given above nay-be solved-

for Na. Na may be determined fromVWth, as described, or deternined .from
‘techniques., . . [0043] The

ot herpgpdgrown Skfal erimental. apal ysis q .

val ue[ o‘@-l\la %@ggf%ie&n&%iéou%%ﬁww THECARXNEEIACHED A8 ROWn W dt h. * | f

the. u 2 rea g S, er than the. thickness of. the body regi.on, the

£ an EREPURa el 15 s DRt B heyer S umnghfipen bt and socomd, 0
s‘_tructure SRAM embodiments can be implcmen_tad where the bady tbiclgﬁess is thinner thﬁn'the

. mammum dgpleti‘pn width W,;;,,m._ .The depletion mdth Wi max 15 given by the equatioﬁ;

o Jagg
1’4 = "“*u
e .gN

M
‘thre & is the permittivity of the body region of the transistor, q is the electronic charge, N, is .

 the average .doping concentration in the body région of the transistor, and by is given by
¥ =~"“'--’3”(-_"J R 2)

iJ.

Where kis Bbltzm&nx—i‘.s'éonst_a'lﬁt, Tis _-tempaizifure_, and n; is the intrinsic carrier ponc‘?;nf;rétionﬁ
For silicon, n; is 1.45%101 em, v
- {00417 The @opmg conécntratiqn N, may be determined indirectly from the known thfeshold

voltage of the transisfor using the equation:

Vi = (ci’u _¢S)+2¢b +M

gty G-




max i.s smaller than the thickness of the body region, the transistor is a
PD-SO transistor. This is a first way of determ ning whether a SQO-. '
transistor is a FD-S01 transistor or a PD-SO transistor. [0044] A second
S SI Iar to the first way, by expressing K..in ternms .of Vrh. -
Rearrang éqlﬁélﬁqlzﬁiﬁsw@}hlck(mﬁogmwayemqlwm(@m%gamﬁimpa,f&blgﬂg) (4) Taki ng
r eci procg.l on both sides and nultiplying by a.factor 4as4b, we obtain 4E Qo
= 4el o \ 1("'33“10 &mwmmmcvasz@gaty elettebdé ecteriil) end ®f fs-tHaREkSine@o0f
equatlon 2 gi ving wd, 4E,ob = 4E,ob (~ . NE,gNathb (V,:
-((pM = }? '?Vﬁ’im CP‘PSEFWUEEWPB&INB[I@@MS{thStrmsfstol' s for an n-channel -
transistor is (4.6.1 +y b) and ills for a p- channel tranS|stor is (4.61 -

4b), .we [842: f GincBUEHBARSI 7
M4 61-0b] -rd 1 ed) . for bldg}%gﬁﬁdgﬁ‘t‘ﬁlséér?g‘?a 8 Mg < ip & Y ‘Lef*?fﬁu el%&%’éfh%doPd

led )} (VARe of [BQ4 Akﬁmﬂgtﬁg% | ai,n_current.versus .
drain vol tz:goe (1 ng]]s )\/as) char ac%cec?ﬁcgg?egéﬁgaﬂﬁh%%%? t/éﬁ%qagfa%gwen JHovR| nks -
-or. d' - SR@Y el meﬁ F&SV. W, ﬁﬁ?b§h§&§n&fd fI‘cJPL?V:L,rlE X&%ﬂbed or determined from: other

known physmal or expcnmcntal analys1s techmques

[0043] 'I‘hc value of Na may then be used to compute tﬁe maximum dcpletion w1dth If thc
.compute:d de i8 laroer than thc f.blOknGSS of the body rchon thc tranmstor is a FD- SOI ,

transistor. If the' computed Wd,,m is smaller than the thickness of the body regmn the transistor-.
1s_:. a PD-SOI transistor, 'Thls is a first way of detenmnmg whether a SOI transistor is a FD- QOT

transistor or a PD-SOI transistor,

[0044] A second way is smular to the ﬁ.rst Way, by e,xpressmD Wi max it terms of Vo

= Rear.rancmg equanon (3)
A (4£s4_Na¢b)=.[Vm'“'(@M _@;S‘j‘"?‘@sb](td"rgd) ' - | 4
Taking reéiprocal on both sides and mumpmng bya factor de,p, we obtain

45% ‘__. | 4-"'3‘:;.?1[,J _
- Neal g, -V, — (@ ~@;)- ~24,)-0,/2,) - .

O

ST

The left-hand side of equaﬁqn (5) 15 Wamax, glvmg -

. -4g:¢ .- 4£¢ .
W.rr:ax b = Liat) -
e B e ) ©




charaqterlstlcs exist, the transistor is a PD-SO .transistor.Qtherw se, the
transistor is a FD-SC! transistor. [0047] In Figure 3,--PD-SO and FD-SO
transistors are forned on the sane substrate by nDdlfylng t he thickness,.
usi ngrosusji coridchi . for transi star.s 130 and
usi ng[5|$I]| con thF%Eé\%?gn dg%alig er t sz\@\%l +\?”)fandq 59@@‘}% ?S}ﬁag‘ilﬁff’%lsmz

| n- anptdier,) & gﬂg@inent sone of the transistors are formed in a silicon

| ayer 140 thlt I's thinner than-silicon [ayer 138, regardl ess of whether
these transistors are FD-SO _or PD-SO transistors. [0048] In the

prefe di nent, _however, the kByS D Transi stors are not formed b.y -
nodi f&?ﬂé @ it Wasant m red enbodi @t , t he FD- SO
transistors are three- di Hen&i onal’ oreiwEetéi¥ke FD- S0 transi stors, which
makes .use of a novel device geonetry to elimnate floating body effects..

I n general, planar FD-SQO ‘rdnenetﬁge trave—wi-et hs .of nore than . 50 nm.while
non- pﬁeaahmmﬂﬂnpﬂeepﬂkeee - istors have dt hs of less -
than 50 run. [0049] Concdpt's f# 1 1F@Pﬁﬁtfﬁf of both Pé—g t'ransi stors
and FD-SO transistors are . nore clearly illustrated in Figures. 4a - 4d.

Fi gurpaddia - addich Whyate @:Eaﬁnfe%z?‘dr% hLARSERL rlﬁ:gﬁ%&%?@é%lp& NO. 10/ 31.9 119

transistors described in a co-pen ing 1 nvent

titg N2 t
o S .
ce |
potbiiceOg &é&m{i&?ﬁ a%gég'%%g’r%%{ ?) C}Wﬁ?( OF BAIgSMdeh i s

Figure 4b uses a- ‘1 ow bo opi n
\I argeﬂfausfgtban the silicon thickness to achieve full depl et| on. The FD SOl
transistor of Fi. gure 4d uses a novel geonetry to allow the encroachnment: of

gate @h tr| field fromthe sides of the silicon body to achi eve full-
body - %ﬁ et | “1gure 3, PD-SOT and PD~SOI translstors are formed on the same substrate by

mod:fymg the thickness, using sﬂ.u:on thickness. larver than ng for PD-S0OI trans1stors 130
. and usmg sxheon thle]mess sma]ler than Wim for FD SOI transistors 132. In another
.' ' embodlment, some of the transmtors are formed in a silicon layer 140 that is thmner than sﬂmon

. layer 138, J:ecrardless of whether theSe 11‘ans1stors are FD SOI or PD- SOI tran31stors . .

[0048] - Inthe preferred emborhment however the FD SOI transmters are net forneted by

modﬁymv the smcon thm]mess In the preferred embodlment the F.D SOI 1rans1stors are three— -

dunensmnal or FinFET-like FD-SOT transistors, which makes use of a novel device veometry to
L ehmnate ﬂoatmcr body effects In general, plauar FD-SOI 1Ian31stors have w1dths of more than

. 50 nm while non—planar..fully depleted mulhple~' gate transistors have wuiths of less than 50 nm. '

[0049] Concepts of the f_ormation of both PD-SOI transistors and FD-SOI transistors are

Inore clearly illustrated in Figures 42_1? 4d. 'Figures 4a-44d illustrate PD-SOT transistors and FD-
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[ 0050] Super-hal o dopi ng and Iigh't body dopi"ng are desi Qned to achieve -
FD-SO and PD-. SO devices at different gate | engths, as shown in Figures
4a and 4b. Referring first to Figure 4a, a partially. depleted transistor

devi ce Bof triSsid: r_a buried insulator-160. Wiile not shown, the
buri ed-i nsul astligsg%gﬂ \é?n?or i ayentionswigh Serial No. 18/339,1 13 mtitkdoped or

i ghtl y"gaﬂgghd i trat see _substrate 134 -in Figure 3). [0051]
The buried i ns&ftg% (l%ﬂ} ﬁ%‘gﬁél 5 P&ﬁlﬂt’)?ggﬁm&ﬁ’”@éplgt%ﬁ%%plﬂtﬂdmd di oxi de.

O her  ivpsgi&iGaR C i lic i de or_ al um num oxi de, y
alternatively beél?ﬁ'é & @ﬁgégﬁe bcéﬁﬁ&ﬁé@%““tﬂ?%k%mqwmhs"iheaEIbBOEan

conpri S Qramkis®drag ki L an oxi de, ‘nitride, oxide stack. [0052].
Transi stor devi clegqleS %8‘?’%8%’?‘??“&@ At E PRk ioRGsR denisfion wiéh inlacer ncl udes a

source tHaf @leQMichB il n.re ate 168 overlies a channel 170
and is separat ed thergS ?Oo%n%ge ﬁ"élacgglog?‘bﬁlg@tlzﬂg -eOltrpsistppofiFpursiddinkearal y

| ong- ¢l harngdont a.source 182, a drain 184, a gate .
186, and agééaateg?' Eé M'F:’Re’@!é i %ngpofﬁ%m#ﬂggﬁter%l?fgﬁlcsf%‘?ff‘l@@becﬂad?Sl@éﬂicaﬂMbody the -
sane sem&ge%quod}@%%olw as transistor 150 or ina different

sem conductor |ayer” e’g., a different island or nesa on-the sane. chi ps

45 [OOE@% One feature is the design of the super-halo.doping 190 in Figure
4b (or Bl e tﬁi‘lpef-haémbwwg @ Bghtvody Gipirg; Aadesanel tb'a&b&ve%ﬂxo(fgﬁ)dgﬁ 192 such
e

t hat thggfffectl ve doping concentration of the transistor creases

as the Y3t ¥Vicehyidiiventesieleaatods shobimein BhtdIga GRNEEHERMHOH s B tﬁg@f
super-hal o.region 190 is in the range of about .Ixl O 8 to about f’[f’jig

(dopant s -Baé"i‘aué’d’GP ted Eusists deyice T¥eis &mmemgveeebﬁﬁddtlﬁsﬂlat&%b nvﬁﬂiﬁ nbt ght’l y doped

body res%l 92.is in the range of :
e burled msulator 160 1s formed over a substrate e.g, an unc'[oped or hcrhﬂy doped

SﬂlCDﬂ substrate (see substrate 134 in Flcrure 3)

| [0051] The buned msulator 160 i i typlcally an oxide such as silicon dioxide. Other
msulators such as S]lICOD mtrtde or alummum omde ‘may alternatively be used. In some

- embodiments, the buned msulater can comprise a stack of layers e. g an oxide, mtnde oxide

stack.

[0052]. . Tra.uswtor devme 150 1s formed ina sezmcondnctor layer 162 and mcludes a source

. regmn 164 and a dram regmu 166, A gate 168 overlies a cha.nnel 170 and i 1s separated therefrom - |

by gate dlelectnc 172.

_ [0053] Simﬂa.rly. Iong-channel transistor 180 inclndes a source 182 a dram 184 a gate 186,
and g gate dlelectnc 188 The transistor 180 can be fonned in the same sennconductor Iayer 162

as transistor 150 orin a dlfferent semiconductor layer e.g., a different 1sland or mesa on the same
chlps |
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about.- 1x1016 to about.Ixl O 8 dopa‘nt S, per -cubi c :centi neter. . .. ' ['00.55-] In
Figure 4a, the high super-halo. doping concentration 190 in a short-channel

transﬂoﬁéﬁﬁr. 150 results in a maxi num depletion width that is smaller than
the si on PR Reaess tedpdgneldhe supprdhaldoptoga98 irsFigure Mo dyt doubleaiarf or e -

partial | y- leted. As the gate 168 length increases, an increasing

port | %ﬁ‘%ﬂgmﬁ%ﬁ@@%l%ﬁﬁ bpdy dpipe 98 lamcgdham;he effaetiveidgpink yostepestioaody

regi o IQEH and tge -average effective body concentration decreases. -
Conse‘%&%e $t0R Bo8Y Hestraith e theaisilenstiois inedted. The depismeonabrithition in ther ease | n
the transistor gﬂgte lengt h or channel length. In Figure 4b, the -

| ong-BRATRBICHILOIS oghe renes 9fakow 1k 1 Qe abo px bdapents packubicnaxi num -
depl et i on . Wh,gt h that is larger than the silicon film 162 thickness, and
the tFHAETS: dPe ARIRE Goacenisptiap 1p s lighdvidoped BOBGziRe 19X isimthenmuetod Fi gur es 4c
and-4qg eiérgﬁ%her waﬁ tg, achieve full depletion in the. transistor bedy, is
to al 8% oyabent A 0 dqpantgipericnlis cendimgtecr oach from the sides of the -
transi stor body by using a novel transistor geonetry.. Referring nowto .
Fi gur{8035¢, alntFigansis Hehig ér%afoQ{oﬁEd e ied.insul atgr. Thé buried
i nsul ator 202 can -i‘ncl ude a%y of t e"g.ar%%atﬂg??géfncaséhags%ﬁ%gd_ above w th
r espacihsitter 150 $a4h18d 10 & Sndn Beidibn BEah SRSt at nggr e the

di scussi on above with respect tonFi'gu(ra{ea{sTEga aeﬁgmﬁlggeesq%%ﬂetyma lies here. '
| n t hhiskwdQyindebe ©dhsi8@F bR -is SRR OISO lANC L e nl(j‘% 5 i.ncl udes: a body
regi on 204 and a depl et'ci)ﬁ?;n .regi onﬂg%%i.y .'Igﬁig%aétg?]%ee’?%e | SW%S is.isolated

f r omitidsesat ehcredin \Werise aF 8S LisRkabh QR L eR A0 208, s This isol ation. 16 -
(region 208 i's pref gr ably “a shgﬁyrgﬁv t&sgcﬁlé%%fté@gla@?]d%ﬁ?ygﬂpféﬁ%%ﬂ on. It is .
.l eg p y. . :
undensgi@ael, biibihe et effbRk Bbdy NS 88 IR RS Usef, 4[.0057] A gate.

el ectrode 210. is forned to su}?érbgunid. t‘Jﬁle etglr%%%g?bs 56(@3%%&*9%' B e:g.,
t he- .- defledvn elidth @@Fdashs wit GA hthrdd8d MotheAfnk; ' recess.212 is fornmed
wi'thin theisolation region 208 El%ﬁgz&égﬂgt{%m&méhng%l' ﬁ‘ = g

Figure _4b, the long-channel transistor 180 has a light body doping and 2 maxim um depletion

: -ﬁfid,th. that is larger than the _siJiéqn film 162 thicjinesg,' and the t;:émsisto; body is fully depleted. '

- [0056) - Réfﬁmiﬁg now to Flgures 4c and 44, g_né,thf:r Srvay_-’go.-g;;hi_eve'ﬁﬂl depletion in the.
' transisior bédjr-is to g]low_ _ﬂﬁc electric_ﬁeld‘l'ine:s to :cm_:i'oach from the side‘é df the transistor boéiy-
: ]Jy using a novgl ;;aﬁsigtc?r g'eometry.l _ Réfg@g m‘)‘wlto Eigm:e 4c, a tfa_tﬁsistar 20(5'15 formed over
j g:bluied iﬁsuﬂator. The bunedmsulator ‘202 cén ir;cludg any of 'fhe chara;:teristics &esc;ib;d

, o 'aﬁove. with r_cspec_t to iﬁSl.Jl.EIJ.LQI 160 an'd. may be formed dﬁ a subs-traté; \g.vherc the discnssion . -
. above with ?est;ibct to Figure§ 4a and-4b equéliy applies h'eré. .' In this device, an acti,v‘é

scmiconduétor 1éyer regio# 205 includes a body region 204 and a depletion region 206. | The

- active region 205 is.isolated from the other active regions by isolation région 208." This isolation

~-16-




so that the sem conductor |ayer 205 includes sidewalls. The gate el ectrode
210 is adjacent to the top surface as well as the sidewalls .of.active
layer 205. A gate dielectric layer. 214 is formed between the gate .

el ect r 0dgeidlhean et AEL I 205, 058] The soyrce and drain regions
of the transi storgwdevfl%g %%’vg‘%ﬁﬁ%og&gﬁé Phét 15 $%§?qda‘f1i‘tc9¢f’bf Figure

4c. In tlm,ﬁmg@@,gxurgﬂgﬂ q¥gtgl current flows into and out. of the page. As a
result, one of the source/drain regions will be located in a plane above

t he pag? &ﬁ? thg other |ocated in a plane bel ow the page.: [0059] Figure 4d
shows a S | ar Agpiegkcapds HBisfornestETurtdudthe amsstet aotive Beivhcee 280. Li ke

el ements, from F| gure 4c have been label ed with the sane reference nunerals.
In this CY0E reging Acgordingly,.ge intensinaal ctcoss 212iscnmied- wittiim the sl atign tdgRnbiogly to be
fully deﬁl ettgl [.0060] One feature of the novel transistor geonetry is the
i nt ent i SR 1 swRigonsivetor layeras inckndesidemnlly: 3k gate 2B8trodes2 18 hoatiacem tfHhgur es 4c
and 4d. - The pl anar: partlally depl eted: transistor 200 . of Fig re 4c has a
Cwidth t AR SUEce A el 113 the sidewpllsrof petivedayei WImAdetd @tlearic layer1 s fhithedM. . When
the active region wdth Wésee Figure 4d) is reduced.to | ess than tw ce-the
depl et | %Wﬁf‘ﬂ&‘ﬁgﬂf‘é@@?@eﬁl rrdl thoaigpive laybre?0§at e fi el d encroaches fromthe
isol ation edges and elininates the undepl.et ed body regl on, thereby making

the devifeessgpf Fmbbﬁcélﬁlncfdtlnhl‘eémloﬁh@qﬂn ﬁQ bbice 2% L€ R by S eV ce

has a non-pl anar geonetry and 1s a nultiple-gate tranS| re the gate
el ectroﬂm&ﬂt&ns}uaFfommdanm%éaﬁeaﬂé'cﬁin%l c*aﬂQXﬂ%Q&m‘i’Q b p2i 098 Lhe 17

wo si.dewal | s.and -the top surface. having a gate Uto roB%gCZ hat

SUr 1 oundsult,vee bf B8 SinsdeRirain BOGAs 2B b fobaﬁ? A A0S tor al I ows thie
encroachnent of the gate .electric f?e deto ?La%gtcg’gtﬁ%é aymf“"h ‘the -

| at er al 1aiam£ﬁiaplmgeb%1@blﬁth@pMnC| ng its ab| lity to cont r ol short channel
effects. _ ~ , B
B f0059] qure 4d shows asm:ular structure for- aFmPET-hkc transmtor devzce 220, L1Lc . |

' elcments from F1gure 4¢ have been labe.led w1th the same refcrence nurnerals. In this case, the

active sczmconductor layer 1s thin casmg the body to be fu]ly depleted

[006(}] One feature of thc IIC-)V61 trau51stor geometry is £be mtentmnal 18Cess 212 in. the Lo - ;
| isolation reglon 208 as shown in Flgu.res 40 and 4d The plauar parually depleted transmtor 200- -
of Figure 4c has a w1dth that is much b1gger than thie maximum depletlon layer width W¢m :
,,,,, . : When the actwe region width W(sec FlgUIe 4d) 1s rcduced to less than twicethe depleuon width .. 'l
o layer in the body, the gatc ﬁeld encroaches from the 1solat10n edges and eliminates the |

undepleted body region, thereby makmg the device of Figure 44 fuﬂy depleted

f0061] - The r&sultmcr FD- SOI dcwce has a non-planar creometry andis a multiple-gate

transistor where the gate electrode 210 surrounds the transistor body 206 on multiple sides: the
. " / ) - ’
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[ 0062]. The:preferred enbodi ment of -this invention teaches.a unique way of-
i ncorporating PD-50 and FD-SO transistors on the sanme chip using the
same process technology, with a distribution of FD-SO'and PD- SC]

t r ansi'@p sidewallscind tie tap tfader Byhaiiag @katd ERBRSE ONG thafiuBHLES ttg%r
(eol lectively. Fiagure 5) show the distribution of the PD FDSO

t r ansitOEHAY, thearbeink-pae trosistve aliots ti€ercagiianenvbthd e N ARGt B@dtt{, ﬁﬁSl stor gate
length Lg. Figure 5a provides.data : for NMOS. devices -and Figure 5b shows.
data fEPSEMESI ekt Thetien, fhuenkmcig ov.ableyao Mol SRAVHISh D401 on of
PD-SO transistors (gray region), conventional MSO .transistors. (white

regi oos2pnd mgﬁréfgllrgeg@to%ﬁ ﬁg}ﬁiéﬁ;lg’rﬁ%}f’ét?%ﬁ %I on encl osed by dashed box)

as a function -of wdth VEIS S HaY PliosPrppriiag st or s.
fOOGB:‘pﬂ@]ﬁ@pﬂDs@q. & ransi st pi cal | y have active r.egion
width of nore’  than b tg)%grrslornté | Eiﬁélﬁmp é/PFﬂFQSfBF@C%%’eWﬂhIﬂI y depleted -

t r ansidstrdBosras-abl ud v I,on vm dth of less than 50 rim The °
resul'ts, in Figure.5 a:}g)v%%?g%nﬁlé 1‘Sfarc B IR E s PhEensipRs: diguresaitsi stors are

fabri g@&ﬂqcb@écggﬂra @gr 13 ]:FQ_éqils gse%dﬁ %bggwth a_rnom nal gate l'ength et

45 - nm a silicon I'Ci Ness dOpBPrgeigersi con gate

el ect aQERBny thheARGRY d at e OXI de and cobal t-silicided
sour ce/ dr ai n and 8‘3:1‘?%@5%5@!‘4?’5?%@‘ ltﬁtP*Fs Figae. prprovisies-fatg hannel

transmﬁm@Sﬁg transistors (Figure 5a) because
t he inpact | on‘lhibgt%ulﬁi o%b%rﬁ%ce S%atlag_%’i @Q@EBF‘ﬁEﬂsth%éf%’%ﬁﬁs Providpgiaghey i n

P- chagpglind thé . l@% %_ran ition fromPD-.to FD-SO -occurs as t.he gate
length is In%rs{ggggﬁ SO-E ’ ok ﬁ’@n%B?Pvﬁ’?tRH%trFq:?ﬁFE@SFﬁt%e(‘eme -

mul t i pbRnpah obtai ned at  smal | wi dth N, ylcallyless _

t han 55nIrlr%3 V(\?%Ilgﬁlgﬁaf‘ﬁ%e Set@{ggm?gﬁlt% gﬁ%lqyéilﬂbﬁﬁt’%x)laéﬁ&ﬂwﬂlzﬂo wiglth- 18" -

parti ﬁ)ta!nmég_eﬂlleh S%H %Og tl%Sz%srtact eristic kink i n the dral n current I.Ds
age \ _ - -

vefsus drain vo

- [0063] Planar PD-S0OT and PD SOI u'ansmtors typ1ca]ly have active region width of more’ "
than 30 nm, whﬂe non«planar mulnple- gate fu]ly depleted transmters generally have actlve

) J:egmn width cf less than 50 nm. The results in Plvure 5 are cbtamed from an experiment where

. transmtcrs are fabncated usmc a 65 nmPD SOI-based process W1th a nommal cate lentrth of 45

' nm a 3111con body ﬂ:uckness of 40 nm, dual—d0ped poly—s:hccn gate electrodes 14 angst:oms

: mtnded gate nmde and cobalt—sﬂlmded source/dram and wate

[0064] The PD-S OI region is smaller for P-channel transmtors (Figure 5b) than for N~ |
. channel transistors (Figure 5a) because the impact lonization induced parasttm blpolar actlon is
'weaker in P-channe] transistors. The transition from PD- to FD-SOI occurs as the nrate lencrth is |
increased. In addition, the non—planar FmFET like or multiple-gate tranmstors are obtained at
small width W, typlcally less than DOnm Wide- channel devices with smaller gate length Lg
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curves. As Wis reduced, . transition from PD- SO to FD-Sot occurs and the
characteristic Ins- VDs-kink disappears. [0065] ‘It is clear. that the )
advantages of PD-SO and' FD-Sol. can.be conbined by.using transistors with

di f f er enparGacfated, QRSwinOfk exanmpl e, when converting 'a circuit
desig for bulk 1taechnol oué% f:l\o{yrgd?%%skguﬁg %iirélﬁ C%nté@vefse&ﬂmm@ggge Veritical

. porti onsclm?estheﬁcﬂs!’réauéehstraﬂm ?IIEB{ 3% gf\“ ces to achi eve m ni mal
ﬁe remsu il B

e

floating body effects while t PICBH end thegharagEristiaitss  may
enpl oy Pis8@k dikeppeeqs. For exanple, the critical. portions of the circuits
may ‘i ncl ude analog circuits and dynamc circuits. [0066] An exanple'-of -the
| ayout o[ﬁggsﬁrren}tatlon of an SRAMcell is illustrated in Fi gore'6. It is
under st ha d%ﬂ%ﬁfthah%eévqnﬁﬁsﬁseqfémwlmmdmbus.@ﬂme Oy i} sake of
si npl i céfa%gmst {E‘ out shapes are not shown. Ih this parti cuI ar | ayout,

t he -wor rhe ey tpgmglﬁg@ms af Birigd LhFor bomipkonhad calive 8 G%'a@ﬂcult-rhe lef t
bit Iin fﬁ%ﬂg ht bit line 116, and the ground |ine D 118 are also
shown: "dl Gl tp Hé“?lﬁhfiféiggf@ﬁ@lmcmoadgsmritﬁbﬁfbc@danswEle‘éir&ﬂtgl and

| engt h. n?af eai éﬁﬁ@ istor are |abeled Wand L respectively; and, the nane
of the {Tansrsy e  astieyhmitimal flogtingony erfectshomile @Rl fing PG , t . and
Lp01, PD &%JL% %E% .W dt-h and Iength of the FD=SO pass=gate. tranS| stor

| abel ed” USRS gy PB-S0Malepret Epraxdmpiehielamal p@fiodshr e '
inventiq -the \Mh%ﬁh and length of the pass-gate transi stors 102 and 104
are sel e g oy Apal ?%Sﬁu}tﬁ%ﬁdldi’nmcmrs O - or multiple-gate transjstor

regirons (white regions) in Figure 5a.if they are n-channel tl’anSIStOI’S or

‘in the HI9SE 01 Awexamipletdfedagiint SnliEadESh Bfanrﬁ%gﬁ S%gs\ggl te r,egLons).

Fi gure 5b if they.are p-channel transistors

‘lgPFé Wldth

and | en§tihungerstooe ﬂjaaa&crg@o@t ﬁﬁﬁé’h@éﬂ%&gﬁsscagr Bluih dForQﬁc ke oF selln%ﬁttn%dmgtglc h

layout shapes are not showxa, In- this particular layout, the word line (WL) 120 is shown a]ong the
honzontal dlrecnon The left bit lme 114; the right b1t line 116, and the ground line GND 118

are also shown The dlmcnSIORS of the trans1stors are also labeled. The- width and 1ength of each

- transmtor are labeled W and I respecnvely, and, the name of the transmtor 1s mdmatcdm tha

subscnpt For example WpGl FD 5 and ch,l m ldbel the width and lcngth of the D= SOI pass-gatc :

Iransxstor Iabeled 102

[0067] Accordmg to the preferred embodun.mt of thls mvcntwn ‘the. W1dth and lennth of the -

pass-gate trans1stors 102 and 104 are sclected such thai they lie in the FD-SOI or mtﬂtlple-gate

transmtor regions (whlte re:omns) in F1gure Sa if they are n—channel transistors or in the FD-SOI

or multiple-gate transistor ;eglqns (white regions) in Flgure 5bif they are p-channel transistors

More pa-tefcrably, the width and length of the pass-gate transistors 102 and 104 are seleéted such

that they Lie in'the muitiple-gate FinFET-like transistor-regions. S‘uéh transistors typically have ‘

TS




that they lie in the nultiple-gat e FinFET:1ike transistorregi ons. Such
transistors typically have -19 layout widths that are about 50 nm or
smal ler for ii-channel transistor and about 60 urn or smaller for

p- chanayeht witthn iacire iboul Feud 8f SndIRPSL B fhe] LSLrQr8om%P and 104 are
sel ected such that they are typically |a‘?3§@h§£ﬁ%€§8§%&‘fn?ﬁ A58 1 - down

t r ansifstreshenitD6aizthr, 1 Ok gateleddte s kel Bt e thy ' Ll down
transistors 106 and 108 are Pégso tSransiEbst%g?g.gj'%gégitgé?‘%églrﬂlﬁt%s of the

condusiedngeliptapultiendimeof hapal 8 rikok 108 kP11 B Sagduet ance . of
pass-transistor 110 (112) can be used as a basic netri ¢'t6 heasure the
st abi lebydinéntthepBRAMn tekiktorr105REd i dd pﬂ.s@flggmst&gl | to-retainits data
state. Thi's ratio is referredtoby CMOS SRAM designers as “beta' or “beta

ratiofpgeht i Sy ined as the ratio of the conductance of the pull-down
devi ¢ O\E/]ter f%‘g?%:u@noggﬁcﬁﬂ tag¢e of Pul-dgwe Bansisiar d8S (IPEkoteatigaondivanbet a rat i o,

the c ), S stable, and its static noise margin (SNM i ncreases.
The cgﬁ%“&%?%gceré%d@ﬁr%rc&ﬁ T UERps § RasICpatHGRiTRRRESE (hestabiity 61 hRSRAND the .

ef fect.i Lier bility.[t ff and the ratio.of the device wdth... - to

t he c%-éaﬂ/nc%e a”?’lélr%‘g%tgg‘r‘?ﬂé? rfxad\‘; {ts date stege-of Bgragio ig matermoé teebyoEMOSESESIRMM cel | can
be. a impted, by - the rafio_of eff(WL) of transistor 106 and jiff(WL)
of tr g%g%% é;g[sg}ri% Tfoor ﬁ?tafﬂPansTf Sidghned ps B ratieaf theGeondtaact bitths aribdeRarinel :

| engt Haviée@?% he eta. rafti'o becones the ratio of the channel w dth of

transi st or OV O\ disieret devige o Uke levizen thahelk sttior the t6ll bddependi ng on t he.

SRAM |l.cati-an e heta preferably ranges fromabout 1.8 to about 3. .
(I .OOGQ%E%R’L%%&% |S{ﬂ?9%?°ﬁ%}ﬁﬂaﬁé§1§w'wcmg %bﬁncqmwma iof 2 bmadigter ienpl oy .

transjstors. wWith -strai ned channel regions. For-exanple, the transistors
const I°*t U n%ﬁ' WH@P EERRA g‘é’ﬂﬁ effgeuis e mobilifyerang theaati ofthnddieividne]
trans@oﬁeo%eﬁge%ﬁse strai ned channel -transistors is expected to
enhance t he - pertorhin of CEREnE RN bt of the FRAM elineh Ye amaximeietidy

transj rs.11Q and_112 . . : .
, a8 F6 31 !J-cff(qv &S.Df transistor 106 and per(W/L) of transistor 110. If transistors 106 and 110

.-havc_ the same chmel léngt]:_L, then the beta ratio beco;:nes the ratio c;f ﬁe éhannel. width of
tra::g_‘siéto; ‘106.07@:' t];; channel w1dth of transistor 110. Depending on the SRAM applicatibn, R

_.}he.bem P’fef‘?rﬁbly ranges ﬁoﬁl abouf 1.8 to about 3.

[0069] - An SRAI\/I cell of the present invention may additionally s.mploy. ﬁansistors, Witi; |

. | %tajned_ mmcl'rcgons. Eor example, the t;z'msisfors co_nstitutiL;g the SRm.ceH of Figure 17
. may all be strained channel transist'o‘rs. The usé: of 'strainéd chaz;ﬁt;l transis'tcu:s is exp.ecte;d to
f -emce the pgrfglmance of the SRAM cell significantly. According, t}angistoxs 110 and 112

“may be strained channel FD-SOI transistors, and transistors 102, 104, 106 and 108 may be .

strainéd channel PD-SOI transi_stor_s. Use of apprdpriate strain‘ enhances carrier mobJ:Jity and
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' i " transi i 102, 104, 106
‘ai ned channel FD-SO transistors, and transistors , 104,
gﬁé ?885;;3; be strained channel PD-S O transistors. Use of appropriate
strain- enhances carrier nobility and. -20 st rain-i nduced nobility gt
enhance hosd @t{ll%h I to ipmprove transistor performance.in .addition
to devi ggﬂ s-cacﬁllcng blF‘é’(?\%%csﬁFFé‘t 1SRRYPFoY st tp émprete tsanslaﬁonﬂerfmm_nmzdxhaninggd .
i on and. ‘ i on the sane chip is descri bé
coo) gﬂdﬁﬁgﬁﬁﬁggﬁ%%p'%iﬂ o;rsmntshsgg:isal No. 10/426,566 entitled
" Seﬁi conduct or - on- | nsul at or Chi p | ncorporati ng Strained-Channel . . il ed
Parti al E407Bkpl eTlesdncorpartion obeptieinate clansk] Mahda 08§81 S0 FOAESH SHOLS ke ]
April, 30 2003 (Attorney Docket TSMD3- 0111), and incorporate | herein by
ref er énEé?hﬁlsﬁmﬁ hip i%qriba(tim,coepehtilig@pﬁ&ﬂt@ﬁﬁicﬁﬁél{@i‘&%é{rﬁg quﬁ‘ig{slggiss fi.I m
conpl eted transistor structure. The stressor, i e..the: , est
oxor ts ST Pemmendunt-ooTsaio Ctip Ihdiep kg Selinc Rl bl PRAODSNdCN |
| attice_spacing in.the channel region, and thu ! St .
cﬁannel F Pé?igte‘{l:@gq MultiplrStth Goaneiktobs2bfile AbHN 80 Eg@f@r&%ﬁ% ggf%l%:-g aSRAM
cell with partially depleted SO ~transistors and uA__ SO _
{ransi sOBHS %08 inpatporaiddierpint ey tefepimss. SkQhis ayprbgch%gfszggg PEAs BHkd oW LD
respect to Figures 7a-7c. The starting material I'S -
se m!-oc onéRreRlged bansistes girétwe. Taf satssahfe. thdtigh SR RN @k&%{s%%ﬁﬁ%%&%triéﬁqeﬁ&o r \évg_l;;e_r
conprises of a sem conductor |ayer 252, Qy_erl ying an - insulator layer ,
whi ch i PR thg chansolempiliétingths sibisdmrlatice iﬂﬁ_&ng @gtlhg B dgﬁ%ﬁi& %%Hrtﬁ%éu%ﬁg%gmé o
tor -l ayer 252 can be an el enent al ~seni cone ch’ _
(Zﬁ(T Sgpgﬁuwg ' dhqchémcledglooy .semi condyct or.-such_as silicon-germani um _o.&_ a I
""c'orrbound seni conduct or such as gallium arsenide: ggczi i ndi glrr} Fggiphl e. In
the prefoerred erheg brictaﬁx?gf e %o%gngc%%gggd éRE} i celf with partially deplefed SOI
preferably nonocrystalline sificon: " ‘ A -

transistors and fully depleted SOI trénsiétors or multiple-gate transistors will be described next

-ﬁith respect to Figures 7a»'f'c. The stmﬁné _matérial isa é-eﬁjjconductor'—oﬁ-insulator u.;afer 250
The scmicoﬂduc;or;on-insﬁlétor wafer congrises éf a s_emicoﬁdﬁctor.layer 252_ dvérlyin g an
iusulaﬁqr _1aye.r 25_4, Wh.i’cﬁhin tourn ovcr}ies a subéﬁaj:e 256 as—shown m Figure _75'1.- The
- séy_.nicqndi.xctbr' layer 252 ¢an be an elcment;'al séﬁcoﬁdﬁctér such as siiicon,and;geIEaDiums an .
‘ 'ailoy'sémicpﬁi;luctt)r"suc':h as sﬂlcon-germamum, or a éompound semiconductor such as gallium ‘

' arsenide and iﬁdi_um phdépﬁidc. In the preferred embodiment, the semiconductor layer 252 is y

AT
! i

silicon, preferably monocrysi_:él]ine silicon.

- [0072] - The insulator layer.254 .may be aiﬁy.insulating matetial such as silicon oxide,
aluminum cfcide, or ‘si]_icon nitride. In the preferred embodiment, insulating material 254 is |
silicon oxide, preferabiy S$i0,. This layer may bé deposited on substrate 256 prior to‘ forming
semiconductor layér 252. Alternatively, a SIMOX process can be u_sed to implant oxygen into a
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[ 0072] -The 4 nsul ator | ayer. 254 may bé any. insulating material such-as
silicon oxide, alumnumoxi-de, or silicon nitride. In the preferred

enbodi nsul rraterl al 254 is -"silicon oxide, preferably SiC2.

This | g%%rmth %bi% flss bgthdpyesydfotand 256, %6 ummg{nutsabg‘hq{args@gm be

sem coggy ;D%n&ucgo{ 252. Alternatively, a SIMOX process can be used to

i npl ant ‘oxygen 1Ht o* étrai‘?%mgﬁb@ll?@tsébﬁﬂhiatorgaiixﬂmalséxﬁdd fAbtde SmRplp | ayers 252
and 25@ nder | substrate 256 -may be any sem conductor substrate
such asmg(?_ |%Dgsn @%%bﬁF%S%F%%IWMQHMDMWmstrate In ot her _
enbodi nents, other substrates such as ceram c or quartz can be used. [0073]

In t helQ7ak er Hethe prefomi BRBEAimbRCHS & Yol er. 252.is silicon and the
insul ator - .254 is silicon oxide. l\/ﬁlg&g% elra #@y ts’rll’é?o%iﬂfq%"éf’PSP]&%r 252.in

t he pr%ﬁ”elﬁﬁlbcbnexmhdi\mlirethﬁsl the ik 854 {1 fLne e Of .about - 10 -
angstrons to about 2000 angsty?o?rs &ggﬁges%l T |°CP5FF%’3 divigqt hagias g

t hi Ckn@%nﬁsnmttbmran@ngebdnﬂ@%épﬁg 2200 a troms [0074]
Referring now to Figure 7b' “an act |av@1t?§d§)%8ﬁs orsap ﬁ%?c?HJCPPﬁmﬂS@WE

for rredba;attﬁdmtssnmthlgmkbﬁaﬁbﬁﬂm@@oAb%i{ ooﬁég The patterning of the active .
region or silicon fin-may be accorrp FoUey exanpl e, by depositing a
mask F beh i al % ot shown). on_the silicon Iayer 252, patterning the mask
mat eri al y op capiPye W&BH%&%“@PW@D@&%EMEHS DEBkndd@t shown), _
et chi Nl NS es %gn Iaﬁgﬁ; 252, and renoving the patterned mask. The’ mask
material can BTG etgties}?caﬁﬂ@ﬂgloéﬁlﬁaq:nvmmgutm,or@mcanﬁhaﬁy&orrpr| sing of a

si licaope ve i.ng a silicon oxi de .l ayer. lsol ation regions.
{260, pr %%&%ﬁsfo%oé%P OI? @é‘%ﬁn&@%@ﬂéﬁﬂslmm shows) dnl theFilioNd Hoe; a5, for med

to IS Qlagh Bn Sy ctl e region 258 from other active reégions (e fins)
t hat 'gll’a e noft Eh}] ¥ gptf‘ianléFP@gl'ﬂE[h@@D?@rmR@ﬁtmmadrrgasrkqmmtsﬁoﬁhpur e 7c a
gate dif.e i The gate dielectric |ayer.262 - '

S °(a1te hl%on I%yer%“’ removmcr the Pﬁttﬁmed mask. The mask material can be a

photoresist, sﬂlcon nifride, or a stacL comprising of a sﬂmon mtnde layer ovcrlymg a sﬂlcon "
_oxide layer Isolatlon regmns 260, preferably compnsmu a dlelectnc such as s:hcon oxide are’
formed to 1solate s:nlu:on actwe revlon 258 from oﬂler achve regions (e.g., fing) that are.not

_.Shown in the ﬁgurf:

- [0075] ‘Referring 1OW to Fl gure e, a gate d.lE:leCtL'lC is formed Thc gate dielectric Iaye: 262, -

+ -caw have a thlcl\ness between about 3 to-about 100 angstroms. Thc gate d.tcle.ctnc layer 262 on .
top-of the acnve region 258 can have a dlffercnt thickness than the gate dlelectnc Iayer 262 on
the sidewalls of the active aréa 2:)8 For cxample thc thzckncss of the gate dlelcctnc layer 262
on the top can be thinner than that on the sidewall. Tn some examples, the thickness of the Uate

dlelcctmc layer 262 on top of the active region '?38 15 less than about 20 angstroms.




canhaye. a .t hi ckness between. about 3 te about 100 angstrons. The gate:
dielectric layer. 262 on . ' top of the active region 258 can have a.
different thickness than the gate dielectric layer 262 on the sidewalls of
t he act ibléﬁz7 reaﬁéSB. 'Iczlo exanpl e, the thickness of the gate dielectric

| ayer 262. on the®E8H “CEANEE KPRPRE athigdidiestriconatetind swh desikdoh oxie, sone
exanpl es.; I ckness .of the gate dielectric |ayer 262 on top of the
active r%glgc?)gﬁxég@%fz’smlngggcdtsﬂ’&ﬂn AT combigatirne thsrof. TIRAnfuDOZGhaFia nyst e

di el ectrj, .conprise a gate djelectric material such as silicon oxide,
silicon %SE;P %%‘]rlﬁs’h oég?mﬁﬁwmr{lg THLYIE PR ORTEgEthek 5 corhyisnhmiomsosideer eof . The

i nsul at i i al |.so _be a high permttivity material -with

per m tt'-i(\%%'??’i F%;mgu Oﬁqﬁ%ﬂ{@?}’ Refpipr sidicen oRynittida G5O, HaPd@o SicatdEERIQLMN 0Xi de
(H @), ' si | oxynitrjde (H SiON), hafniumsilicate (Hf S'iO),

zi rconi %@%%#@y W?‘%%?%ﬁ%%&l@ﬁﬂ@n@@@ @Ye TrghY. hanum oxi de .
(1-a203),. [0077] In the preferred enbodi nent, the gate dielectric 262-is
si I'i con [88@7tle; ihthe prefiened Bbodiaenpde Bye diBRERBbLsOKIFRLH Q,ng.g gpajg ygen
anbient at tenperatures ranging from about 500.to about 1 8‘ egr ees

Cel si us formea by sheemeli wdidatibn incnloRyeh aﬁ@%mt@&nﬁe&aﬁfr@ﬁ%@ﬁ% Ho 5, LPffd?S!% by -

chem cal vapor .deposition or reactive sputtering. The gate ,cY| electric |ayer
262 covébenttf dagmes ko Bhesgadtanis 195er bES ol dilofRively ) 3l pb 00781 WL
the gate dielectric layer 262 appropriately forned, gdte electfode material

264  -cabaries] vapor deposined opRiabR spitelille TRlgtci@hRE! 1{dk KPSk BR3op The gate
el ectrode material 264 can be' formed from pol y-crystalll ne si i-c%n, :

“pol y- cr y&d & sidawaldy dfiticodiliqge firasg.um metal.s, nmetal lic 'silicides, netallic
nitrides, or netallic oxides. For exanple; netals such as nolybdenum

t ungst eggo7ki t anwyad aps alum. pl atinum and haf ni um may be used as the .
porti onlmof t';“’t_he gat é"hé %z{%@%l?cg}} ea%%.ﬁ‘{]?&&%aﬁy gw%s%sle?wamﬁ@m@éﬂ but.

Wil hOE_aublﬁerl b Bobfih o t%p opgh_g iéaﬁé dlgfe!:t!ng la(jj(eer’t%%? %%zls }gate electrode material 264 can
b_c'formcd from’boly—cﬁstallinc silicon, po'ly-cry's'riaﬂine- silicon gel;ﬁanjum, me@, metalhc
- silicides, getallic nitrides, or mctailic oxides. For example; metals sﬁch as molybdenum,
- tungsten, tltamum, tantalum, platinum; and hafmummay be us.ed as the p-q];t_i()l.l of the gate -
., -electrode 264. Metallic s_i].iéides' may inclnde; but will not bﬁ ]im.ite&.t;:i, nickel s::jli'cide, cobalt . * -
.‘silicide, tngsten silicide, titaninm silicide; tantalum silicide, blatinum sﬂicigi_e, and erbi;Jm- |
: _silicid.e. Metallic nitrides majr'inclﬁde, but will ﬁot be limited to, n;mlybdenum nitride, tungsten -
nitride, titinium nitride, and tantalum nitride, Metallic .axi&es 'Iﬁay inclnde, but Wﬂl ndt‘ be
' Hmited to, rutheniiim oxide and indium tin oxide. - |
- [0079] Tﬁe ggie: electrode material i64 can be d.e:positcd by conventional techniques such as -

chemical vapor deposition. For example, the gate electrode can be formed by the deposition of
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silicjde, .tungsten silicide, titaniumsilicide; tantalumsilicide, platinum
silicide, and erbium silicide, Metallic-nitrides may include, but will not
be li Q@tedw{do ol ybdenum nitride, tungsten nitride, ‘titaniumnitride, and
t ant aFyAPH mrefmctohkmahll,fouo@efd 5 ot he limted to,
rut heni um oxi de. and i ndi-um ti nﬁgm%ﬁgyal %d(}%%?%fhag%% %Uat%aﬁﬁqdﬁde ‘materi al
264 cB¥tegal. de pobidirchtdhe eimu@At heBPdan bEGRRLALSS: Poba ! cal vapor
deposition. For exanple, the gate el ectrode can orned é‘r‘% he deposition

of -Rdgel!licap ct tal, followed by an anneal to forma
met al su?]m de gagt?tgglée‘?mrdgkaﬁml%ét‘gﬁpﬂ’m&@ﬁd Bsasofabifograpthechifrieact or y

met al aRiadicHRE ndikd nt al co alt, or nickel. [0080]- The gate
el ectrode materi |1§fyu%§fhﬁjgcﬁsi O the pRigrel dTores. BfeiroTd showg tiandae t echni ques,

and _etighedelUg! etch processes to formthe gate el-ectrodes. Figure
7¢c -shows thégg%%gpbaf@‘ct ed%as“pﬁfforgﬁéFDFﬂBd%P&%IM@WHWJSBJEMFEG rn and

t he P@fegqﬁ M i stor rn after gate electrode formation (see
“The . gRan “"“3 %\@d ¢ gtte iengthpdwisitsefobstramsistorakiso i ndi cat ed

Fi gure 6 e gate

in thﬁsotlhﬁi@ﬁ | e shown in Figure 7c. The gate dielectric -
262is retain ecp% nﬁlﬂ%fh@“b%W%ﬁFﬁfﬂqheTuegatcéletaom%dlsby the gate
el ectx@iRg | onal process steps will now be described w t h
respect togﬁ?agsb]%g@cpé’h %VICBWF%FI%%\@E@MGW@QQGM t he ‘transistors.
[OOB'iLOThe source 266 and drain 268 extensions (e.g., lightly doped"

sour

& ai ny\dditienal huoress stepp Ivalhedl be gk B8bddQAtH echpl ques.
Supet - hal o i npl ant. may al so be perforsmed at trﬁ%ﬁ%&?ﬁ%{ﬁﬁesgg Qgié

Jinpl, iﬁ?%o‘ﬁ’w@ysﬂupefﬂmamsmmpl ant -at a l.arge angl e rangi ng from 15 to.45
‘degrees with respect to the normal , of the wafer, devices with short
effective channel dopi ng

Conen o oAt PRI el b R e e ve
' R lmplanted using fon Jmplantation techniques. Super—halo lmplant may a]so be pc::formed at ﬂ:us
' | Stage. Byusing. 1mp1antmcr the supcr-halo 1mp1ant at alarge an,,le rangmg from 15to 45 deorees
. W1th respect to ﬂ:xe normal of the wafer, devices -with short charmal lengths wﬂl receive ahigh -
effectwe channcl dopma concemratmn Whﬂe dewces with long channel lengths wﬂl receivea . - . SRR

low effective channe] doping ¢oncentration.
[0083] A spsice 270 is formed ﬁsiﬁa"féémqﬁes'kﬁo%;ﬁ‘and"uged-m-thé a& e.g. deposition
of the spacer. matenal and. amsotropm plasma ctchmtr The sp acer material may compnse ofa
chelectrlc m_atenal such as smcon nitride or silicon dm)ude In the preferred embod;lment fhe |

spaccr 270 is silicon mtl'ldB :
[0084} Followmo spaccr formatlon the source and drain recrlons 266 and 268 are melanted

.04




| ow ef fective channel dopi ng'coricent rafion. [0083] A spacer 270 is formed
usi ng techni ques known' and used in the art, e.g. deposition bf the.
spacer, material and ani sotropic plasma etching. The spacer nmaterial nay

conpr i semefls afd sil; 1all tri.c terial such as silicon nitride or silicon-
dioxide: In the p?le%e(ﬁétégo%%gg? Fepotive paterigly gamreaditfe s@rizhd dam. Ni tri de.’

[ 0084] , refiohd @ or.nmat i-on, the source and drain regi ons 266 and
268 ‘are inpl ant gg?c%%gsec@o%?%ewéa#ﬂmaj/%ﬁq‘ﬁ P gl Basctivaredie. st rapped with one

or nore @ﬁ%ﬂuctive materials such as -24 | netals and silicides (not '
shown) : condl$&s pighrsiress dilmlos amm&%h'd&:ﬁ&ﬁ&@é&fé}&.ﬁ%gﬂ'l Rl €91 ons’
throughl\%int acts on the sidewalls and/or the top O the act Ve reé Yon.

[ 0085] ftFrcé’S'ﬁlFW@tﬁlmgﬁ-iAmrﬂﬁugao i 195606n, Alehibs S PO goggﬁg\{letr t he
conpl eted,transi stor structure as shown in Figure 8b. Accor I'Rg"to this

i nvent i ST PhISPRFGHreDI dsnsthé Filewadintfaet Sf RO bhotive Rl ontﬂ%.'tAQQn.é%éﬁI ?Cﬁ,&bm al so
the sid | surfaces of the. active region 258. an. exanp e,pet‘ ‘

hi gh- st PREESIeY W72 cembe BRCPBGHDoS hitride OBV §iiGin niBECVDLS bieaGgn nitride
can be use u‘tfegtgpsiéﬂgtro_.duce tensil-e or conpressive stress I n the channel '
region. THE & campressive sews in tpetthe] bdpgorS tTha LY GAMANENL S, 0. L he
channe_l..thTh_e, residual film-stress can be téaﬁf%l'ored flro% a Qlﬁ%%glgaé:fse of _

t ensi on B2 YRELOBPERingip theichamiel. The ofidMbT AliOrosdQ 808118 ressi.on, . for
sili c.on-trigh filns; The tensile or conpressive nat ur erfe%&glgﬁeh?éﬁr%?ﬂfi n the
channel Y8gRdAr #aichipmetrie silicen higidadp vad ﬁd:obiprgsgiaﬁ,y&rrgmcgiff‘%gﬁﬁﬁmcoﬁgi tions

such.- agﬁng. r@er ature, pressure,. and the ratio of the flowrate of a
{precurs ‘S"‘a SORPESSIY nebiropibe btearein thaoxhkdi@] FeptoRlcad ARk OV iR by -
varying process conditions such as _tcmperatu{e, pressure, and the ratio of the flow rate ofa

_Precursor gas, e.g. dichlorosilape, to thetotal gas flow rate, -

[9086] Following the fbmgiti‘on-qf the high~stre$s film:272, a passivation layer (nét showuj. .
’ -is dcpp§ited with a- thickness‘df a few thousand angstrc}ms, e.z. 1600 to 5000 angstroms. Thc;'
" passivation layer is preferably c;ompriséd of silicon oxide; -Cont.act'hole's (niot showhy are etched - -
s t‘prough the p'assivgtion layer and the high-stress film _.’272.- Conduetive 'I.nﬁterials (not shown).are -
_t?en-used.t?- ﬁu thg-qogtagf holes to el_ect_rica_lly contéc_:t the source region 266, drain région-268,
and gate electrode 264 of the transistor -
_[0087? B Mareover, the scope of the preseﬁt aﬁplication is not inteﬁded io be Ii-mited..to the
. particular embadimégts of ﬂ}e process, machine, ﬁlanufact;.‘tré, éoﬁposiﬁoﬁ of matter, meaﬁs,-'
_ methods and s;te.ps.descfibed' in the speciﬁcation. As one of ordinary skill in the art will .rcadi‘ly
apprt?ciaté from the disclosure of the present invention, processés, maéhines, manufacture,
: qomposiﬁom of matter, nicaﬁs, metﬁods,‘ or stéps, presently existing ar later to be developed,
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[ 0086] Follow ng the formation of the high-stress film272, a

passi vati on.:l ayer "(not shown)., is deposited with a thickness of a few _
t housand angstrons, -e.g. 1000 to 5000 angstrons. The. passivation |ayer is.
pref er agla%/ conprised of silicon, oxide. Contact holes (not shown)': are -
etched. ® Wﬁﬁ%ﬂbﬁwaﬁa@w%@ frodtidnay echivedubsearifiyte StreGssidas gp. 272, ~
Conductive materials_(not shown). are then used.to:fill the contact hol es
to el ec?%GEDQP%J?g e9pdiments deacribot herein mexyibe MtiAGR 2 chidi to"tBIprBRn LR Gentic@nd gate
el ect r'oge Eﬁ%l of the transistor. [0087] Mreover, the scope of the present
appl i catfEHeL: thsappsndeheenms exs ihfendeid i inelddé @ithih eheifBsel Bt BbcBda0di MeNt s of
the progess, machjne, ~manufacture, conposition of matter, neans nmethods
and st e"ﬁ'@cﬁ]ﬂf@@?@i‘l Cncqmpesiiensoff friater ineans, AstheReor@fep@r di nary skill in the
art will readily appreciate fromthe disclosure of the present invention,
processes, machi.nes, manufacture, cqnpositions of matter, neans, nethods, .
or steps, presently existing or later to be devel oped, -25 that perform
substantially the -sane function or achieve substantially the sane result as
the correspondi ng enbodi nents described herein maybe utilized according to
t he present invention. Accordingly, the appended clai:ns are intended to '
include within their .scope such processes,. -machi nes, manufacture,
conpositions of matter, -means, nethods, or steps. -26 WHAT IS CLAIMED I S:
1. A static nenory el enent conprising: a . first inverter having an input
coupled to a left bit node and an output coupled to a right bit node; da .
second inverter having an-input coupled to the right - bit node and an out put
‘coupled. to _— ' - I

Lo




the left right bit node; a first fully depleted sem conductor-on-insul ator
transi stor having a drain coupled to the left bit node; and a second fully
depl et ed seni conductor-on-insulator transistor having a drain coupled to
the right bit node. 2. The static nmenory elenment of claiml and further
conprising: a pair of conplenentary bit lines including a left bit |line and
aright bit line, wherein the Ileft bit line is coupled to a source of the
first fulﬁﬁygeguﬁaﬁﬂﬁﬁf@iconductor-on-insulator transi stor and wherein the
right bit Itne is coupled to a source of the second fully depleted

sem conductor- on-insulator transistor; and a word line coupled to a gate
of the first fully-depleted sem conductor-on-insulator transistor and al so

to a gat e of s il SeePidndtldrdep! et ed sem conduct or-on-i nsul at or
transi stor. %. The gfa??g ﬁ%ﬁgryBEIenent of claim 1l wherein each of the

first and secoffs pVeEliBlfe SOMRIIcSESad d1ally depl eted,.n:channe
pul | -down transi sstlor; and ga p{ﬁgﬂanﬁg‘f tb’%ll - ﬁgpdo FANST ST cglépd%qté’&rﬁgﬁt series
w th the wrgdagnnel pull-down transistor. 27 4. The static nmenory el enment

of claim3 wherein the p-channel pull-up transistor conprises a partially

depl eted p- chanaedndimlecher Uhvidd ANEHR tOpledTo thIPiglﬁh%&e%nH‘iERllh %E*ﬁ%{f@?{) of

claim3 wherein the partially depleted semc uct or - on-
t ransi st ahe Rasight WapU&Lt i on wi dth and a body thickness, said depletion w dth
being smaller than the body thickness. 6. The static nenory el enent of

clai m 5 wher ei aifirstfallydpled bl cobdbtbr-dnSin6l@ftdrUaakid¥ having a drain coupled to the

R Jeft bit node; and

a second fully depleted semiconductor-on-insulator transistor having a drain coupled to

the right bit node.

2. The static memory element of claim 1 and further comprising;

a pair of complementary bit lines including a left bit line and a right bit line, wherein the
left bit line is coupled to a source of the first fully depleted semiconductor-on-insulator transistor
and wherein the right bit line is coupled to a source of the second fully depleted semiconductor-
on-insulator transistor; and

a word line coupied to a gate of the first fully-depleted semiconductor-on-insulator

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 compﬁses:

a partially depleted n-channel pull-down transistor; and

a p-channel pull-up transistor coupled in series with the n-channel pull-down transistor.
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ffi.b 7. The static nenory elenent of claim1l wherein the first and second
fully depleted sem conductor-on-insulator transistors conprise
silicon-on-insulator transistors. 8 The static nenory elenent of claim?7
wherein the first and second fully depleted sem conductor-on-insulator
transi stors each has a depletion width and a body thickness, said

depletion width being | arger than the body thickness. 9. The static nenory
el enent of ,chaim: erein the depletion width is defined by V -OM +4.

| b-ADd 1' dD Tlf%.smf‘ﬁ% s‘%r’é{%f"é‘e’%%é’r?m‘%‘?‘ﬁp %W Frei thegrehaqngh mllgp WesisersompdseEzpl et | on
w dth is dgf 4 i, nBx.= 4N a 28 1 1. The static nenory

el enent ofE%Fgﬁgﬁ?&e e?g&%ﬂPMQUQE?gF“%nd second fully depleted

sem conductor-on-insul ator transistors conprise nmultiple-gate transistors.
12. The static nmenory elenment of claiml wherein the first and second fully

depl et od 5 ok GORTHGRY oo BBk Ao LRSS SOMLL e, 11 channel

transi stors. 13. The static menory el efen & B The first

and secondinfuldtbrirafl@irah i r -insulator.transjistors conprise
n-channel transistors w%epgﬁ%gﬁﬁg#g\%i 3?5&%‘5&% aéu%p%o‘hm 81-"%‘#%&?*1&@?. 14,
The st at i chsEh®bydyli@n®net of claim 1l wherein the first and second fully
depl eted sem conductor-on-insulator transistors conprise p-channe

transi stors.

6. The static memory element of claim 5 wherein the depletion width is defined by

. 4e.¢
W — sTh
. d, max qN

o

7. The static memory element of claim 1 wherein the first and second fully depleted

semiconductor-on-insulator transistors comprise silicon-on-insulator transistors.
8. The static memory element of claim 7 wherein the first and second fully depleted
semiconductor-on-insulator fransistors each has a depletion width and a body thickness, said

depletion width being larger than the body thickness.

9. The static memory element of claim 8 wherein the depletion width is defined by

= 48:¢b- :
V{IVm =@, +4.61- A 1€ )

10. The static memory element of claim 8 wherein the depletion width is defined by

4c. ¢,
. W = J—ElZ
igesa gN

a
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15. The static nmenory el enent of claim 14 wherein the first and second
fully depleted sem conductor-on-insulator transistors conprise p-channel
transistors with a channel width of about 60 rimor smaller. 16. The
static menory elenment of claiml1 wherein the first and second fully

depl eted sem conductor-on-insulator transistors each has a gate | ength of
about 100 nmor smaller. 17. The static nenory el ement of claim1 wherein
the first qang.s ncl ude_an n-channel pul | -down

Lverte
transi st or coupﬁﬁgﬂlfd'lﬁl eerelmn‘{‘;sf FH“ Wer&'ﬁé@ﬁ@?”ﬁﬁﬁ“‘lﬁ’ﬁ“‘ﬁ@n tedt or and
wher ei n s%c&ddhébp gsﬁeﬁgr%%m%tﬁ Cé/mg egﬂfgﬂl’ﬁ’ sem conduct or-on-i nsul at or

transi stors has a conductance et tRasstS-conduct ance of the
n-channel pull-down transistors. 29 18. The static nenory elenment of claim
| wherein the first and second fully depleted sem conductor-on-insul ator

transi stons, ﬁﬁ@ﬁti@ﬂ%&ﬂg%ﬁmﬁ:ﬂt o\f@faH P@herglg 'E“ne‘}-ﬁélgh"f §08 d.];fbwy %Pla@ d Ol’l o

insul ating |ayer, the having a top surfacé ¥y sur f aces,

t he insul aém:e@mdha&afn-@é{ﬁt&ﬂaﬂgsté}s dl'lgﬂil & AL ann u%?“? S ' ayer
overlying the sem conductor fin; te e W’appl ng around the

sem conductor fin on the top surface and the tmo S|demall surfaces, the
gate electrode overlying the gate dielectric layer; and . a source and a

drai n regilBThe Whiidthéindrh elemeRtiof AREHI Werdd Me § the gate
el ectrode. 19. The static nenory el emgFlt of ¢ 5 %ggc%g@\%nlggeéﬁete he insul ating

| ayer conpaniicm8uctortondsla@of ind@istorS$ddmpHO h-ERaad bk b | Leride, or
conbi nations thereof. 20. The stati cI;) menory elreﬁgﬁ)trs oghast% %P‘Tgﬁ"vﬂ't;erel n the

i nsul at i ngbdutilanm brassatert hi ckness of

14. The static memory element of claim 1 wherein the first and second fully depleted

semiconductor-on-insulator transistors comprise p-channel transistors.

15. The static memory element of claim 14 wherein the first and second fully depleted

semiconductor-on-insulator transistors comprise p-channel transistors with a channel width of

about 60 nm or smaller.

16. The static memory element of claim 1 wherein the first and second fully depleted

semiconductor-on-insulator transistors each has a gate length of about iOO nm or smaller.

17. The static memory element of claim 1 wherein the first and second inverters cach include an
n-channel pull-down transistor coupled in series with a p-channel pull up transistor and wherein
the first and second fully depleted semiconductor-on-insulator transistors has a conductance that

is smaller than a conductance of the n-channel pull-down transistors.
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bet ween about 20 angstronms and about 1000 angstrons. 21. The static nmenory

el ement of claim 18 wherein the gate dielectric |layer conprises silicon

oxi de, silicon oxynitride, silicon nitride, or conbinations thereof 22. The

static nmenory elenment of claim 18 wherein the gate dielectric |ayer

conprises a high permttivity material selected fromthe group consisting

of | ant hanum oxi de, al um num oxi de, hafni um oxi de, hafnium oxynitride,
'%ns t hereof 23. The static menory el ement of.

zirconiu i . and conbi nat :
mv@ﬁﬂgse‘\a“ct“??@“’b"a aogt 84 Byl wheredy e fipsbapd seosndsfully Hemdgied permi tti vity

claim 18 erein

mat eri al y&nti&n&cgog_hﬁggésﬁgtf]gg%nﬁptéﬁi%LI{% of at least 5. 30 24. The static

menory el enent of clarm 8Pt e di el ectric has a thickness of

bet ween about 10 ngstrons. 25. The static nenory el enent of |
clai m 18 wher el ‘%“?ﬁ%e‘g‘g? %‘*“8‘."%8 Iégc’["gi?%o’haé’é“séfé‘f"?ﬁ leveRdisininvipeasep susfaref ace of

the fin thatwd Sadlafik t bk thi ckness on a sidewall surface of the
fin. 26. The statlc ﬁgaﬁ%igl%gﬁglﬁgﬁl%efo ﬁ?@nﬁ]aﬁ‘?sm‘érei n the gate dielectric

t hi ckness on t t mis thinner than the gate dielectric
t hi ckness on t%tesd?%ecv\nglq{)feo {lg]%g ?@%?&"f%d%ﬁtﬁrzﬂ%ﬁﬁ?tf’ egidp mprangAemd of

cl ai m 18 gheudoRddche fif)8d ﬁie@upgs delah§ Hn@%o %detwtgii (i:%ggs ;@g Ez&%gl%g o SH face of

the sem conductor fin that | ess than abou \it The static

nmenory  elasfiig @ ofd AL pheRg N the gate el ectrode is forned froma
material selected fromthe group consisting of poly-crystalline silicon,

pol y-crystal | ias6ursd dnid & QRirR BB N kiith the QediES LabdslS bt i de, and a
netal lic silicide, and conblglnati ons tehereo‘]?LCt(Egi.nEﬁgposangteP SHHTSES el enent
of. cl ai melecwdder ein the first and second fully depleted

sem conductor-on-insul ator transistors each has a channel region that is

strai ned.

19. The static memory element of claim 18 wherein the insulating layer comprises silicon oxide,

silicon oxynitride, or silicon nitride, or combinations thereof.

20. The static memory element of claim 18 wherein the insulating layer has a thickness of

between about 20 angstroms and about 1000 angstroms.

21. The static memory element of claim 18 wherein the gate dielectric layer comprises silicon

.. oxide, silicon oxynitride, silicon nitride, or combinations thereof.
22. The static memory element of claim 18 wherein the gate dielectric layer comprises a high
permittivity material selected from the group consisting of lanthanum oxide, aluminum oxide,

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

23. The static memory element of claim 18 wherein the gate dielectric layer comprises a high

permittivity material with a relative permittivity of at least 5.
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30. The static nenory elenent of claim1l wherein the first and second
inverters each include a partially depleted sem conductor-on-insul ator
transi stor that has a channel region that is strained. 31 .............
31. Anenory array formed froma plurality of static random access nenory
(SRAM cells arranged in an n by mmatrix, wherein n and mare integers
greater than 1, the array conprising: a plurality of conplenentary bit

i ne pair .hit 1ine it including a left bit line and a right bit
line; a p ﬁ@??‘%bdé%m%?‘&m% ﬁ’g‘%‘?mbl Sp“%lffeé‘f the gate diclapmighas a|thigkness o€ bet®RAM cel |

conpri si Nggones fddfaBhu 1Y SLLEEd NCl uding a p-channel
seniconductor-on-ingﬁﬁﬁﬁﬁé%ﬂﬁl-domn transistor with a drain coupled to a

ref erence voltage node and a source coupled to the right bit node and a
n- channel sem conductor-on-insulator pull-up transistor with a drain

coupl ed t 95 Fhe5tELLRY I oupled tqg the left bit node; a
second inverter incIuggﬁgﬂggBﬁgﬁgﬁwgﬁw%gﬁg%%ﬁﬂﬁg?ﬁ?q%ﬁ?ﬂﬂgﬂﬁﬁfﬁﬁ“@ulI-domn

Lransi St Ofurfubd dT o (bl dRHB @tk OiliEoF b SHENGR MO ATE gnode and a source

coupled to the left bit node and a n-channel se fiBr - on-i nsul at or
pul |l -up transistor wth a drain coupled to the ground node and a source
coupled to the right bit node; a first fully depleted
sem conduzd Ghe Saticinfiiéhpdiéthent bANGINDS AhefdBVh Pt LRk iU Ieg £ the left
bit node, a source coupled to the |eft tﬂtég% ne of oﬁgg§£RFH ° 8P

surface of the fin is thinner than the gate dielectric thickness on the sidewall of the fin.

27. The static memory element of claim 18 wherein the gate dielectric has a thickness on a top

surface of the semiconductor fin that is less than about 20 angstroms.

28. The static memory element of claim 18 wherein the gate electrode is formed from a material
selected from the group consisting of poly-crystalline silicon, poly-crystalline silicon germanium

>

a metal, a metallic nitride, and a metallic silicide, and combinations thereof,

29. The static memory element of claim 1 wherein the first and second fully depleted

semiconductor-on-insulator transistors each has a channel region that is strained.

30. The static memory element of claim 1 wherein the first and second inverters each include a

partially depleted semiconductor-on-insulator transistor that has a channel region that is strained.
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line pairs, and a gate coupled to one of the word lines; and a second fully
depl eted sem conductor-on-insul ator transistor having a drain coupled to
the right bit node, a source coupled to the right bit Iine of the one of
the bit line pairs, and a gate coupled to the one of the word |lines. 32.
The array of claim 31 wherein each of the n-channel pull-down transistors
conprises a partially depleted sem conductor-on-insul ator n-channel

| ai m 31 wherein the first and second fully

t ransi st or .. The.arr of cla ]

depl eted o 1e‘nﬁ"ig 518%%‘3 ety f°6‘ﬁ‘9‘? ’ﬁ%‘ﬁ P BREstY of pagicsrandost access mompyd SRAM) tqdlse- gat e
transi st or . array. of, cl.Laim31 wherein the first and second fully
depl et ed gifﬁg%%mﬁ (I;:{%g 1 matix, wherein ppnd tp arg inde sersgrentes ghap i thearray coTapTivne:

r-on-i
transistors. 33, ./ I f claim34 wherein each n-channel transistor
has a width of B'boutg’ %"%‘ﬁ%‘“’%?maf%ﬁﬁm’eeﬁﬂ.‘“@e‘%h bitJine pair ingluding a Jegibinlig andrrer ei n
the first gpdiggeond fully depleted sem conductor-on-insulator transistors
each has a'gate l'ength of about 100 nmor snmaller. 37. The array of claim

31 wherein eachpRfality ¥ Word files.2nd second fully depl eted sem conduct or-on-
insul ator transistors has a conductance that is smaller than a conductance

of the n-channgpluMly of SRAMI ATk 203 AV Sep1 S8iian€ array of claim31 wherein
each of the first a%g)secon% %u%%& dep?%%%ﬁmggﬁgconductor-on- i nsul at or

transi stors conpri Sgfrst AvatRF nbgdhe SEM tor. fin formed on an insulator
| ayer, each find having a top sur%agg&ﬁg%ggﬁﬁgu§ﬁﬂ%WEWPﬂ@ﬂF*@ﬂ%§9 sai d
insulator |ayer oVefkdnyisidfwih $ Wﬁﬁltc&%l(%;to areference voltage node and a source coupled

to the right bit node and a n-channel semiconductor-on-insulator pull-up
transistor with a drain coupled to a ground node and a source coupled to the left
bit node;

a second inverter including a p-channel semiconductor-on-insulator pull-down
transistor with a drain coupled to the reference voltage node and a source coupled
to the left bit node and a n-channel semiconductor-on-insulator pull-up transistor
with a drain coupled to the ground node and a source coupled to the right bit
node;

a first fully depleted semiconductor-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 pairs, and a gate coupled to one of the word lines; and

a second fully depleted seﬁconductor—on—insulator transistor having a drain
coupled to the right bit node, a source coupled to the right bit line of the one of

the bit line pairs, and a gate coupled to the one of the word lines.

32. The array of claim 31 wherein each of the n-channel pull-down transistors comprises a

partially depleted semiconductor-on-insulator n-channel transistor.
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a gate dielectric layer overlying the sem conductor fin,
wr appi ng around the sem conductor fin on the top surface and the two

si dewal |

surfaces, the gate el ectrode overlying the gate dielectric

a gate el ectrode

| ayer;

and source and drain regions disposed in the sem conductor fin on opposing
ends of the gate electrode. 33 39. The array of claim 38 wherein the gate

dielectric | ayer conprises a high pernittivity mat eri al

group Congf’: Slthegxga of ¢

al um num oxi de, haf ni um oxi de,

selected fromthe

haf ni um

oxynitride, zrfcont urarl%ng‘)é?‘ﬁ ere“é ﬁ(f%l%q Trsenddily depletedesimicapuctoFtve-iGRaMrcel | of
claim 31 Wgﬁkﬁhﬂ:%%ﬁmnnméle d second fully depleted sem conductor-on-

i nsul ator transis

SRAM cel | of cl aim40 wherein the n-channel pull-down and p-channel
transi stors each has a channel region that is strained. 34 42. A CMOS SRAM

cel | conpsgj. Srlh@&ra £ Pidind 310&he9e1§l?1%%?s T h

I pl et e
each of the P-FDFEIs having a €O Sg‘fﬁ?ﬁé‘g @Sﬂﬁé‘gﬁeé%mﬂ@m&’rx%msa@@r
pot enti al uﬁﬁgtogstgﬁbgseqjodg%g@gmggma dral n of the other P- FDFET; a pair of
n-channel partially depleted transistors (N PDFETs), each of the N PDFETs
having a drain connected to the drain of the respective P-FDFET of the pair
of P-FDFETs, a commobn source connected to ground and a gate connected to

the drai 30Thear9RPasH B iR & n—QﬂanhQ%raRs%!tor has a Wld!l:] of Ebout 50 nm or

smaller,

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 semiconductor-on-

insulator transistors has a conductance that is smaller than a conductance of the n-channel pull-

down transistors.

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

insulator transistors comprises:

a vertical semiconductor fin formed on an insulator layer, each find having a top surface
and two sidewall surfaces, said insulator layer overlying a substrate;

a gate dielectric layer overlying the semiconductor fin,

a gate electrode wrapping around the semiconductor fin on the top surface and the two sidewall

surfaces, the gate electrode overlying the gate dielectric layer; and

source and drain regions disposed in the semiconductor fin on opposing ends of the gate

electrode.

33

I's ‘each: RS "4SBikhnel region that is strained. 41. The

pul | -up

transi stors (P-FDFETs),




a pair of n-channel pass-gate transistors having the drain respectively
connected to a connection linking the respective drain of the N PDFET of
the pair of NNPDFETs to the drain of the P-FDFET of the pair of P-FDFETs;
conplenmentary bit lines, each of the bit |lines respectively connected to
the source of the n-channel pass-gate transistor of the pair of n-channel
pass-gate transistors; and a word |ine connected to the gates of the

n- channel 39aﬁ%-ag9tﬁ k’r a3§i Et ors. 43. The SRAM cell of claim42 wherein each
of the pait of “hch&RHare Pagen dhe satediclseicdayer eonipsise a highlpeymitiiefy siteal

t ransi st or, : SRAM cel | of claim 42 wherein the pair of p-channel
fully deplsg%cge frso-lle;]nhllg% AP PUnsOf lanthanymyexide, plpminyinomige.dafrgunaoxide, hafnium
Silicon-oRgiqk tor. transistor.. 45, The SRAM cel |l of claim 42 wherein the
pai r of pla’é gﬁﬁgé?‘t*%ﬁ““‘y"%%i%p?l&t"%‘a"‘&@mn&@mefct or-on- insulator transistors is
a nmultiple-gate transistor. 35

40. The SRAM cell of claim 31 wherein the first and second fully depleted semiconductor-on-

insulator transistors each has a channel region that is strained.

41. The SRAM cell of claim 40 wherein the n-channel pull-down and p-channel pull-up

‘;, transistors each has a channe! region that is strained.
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42. A CMOS SRAM cell comprising:

a pair of p-channel fully depleted transistors (P-FDFETs), each of the P-FDFETs having
4 common source connected to a voltage potential and a gate connected to a drain of the other P-
FDFET;

a pair of n-channel partially depleted transistors (N-PDFETs), each of the N-PDFETs
having a drain connected to the drain of the respective P-FDFET of the pair of P-FDFETs, a
common source connected to ground, and a gate connected to the drain of an opposite P-FDFET
of the pair of P-FDFETs;

a pair of n-channel pass-gate transistors having the drain respectively connected to a
connection linking the respective drain of the N-PDFET of the pair of N-PDFETs to the drain of
the P-FDFET of the pair of P-FDFETs;

complementary bit lines, each of the bit lines respectively connected to the source of the
n-channel pass-gate transistor of the pair of n-channel pass-gate 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 pair of n-channel pass-gate transistors is a

fully depleted transistor.

44. The SRAM cell of claim 42 wherein the pair of p-channel fully depleted semiconductor-on-

insulator transistors is a silicon-on-insulator transistor.

45. The SRAM cell of claim 42 wherein the pair of p-channel fully depleted semiconductor-on-

insulator transistors is a multiple-gate transistor.
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