WD 2004/ 059703 PCT/ US2002/ 040868 FI NFET SRAM CELL
USI NG | NVERTED FI NFET THI N FI LM TRANSI STORS TECHNI CAL
wOo-L@DsY70001] The present invention rel ates i NPCENR2082/040868

to integrated circuits. Mire particularly, the

present invention is directed to an inverted Fi nFET

thin filmtransistor, and a static random access

menory ( SRANFETeSRAMEELIS USDNGEINVERTED FINFE €d

FinFET thin film transistors. BACKGROUND ART [ 0002]

One i nportant charBAINHIEM dRANSISTMRPcel | is the

surface area required to formthe cell on an

integrated circuit chip. By reducing the size of the

SRAM cel |, a higher density SRAM can be fabricated.

Al t hough many techni ques have been successfully

enpl oyed to provide higher density SRAMs, the demand

j d hi gher density SRAMs conti nues

TE(&ﬁggg%egﬁigggordingly, there is a continuous need to

produce ever smaller SRAM cells. DI SCLOSURE OF THE

| NVENTI ON [ 0003] The present invention provides an
(0008 hhyer t edhepriestat ivsHOT Telaes ip£8a¢1ak lorintegiatpdeircyitnt More

L e
statih@ddamSicogsk nfenmay (SR/AMI) celh thagissutisdduninginkyrtedFIUEE thin film

surface area, thereby allow ng a higher density SRAM
rans{goi8e produced. [0004] A first aspect of the invention

provides an integrated circuit including a first

transistor, conprising: a first gate regi on conprised
BAGKGROENDcARTuct or structure on a substrate; a first

body regi on conprised of a sem conductor |ayer, having

a first channel region disposed on the first gate

g| on . . dr ai i i 4

ongFS! 50, SAR BRI AT TSR TSR s

formrtgicelhon am chteprated cinchit chamsBg ratucmguid side dOtht ISR AMrcsll, a higher
transi stor nprising: a._ second hody regjon

densiy iy can B %ﬂ@a@inﬁ%hﬁwclpw ephrigisbaye ia% sHgoegstully

e SEEOT GO SELOSKANE, WGBS O i

SRAMs continues unabated. Accordingly, there is a continuous need to produce ever smaller

SRAM cells.
DISCLOSURE OF THE INVENTION

[0003] The present invention provides an inverted FinFET thin film transistor, and a
static random access memory (SRAM) cell that is formed ﬁsing inverted FInFET thin film
transistors. The SRAM cell has a simplified layout and a substantially reduced surface area,
thereby allowing a higher density SRAM to be produced.

[0004] A first aspect of the invention provides an integrated circuit including

a first transistor, comprising: a first gate region comprised of a semiconductor structure on a
substrate; a first body region comprised of a semiconductor layer, having a first channel

region disposed on the first gate region and a source and drain formed on either side of the
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second gate region conprised of the sem conductor
| ayer, disposed on the second channel 5 region.
WO 00539788 second aspect of the invention provi BEBUSI002/040868
integrated circuit, conprising: first and second
transi stors; and a single sem conductor |ayer that
fornms a source, drain, and channel of the first
first theamsi sgon; amba secoad eacistddweupled omthetfirsirtsinsistor, conR3Gle: a

A third aspect of t i nvention provides an integrated
secopd pd ftegw?l%&mar@mp {he gmigoRdugios GBI PR Segqnd channel
regldnnéh%rat s%?j.rdé' aﬂﬁ Blaih Tﬁﬂ%ﬁ%ﬁ%ﬁtheﬁ@&r & the bd¥ond | Efl‘a fngﬁ;@gloﬁ and a

gat e of I nvert FI nFET transi stor;
secof gﬁETegwmn(srnlsmgﬂtd of Wiessemicontiheoof faperf dlsm;sed osd)]nH weond channel
drain, and channel of the first Fi nFET transistor and
regiqfherein the gate of the inverted FinFET transistor is

[OOO[SBBS%Ct R cbehd Bediorif} 19%1{&16& pldvidds afili -Etetdrc%%ﬁit SdoRprising:

A fourth aspect of the present 1nvention
first pncbsacaied transisotapaid congle s&nmgnd@ﬁar@mv itdit figna a source, drain, and

or .fin an a substrate, wherein a portion of
ChanP%eOffcﬂﬂ nplfsglt:fﬁ%ﬂ%"f & gAgpidhe sesPndHansigfeh t ed Fi nFET
[0006] @nsi ShQhiraAshedt HOLY an%ﬂﬂlch‘pr@{fld@s 5 3 e::% atbd @f@@dlts t@hprising:

applying a sem conductor |ayer over t gate régio
a semicondetarrfine pb étvefed F’:EFEtTrtmmsmm,owhacm thdrBn hardhs a gagofithe

BT - R R o e .
draid ﬁﬁ@ Eﬁzﬁlﬂeﬁbﬂ’cﬁgﬁrsft Fﬁi@ﬁ?&lﬁlsﬁfﬂ gn@w%@feﬁl 8 FaRb1Phe iErted FinFET

Fi nFET transi stor; O doping the semconduct or
tranSIlst@res cwmehted td thestraldcqﬁ d‘r@tﬁrsiylfleFE'B tfapsistot.he sour ce,
nne the inverted Fi nFET transistor .

oo0df.3' & SRR Bupara! by BESb B GR Y Mev gt & mediitohorppsing
providi® a Fnc&lduclR TR o%ta°§ubst{r?99 QBlerdn i ﬂoﬁ'ibr?@fr%ﬁg tin %rrﬁsrhegate region

present i nventi on pr0VI des ‘a six device SRAM cel
of ancignertddsHinGET arapsistor afd cbalysegionpf e dfinHRransissor; ela:djnmg a

semipPifiloEbaser it hef ek e e FRRET S S e e body

regid@d fithOFinE LU RFanbigtok; villdrdin (hcAdesi SrLStof Ryer R8RS E 5bYBS, Wirain and
coupling the cross-coupled inverters to a bitline or a

Channdan teeimmertedolfinFRE tlansistonand 4 g0 gigiothef thx EnﬁlEartyanSIStor and
R I SRR -
of thgI !;rtﬁzl‘éi;tgcﬁ Fﬁlg Bt £Ristr @ndl b S66ov8 [d8PAR t§P 18 fordPthekdate B8Fion of the
FinFET transistor.

[0008] A fifth aspect of the present invention provides a six device SRAM cell,
comprising: a pair of cross-coupled inverters, each inverter including a pull-up inverted
FinFET transistor and a pull-down FinFET transistor; and a pair of coupling FinFET
transistors for respectively coupling the cross-coupled inverters to a bitline or a complement
of the bitline.

[0009] The exemplary aspects of the present invention are designed to solve the
problems herein described and other problems not discussed, which are discoverable by a

skilled artisan.
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WD 2004/ 059703 PCT/ US2002/ 040868 BRI EF DESCRI PTI ON OF
THE DRAW NGS [ 0010] These and other features of this

wo pwensd7an Wil 1l be nore readily understood frper/ukm02/040868
follow ng detail ed description of the various aspects
of the invention taken in 5 conjunction with the
acconpanyi ng drawings in which: [0011]] FIG 1 is a

Cross-sect i BRIEF DESCRIPAIONOETHEBRARWDFES t hi n
film transistor. [0012] FIG 2 is a plan view of the

Fi nFET transistor of FIG 1. [0013] FIG 3 is a
ed F FET thi

0015} 352 SFe 8ok Bhs Ao N HOE 3 B Db Pl bhdBsooo
froml tAY &dllowaie ddtSidestrifBonbfitise arh@Bspétie Wf @fe iaertiov @alte@dn
FinFET thin filmtransistor in accordance with the

conjyreéion fithi the @cmoirrmanym(dmymga 1cawl50h|s a detail ed
- .D- T
oot °5 7 P PR A erd i fina LBy R AR DS et LEE

trandigieent i on. 15 [0016] FIG 6 is a cross-secti onal Vi ew
of a fin underpass in accordance with the present

[0012hvent | BKI. Jigevign Bewof the BnBEE eresider ef diCadr am of a
00158 " P PR S ot Py ¥ it ruired g flfigpsisior

in acb&d@ﬁcetvhﬁl ﬁlle)pr%mtlhaé}ﬁiogt or SRAM cell illustrated in
FIG 7, formed in accordance with the present

[001f1hv ent i BK3. 4 i opla] vievaf a@ ifverted EmlfEddhinciilai agrsisrof a

in ac @at eanil ﬁxteor SI‘-\’{O«1 % fornmed in accordance with
tHE e Eh e iPAPER oA %' 0020] FI GS. 10-26 illustrate
[001’t5:he pr opEs S ik h@wtfiled cfoRs-8ddiend vikev BENPRhahriby @iveREd FinFET
NFET transistor (P-IFinFET), fin underpass (UP),

thin filrg rangiedr iRjagreEganceandi télp@resermmmmpn 25 and fin-based
d BC d
0018 et R ot ercdbrdh kTR e Wobliptilh B SR enipn e

preséitidvepfi®@uced in accordance with the present
i nvention. [0022] It should be noted that the draw ngs
[001Z} e rer BIG: 7sig hepkamagicrdaagran efi e gonvengonal six-transistor SRAM

cell.

[0018] FIG 8 is a perspective view of the transistors P2, N1, and N3 of the six-
transistor SRAM cell illustrated in FIG. 7, formed in accordance with the present invention.
[0019] FIG. 9 is a schematic diagram of a six-transistor SRAM cell formed in
accordance with the present invention.

[0020] FIGS. 10-26 illustrate the process flow for forming a p-channel inverted
FinFET transistor (P-IFinFET), fin underpass (UP), n-channel FinFET transistor (FinFET)
and fin-based buried contact (BC) in accordance with the present invention.

[0021] FIG. 27 depicts a layout of a SRAM cell produced in accordance with

the present invention.

[0022] It should be noted that the drawings are merely schematic representations,
not intended to portray specific parameters of the invention. The drawings are intended to
depict only typical aspects of the invention, and therefore should not be considered as

limiting the scope of the invention. In the drawings, like numbering represents like elements.
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not intended to portray specific paraneters of the
i nvention. The drawi ngs are intended to 30 depict
wo@piog/0597p3 cal aspects of the invention, and theeE{S2002/040868
shoul d not be considered as limting the scope of the
invention. In the draw ngs, |ike nunbering represents
like elements. 3 WD 2004/059703 PCT/ US2002/ 040868
BEST MBS ORMEHRMONT HRYiING OWENHIOINVESeBloNhe
present invention addresses the above-nentioned
problens, as well as others, by providing an inverted
I NFET hlnfllmtran5| tor n static an m
10023 Coss B risy Trehiy ciibes flibive Thinhed RbRGhs. as well as
others "B’}%ﬂoeﬁlln@ eﬁﬁﬁ%ﬁé@l‘ FinfTET PAih FiAA $a8i0S an[i Q@’?a‘h]c r&dom access

cross-sectional view of a conventional FinFET th
membiyl (PRAM hedlbthet is formied usirlgl inredried thaeF B Ththin Glm 1ran$\siptsan
i ew of .t he Fi nFET, t.ransi stor
002 & 5. Al Ionak R SRR R Bl o 10 i
luustfr&éml@ 12 H188 Vel dNHe FRAFET tlesls®rao s ﬂluk@é&@d upFIG 2. In this
The Fi nFET transistor 10 conprises a

exantph) |tlmeialF1h17ET drensistont 0 isi formeshoman oetlatinglayeral? (@ a0 layér of $i0,).
em duc mat er. al a gate.16, .for.med of .
e SR PO Dot iF dr S BN B R ofpor suiable
semibHINLIE nRAWeTa], he afohfd 164 forMed '6@?61%1113&1 biSoth& sRble BoddiRtive
portion of the fin 14 fhat ends under the %ate 16.
matepigl, ghmmg ¢vier thedin M. Alshargslit & & foonediia thie pertior 1 e fith 4 that

xR 55 L TSR D3RR 2R e

transist@NDi 23¢ Weatdd at HY§Josihe enflObf tBX GATIYE Ths HBhdfRE povided by such a
reduced power consunption, and 15 faster smntchlng

FmFEEr’f@@Sla@él@ gnclusis, ﬁmawneleg@maéler size.ueduged et CANSENAEOD, and

an £0SS sect|ona i.ew,of
fastel iR Ees o iy bl el SRBFAREHIB0RmE Gl
[0025] t h t h& chésesedtionaVviewtdran idverted FHFPTAh B InDtrinstorB0 A
plan view of the inverted FinFET transistor 30 is

accordanesswith thecoresentingention inglustiaid in FI6. 3hed pleneriewf the inverted
FinF BT stof 30K RSP B, b A R WRURAL S L AFRRT Gopsitor 30,

i conduct or
a fin 33 ﬁaﬂyﬁf@nﬁ@ oB4iliedn bﬂ'kﬂh&rf s@i’t&bl& b@hicofidichemdteddl, &3s as the gate
he source and drain, as would be the case for a

34 ofi e rtr@aslst% rather thamasshe bedy, seurge ands@aingpegould bpythe gase for a
o AT anl PR LS o} RTo o8 e S8l oo

suitablR@emhaomiictiZ8mateeidl, cfsédd the Aimd2 diidfoimd Zhedodhabih€l 38, source 40,
i nverted FinFET 30 transistor, rather than the gat
and dgaingg atdhasavented IHRERT 30drangisto] spibay then Hempte, paenklRsrthe case

for aggjn LT ﬂ&ef Eén%tor](e %) e TR, 1528m(ﬁ8&dsléﬁlt1@)ﬁldé&gr and conductive

I ve
materials, known to one skilled in the art, may be used to form the fin 32 and layer 36.

[0026] A more detailed view of a p-channel inverted FinFET transistor 50 in
accordance of the present invention is shown in FIG. 5. In this example, the p-channel
inverted FinFET transistor 50 includes an n+ doped silicon fin 52 that acts as the gate 54 of
the transistor 50. The gate 54 is covered by a layer 56 of a gate insulator (e.g., Si0,). A
layer 58 of polysilicon crosses the fin 52 and forms the body region 60 of the transistor 50.
The body region 60 includes a p+ doped source 62, p+ doped drain 64, and channel 72 of the
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25 materials, known to one skilled in the art, may be

used to formthe fin 32 and | ayer 36. [0026] A nore
wa@ledoaiosead vi ew of a p-channel inverted Fi nFET PCT/US2002/040868

transi stor 50 in accordance of the present invention

Is shown in FIG 5. In this exanple, the p-channel

i nverted FinFET transistor 50 includes an n+ doped
transidtoi SMMTHd ¢habel 7Dt cladds $ighty phlep@BiIeaﬁdh cﬁfher tide of the gate 54 and

transi stor 50. The gate 54 is covered ayer 56 of.
beloy Passs ﬁ%ﬂhl‘éli e f?]énﬁéi on the glgj:s ofghe gapsdg@rr 5(}3— gn%fnay comprise, for

exa L:y§ib| 688%] ELOFRE ?thd'a ed éoﬂr%%za%%i &Eg@gy&?lga g}?ﬂg géf%eél region 70 of

redi on”60* of the trans stor
the hotdylregiels6@d¢a:ated©peldhs galbdé ﬁf{bplya'he dpmd] T with pé#pe editiers. As
) ghannel 2 of th et1804/ 597?3 PCT/ US2002/ 040868
will B¢ Fresnsedin GenterrieiniCpelasane pstamal inveged Faltlyrapsistpsed, the

oper%tréﬁ?‘%mcﬁg{r 2%][6 Sk %lgdél &gﬁrécﬁﬁ b8&HhiSe 514?1@55%&}% eSS Which

i ch es o transi stor
compifises ahahnehy?2,congefil se thef mrl- u}'edewmqﬁ iea meﬂl JNé usedtsuch a p-

charpgp ISR gk 1 BHES Moy A RGO 60e BB oyEl b et with

rega§i410 ﬁ@p@l AertifCartl g%‘(ﬂféles e 1 o'ﬁggt A ?{H‘Ece ﬁfvsca'o?%&‘é&RAﬁﬁ cell

presented in gr eat
comparcdh tmzn SRAM] velt designed nFEg comens dstl @M 66 tedhingjues.

o0 BRE" o490 L e 2 X GRS, Bt iag o

of ch -cHafind1$6¥erled @%ﬁﬂ”[etrﬁiéiskor%@ HeMited abfved f%?@%rﬁﬁllel the fin

e use of such a p- channel i1 nverted Fi nFET
undetqpaa 80 snabedes @n naldopgi silicdm fitn 82 fhaniswoderep &g sn 8kulating layer 84 of

2 e SRS T oF Sy b rike B P ooy rteddind P oy s thowever,
the 1§%r 69 Pp@glﬁeoﬁ 86 ﬁmﬁﬁxgl\AveﬁipAlg el 9Redionsd.Nls &%Vﬁﬁtﬂ d

eChni ques |Tustrated in FIG t
polysiliporulaglerr &falwm@)vhlasn@ssnmmedj frems thein+adoped ﬁlnfS@tby tbé insulating
1 %g p- channel inverted Fi nFET transistor 50 descri bed
aYehhbve. For exanple, the fin wunderpass 80 includes an

[0028] dOPe@ @h@:ﬂl&tﬂﬁdlﬁgrﬁm&% alddabediRnAIReHekiYr FOAM cell 90 is
insulating layer 84 of a gate insulator such as Si02.

illustgrted keFXhd. pAs kafm\m in theady the $REAM FEIT 9 rizaksdes tagrairxd cross-coupled

1nve€ﬁr\é\% : 5?14 té)zs%c?rtg gﬁl_@ %&ﬁgfa@%hgf n(%%nﬂq_ gglgrltgntgansw?ors N1, N2 to
read RBH W&ité b AN bitEHEBNeAThPADELSOPYR iny@Res 05 JunsH ! ©iflines BL, BL

from the n+ doped fin 82 by the insul ating |ayer 84.
(BARD 0PIy inperserif@rinelindesdi raghaanelgfullaupcioansistariRreald a n-channel pull-down

S R B SN R g pRAT dtedsiilop b fnd a
chan@él ﬁﬂlo&ﬁm?@bztﬁhs@& N4. The operation of such a SRAM cell 90 is well known and
will not be presented in detail. When such a six-transistor SRAM cell is produced, for
example, using an industry standard 100nm node (see, e.g., Brighten et al, “Integration of
High Performance, Low Leakage and Mixed Signal Features into a 100 nm CMOS
Technology,” 2002 Symposium on VLSI Technology, Digest of Technical papers P62-3,
June 2002), the resultant standard SRAM cell size is approximately 1.26 um?‘ . By using the

processes of the present invention, however, a SRAM cell can be produced that is
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20 inverters 92, 94 to store a data bit state, and a

pai r of n-channel coupling transistors Ni, N2 to read
w@nw40s970 a data bit between the cross-coupl ePCT/US2002/040868

inverters 92, 94 and the bitlines BL, BL (BAR). The

inverter 92 includes a p-channel pull-up transistor Pl

and a n-channel pull-down transistor N3. Simlarly,

approXitatdly 65%&IT (dsizd 6l ddarlanl SR ANBEIEDropuded-ugidg an industry standard
transi stor P2 and a n- channel pull-down transistor

100 pp nogpre operatl on of such a SRAM cell 90 is well known

[oozéfd 25 Wl % %ﬁem%{: glﬁﬁﬁét% Fz”ngIggi N; (gi%e ”/))ﬁiéﬁ{g Pp-channel

ranS|s rodu

invett&d RQFET ttdﬁdﬂsﬁ)ﬁ firy agbaRdey wWitl &&W%ﬁd@vér&ﬁﬁ aed §vo n- channel
Brighten et al, "Integration, of h Performance, Low

Flﬂﬁadmg@toaﬁdemmlm ysirgtedhin flos 81 e PEoCcesslovTaferming the

PSR 00E) PHEBSSLARL R, X5y S e L v

buri&l @A, Gtvﬂl’&él]zﬂrésehﬂed&i d&ail Belappr oxi mately 1.26nm2. By
usi ng the 30 processes_ of the@r esent jnvention,
[003fbwever Asghermm B 18, siliprno@nsphie ﬂj%@ret wal@edi i thessapgg process step

ona %}?@Sﬁ/a%s %%%11? G fM‘?égg d{ O%R&%? 0161%{9/ %mpnse

I'ze of a stan pro uce

differéid poitioys 6 thedamd finl @0lapen maa’ poly3izeh eiﬁbﬁds‘ bBtW&tn, and passes
of the transistors. P2

overgbe i 1o el i APARKT LY ae@?sge% 06 Pl oasa fredied in the
sam%"%gltogests gf‘egr [s(ﬁ'f‘eel ger l@ﬁ%@é})gﬁhl i, e %s\é@ o%r%ﬂ@ﬁﬂ@é eﬁ% égf) gf tal fin 100.

ansi s pectiv ustrated

[003The pr oTe S thavp ffanndlanverted FidET trmsmtdirdm E|anEﬂi of the silicon
ransi stor. and Fi nFET transi stor

fin 199 et paereddp grogdues Hl%&?é% Oé &P @hﬂ%gﬁ@a@ﬁ O?anlﬁ;%gl 04 of
poly?iﬁl?c?‘r?ﬁhﬁdddﬁgd ?(?g)"i‘fnl a L2 g ouh rreﬁgl]j gﬁ‘ﬂt %&9&9@ 1R chhdfel $12, and

102 e sane ‘process
drairs 1 Bpof Rh Bheschasteldl 2 of Fh passesl oveo thef gates 1 AR OT he]s@ﬂrcmi)l 0 and drain
r ise 10 ffe r

ri se se arate fins
114 gﬁ?n?ﬁr@r%%caéff ehaither side pf the g&% €P4°°€fle‘i§6$ § fheic BIFPEI 112.
t ends a
10033K ! & o THE BB Ri AN OSSR OMAPEY Han S OE K350 e source
116, fchanredl 118) anfdrais a@@ ipfonmed asisg e pightly toyged myeon di(}the Gif 102. The

on|I|c asses av he sid 1.0 fi
zate 10 N?oa%nn Faspg @%D@Fﬂaﬂ Sothe mpviteaa Ty i ‘Thus, the
poly. dl:i)lpe Y ?&Of(mpg usél B35t 18 eg‘afe 1t2t2%f§\5 3 4fQBe S(gdrE‘e 1) chéhnR1'112, and

0 produce the gate 108 of P2, whi a portion
drairol 14 6&P2. ajerthet, Gle pcBlyﬂlﬁccpdlaym 1104 comnécts the gato @23 of d3ftothm drain

114 %gf) dX seﬁ"galhgne r?lgtla 31110136 t(not S ou ; Cseuc% as Co%%?cr:]aqlebe useg to bridge the
n+ to p+ junction in the polysilicon layer 104 to ensure good electrical conductivity from gate
122 to drain 114.

[0033] The body region of the n-channel FinFET transistor N1, including the drain
124, channel 126, and source 128, is formed using a lightly doped portion of the fin 100. The
gate 129 of N1 is formed using a n+ doped portion of the layer 106 of polysilicon. Thus, the
fin 100 is used to form the gate 108 of P2 and the drain 124, channel 126, and source 128 of
N1. Further, the fin 100 connects the gate 108 of P2 to the drain 124 of N1.

[0034] A six-transistor SRAM cell 130 formed in accordance with the present
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drain 114 of P2. The channel 112 of P2 passes over the
gate 108. The source 110 and drain 114 of P2 are

wo cwansrtodn either side of the gate 108 and arBCT/US2002/040868
connected by the channel 112. [0032] The body region
of the n-channel FinFET transistor N3, including the
source 116, channel 118, and drain 120, is forned

inventfong ilfusirhightid FIGIop eﬂleFBRAMQRIIQB Otdperafdsﬁn 4Q@3nvehkien Afnner. The
S gate 122 of N3 is fornmed using n+_ doped portion of

eclhbi0yis ifprmedrisingytee m@wnneﬂhr@serteti énF tr'gl/@ﬁlat?ré &1, P2, four n-

TP 2g450, 00, (IR GO, AR v

basef biitidiedontdcieB OO BGL, IBCRBd4yed BU3I4 mahe SRAM bé"le lgmﬂ& underpass
122 of N3 to the drain 114 of P2. A self-alig

UP1 jgHows thejcopdycgize pabtbeswrenrie d3ineof M aiggh B to é’éﬁla%el&ié’é%? under
the cf)f?d&mgggh%@ﬁveeﬂ*gésoarfzfﬁaw NS 1ohi Aty thelBeROLTE] LIERI: the
ayer rica

t'o ensure good €l e con IVity
condgai\&: pallbbétR@ert BCdraad iBCIZZIté indulitizaly pheudated yher @gdﬁmwe fpath
n- channel Fi nFET transistor N1, | cl udi ng il
betwa%Bﬁl am@B o RHTE oI cPOmbRagion £ SUIUGureR dhertsgout of the

SRAWE !:89 i s?ﬁi}\]]lfyaddﬁiﬁﬁﬂe 0 BOE N s‘?iAML% f1'36 éslggrrutfl'%ﬁlyo educed

gate 29 0 using a n+ [
compah]ed foaystandhOBSRAMp odlywith kit ar mihinsym fdmalre fslzas f@dudes using

o GHeE TR ar SR e BouoSE N AVFerl hiol Bnrprai
el RSG5 B0 S B0 B RS e v
n-chamebF i@ RT dransistor t fireuptegmes tand GnWas@DA1ed59A0B8t in accordance with
o SR BT S 0 1,
0BTy By P, I

p-chammahgsivetted BinRET tidRsistB, n-cdradndlFinEED trhnsiston dierupdepess, and fin-

baseggéne%tac%gm{elgﬁg r%%gmg?ﬁgc{%dﬁggg q%gg gg}p%%ggs g{%%ng, depositing,

and fgﬂgfﬁ{tﬁg?&ﬁ? ate ndéesélllﬂ B4R obh1ea1GORAYGE dnbG1dPEH ﬁbt&ﬁh‘ﬁ@ﬁﬁmﬁ@ﬁ the

BC1 to~insulatively pass under
spectfmntttels irempiged td préorvethnseBED s davde BES. onSitad lﬁarurgvltytdmé clarity,

thescTririage pona irdeis Aoy vy BESEHGLR BrlS e sdSetroBo s s
proc@s%fn\ge esHBEY AR Eldted Bt RN ﬁlate%ammngw% £6 HHRE Qﬁllé&){h the art

of Structures, the layout of the SRAMcell 130
may smpfor pidichf thahatehielssisedinghe farmatmanf the Ipl-clmamel mssverted FinFET

v L RS PO BT SR, oo
although described below for use in a SRAM cell, the p-channel mverted FinFET transistor,
n-channel FinFET transistor, fin underpass, and fin-based buried contact may also be used
individually or in other combinations in other semiconductor devices. The doping of these
structure may also vary. For example, a n-channel inverted FinFET transistor may be formed
by using p-type doping in place of n-type doping and vice-versa.

[0036] Initially, as shown in FIG. 10, a layer 142 of SiO, and a masking layer 144 of
Si,N, are formed on a silicon-on-insulator (SOI) wafer 140. The SOI wafer 140 comprises a

silicon substrate 146, a buried oxide (BOX) layer 148, and a layer of silicon 150
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known techni ques. Before presenting the | ayout of the
SRAM cel | 130 of the present invention, an exenplary
w@e@emeswod | ow for produci ng a p-channel -inverP@&nUsS2002/040868

Fi nFET transistor, n-channel FinFET transistor, fin
under pass, and fin-based buried contact in accordance
wWth the present invention will be described wth

appré}ﬁﬁf&fefﬂy SO kB ondPthdk. The SON3RYed iB phﬂt@néd)éﬂcpeytbm@l to provide
exenplary description of the process flow for

Si;Npstegec | 37gthat arp apaxinwitely Agete éanrlnuvmiET transistor,

chann Fi,nFET .t ransi sty0
o0 RS, 55 5 BRSO L i e
etch&i t@ﬁbﬂﬁi SiG,tshhfiRi 158 as ﬁlﬁ(ﬂz\m HJQFIGjQIDOS‘hé Si’(gz layeand? is ﬁrst etched using
i npl anting steps are described in general terns

an alysmmp@p ¢eh.nbhisip foHawed by Ab irgHopis@x1dgséd wuaéﬂ@é‘thﬁuﬂr@l width of
the %@ red15t4o performthese steps have been onmtted for
eVl y and clarity, 20 these details are nonethel ess

[0038E! | KNIAFIQ. Q21 4T etriplpiel tRel Si,N, tipeal 32, @ie SiO, shapes 154 are used
sem conducting processing. It should also be noted

as a magk dwringenrraisotrapicetdhanfshksiboan lapert 138s dhs idhingstons af e surface

of th]@ ?Or%?’ay%n?g Stthe r%sul%ﬁt‘.: Sﬂrllé; n f}ir%\“j’le éggi@? nlééﬁis glgd HISIS tf’f‘gvmg a

width baasiretieiately '11@1’[‘1@(51 B@hm Fird kel tb fads thetfr porfiok of a p -channel
underEass and fin-based buried contact. Furth

invered Wadigh tepasisior gedF lsﬁﬁhaﬁwun%@aﬁﬂ@)%whwa FlrtFlEé" transistor
(Fin%f})g%@%?ﬁn hikeg Ft)'hﬁgd Eélrﬁnfcﬁ';{%g Sgg%ycé"r P58 oféacﬂ gﬁ?gﬁﬁuappr%fumately

Fansi stor, ase

1.5nea0t6aat thfmylsaﬂleﬂgrbﬁn waehe sﬂﬂﬁﬂthéhiﬁbd@/ﬁﬁ 156@&-@‘: hlﬂfe layer 158 of
conbi nations in other_sem conductor devices.
sacrifisisl RY.grrotests dhe slgon fins o8 Amaipr 4. 984 daiye. aﬁ&bseé%%malamaﬁon
st pa n-channel inverted Fi nFET transi stor may be forned
‘by using p-type doping in place of n-type doping and
[0039] ce- veRsghotdr&Id Bjask Mayiet b0 Ls thaSa@he&Vﬁlnd pattekifad tdBeleetively
| ayer 142 of Si 02 and a mask 144 of . 30 Si 3N4
expoge therfgisne§Ae hd 6B, apd |1é61HﬁéH1L}SH§ﬁ9da% ﬁl&G (1§0T)hem bYoGgpains

I
ool 56 UL 00 Ry U R, e
implamned ¥iaibh 20141687 hdo PEBkPS2A GRS 0360868 6Ba apd 06Dtk )‘]m 156C

30nmto 170nmthjick. The Si | ayer is _patterned a
remaé@scw@ep% §5PER d dhe Igrr@mn%ﬁlagégay%lgsot hzafteralgrgﬁantauon i

remﬁ:ﬁﬁ% } YoPAHA thg sgbglﬁ%hgsg% 1F3ﬂe99§§%re%h dt%gs %F)l/er 162

as a mas ayer 142 15 patt
of ga® dlsubtcﬁj'@ldh woSiQyrintiinGRowhappssitéd dn ds fHdsoliio Al, A 568B,G56C, and

1561335 UBER RS B BB, riteen SHasndue TEpsiifon oteB greosied toa
thick¥s Lt phfoRith Qe FAUMR to 73 8n "I“h%lthﬂq?ésy oPfhe undoped polysilicon layer
164 is less than the combined thicknesses of the silicon layer 150 and the SiO, layer 142
(FIG. 10). A layer 166 of a spacer material, such as SiO,, approximately 5nm to 75nm thick,
is then deposited on the undoped polysilicon layer 164. As illustrated in FIG. 15, the spacer
layer 166 is then anisotropically etched to form sidewall spacers 168 on the undoped
polysilicon layer 164. At this point in the process, the fins 156A, 156B, and 156D are n+
doped, while the fin 156C is undoped.

[0040] In FIG. 16, a photoresist mask layer 170 is applied and patterned to selectively
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the Si 02 shapes 154. [0038] In FIG 12, after

stripping the Si3Nd shapes 152, the Si 02 shapes 154
W@e@405%0 as a nmask during an ani sotropic et cPCDiS1005040868

silicon | ayer 150. The etching stops at the surface

of the BOX | ayer 148. The resultant silicon fins 156A,

156B, 156C, and 156D, having a 10 w dth of

maskedIP R -EheE Y rég'ldSH Ar8uRPIMBinal 5B AUS Bt i -Slidinblngvértdd FinFET
portions of a p-channel inverted FinFET transistor

trans{sporliFiotrEfpymed Theexpashersidesell(spmers B6Gmaxh emihelfingil AER5TL5S6C,

and (e e fpttoni Gl SoB L . BRapR s Sl SRAeqy egions

exceﬁt foPRetBC Ripiad 41k 6Mectivilyl kel bERVILIOR BU]ﬁl(ﬁdréﬁ& ©dskt17e. The
ilicon fins 156A-D. The | ayer 158 of sacrificial

polygtlm 1pYQit]éét11$ thetpapeseriBloreeidmmis theniehsd iawiey ead thgrferposed layer

162 %ur%% n&égg c%%' Fig{hg rﬂ%ﬁ fgts ed ;cl{éf pf t gﬁer th% %a%ﬁ]l 7£‘has been

strlp;&f{‘ltdv@f gehih ﬁllﬁQWEQYUIV é)}éd pSPSI@KDL@@ﬂ Ish%pf)smbﬁ ad Sfwn k5EB;. 18. The
nd 156D as illustrated in FIG 13. The fin 156C

pOlYS‘llf!@ﬁii lager 186\1%@*@@9“&?591}’@@6%%4( Vit aimagl Gnot shown) spfgstively covering
the oﬂloeP ?tr&%turgg" \l}llltzll'{ﬁg sﬁiec‘wﬁr%ﬁét ?r1%§ ng)ﬁttgli efgﬁ g%( 61% gre dfg(ﬁgsed

[0041]56A 1Phéikxt s uilﬁl@@roc'Eh@lsfllhﬁEtrh&GCﬁl FRO. 1% rmlpaﬁlcular a
undoped because of the remaining nask |ayer_160. After

PhOt@fﬁ?iFtdﬂ@SéftlﬁW 176 fsedeppatedand patieraetk to eoyer the SO T, AL, FinFET
and ﬁ@%&l&# ¢ "ﬁ'{e u%n%%k% gz[s of ﬁ?e mﬁ@tn(}gye‘?g 1@%"'51)74 afe th8Y Blched

[ nsu
awayd rmm@yael t16d iohei Etﬁpf)d:dlﬁwe)]yBMhoﬁfﬁﬁrBFIG.%ﬁ A &opdview
156D as illustrated in FIG 14. A layer. 164 of ungo ?%A
1ns

corresponing foddf. 29 ix meWdedpoliG 2d- S this P?IHF BKhe BEOCES,

TSP PO i S0y gy e 164 1

undopedibi ned t hi cknesses of the si l'icon Iayer 150 and the
Si 02 |ayer, 142, (FIG 10). A layer 166 of er )
[0042kt er i a ,ss%%rhmaéle%zﬁ n-ypplanialickaretist AR5 415 deposited and

PO . v

potcSS s B BRSPS MEARLAIYY Lot

phosbﬁ)ﬁﬁﬁ oﬂﬁﬁem@ i theﬂ irapliastet vépion anpnetioh édo the traoped polysilicon
spacers. 168 on the undoped pol ysi l.i cgg | ay e

leyers é@4 Wﬁ phihg Wo it HTanddaC pesenss s\ iar fapfaniaiion amatk layer 178
sl 1500 o1e [ 00000 e e s
[0043]70 i s Appp viesh conetsppatdirer toddGt 22 sairevitied/ml BIG. 83 WAL this point in
the pr(())c%gs/ %%gqggA PICSTBUEI% 6/])()2}%%& doped, fin 156C is lightly n doped, the
polysilicon layers 164, 174 of the UP, FinFET and BC regions are n+ doped, and the
polysilicon layer 164 in the P-IFinFET region remains undoped. The formation of the UP,
FinFET, and BC used in the SRAM cell 130 of the present invention is now complete.
[0044] As shown in FIG. 24, a p-implant photoresist mask layer 182 is then
deposited and patterned to selectively cover the UP, FinFET and BC regions. A p-type
dopant 184, such as boron, is then implanted via ion implantation into the undoped
polysilicon layer 164 of the P-IFinFET region. After implantation, the mask layer 182 is

stripped away as shown in FIG. 25. At this point in the process, fins 156A, 156B, and 156D
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mask off the P-1Fi nFET region around the fin 156A

where the p-channel inverted FinFET transistor is to
wheoohosatesl. The exposed sidewal | spacers 168 nBXI/USI02/040868

the fins 156B, 156C, and 156D are then isotropically

etched away. Thereafter, as shown in FIG 17, al

regi ons except for the BC region are selectively

are 1¥Bgdped, faf 156 1shightlBe deped, eiesdigdilictslkyetd 264, Tie i®the UP, FinFET
dgolysulcon | ayer 164 in the exposed BC region is then
an

Cahgignawanleped.had éb@gﬁ%ﬁ@@hqoaylwer 166 e FoltieF 5k regéon is p+

dopet%ﬁhgﬂ?séépleaémﬁgr thh %éi%\'?&fgﬂ Qs 1§8 a;é;l/ﬂ%ﬁ&gi ﬁﬁﬁ@( f(a )?%tely Inm

to 6rph tHiElEGPREWH O 6P bﬂe%rﬂe@oﬂﬂﬁl@&b Fed. 255is phetied in FFGR6. Spacers,
18. The polysilicon layer 174 is selectively etched

selegiiye iligorsForraerksiin epd gats iseniagts gt ther arpdied (R \wBPWRLAS Reke

] til the sidewall spacers 168 next
cmﬂgégfal%?ﬁ&ﬁ¥§%§%ﬂﬂ exposed. 10 [0041] The next step

[0045D the EI@CEB@pﬁcﬁsalah/Uﬁﬁzoeto@dn ISRANIGell 130 (deB, e.g., FIG. 9)
particul ar, glhot oresi st mask | ayer 176 is deposited
prodyeqd laa'ﬁcwﬁw@ Widh the pEgsert HevepLipir; 'ﬁhﬂEiayommf ths %Ré%l cdh B0

11101L}%§y é?(gb-%g%’meigﬁrefwf?ﬂﬁgﬁ t%%ggt% dsolg tﬂi;fo%l)_héﬁ%% ‘f%ﬁlgygrtransistors

N1, NZ6NB sarkde4) t&b finnpeerpaway UR$, §hpvundifiveFlnGoas2®bured @mtacts BCI,

view corresponding to FIG 20 is provided in FIG

BC2aABCBRBEApaidrCY, r?a?lh@“ﬁﬁ@ eve%%ordﬁn%wwﬁ progesy 56, de&?ﬁlad in
J
FIGS: i@[&@r %lgg%]ﬂllcgr; fei??(% % ﬁﬁsl@glg(?zgﬂ(ﬁ n% grgcggﬁéj 506a01§-§? FE 26) are

labeEﬁQWﬁFlNT il FEG. 22 THe pblysﬁﬁd:c&ﬂhy@h(ﬂ gl[ p@lyshcdﬁa]:akerh 39£r106 FIG. 8
1. deposit ectivel

and P%Slbcqqﬂ.awﬁ@ elgﬂb e 1hslag' %S;}‘BQ%’plarﬁIGi% Tag fapout00 produced
in adlggfqﬁﬂ&o&lﬂﬁ ﬂ{%:rpré’sreﬁ?ftﬁk&mdngs Elﬁgﬁ'e &y é’@tﬁé ggmi%% tlllxa‘ﬁrh SRAM cell

antatiron‘nto e undoped p I con ayers
demgxﬁ‘bd usihgdnooh GMOSUBShnkques:-ET and BC regi ons. After
[ , the mask |ayer 178 is ed a

[004353822{] ‘1 ﬁi% g?f"@‘?%&ﬂ%ﬁ%%%‘@ﬁﬁﬁs ppeptp e% fhs} %maﬁ%é brsa
el AR BR YT dopd e LRSS dtynd Sihuscveor o

limitcthp @dentidreto the bsesisk lfmrnndlb(ﬂyﬁdsaritﬁdbwduﬂ@/ nfany Im})dltﬁt;atlons and

Fi nFET and, BC regi ons. ar.e n+ doped,
varigiong afe neeghe el 11193@&?&%8@@@&{%9{@&?@@@* hsrvmparal f9 person

SklﬂH(P Qpﬁg drt afd it QE@H} Beoiﬂ?lﬁ':lfl% d WehiHRhe s o:pE‘ bEthe iANGiBFa488%hed by

e SRAM ce 130 o e present fnvention IS now
the acomrppzmymg cl{um44] As shown in FIG 24, a p-inplant
phot oresi st mask |l ayer 182 is then deposited and
patterned to selectively cover the UP, FinFET and BC

INDURGHENAT, APPRICARALITY

The invention is useful for integrated circuit processing, and more particularly for
producing an inverted FinFET thin film transistor, and for producing denser static random

access memory (SRAM) using inverted FinFET thin film transistors.
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dopant 184, such as boron, is then inplanted via ion
inplantation into the undoped 30 polysilicon |ayer 164
w@bootios9783 | Fi NFET regi on. After inplantation, POEURRSX040868
| ayer 182 is stripped away as shown in FIG 25. At
this point in the process, fins 156A, 156B, and 156D
9 WD 2004/ 059703 PCT/ US2002/ 040868 are n+ doped, fin
156C is lightly n doped, chaampysilicon |ayers 164,
174 in the UP, FinFET and BC regions are n+ doped,
and the polysilicon | ayer 164 in the P-1Fi nFET region
IS ( doped under the sidewall spacers
1.Afég§g%ﬁg) téOé%ﬁ%%%n (approximately Inm to 6nm
t hi gilkst tﬂaﬁélgt@y\@z)ﬁc(ﬁmlsmgew corresponding to FIG 25 i's
provided in FIG 26. Spacers, 5 selective silico
s ource/ @ ﬁast rga@rreglgat(ko spmprses of peemprond BYPY $t@k9‘ﬂ{fﬁ ©6t00) on a
%ﬁgg conventional Fi nFET processing. [0045]
7 deplcts a layout 200 of an SRAM cell 130 (see,
e. 9., FhGrstHpdy predstiamaprisad afs seraliacwdcydr tidyek (04D, rlﬁs'ﬁigta first
i nvention. The layout of the SRAM cell 130 i nclude
t wehasnglyssion|(1 m\ﬁgﬁppé"di q thefirst gaigregion gpd a paurcppl 10? @aﬂr drain
n E N3, and M4,
tmgh??ﬁﬁ%ﬁgggﬁggg%%&%g#ﬁéﬁE%Cﬁgﬁgh?F%%'fln based
and buried contacts BC I, BC2, BC3, BC4, and BC5, each

formed in accordance with the process flow detailed in
FI &ssecongd trapsistop ENY); qovﬁlsﬂ tq thﬁér%téragswtor». REPIGHE: 102,

l:::IGN 8| QQ%I éh%gg}f’%] %é?ys%l P%%)ﬁ 3%8?!%‘?'%&] Hilofite (102), having

poh ysiond channlebyegica (108), antl@Goufek Gl 1@ and ddhip ()12503 foriredron either
| ayers 164, 174 ar? | abel ed as "POLY" in FIG 27. The
Ia?éﬁp %FEH%% 1%19Th 28¢€cor dance with the present
| nventl : Bﬂ\j/le I
desi gne %dsf’?ﬁgag%%ﬁngwo% egﬁgf}éig%g%s Og(zh(i off PﬁOh)
f odsgaied gndes sacond clemnelfregiani ous aspects of the
i nvention has been presented for purposes of
illustration and description. It is not intended to be
2. TRX MaEShied @irbhit chmlzﬁ M \Whdrbi8 thdWeantdRRiclop stiturlR’(860, 362
formdi sclosed, and obviously, nmany nodifications an
comP@segarsilabndms ar e possi ble. Such nodifications and
variations that may be apparent to a person skilled
in the art are intended to be included within the

2 B¥h Bferted
3. ’[?6 gﬁ@n%ﬁfe?h%%%kr%? %%%A%gﬁ?éce,&gﬁé ARMrMsistd NP2 REGRFRR erte

FinFET transistor, and wherein the second tran51stor (N3) comprises a FinFET transistor.

4. The integrated circuit of claim 1, wherein the drain (114) of the first transistor (P2) is

connected to the gate (122) of the second transistor (N3) by the semiconductor layer (104).

5. The integrated circuit of claim 1, further comprising a third transistor (N1), wherein the
third transistor comprises:

a third body region comprised of the semiconductor structure (100), having a
third channel region (126) and a source (128) and drain (124) formed on either side of the

third channel region; and
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25 The invention is useful for integrated circuit
processing, and nore particularly for producing an
WO pooaf0sEa3 Fi NFET thin filmtransistor, and forPCT/US2002/040868
produci ng denser static random access nenory (SRAM
using inverted FinFET thin filmtransistors. 10 WO
2004/ 059703 PCT/ US2002/ 040868 CLAIMS 1. An
i nh@l@fcﬁgsﬁd reidicUR) corpptred ot 1hg;semidohfigdiort 1a9eI1 86)Pdisposed on
é- conprising: 5 a first gate region (108)
the tagshagglregona sem conduct or structure (100) on a
substrate; and a first body region conprised of a
sem conductor |ayer (104), having a first channe
6. Tﬂl@@lﬁteg’ral(edlb&):ulﬁbﬁﬂmﬂ xmnerélhehef fgats(logabﬁthreenktqfan&m)r &r2) is
sour.ce and drain ormed on either side of
connegigd £ Fb§tdr%1ﬁ ahtBIof theghid a&@stalh@N Iy bydhe sramicondisiog spcture (100).
(N3) coupled to the first transistor, conprising: a
second body region conprised of the seniconductor
7. Tﬂaé nmegremed clrdfiR pf clhiay b ngherainslecHirsdtradsistma(P2) egherset 3,11 Syverted
a source (116) and drain (120) forned_on_eithe
FmF&Td%an@*S‘fqrh@ds%la%% thhegsred anddgirg ﬁran%lﬁer81@ 3 NJ g gojRerise a FinFET
ﬁan%Qgp region (122) conprised of the sem conductor |ayer
di sposed on the second channel region. 2. The
|ntegrated circuit of claim1l, wherein the

e condyct or, sfr.uct 100, 102) rise
8. THE REGR e oot @almrﬂfuﬂf\?rec@frm@g@we bpassy(Se) aheresn the
i
undetRS B B Boioh e Bl cHoRkiof kO B H e Wil doping type to
insulatizely ipg¢saomdéNsportiompof ileessmicortdndeiTlayerdRS) Istvorg the first Bhping type.

integrated circuit of claiml1, wherein the drain (114)
of the first transistor (P2) is 25 connected to the

9. Tﬂ@tnﬁeérét%a kir@hit Bf‘ﬁaﬁ&? f %ﬁer&ﬁ%ﬁﬁ% Rhnsi D) (PBY cdhirises a pull-up

sem conduct or ayer
transistor of a SRAM cell (130), and Whereln the second transistor (N3) comprises a pull-

down transistor of the SRAM cell.
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5. The integrated circuit of claim1, further

conprising a third transistor (N1), wherein the third
WO e@assEsddr conprises: a third body regi on conpeT/E8102640868

t he sem conductor structure (100), having a 30 third

channel region (126) and a source (128) and drain

(124) formed on either side of the third channel

10. Aegdh@efiatedngrciit, dRp2Rd: 059703 PCT/ US2002/ 040868  a
third gate region (129) conprised of the sem conductor

| afiest apd ewpnd gpeyidesdPdMN3) #ed t hi rd channel region. 6.

The | . . : | : .
(18Rl il fabl1 B, il kefingse sPORE BLY, AERAG1 D), ana
charinble( 102 pofthé fiddIramdistdindthgatel( 120 posihe t&ond Mahsikiyr.t he

sem conductor structure (100). 7. The integrated
circuit of claim5, wherein the first transistor (P2)

, ° ‘ Fi . . :

1. SREPELBER YR TGS, DERRRLS fgn OB

trandistoiHEP) istdoansital orthe ddle 81227 betheRea@pdataasisior (148).t  of
claim1, further conprising an underpass (80), wherein
the wunderpass allows a portion of the sem conductor

12. §hé H{Eéagﬂét@d Fﬁ&)ﬁ DAY @ ddifSto, A0RleD ?orh%r@ﬁn%g.third transistor (N1),
I NSu Ively pass un r a port’lon of the sem conduct or
whetealy ® singIBGEmitavidingort siecfure SO0V foping g ghte(@08)1dF tRe fildh@ansistor (P2)

integrated circuit of claim1, rein the first
and § poyics gh draby Ué&rﬁ&ﬂicg@@eéﬂ&ép %@5 third sisiefor of a
SRAM cel | (130), and wherein the second transistor
(N3) conprises a pull- down transistor of the SRAM
13. Th¢ integ2fted 2ibcuiflac¥¥BiROBAN HmMI) 3/hBXeT HE2a02/1 08)0d8Re fidkDtransistor
An integrated circ rising: first and second

it, €O
(P2)¢ 15 sARResicgyte thephain %‘i) Oiﬁ]&eng“@it’i‘?ﬂﬁléto%@m conduct or | ayer
(104) that fornms a source (110), drain (114), and

14. The integrated circuit of claim 10, wherein the first transistor (P2) comprises an inverted

FinFET transistor, and wherein the second transistor (N3) comprises a FinFET transistor.

15. The integrated circuit of claim 14, wherein the semiconductor layer (104) comprises

polysilicon.
16. The integrated circuit of claim 10, wherein the first transistor (P2) comprises a pull-up

transistor of a SRAM cell (130), and wherein the second transistor (N3) comprises a pull-

down transistor of the SRAM cell.
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15

channel (112) of the first transistor and a gate (122)

of the second transistor. 5 11. The integrated circuit
waewansi7ngy to claim 10, wherein the drain (114pCDUS100B040868

first transistor (P2) is connected to the gate (122)

of the second transistor (N3). 12. The integrated

circuit according to claim 10, further conprising a
17. Mhiihdglatedticalt on{dNsing: 10 wherein a single

sem conductor structure (100) forns a gate (108) of

t he semiconductasdsi @00 (P2) and a source (128), drain

124 | (12 f.th hi t ' .

it 1veRE EERRTRaf bbb B ol 2 U plitg imverted
FinFHTerg@iseor(dd#8) of the first transistor (P2) is

connected to the drain (124) of the third transistor

( N Yirst FnHEL traneestord N yrveltesein dhe By famef sepige k28, drain (124), and
] st tr [ lo,S e . .

char b o' PEFIREET eS0T o Py BRI AR e T transistor
is cohhedied ®ithe dfaiBof the gt FEEF TatrddsRiIEl transi stor. 15. The

integrated circuit of claim 14, wherein the

sem conductor |ayer (104) conprises 20 polysilicon.

. | . of it Of i . rein the

18 %ﬁ? ént-{&t‘?arltggéﬁg{lgér&?g%g J@% :11%?1?137 égd rglegﬁ(ﬂrﬁl?rﬁ%@gg transi stor

of ag3eORAWMITFHT trinkd3)r,(NaRcndher ei n t he second

transi st o‘%@ N3) cor@ri ses a ﬁul | - down transistor of

t ha sepisnéueter layes (W \wrorein shossaremdoeter spnhrme aggese (110),

crai (1144 Bl Sh BRI O Bl R TP o R RS i
secohé EidHBT traisiveor parglavieeréih @) dratn dfhkee invueed B FETFitrahEStor is
traasi stor; afnd 5 a first FinFET transistor (N ),
conngpigr &9 thergate afithe sesppa il ES Fagisor28) . drain (124), and
channel (126) of the Fi nFET transistor and wherein the
gate of the inverted FinFET transistor is connected
19. The intexratedicincuif oftdhant 18, sthefeimBE Tnteri@d FirstREN trarks@torTRE) comprises

ntegrated ¢ircui grding to ¢lgim17, further
a pufé—&@ﬁ:?ap%ﬁqﬁ _of ::1 sﬁf&ﬁ\ﬁ cglf E 130),Ian Where?n t Ie second FlrlilF]%T transistor (N3)
comprises a pull-down transistor of the SRAM cell.

14
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10 a second FinFET transistor (N3); and a
sem conduct or | ayer (104), wherein the sem conduct or
wo 2008059703 s a source (110), drain (114), andrPCiias2v6t/040868
(112) of the inverted FinFET transistor and a gate
(122) of the, second FinFET transistor, and wherein
the drain of the inverted FinFET transistor is
20. eomethotieebri@isidpe gate of the second Fi nFET transistor.
15 19. The integrated_ circuit of claim 18, wherein the
i n@é‘?‘ﬂ@ég IalsﬁlPﬂE‘Pnfl‘t‘Cé‘PFsﬁ%ﬂQP 108) pn @aipytiabe svhereip apprtipy of the fin

fonése con d a'ltgl(gz &Eg[n ?‘r ansi s ﬁg%ﬁ‘ E%é%gl&)% gl?g g{lé\gggg Hath (g SAOFET

trangistan @Bt or of the SRAM cel|. 14 WO 2004/ 059703
PCT/ US2002/ 040868 20. A nethod, conprising; providing
a SERYEEEedpetar ye(104ueer e srteefihe invercd indEdi tpansistor

and Fhel 1Y d! rgélgﬁgﬁﬁg%tlﬁrftym’ ’ﬁrér%%gs?@r( %E?x% gg ;Qﬁl)cg&ﬁuc@& layer fo rms a

I nver Fegi on o
sourke (HME], drainghi4)samr chahid) (1 B) af feyinvagted Pﬁﬂ‘ﬁfb &Bﬁhﬂﬂbﬁnd a gate

| ayer (. over the gate of the inverted Fi nFET
UZZ?P%%‘;‘?%{]{%\%%”&H%}“%@H%OW region of the FinFET

tr i St

sou oo A OGO A SRR RNy A Fhrch B Bpbe, drain, and
charinel/ef the thvertod ElMFHTansisstoo andade@nd abpant (y22p fafm theegate region of
h @“PEJFT transi stor; and doping the sem conductor | ayer
the APOF dopant type to form the source, drain,

and 10 channel of the inverted Fi nFET transi stor and

a second dopant type to formthe gate region of the
21. fibpEEThdd efieddist 29y whaikin fhb draie{ Hddl ob6the dhairter 20 FE gramesistor (P2)

the d 11 rted F T transistor (P2
is cqngeptih b G b Do Y Ebsplop (N wi et -
transistor (N3). 15 22. The nethod of claim 20,

wherein the inverted FinFET transistor (P2) conprises
22. dhpmdthagdmof claimrd), wheneirotfne anvSRAVE tné?IElT 1(rallisﬁjqr (Eh)jcomprises a pull-up

tran%\l%}s{ S%M 8%@@5?13 Ian L t [gasks |F|11 Pl}s[?% tlans or (?\%3 comprises a

pull-down transistor of the SRAM cell.
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15 WO 2004/ 059703 PCT/ US2002/ 040868 23. A six device
SRAM cel | (130), conprising: a pair of cross-coupled

WO pooe0sEns (92, 94), each inverter including ap@UUE200p040868
inverted FinFET transistor (Pl1, P2) and a pull-down
Fi nFET transistor (N3, N4); and a pair of coupling
Fi nFET transistors (NI, N2) for respectively coupling

23. Ahgx devissSRAM celp(18d), icnmpflmﬁgs to a bitline (BL) or a
conpl enent of the bitline (BL(BAR)). 24. The SRAM cel |
ac 80RHIOh graseroeyRiedrnyertera i 8 h cadhcinpertar inrduging A pelligdnverted

Fink ot (BT 5 oA 3 phtonin B o5 GRANTEL N
couaphirrd cEanﬁElFlﬁﬁ‘%ﬁralﬁlswls (NIN3N2 )NGor ragpectiveti anipding tHédcross-
coup]IeSd 1Jfl§ferters to a bitline (BL) or a complement of the bitline (BL(BAR)).

24. The SRAM cell according to claim 23, wherein the pull-down inverted FiInFET

transistors (P1, P2) are p-channel, and wherein the pull-down FinFET transistors and the

coupling FinFET transistors (N3, N4) are n-channel.
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