;[\e3eWr (>6tT: @6 J UL 2tl Qz *cooooz* Transistor with Inproqqi‘@g[_qggz

Cbnt@@@ mmm m&w&e Concurrently Herewith FI ELD OF THE | NVENTI ON:" Thr's
i nv
cons w

% s to transistors and particularly to an inproved sO body
ucture and process for creating such a structure in a

manuf act'@®®g environment. d ossary: BCirefers to a transistor of the body
contacted type. r PC represents a shape that denotes the shape of

pol y-silicon stTumisd esor R tepIrsent/sdasshapedy habndenat esrar tapeni ng in
the field oxide, exposing act%ye silicon. Delta-W.is the difference in

fini shed manufactured di mensi &7 HhSHe AT S drawn in the design. Dog
bone or DOG BONE neans a contact shaped as shown in Figure 11 having a -~

shape generally Li ap " H' g ne or femur. Top-to-top "T" refers to a
Shape Cndrt g TEm abvebasPRs 808 BhveRTibn FERAbRS MRyetagisiors
anot her hawd ngpttieculsdehg to i dWpr20@d ZoI body contract structure

and process for creating such a structure in a manufacturing
environment.

Glossary:

!
BC refers to a transistor of the body contacted type.
\

PC represents a shape that denotes the shape of poly-silicon
structures.

RX represents a shape that denotes an opening in the field
oxide, exposing active silicon.

Delta-W is the difference in finished manufactured dimension

from the dimension drawn in the design.

Dog bone or DOG BONE means a contact shaped as shown in Figure

11 having a shape generally like an “H”, dog bone or femur.

Top-to-top “T” refers to a shape that generally denotes two

“T”s which are mirror images of one another having their tops

AR
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aligned In a generally pa=al-el direction as illustrated by FI ﬁﬁE .
Trademarks: S/ 390 a:and-~d,|IBP~: are registered trademarks of | éJm'tlzgrQ;
Busi ness Machires Corporation, Arnonk, New York, U S. A and Lotus is a
regi-stered trademark of its subsidiary Lotus Devel opnent Corporation an

i ndependent subsidiary of International Busi ness Machi nes Corporati on,
Arnonk, NY. O her nanes may be regi stered trademarks or product nanes of

| nt er nat iadri@IneBUsﬂm@ssgmmm for por &l | dir aarticimers colpani este®@abigr ound:
A standard,. jx dy contacted transistor will be described as is usually
drawn as shown |n Figure 8 below The areas labeled "S" and "D' represent
the sourd‘e“aa;i@mactﬂaa n Df33hetd arRliz sdog . re‘l’tju&stgmeeilisraciadmale]dsvwfh the word
"CGate. 1 thj S tran t he

wi dt h of blﬁte%fﬁ)?e& enaelnvglgstnﬂf%es ox1 Orrétie&gu?g&%]g‘t glﬁ%?ée?lxﬁ&t’ hi s
illustrati.enA. Arayndjeﬂdta&sNJtsram resgnlsneei@:i art;ad:ﬂmr}omaf hJet@xssld!esuqiearmg The
t ol eranc a e en com

i mage Si ;Z)tg%dbaeﬁ'ae\ﬁto eernﬁcéegg éj%e“r%o arBy éscé}g?élﬂtge%%gnﬂeg SPI ng
process, Imkt@rs'naa:ndmad thEmsme:smrMmhLméﬁr@)mrddELomprmmmndNYs Qsbewl in

maki ng c Ui t uch as.tho S b 3 ocessors. The
pr obl em \%{% pri 8; d’ﬁec-is( %?ﬁ%d gsﬂ%‘ﬁ%/pc}/er W%aé%]trggflg%#gct ures is

t hat theIcmmattlwreﬂf eisiee s AMssclimes V(tco:ktpfonaotmyodecp)emdrng upon t he
overlay talers r%q1 e between the PC and RX | evels. Summary of the Invention:
The i nventi Ustrated in top viewin Figure 7, and provides a
tranS|stor |n which the top part of the tranS|stor can be and preferably is
the samey %ta,k{lg structures, but the bottompart is the mrror inage of
the top part an 16 JUL 2'02 -3 the bottompart, the effect of PCto -
RX overl & s‘candam,sard?n a:vpdeFl‘iomtaate@rﬁLMSer kbl tihe destrabeddes

| ar ger, i gm s Vi mal | er.

Thi s renD\M\%esu%t e- avm erance %}rqﬁoﬁqwa %e ?rﬁ'é%ms%?og wi dt h.
Accor di ndaeled it aascpe‘tﬂ” ptephesent/eme ommm eand grainded thbody

cont act eq §h sildesi st@t, deyi ce; O%gﬁglé’ci’%i?h détvgg]tg “@Qggrhs;ﬁﬁgz A
transi stor having a sourc and a drarn separat éd by a gafe whic as a
body contedidftecthiare fusird lor e dtlot s atpahyistgeris cﬁe‘@:@mmedmpnhythy gaee, and
wher ei n ﬂqﬁp f X nj ng I n ormed with
a topol ogvy c% otji/}gér ché}gsértg gﬁgtieﬂsggéc&iggma‘%%&ge%gér{é{igso{tlﬁezsour ce and
t he drai Fesidngliehithashbs | ihbastextiori chnprkelbyef taemshapddef tel @naxi de
openi ng I t opf,he t ORa8LeRot Bedefi ne
the gat e%ﬁoytdﬁleq‘?}%n%}?{sf%r%é%%\h EQ tﬂ?ﬁ%‘éﬁ%e@ﬂi{?tﬂgf thg t?an5| stor
i s mrroddlyded sdrnccompybing nelge yhdehpare BhetRE impge §age pRAt when

the topl ey, afoitdyen sad eoﬁSDé/;L@M fﬁ%ﬁ@@ysl Yhersbyan gksakig rrent in a
first direction wll nake the transistor device width |arger,

ni sal | gnPERCaSPa e oHr 2 BEt FHRANBHHBRF t BLEBRLRre sEay; Pec@msﬁoweﬂ aﬁ&ke

the devi gg W<l 5 |1€éki&gr§8ﬂyfeQV§Hé‘Mﬂ:9| %éﬂcssf £aBsthaself %9“ ve
transistor width, and wherein the gate structure is forned of a pair of

top-t o-t IEM T SR PEPEPEHPES nhTRA HF%bJ-%IPdW%Bhbﬁﬁharaaélfin@F‘éSE&&‘;g with

the area geor medct o bodpatoRkh8ASEeRUAEBAe Of i 8aERat TthBeAAsal itgired and
generally parallel to one another to bound and contact the body contact

area of qGtEE stoangksies. WARERr §PnYrEs deReROhBTalBeR: tHE PNEL LAY

i nventi ondihershds peoyededtrebodyagankaciedgess) transi stor device forned
upon a substrate, conprising: a transistor having a source, and a drain

separated by a gate which has a body contact therefor formed of a poly
| ayer forsm[g@etoﬂmﬁﬂfethﬂvggtgonand wherein a shaped field oxi de opening
eXpOSIngfﬁn|fﬁ%éﬂéiggnlifu;gigggdw&%htgpt898L09¥ Figure 7, and
provides a transistor in which the top part of the transistor
can be and preferably is the same as existing structures, but

the bottom part is the mirror image of the top part, and in



whi ch overlaps the gate structure which separates the source an h Eﬂ.[ i
"and whi ch has a |inear .extension area over the shaped field oxig£oj %@52
as well as an area normal to the lineal extension area to define the gate
for the transistor with which a first gate part of the transistor is
mrrored by a second mirror image gate bart of the first gate part when the
topol ogy of the gate is viewed from above, whereby a msalignnent in a

first directigon will] ok h ngi,st or, devi ce wi,dt h . larger,..while a
ool i R Doftfmibart, sBb et DS B BNRICHY SY sty et {yBF Fibstighmand o
t he dEVi Crﬁaw 0t ReGioa Widh 14r@er, V¥ Q ‘WW'M%nIs@iiQﬁﬁéiﬁ Qvifl mR4Retthe d@sfiE@GﬁidtHe
transistor width, and wherein source and drain termnals of the transistor

devi ce hawrallsr.ghhis rerapyes dhe ousrlap talorerse fzoma therifegtive trapsister widdht-h ends of the
per pendi cular T ChL G AL GGl Lhe yanieh ang ISPy e dneestot:

per pendi cular to t Irection of 't an oun
body conttantsisatr dewich fanmdd apon heulgate, simpresing:e. Descri ption of the Draw ngs

FIGURE 1 illustyated in.the steps of FIGS.. | A-1D i ch show t he transi stor
T oross sects oh ARSGEAET RS Shces trd p Seiies ehargd § RaBhich Ao BB w | |
be for nedsonfcCiiRkefdr fdrindatotat gdly ilfyer |f68contbt 2Aatts tHevgaté, herdSkRgSinapphdped t O
the gate, through the cross section 2D--2Din FIG 7. FIGJRE 3 shows_the

same regi #id oIS RpsNINE FEPasing aghvarsilisonds daimed with A jterology whichavgriaRs the| ayer
of the tr | : F by | t | ich a

conf or mal éﬁ?ﬁs/%)ﬁnﬂrs iq,tl ela% cg)%rp ag)%g?sdﬂggr%iaﬁrc ?gkel? ﬂﬁ%‘?{ %st gcgn eapgée?a{?g {ég\glvgfrl t he

waf er. FlaEuReve the bheped &cklsoxideominaly asgvelt as e axth elosotlriodhe Ayeal extension

directionall y %8 FOMVENHL U8 RiEPRoHRch S AKPERR LPoP HRSHLALSAL

mirrored by a second mirror image gate part of the first gate part when the toplogy of the
gate is viewed from above, whereby a misalignment in a first direction will make the
transistor device width larger, while a misalignment in a second direction opposite the first
direction will make the device width smaller to remove overlay tolerance from the
effective transistor width, and

wherein the gate structure is formed of a pair of top-to-top “T” shaped elements
which are laid to bound a single body with the area normal to the lineal extension area of
each “T” being aligned and generally parallel to one another to bound and contact the body
contact area of the transistor device.

According to a second aspect of the invention there is provided a body contacted
SOI transistor device formed upon a substrate, comprising:

a transistor having a source, and a drain separated by a gate which has a body
contact therefor formed of a poly layer for contact with the gate, and wherein

a shaped field oxide opening exposing active silicon is formed with a topology
which overlaps the gate structure which separates the source and the drain and which has a
linear extension area over the shaped field oxide opening as well as an area normal to the
lineal extension area to define the gate for the transistor with which a first gate part of the
transistor is mirrored by a second mirror image gate part of the first gate part when the
topology of the gate is viewed from above, whereby a misalignment in a first direction will
make the transistor device width larger, while a misalignment in a second direction
opposite the first direction will make the device width smaller to remove overlay tolerance
from the effective transistor width, and

wherein source and drain terminals of the transistor device have a gate formed

therebetween and the gate has at both ends of the gate extensions which are substantially



FIGURE 6 shows that a poly layer 140 is deposited, doped with

“appropriate dopant, patterned and annealed to formthe body coﬁf&:dUL ZﬂBZ
transistor illustrated in FIG 7. FIGURE 7 illustrates the preferred
enbodinent in a top view of a transistor constructed according to the

i nvention. 16 J UL 2002 4 FIGURE 8-i3al-ustrates a standard non body
contacted transistor, while FIGURE 9 Illustrates a type '~BC' body

contacted transi stor .as.descrihed in US Patent 5,905 795, which represents
Che bri orPordiiaTa 155 g RGN eh Hptate: A RS hodid b ontis A ofL stiRHER
its pref egakRen®oPOdigaRMtrubtutdistrated in FIGURE 1-7 and 10; and, FIGURE 10
is a view of the preferred enbodi nent of a new SO transistor of FIG 7
which is made by the process described. FIGURE 11 shows the alternative DOG
BONE enbogj . Of bad nti on manufactured by the process described
with a dggb%gﬁté‘%’sfﬁw%ﬁ?ﬁﬁ\égd Description of the Invention: Before

descri bi ng t he FIGATRE A atiuagrddeidinrtbesteps of FEGS.elASD, whichnslicsy éhre trnistskoriis now

able to be made.as,illustratedn 0 t andar.d,, n ody .cont act ed
F s ot ol eri et s R D BTy tege Be BORY S8 &t sl BedSiest o

bel ow. The ar eaﬂdmmnhs'tr&'edaﬂ@IG@'zA-@Drsasaethetéﬁ@ssa?pn@cetoan@l géteahfough t he
transistor for the body contacted cell. The gate is [abeled wth the word

"Gate." Tihe cess aeotioy @Dt M FI6. ¥his transistor is deternmined only by the

wi dth of the RERRANE BEhoWbiteais rédibn ﬂﬁlﬁtggh lfrfaeglt]ﬁ-ﬂﬂﬁ %ftéﬂ’bt&ﬁlh rﬂtlli{ic”f% gation.
an e tol er

Any Delta-Wtermis due to any bias on't oxXI| opening. T nces
t hat haveandpdbelayercdfithe ttansistor ofdilpui ng the width are the RX i mage size and

next 1n Fi gure BO0m & ffiies F ard e YnEEM Skt ERIRRIN o755

As in Fi %trﬁieﬁlay&h&sﬁfeﬁ&eﬂo@h&i@\d:r'ﬂﬁ"wﬁgd hD repr esent bt Ihed 15 ~ E ~ ?~g~
5 source an rain of t transi stor_an e gate i.s | abeled with the wor
"Gate." Additi dAGYRE H1 BW%nf@cf’t,Chlnébéft dhe @?Jaimc hlééfe‘béiérﬁc%{ﬁ’&g}ﬂ Bs3shown

i n FlI QURE Riventldnal RIFAEDEER G bOREs thBSutRad ATsRcside Safoped w th the sanpl e
polarity as the body of the transistor (and the opposite polarity of the

Source and Dr ai FIGURE geshews shaier polydayes 148tis sinmsﬁied,ndqmé With an @pPIopote
sinplici té’cmahtr) pB@érﬁefﬁHdszInhQ:ge& Voofanﬁfthé)t%j&& GRMLASE tht LARSLSE Hustrhibd HSEIRL ed

7.
FIGURE 7 illustrates the preferred embodiment in a top view of a transistor

constructed according to the invention.



by FIGURE 9, the wwdth is determined by R on the left side, gt@qugmz
the other. The Delta-Wfor the left edge is the sane as for th

transistor illustrated by FIGURE 8, nanely the oxide opening bias. On the
ri ght edge, however, Delta-Wis due to an "effective width" for current
under the "T" shaped part of the transrstor gate. In addition to the

tol erances for the standard transistor, %the overlay tol erance between PC
and RX nUEIGMRLi&CﬁhﬁﬁdtrE@ésexaﬁﬁhadakﬂ Fbguped9, cohtREtks akiagred Jwmre
"LEFT" mnth yespect to RX, then the width of the device will be snaller by
t hat annu%? ?f it is aligned "UP" or "E[N%r with respect to RX, there is
no effect on the transistor w dth. is aligned nore "RIGHT" with

respect t the. width of the deV|c e increa t hat _anount .
ThioCar scl bEORE £t IbRs0sRERe F‘nté’PleuSlBﬁre RS R
processordéscr tbkdngni tswhaebnw bl 406, descrwvhedhweebreespest the Birgwres 1-7
and sho Fi gu 10. As shqwn in Fi e 10, ip.the referred enbodj nent ,
the Tort Bhr bbbk P ERRTdcBRPBcbYr PR s 1ok P EL e HBTEARe SBS R Gare o
The rightipaitsoprebertednambbaimgate ilopstogyedi enedIGuam the ahavead;s,
however , thg mrror image of the left part. As before the areas |abeled "S"
and "D' r fsent the source and drain of the body contact transistor, and
the gate is |l abeled with the 16 ,iUL 2~J~~: 6 word "Gate", and the body
contact i with the word "B dy" hat. t he bod
cont act él%gggdfgnfﬁ ?helgﬂnﬁﬁetBSI %F??rﬁgdtﬁggﬁaa§e8% Pliedt PEHSP
(and Lhe opposiseopobar FILg. off WhecSOdecmaaedbyrahe)préceaskde$cdﬁbem.s i's
not sho e nt rest i.ty. right rt of _t
pr ef err%t@lﬁ%ﬁ ?Y"Fu Fa?ihng %il ergoégﬁﬁeeﬁgf’gg—F‘ °BE Pe*PE to RX
bverlay |anemeieﬁdmaﬁﬁfabEEIédnbyathgnpﬁatenb|heﬁﬁk&béHEWdehlQEdwgdth

ar ger, W?rle | GHT" misalignment will neke the device width smaller.
v%en t he %%%I%@? of FIGURE 10 is enployed and two transistors ' formed as
illustrated in FIGURE 10 are connected in parallel, with "S = connected to
"S", "D' connected to "D', and "Gate" connected to "Gate", the effects of

PCto RX msalignnment will cancel out and any change to the size of the
right sideewailedieDesaptpsabadori theannegualioand opposite change on the

left sid n_al ternative ipplenentation is s n Eigure 11 e "dog
bone" veﬁ%r@hﬁg 8¢ %%ﬁ?ﬁa eaP£e§§F%8 fﬁgn%ePFe S BV, %@E ' to
representtIMESSQUOcewhmdhdiainpwrabmeCEDVBEymadheaaomdlhéﬁf&teﬁo1meaﬂésent

the gate.; gnda theauatdy BORY' pba. " SBLeseibad. RO : €anReglh gn ol ni | Thi s

re
i npl enenta i ofi Shares he sane pyoper y “as Figure any PC to RX
nrsalrgnném$cnnbeﬁeaseis gsdelafy dhaw@emscshownlhnb@igameeBebed@mronﬂﬂhe
right si d&ré’éstfgbggééace "PE 8936"f% ng@%ﬂé' 585& & LAyentlq %tU]&e best
i npl enentation © 'S s ruc are’is ali ody 80nt act st ruct ure
as shown theFtsansesteprégenthngbpne ppetected eabddi nBhe ghtehdssSO

trans'StOiabelégs hgoggrdAsGﬂ%ehav%h§abgfeEEle|%ﬁh&ﬂt%% E%Jkpp Vi ew

in Figure 7 rovrges a transistor cell in which e top part of the
tran5|stotr@@ﬁléeoanespdétérmbhédl9nﬂweb§aﬁbeaylé%hspﬁn@he RX opening,

which is the outer rectangle in this illustration. Any Delta-W
term is due to any bias on the oxide opening. The tolerances
that have to be included when computing the width are the RX

image size and any tolerance on Delta-W.

A type “BC” body contacted transistor is shown next in Figure
8. This is the transistor described in US Patent 5,405,795.

As in Figure 8, the areas labeled “S” and “D” represent the



- structures, but the bottompare is the mrror inmage of the t p
in the bottompart, the effect of PCto RX overlay is reversedﬁp§nenﬂkwggﬂz

m sal i gnment of the gate will-1 nmake the device width larger, while a
"Down" msalignnment of the gate will make the device width snmaller. This
removes the overlay tolerance fromthe effective transistor wwdth. This is
i npl emented by having the area | abel ed ¥ Body" be doped to a high
foBanéraédmwb@siﬁ% ??eiﬂabEStnE tbﬁné@@@%@gyn@p@hff@@tekiﬁ Lhpegate )

abel ed "PC' as a diffugiopn ngsk., This w natyra make, contact to the
body T egi " daer YO HE 1S LEnanoAIGIE ASF bhY ML paP Bt t cathEGtefhe. + PO
shapes. I'Bdd@ Hadabtep ydeedohsashbansh st preermssructediacessdinag to the
i nvention sho SOUéée 116, and. drai

in 119 separated by r te, 110, which
s el { i GrERe bHUgT CORELEE TBL ot ABPSTAY EonEhet SBEPHG RONDTLEYqBRerdd y
by the nusedploPl@hef orarsiatoeneaffdthEObpposposepodiri efebeénthe a fir st
axis will_be referre& to ﬁs being Earallel 0 line 2 -%D_ exte ging from
the sour c¥¥o ¢ nandr BFA*Bhd aPsBESKAEaxFS P b2 PRFePPRHTt 5a5P8xt ending
down the imtkheofstbe gamplibntbl GS. 1A-1D, there is shown in cross section
through line 1D--1Din FIG 7 ere the body contact will be fornmed. A
portion of a SO wafer with a | ower substrate 10, an SO oxide (Sio2) |ayer
53 and almrﬂhp@ &%istenghtopsi bECBBdb?}éShp%_@E_ thélhﬁhléﬁobﬁemlm&'fsﬁ:@:’fa_rwh an]g
then isolate onyenti o ste oxi di.zj ng_t he_upwant ed  por.tj ons o
ayer 1057 o IVRE o8 aERBoMEAEh.g 5! BelerhnebR BB Rehbe LREE] gt al ong
tBe fi rSIjbtati}Sy(Btoﬁg thehbi:ﬁerlDThéDg)elbat-Wleﬁarthheﬁméffteﬁdqd dsaitthe s
about 1 dun or_nore a t carrespondi n ate.length,o e ~S, ~M~02
v ce i SBSsadnEor| Flie: PEaRgary. Ceapsiores alaaCEREER BYS EYPORE, Fim
FI G 1B shamsly heheaaniaéfagafl%ﬁg bifaunbeh ehg;aiggtlredaglée hbwavl,elpﬁ,\
conventio ez st gc - of .gate.qxi(ge ...po rystalline
S 1T con (BeHsTWayE: d6g0te; An e hafsats: MigbhI0sRm cuRrent.IRvEY (e
provi de tYe”tshapedt pargad€, thedtirhdspstbecyate.nhr additlon Né) tiat e
dielectrig %07 12 nﬁh hgée b%en fo%ﬁ%q and_ﬁourcg 116 ani drai 114<pave
been i npl BATEHRRARSafREArRE. SEARERES FEANSLIERPH ! (TN Ry CExRde AT HaS
been gr owvetwetheredgas BK mietgbikee isicdakdedafter which a 30 nm | ayer of CVD
oxi de hare been deposited and etched to formouter gate side wall spacers
115 in a conventional process. These outer spacers are not only used to
provi de LBbrsexampieandndFdigmxe Byt ifl 0 der wdigaeis aoaee NEFTFatvel flt om t he
poly rais ce and drai t act 1 t hat t
Fored byE SEPGE: T8 b aebhert (G Tt ot CHSHOTVed BATY s (B ShLt ¥ es
above t hetbatir amoand .dr difnitTHe wdp gfeds pAPEr o r1 00T wWO&h sesygmiatd by
thermal cap o¥hdge’9s(he?@edlr LA e dlUStiabive aiodient, fde cap
oxi de projetts above the top of gate dielectric fo 1by an “anmount” suffici ent
to defi neadigskfl- mbirgndRIGHEYt midh respeattetosREp. thee wielidsiafl drthef a

conf or mal dE@#E %ﬁl?’?gn:% I Gl S£%O§f'tﬁﬁ%%?l‘§%r the gate and having a

t hi ckness suffticien rovide si wa ‘enough to protect the gate
(greater than one half the gate thickness) conpletes the steps shown in

hi's 1 9uhs oPhERC1 AR S AW AR R, SPRR ARAALSS i 'S St eveay 3

"T" topol ogy en vi ewe romthe ' the water for the PC structure,
t hrough th¥ thesproeesisor oL @ Ring|ic whighemdll i Jagqrijggp with

respect to Figures 1-7 and shown in Figure 10. As shown in
Figure 10, in the preferred embodiment, the left part of the
SOI body contact transistor is the same as Figure 9. The right
part of the transistor gate topology viewed from the above is,
however, the mirror image of the left part. As before the
areas labeled “S” and “D” represent the source and drain of
the body contact transistor, and the gate is labeled with the



O the gate structure is forned. ::ate in FIG 2D that the side“lwamw‘ﬁ
nitride 120 nearly nmess over gate 110. A non-critical block out mask
denoted in FIG ~ by the dotted |line |labeled 180 is optionlly used after
the step shown in FIGS. 1D and 2D to expose the body contact area (212 in
FIG 7) only and to protect the gate. The dotted line 125 illustrates. the
situation when the thickness of nitridé 120 is great enough that the side

wal I's meeh,rd efgried t&@%ﬁ@%@&gr&@ﬁtm C@eﬁa%elébtw@éw@%@,w&b&
optional block out mask will not be needed. in the illustrative enbodi ment,

i f the tOBoSE t-he Igaties ias Buneski Hat t 250 nvn diet orsele Souk ¢ edamed drabh &he a
t hi cknesg k@ Nidd. uﬂ%éﬁ%@%ﬂé%gﬁg%k% @S&%H@éoﬁ hf’cngﬁtghés prot ect ed

during the aperture et w t hout need of a bl ock-out mask. FIG 3 shows
t he sameoP®gisdrtea mught 1Y ref 1Bhe 18rareerarnd dii ik hi t rd dea $ayep sda2bhaad
107 and pal yda¥sfounl 04 e l&@@w@&w@@lsirﬁgﬁﬁcﬂw nitride, poly, and
oxide reactive ionr etch (RIE) wth appropriate gases, stopping on the
silicon | ayer 102, and IeaV|ng an aperture 212" that will hold the body

contact 2L2.crd Aibjise YA%e. of hexe ﬁg.?e@e:?fé’& b TRIDET i CORSE B4 £84 Bi; gate
poly 110 above gat'e oxide 101 and side walls formed fromnitride 120,

al | ~ denofd@eéneiGal Nﬁ%yeﬁr%chu%r*éhezb@ te % P¥er}RYIl bS cHeYebReehe 3Bur ce
and drai Riper: niGHRToshdee WAL1e ddRe bhe Wdyibe AP Cldrdort MREIEKD! | ed
inthe art that there Wil need be a corresponding side wali

apert ur e "RESHT o mlrﬁsﬂ}lleﬂ@“@h’é %bbll,/ Bake athe fdov emat el @t eﬁg«‘rbhelzio The
next step is shown in FIG 4, in which confornmal CVD nitride (or
oxide-nitride) layer 130 has been deposited over the wafer, extending into

the i nneMWhgal ithendanel oy t o BIGYRE el @xi 2 reMRFoYeRrang ctwa stranpiskPess
\denot ed 'roinidy the 1er@§@£&1@4& {AdFE8URE 10 OPE& OBGhn& L8 PAt %@Ba@%@r e

deposition of |ayer 130 of the iInner surface of poly &19 and art of
| ayer 10¥ifthat"S"s corpaeeedue ngSt he"Bperenpected €0 -TP” ~-and G&RFRI'ti on

process. cHnplektidd Gd 2¥&dté30 tRe dbESEELONGE | M SESNRA hils A1 CORVMEAL] cmtr RIE
process to access the substrate and formside walls 132 shown. in FILG

Lastly, &£3568L Qiferandrny Sopddet Be, thepetzei oh %eapb%brﬁb% Uébént
patterne@ea%n@mfsaé@éht@lﬂ‘;l@raﬁtQ@uaydxnaostﬁpsglt@scﬁaﬁﬁg\@ bA Eh& 18£tThe
dopant for the body contact nust have the same polarity as the body (P-type
for an NﬁFﬁﬁy. A gate contact and source and drain contacts nmay be formed
in any conveni ent manner, after which any conveni ent back end processing
may be used to compl ete the circuit, Those skilled in the art wll |
apprecraﬁ@Iﬂ%ﬁeﬁqﬁ?4¥ﬁm&mp%ﬁm@%F%té9Peﬁ§|Bﬁoﬂﬁol?sFﬁ%PrEr? 'émL ARBe it
may extemdrlongrdditon) [ StTHXI 8eBMEhal Beagxt @askea withhehsoueceeand “drain
area as nuc s, required, sinpce the gortlon of the active area,occ Bied by
gate ext o 11%P doRL AIEPE ohPRi BAPECE 03 RAeERF Renf SFPEREEKFSYgh “fifte
transist@knfﬂhuﬁxnrhetalrgpﬂ@ﬁénaftnEEEEUée 2aa’ EmethogdteBeEUensbon 110 is
not critica nsion 110 .nmay be wi de. enou rovide a
Con or t AP A o Th e ORPER L BRL B ha: cTh 16 LHRLSROPRALAD. FURFSS
Support mmﬁxyéméxﬁtdpéfpyndsnglgpeétmoe 2h2thaer aayt bCprovirae support for
the It el st €7 08" LI HR! Liuct Ber ehY 9BKLAY.2,254 50 LANR e

out on the right side of the device.

Process for Manufacturing the Invention

The best implementation of this structure is a self-aligned
body contact structure as shown in FIG. 10 representing the

preferred embodiment of the SOI transistor.



FI GURE 11 shows the alternative DOG BONE enbodi nent of the invention
manuf act ured by the process, described with a dog bone nask. W‘&Be EZUOZ
preferred enbodi nent to the invention has been described, it will be
understood that those skilled in the art, both now and in the future, may
make vari ous inprovenents 1fi JUL g002 11 and enhancenents which fal
within the scope of the clainms which follow These clairis should be
const r uedst wemhianteaisn itdie 8 opetuptobeeti on fop ¢thewi ineRtgonef vy stnd
descri be .o~ 6J UL 2002 -12 .Claim. 1., A body cont act SO
transistgFoHé%qaa%(ﬁﬁ%ﬁﬁh%%%rac§ﬁ¥§%Pa%é}C%o ?i%?%gpa5£t$gn§ﬁ%tor havi ng
a sour cetrangistdmaicarseparanhedpbyfargale iMi che hasma bodyxrehingt therefor
for-med of ly |layer for, contact with said gate, and wherein.a,_shaped
feld oxie Gyshing Sibosrhg AeErUB BRFFcoh e (BHREG: Wl TR9S ¢ bpbli6gy hi ch
over | apsptire ,gatnel sitrr utheirieowbhomhpaepar ahese f hiecsoof CBC abd RKeodeailayand
whi ch has a I%near xtens@Q . area gver thg sfa ed figld ogide Qgegkng as
wel | as af &Feamoitral®t o sai d™HPAcAPTBREENSt o arBA T o teri Né the"Jate for
sai d traneivdicer wiidth vithcdle rn, f whélegat 8Dpant misalignment of the gate

will make the device width smaller. This removes the overlay

tolerance from the effective transistor width.

This is implemented by having the area labeled “Body” be doped
to a high concentration using the parts of the topology
applicable to the gate labeled “"PC” as a diffusion mask. This
will natfirally make contact to the body regions under the “T”
shaped diffusion masked part of each of the “PC” shapes.

In FIG. 7, a top view of a transistor constructed according to
the invention shows source 116, and drain 114 separated by
gate llO,‘which has self-aligned body contact B (the body
contact being denoted generally by the numeral 212) formed at
oné end. For purposes of reference, a first axis will be
referred to as being parallel to line 2D--2D, extending from
the source to the drain and a second axis will be referred to
as extending down the width of the gate. In FIGS. 1A-1D, there
is shown in cross section through line 1D--1D in FIG. 7 where
the body contact will be formed. A portion of a SOI wafer with
a lower substrate 10, an SOI oxide (Si02) layer 50 and a
portion of the thin silicon layer 102 that has been patterned
and then isolated by a conventional step of oxidizing the
unwanted portions of layer 102 to form oxide 60. In an
illustrative embodiment, the length along the first axis
(along the line 1D--1D )} between the source and drain is about

1 ym or more and the corresponding gate length of the MOS



gaté part when the toplogy .of the gate is viewed from above,

m salignment in a first direction will make the transi stor device w dth

| arger, while a msalignment in a second direction opposite the first
direction will rmake the device width smaller to renove overlay tol erance
fromthe effective transistor width, anf wherein the gate structure is
fornmed ofdevipad ri #f < 0p- tif- t@mlhItrampedy?I enpats1vhi gl sake thaickrt=os Hound
a single bo<§3mnth the area normal to the |ineal extension area of each "T"
bei ng aI| dH“generaIIy parall el to one another to bound and contact
the body contact area of said transistor device. 2. A body contacted SO

tran3|stor devi ce forned upon a substrate, conprising. a transistor having
a source,FId P PP S sbpar 4888 Byea garerwhi BHURSS &LhddyeEBREAGT S her ef or

formed ofstaegw| \alaygvehiofaNt gateWsitAckabd gale, nﬁ\nde\/qaltél B xd gehaed
field oxi de opening exp05|ng actlve siliconis fornmed with a topology which

over | aps RN g e-st HdeupélhAPEh §€é§ﬁa@égefhélgo&FEet§ﬁdr?ﬁ@%ﬁ%ﬁrland

whi ch has glioman) exhesai QEr@E@,atQVF)rrobhléeSBﬁ@eﬂrﬁhgh@lt@@ dateperiryy as
well as an area nornal to said linea exten5|on area to define the gate for

sai d trafdiStRFCYRE R VR Bhta1Aer dE13alVd) pdrteotiehectrafsi Ot orl Yi%s ™) r or ed

by a secondrdiipddy F&BHAEIJahE Balukcel 1hBeahir atafat @1nahkveherenhe topol ogy
of the gate is viewed from above, whereby a misalignment in a first

di rect i oiMR¥antR& 2RfeaRR&ALPStor device width larger, while a
m salignment in a second direction opposite the first direction wll nake
the device width smaller to renove overlay_tolerance fromthe effective

tranS|st&FHﬁ¥ﬁ+11%ndamEB%€|ﬁlgoﬁmde°§ﬁéedﬂéyﬁrtgﬁﬁlP§F§-SFOFWbQHwﬁﬁﬁstor

devi ce hagyes 0t et hor gRet Beaalk?t m&raaﬂlbheagabenﬂaaa@terb@tﬂw oynds of the
gate extens]ons which are 002 -13 substantlallysperpend cul ar

to the dif¥ds H%E ?ﬁ%ngg?Eoséﬁ&dwﬁP@heESUﬁG 5Rd Tesmt gutex Qct at

each end @f11 hepoé £sSLLYCEHN 8 c3nvAnkadKatopikaeked.SO transistor forned
upon a substrate, according to claim2 wherein the gate structure has a dog

bone pattern and any m sal i gnnment toward one side
These outer spacers are not only used to provide LDD sources

the transistor is mrrored by a second mrror inmage gate part fﬁiﬂ@l‘;'ﬂfﬁz

and drains, but also serve to isolate the gate from the boly
raised sohrce and drain contact members 106 and 108 that are
next formed by selectively depositing 150 nm of doped CVD poly
in the apertures above the source and drain. The top of
spacers 106 and 108 is sealed by thermal cap oxide 70 (120
nm). In the illustrative embodiment, the cap oxide projects
above the top of gate dielectric 107 by an amount sufficient
to define a self-aligned aperture in a later step. The
deposition of a conformal layer of CVD nitride 120 (FIG. 1D)
over the gate and having a thickness sufficient to provide
side walls thick enough to protect the gate (greater than one
half the gate thickness) completes the steps shown in this

figure.

FIGS. 2A-2D show the same steps applied to the gate having a
“T” topology when viewed from the “top” of the wafer for the

PC structure, through the cross section 2D--2D in FIG. 7 where



of Egi d oxi de opening of the device will be cancel ed out on L (o],
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thickness for nitride 120 of 150 nm will ensure that the gate

is protected during the aperture etch without the need of a

block-out mask.

FIG. 3 shows the same region through line 1D--1D after etching
nitride layers 120 and 107 and poly layer 110 in a
conventional three step nitride, poly, and oxide reactive ion
etch (Rlﬁ) with appropriate gases, stopping on the silicon
layer 102, and leaving an aperture 212' that will hold the
body contact 212. At this stage, there is a side wall member
consisting of gate poly 110 above gate oxide 101 and top side
walls formed from nitride 120, all denoted generally by the
numeral 205, that is insulated from the source and drain by
.- outer side walls 115. It will be apparent to those skilled in
the art that there will need to be a corresponding side wall
within aperture 212' to insulate the body contact from gate
extension 210. The next step is shown in FIG. 4, in which
conformal CVD nitride (or oxide-nitride) layer 130 has been
deposited over the wafer, extending into the inner wall and
the bottom of gate extension aperture 212'. The areas denoted
with the numeral 117 indicate an optional re-oxidation before
deposition of layer 130 of the inner surface of poly 110 and
the part of layer 102 that is exposed during the aperture
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10%@& () e tc RO, () ég%@Q nbi o1 Process fo access the su bstrate
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and rorm side wa ls 132 shown in FIG. 5. Lastly, a poly layer
140 is deposited, doped with an appropriate dopant, patterned
and annealed to form the body contact, as shown in FIG. 6. The
dopant for the body contact must have the same polarity as the

body (P-type for an N-FET).

A gate contact and source and drain contacts may be formed in
any convenient manner, after which any convenient back end
processing may be used to complete the circuit.

Those skilled in the art will appreciate that the length of
gate ext®nsion 110 is not critical, since it may extend along
the first axis over the extension of the source and drain area
as much as required, since the portion of the active area
occupied by gate extension 110 does not contribute to the

’ current flow through the transistor. Thus, the alignment of
aperture 512' with gate extension 110 is not critical, since
extension 110 may be made wide enough to provide a comfortable

tolerance.

The extensions of gate 110 that form side wall support members
205 surrounding aperture 212' serve to provide support for the
internal and external side walls, thereby making a

self-aligned aperture possible.

FIGURE 11 shows the alternative DOG BONE embodiment of the
invention manufactured by the process ‘described with a dog
bone mask.

While the preferred embodiment to the invention has been
described, it will be understood that those skilled in the

art, both now and in the future, may make various improvements
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which follow. These claims should be construed to maintain the

proper protection for the invention first described.
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contact therefor formed of a poly layer for contact with said gate, and wherein a shaped
field oxide opening exposing active silicon is formed with a topology which overlaps
the gate structure which separates the source and the drain and which has a linear
extension area over the shaped field oxide opening as well as an area normal to said
lineal extension area to define the gate for said transistor with which a first gate part of
the transistor is mirrored by a second mirror image gate part of the first gate part when
the toplogy of the gate is viewed from above, whereby a misalignment in a first
direction will make the transistor device width larger, while a misalignment in a second
direction opposite the first direction will make the device width smaller to remove
overlay tolerance from the effective transistor width, and

wherein the gate structure is formed of a pair of top-to-top “I” shaped
elements which are laid to bound a single body with the area normal to the lineal
extension area of each “T” being aligned and generally parallel to one another to bound

and contact the body contact area of said transistor device.

2. A body contacted SOI transistor device formed upon a substrate, comprising:

a transistor having a source, and a drain separated by a gate which has a body
contact therefor formed of a poly layer for contact with said gate, and wherein

a shaped field oxide opening exposing active silicon is formed with a topology
which overlaps the gate structure which separates the source and the drain and which
has a linear extension area over the shaped field oxide opening as well as an area
normal to said lineal extension area to define the gate for said transistor with which a
first gate part of the transistor is mirrored by a second mirror image gate part of the first
gate part when the topology of the gate is viewed from above, whereby a misalignment
in a first direction will make the transistor device width larger, while a misalignment in
a second direction opposite the first direction will make the device width smaller to
remove overlay tolerance from the effective transistor width, and

wherein source and drain terminals of the transistor device have a gate formed

therebetween and the gate has at both ends of the gate extensions which are
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3. A body contacted SOI transistor formed upon a substrate, according to claim 2
wherein
the gate structure has a dog bone pattern and any misalignment toward one side

of said oxide opening of the device will be canceled out on the opposite side of the

device.



