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. SO. .Body Contact Structure for Transistors FIELD OF THE | NVENTI ON: This
«invention ransi stors and particularly to an inprov dL %b
contract Hﬂﬂ“ﬂ“ﬂﬂMMﬂmk process for creating such a structure iﬂ ﬁﬁ%ﬁp 2
manuf acturing enyironnent. G ossary: BCirefers to a transistor of the body
contacted type. Bc represents a shape that denotes the shape of
poly-silicon structures, RX represents a shape that denotes an opening in

the fi el dVigthodend dpprsyed §OLBody £ogtact ipctupdet Hapgisters he di fference in

fini shed manufactured dinmension fromthe di nension drawn in the design. Dog

bone or DOG BONE neans a contact shaped as shown in Figure 11 having a

shape gendiFAD QFITHE INWENTIONdog bbimie irvenfi@ntelatesTopraheistoegpardipartiefi@tystot 0 a
denotes two "T"s which are mrror |nmages of. one

shape that .general e
ano'to her rﬁv?frpgo‘fﬁﬁeﬁ hoghyconirach sleprtpss and PERLESSIOF Greptingsycha Sg"i”f’%‘é‘? i"h as

i1l ust ratﬁgntﬁyﬁgﬁ%’ilﬁd ?Lment. 17 MAY 2002 -2 Tradenmarks: S/ 390 and |BMare
regi stered trademarks of International Business Machi nes Corporation,

Armonk, New York, U S.A and Lotus is a registered trademark of its

subsi di ary, Lot us Devel opnent Corporation, an independent subsidiary of

| nt er nat | SR¥¥ Busi ness Machi nes Corporation, Arnonk, NY. Other nanes may be
regi stered trademarks or product nanes of International Business Machi nes

Cor poration or other conpanies. Background:
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 aligned in a generally parallel direction as illustrated by Figure
10.
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A st-andard, non body contracted transistor will be described as is usually
‘.drawn as shown in Figure 8 below. The areas labelled "S" and, "D p nt
«the source and dram of the transistor. The gate is | abelled 1Nl7t MAﬁeiﬁﬁid
"Gate". The effective width of this transistor is determ ned only by the

wi dth of the RX opening in the oxide, \f\,gich is the outer rectangle in this
illustration. Any Delta-Wtermis due t6 any bias on the oxide opening. The
tol erances that have to be included when conputing the width are the RX

i mge si zEraderaarksry $/8P@ prechEBM ore m8istesed fradeynaskseadi laternasiengiBusiness Machings
process, .and i r u I .0V 1s useful in
maki ng coérr%ﬁg%hgﬁ’r cui I{éégg?hﬁgg’ g?@ééﬁﬁ%ﬁuﬁs%@F{S@/t%&gﬁggfelgor s. The
pr obl em vdubkidiaky Dotus Mikvedspaicht CorpbdatioB@n ihdapendedd yutettidrg@if Istemacibnaties i s
that the cause the effective transistor width to vary dependi upon the

n
overlay tByaresnilachiweneemorsionpirmaenk. RY | Gher samesimak by rqgwf%fﬁé%@ﬁ%@fﬁ on:
pccor di Nortflodel hirits FTRRAaBha HIRidWVRALARL EOBbRLLE PbMKt Hiflpddiesd PTOCESS
for making ‘an si ng:

transistor, the steps conpri ormng a transistor
having a source, and a drain separated by a gate which has a body contact
therefor formed f a poly layer for contact with said gate, and wherein a

shaped fiB4488¥de openi ng exposing active silicon is formed with a

t opol ogy Mﬁaiagﬁ%a,lvlg{]d @g@ ctghﬁa&éé RardlstdtGhit R dbiRase iwsgsms ﬂxfau@l cf%%ﬁé&ﬁ‘ ind

the drain an I near extension area over the shaped field oxide

openi ng ddigweld bedswaithareas hbelhal “Si’and 4Dd répreeat thexbens anhdaneaf the def i ne

the gate for. saiq,transi wll which, L,r e.part, . of.the transistor

is m rrortéﬁlsﬁfpraqgségtﬁds %&’%ﬁqg_rwﬁﬂhﬁ’ﬁé” (ﬁgt g}a ar iBSEﬁ%ﬂb‘J%f”Y'PQ‘_tOfgtglfzraﬁé'ﬁoryvhen

the tOpO'i@ﬁMteﬁﬁinE@F?%}ﬁhb tsvri]d/th%m ﬁxgmﬁﬁgﬁﬁhewﬁ%?ﬁuicﬁ iMhSutcd REBRAHgld N a
make

first direction w e transistor device wd | arger, while a

m sal i gnrihis illusirates oty BickedY tasm is dpotoi any tidseors the oxidgioperingodhei | | make
the device, wdth,smaller,.to ve overl tol er.ance fr t he ef.fective
Lt ans: ot dpiepirres o3l o, bp BT R S5tp B B idas e i itfe S A o
devi ce t hgy tolkdan¥\¥n 2RRE-W 2By sBe¢lyl 30 BF &€ bxidtir@proSesdARE Stahdard trlahgtor
concentration using the parts of the topology applicable to the gate to

meke a diStfugBiroermissiipaeed adds waskil g mekinglsemplaxontcats such asfieossaagd binvder
he i) g N .
e o1 g R ARy MBS it IS TS A S bR d P

W th the suuetirdsds thak tHeaatideetht effediveedahsinsr widthtetargideparling' dponlire ogerllyi gned
and generallﬁg/ pgral l el to one_another to bound and contact the body contact
area of daicHncrP BRLYest e Me dnd BX I8¢ddr di ng to a second aspect of the
invention there is provided in a process for making an SO transistor, the
steps conprising: formng a transistor having a source, and a drain

separ at edSiymarygttiee laventiothas a body contact therefor forned of a poly

Laver for, Comlacl, YLD Sal i ARl o a0 Moot 0.0 SPARSH. LS B2 5B

transistor, the steps comprising:

forming 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 will 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, in the process of forming said transistor device the



. Which overlaps the gate structure which separates the source and the drain
-and .whi ch has a |linear extension area over the shaped field o

as well as an area normal to said lineal extension area to defli ﬂwm
for said transistor with which a first gate part of the transistor is
mrrored by a second mrror image gate part of the first gate part when the
topol ogy of the gate is viewed from abo whereby a msalignnent in a
first direction will make the transistor deV| ce wwdth |arger, while a

mi sal | gnriedy contagt ezikeped foechieb rorsspatianausingdhe pady ofdhe ngiqgry appligablgake
the devi ¢ I

transi ot o Ut GRS ElhGioh HRKS QAL BGACERBAF Eod kAT IRl GG,

devi ce t hdiffasioy noekteafam@r ea i s doped to a high concentration using the
parts of the tog‘%l,o% applicable to the gate } make a dlffu‘iﬁon mask area
and naki ng t heVhaip theatiastrugtercahiormedpf ares et tordodep t Istharedalsriesisea, and
wher ei n Soth erAffd Hh3hAy %}%gle%h 5 v th fireh HBRR S He 1HRY] Sferiftuta 6181 ©
fornmed therebetween an as at both ends of the gate extensions
whi ch ar ecashif$Y heing alignyedeadpenehliypamll¢ldo bheatitherdo bommdodndt doatagtithe boayd

whi ch bound and copntact a.body contact at each end of the gate structure.
The i nverffoEgt ﬁrgap?ﬁﬁ{rﬁ%&lﬁer@/qwqeop view in Figure 7, and provides a

transi st okcdoRditbt A sdcBAd heHfRcPithe ﬁlfveﬁtlﬁﬁl thgmsspl%medqm ﬂi‘@cé%é‘f’or%zﬁ&ﬁg aply is
the sane as exiISting structures, ottompart is the mrror Tmage of
the top pﬁbltxamrwbri the tsteps banposmgart, the effect of PC to RX overl ay |s

reversed, "UP". msalign w Il make the device dth | ar

O 2OM AV 200 S5t Ty ORI RS ERE A RGh e

smal | er. waly%oﬁ@ann@@fdrhsm%aeaﬂae}sm Riyer 3P s@ntw NN AR @t et tRrdin ansi st or

wi dth. Description of the Drawings FITGURE 1 illustrated in the steps of
FIGS. 1A-1D, vmsf@ne%ﬁdd/omm qneamglespwng aetive sidisow isdormoerd Wihedegpelegshe 1D-- 1D

in FIG 7 he ..bod act l,u a in

F s, oa AU REGIE N8R SERLEE il sepich AR Sree AR YA RE Rt o

2D--2D i nlnFeb&xt@nmdﬂ @sﬂ?&/@ tsd$haBed NEd DR1M opetih®as tviaﬂ(a'sl@ﬂ atdam@rrhi}to 3&)daf t er

etching nitride layers and poly |l ayer of the transistor of FIG 7. FIGJRE 4

i |1 ust r atléngat gxdensidp ares @&eﬁnem gote for é@ﬁﬁr@mﬁpr wiibwhiiely 3 Hest geye part of the

oxi de-ni t

illustr attédélg] ?10“ °rg@§89 %g eI ecfﬁg% céé Fer ﬁ?ieigt afg%}f%eﬁ the

convent i copblogy Eftmé eards vie@zea(fms sbdvla,ewlsublsyt ] ﬁh&hh@ﬁﬁieﬁtﬂh rmf‘&stdhreaabrh il
FlGUREGShOWBthat agoly%@ 140| deposi ted, .doped with a

appr opr i PR 8P FARSISPRE T bl hii s e BRin g ﬂéeoeaeflremnampoafe t he
transi st Qpe kikdt UirbérRinBehII rﬂall:eI the devifd AddEsrhalldr!id S e eHBR RE AR & the
enbodinent 1n a top view of a transistor constructed according to the

i nvent i orefferti GURENsStor widdt, and whemirs imthd pratesool foodipgsaidtteansistbr devns thet or |
whi | e

body contact area is doped to a high concentration using the parts of the topology applicable
to the gate to make a diffusion mask area and making the body contact to the body under the
diffusion mask area, 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
perpendicular to the direction of the gate, and which bound and contact a body contact at
each end of the gate structure.
The invention is illustrated in top view in 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 the bottom part, the effect of PC to

RX overlay is reversed, an “UP” misalignment will make the device width larger, while



~ 7 MAY 2002 4 FIGURE 9 illustrates a types "E:." bode contacted transistor
as+described In US Patent 5,905, p 5, which represents the Prior Art which
is inmproved upon by the invention herein described in its preferr

embodi ment i1l ustrated in FIGURE 1-7 and 10: and, FI GURE 10 i3 B WAY, 2002
the preferred enbodi ment of a new SO _transistor of FIG 7 which is trade
by the process described. FIGURE 11 siows the alternative DOG BONE

enbodi mrent of the invention manufactured by the process described with a
dog bone mask. Detail ed Description of the Invention: Before describing the
preferred enbodi nent of the new SO transistor which is now able to be nade
as illustrated in FIG 10, a standard, non body contacted transistor wll
be described as is usually drawn as shown in Figure 8 below. The areas

| abel ed "s} apd, o' egqrﬁqg so a ' st for

t he body cgnt gg‘f’%d rg{:a aIp]rfl e rgga?gli*s}d%g%ef}g% (ifi/i\nét %ﬁé%ﬁﬁ%&fé&s qr‘PﬁeS
effecti ve WRBPHEDf LR verkmsitstlorapsedér e i gt Bie thHangidtierof t he
RX openi ngwiwhhch is the outer rectangle in this illustration. Any Delta-W
termis due to any bias on the oxide opening. The tol erances that have to
be included when conputing the width arée the RX i mage size and any

tol erance DasPelipaidh & tyipe U@ riagady contacted transistor is shown next
in Figure LS.18,1h i.staqr d Lb i S Pat.ent 405, As in
Fi gure 8, ﬁceﬁgif:e%sﬁ%%%ﬁge%{gé% gcﬁlg g%g{j%e%?e%g;nét% t]hAZl lgj(}urv‘giel%glndgz%%ai n of
the transi shertapusifteogatre ¢ dsalseicédon threwah wokte "IGatdlD' iaddifG-ofal |y a
new cont acg\,hekgbghgdbgggdygnm hgaen addedr@sqsho-shown in FIGURE 9. It is
assumed 1 ? MAY 2002 that the body contact is aoped with the sanple
polarity as the body of the transistor (and the opposite polarity of the
Sour ce andrDGERR)2 AlDuskrdtedldd WIssi. S2A0LD SHipows | thd et dpd eipgstiedfto
sinplicity In.this existi t ype of bpdy cont 1r i stor, illustrated
by FI GURE §Pet H%tW dﬁ%r?%&der}ger r#rr%’&f Sﬁc%(x%n Tl_gﬁ? ef't aEs%lﬁd'ejo'but by PC on
the other. The Delta-Wfor the left edge is the sane as for the standard

transi stor phlhHst 5 Yeid QRE hen 0% de apenilhg digs. On the
right edgeF&hO\i}ngr%ﬁ&f%t%g%Nl S d%gg?gggkﬁxﬁél#?%ct%ve w dth" for current
under the e¥chipgpeitpife bAverfe ancapelyt drygatel the ddhiniisitato athe
t ol erancesgfgr, the Standard transistor, the overlay tol erance between PC
and RX nmust be included. For exanple, in Figure 9, if PGis aligned nore
"LEFT" with respect to RX, then the width of the device will be snmaller by
t hat anbunFIGURE| ¢ fi3lastrebss "t rext" DO imi whickspesinfiardd], dWlere i s
no effect transj _wdih WL | W
respect to?laﬁ?gtgﬁe(gmpd!t)%;‘% %gélgieev)i clg&\%\nrl ﬁage&?%%?% sgeggltbéyﬂt At \gﬁoennt.
Thi s di scl ¥8&E&-s i nprovement in structure which is achieved by the
processor for making it which will be described with respect to Figures 1-7
and shown in Fiqure,10. As shown in Figure 10, in.the preferred enbodi nent,
the left pdrfY %’hélgﬁftﬁ%ms comt & Pﬁng%sf‘}B‘? Fe e SHie 3¥E T gure 9.
The right parecefiohhlyrinsa s¢tavegati®nbepRIBgyrocesedtd ramdde tdEove i s,
however, t i g | ef.t, part. As before the areas | abeled "S"
and "D re%ﬁggg%?%héﬁgo%%& %ﬂ% I‘é.ILIlI’?'Of t he body contact transistor, and
the gate is labeled with the word "Gate", and the body contact is |abeled
with the we@yRBO@Y showb tﬁa@?&%@@ hhgkrt *ﬂ@obygly%@@hsf@éd,l SudRed Wi h the
an e

sanpl e pol ant Ia\t/)pas t he boay of the’transistor (

an ropriate dopant, patterned and annealed to form the body

contact of the transistor illustrated in FIG 7.

FIGURE 7 illustrates the preferred embodiment in a top view of

a transistor constructed acccrding to the invention.

FIGURE 8 illustrates a standard non body contacted transistor,

while



17 MAY 2002 6 opposite polarity of the Source and Drain). A mask to do this
iss not shown In the Interests of sinplicity. In the right part of the
preferred enbodi nent illustrated by Figure 10, the effect of Tg

overlay is reversed: an "LEFT" msalignment will mnmake the devlCe W|dth

| arger, while a "RIGHT" misalignment will nake the device wdth smaller.
When the topol ogy of FIGURE 10 is enpkoyed and two transistors forned as
illustrated in FIGURE 10 axe connected in parallel, with "S" connected to

"S", "D' connected to "D', and "Gate" connected to "Gate", the effects of
PCto RX msalignment will cancel out and any change to the size of the
right side will be conpensated with an equal and opposite change on the

| eft side. An alternative inplenentation is shown in Fi gure 11 (the "dog

bone" ver SlEI!'@URETh)e iherBirakssak e o ked Wobhyt Benk gt &4 Strans fdby Qs t 0
r epr esent t s rce ang] C%%; g ectivel é]h the word "GATE" to represent
the gate, ord YBoBYCED Tettesent ¥Dhodyt EBRReREFontpoi MEiOThi s

i rrpl enent atAnm vﬂha:rreesGlmbeos'aaEupdmwt:yieaSnEegumenmeremtcﬁlaicmwed?‘C to
RX M sall ongent. on he Lehl 508, plad NG -deylapsavih! -be,caNEe) e, pUlo O L he

right side evi ce. Process for act uring I'nvéention € best
i mpl enent atdtsh of this structure is a self al i gned body contact structure
as shown in FI G 10 representing the preferred enbodi nent of the SO
transi stor. we have said, as illustrated 1: top viewlIn Figure 7, and

provi des a E[% dor-Scal Mien Ghi e t%*@&ﬁeﬁa?’[“b%l‘f‘%tt?%n%l%?"brs%n be
zgnc preferaﬁad_ayqsmtroheosameaweom?s&mr:gs rale? b E\P(e2§98ce§il’du%§¢hfﬁ$ed but the
ottom part m rror e. of the top_.pa in. the bottam past,
the effect FO#G?‘B%T% Iﬁ&%’\%? Sya?'ge? éTVseeg)OBaﬁBN%Pegﬂ??arp?%%r% q'bef t he
gate will rakentieondewenudawnicdt&d| oy gare, pniolcleesadéaombemxsaﬂ:hganrmwg of the.
gate will npkg thedevice width smaller. This renoves the overlay tol erance
fromthe effective transistor width. This is inplenented by having the area
| abel ed "Body" be doped to a high concentration using the parts of the

t opol ogy applicable to the gate | abeled "PC' as a diffusion mask. This w ||

natural |y 8 ontact to he body regi ons under the "T" shaped diffusion
masked par 0% lé?fé’h%&ﬁclrﬁ@ ipp oS hHedPVEREEPRT 7, a top view of a
transi st or Betiester Wielsed iddagr dhagpt efddred lembbtimanshoﬁvstls@uﬁm SIdJG and

drain 114 rat b e.;11 ich . has _s -allg (the
body cont ace&gleslqr?gt% e%loggé géng?vém%febﬁt %S ﬁéé%r%% g?%gggé’tg C%Inc’g end.
For purposédd,ofa sdpadande, nanf bedy cotitaialied tphansistderwihl the as bel ng

paral | el tqiégdlqb%l& a%Dzlseiﬁ"sﬁﬂﬂlj?gdrf‘af&fnatsh%hé%rEﬁ irpgﬁiﬂ@ §ingd 1ownd Fhe
second axis w | extendln%dwn evmdth(gf fhe gate. In

red
FIGS. 1A 1I3retaﬁerl€%e e§‘ é‘ﬁSmﬁn?n“‘B JEPTESEPToRPE NP BYERE | 302 4B T h R G
7 where the transistor for the body contacted cell. The gate is

labeled with the word “Gate.” The effective width of this

[ . transistor is determined only by the width of the 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
9. This is the transistor described in US Patent 5,405,795.
As 1n Figure 8, the areas labeled “S” and “D” represent the
source and drain of the transistor and the gate 1s labeled
witﬁ the word “Gate.” Addit-onally, a new contact, labeled
“Body” had been added as shoim xin FIGURE 9. It is assumed



!
t he body contact will be fornmed. A portion of a 501 wafer with a | ower

., Substrate 10, an SO oxide (Si02) layer 50 and a portion of the thin

. silicon layer 102 that has been patterned and then isol ated

conventional step of oxidizing the unwanted portions of Iayeri]BMM 29021
oxide 60. In an illustrative enbodi rren%, the length along the first axis
(along the line 1D--1D ) between the source and drain is about 1 umor nore
and the corresponding gate l.ength of the MOS device is <0.5 um
Illustratively, layer 102 has a thickness of <80 nm _ 1 ? MAY 2002 8
FIG 1B shows the sane area after a nunber of Internediate steps, A
conventional gate stack of 5-10 nm of gate oxide 10l, polycrystalline
silicon (poly) layer 110 (in the range of 100-200nm) which serves to

provi de theni¢apsi S:E&c‘i g%rﬁ;ac%”@st ng&'i QLle@A iMe Nidddde p@@%\%l%) agaﬁ:ﬁe

dielectric 107 (12 nn) have been forned and source 116 and drain 114 have
been i npl 2ReRY ahd-Rmneded sty krE 4 WPRH Y RPN “oxi°de “P&yer has
been grownseurtdeatigesaiof) .t he gase séadk,tiafd ers witchkhaws0 xamchayer of CVD
oxi de have, bgen deéoos]%ted alnd x%_t}lched to formouter gate side wall spacers
115 in a conven?l Shal pro €55 These out er spacers are not only used to
provi de LDD sources and drains, but also serve to isolate the gate fromthe

poly raisegh S%{geemg@le}p%oetfa%dyem&tw&a%qs&% t flqtlu%@a@@ét
formed by sel ectlveljg/ %ﬁosmln 150 nm of doped CVD poly in the apertures
dr

above t he B¥UFEEURR . Wite dopdereapinet PV S ti)(?B leftsddred by
t her mal Calsu@xwepaoorﬁ 1@% Oherl.NThBepéltdist radsd whemad gt ikheneap

d t b f di el ect ffi t
o dot i nERHE SBF 1 { Yot BGPET B PRELE YO L NEI A PAE Rao S ROl of a |
conf or mal haxyelyo’thé:\mcxdet rdpcémleOb@EbGodD)hea\nergnmeac@&ter@mévleavl ng a
th' ckness é'ﬂé% lc?x?e Ovagndg‘ E Y@é",)%léé}lﬁkfoez“%lﬁ]}e%% Qx%@lteﬁ‘:‘?tth'ehe gate

great er t an one ness COpr etes the st eps hown i n
this figurel” F!F@eczmamt sqfownehérgaﬁbsm@pga%plﬁrecﬁ%tmn tt@pG—IhGgy when

viewed Trogbi8gant@p r¥ dHe sgtra%%uaetraxmﬂm  Rh&ETRRS Szgﬁtt'oqfér%@c%he
gate structure is formecg Not'e | FIG@V\&%S of nitride 120 nearly neet

over gate BFBERSBUYC Rk RieAbisdd enipf by the dotted |ines FIGS.2A-2D

show t he sane steps applied to the gate havi ng a "T"topol ogy when vi ewed

fromthe " waer f [ the P rut 0 ection
2D--2D in E?% %I‘V\%gfe <3 s?t’uc?u?% é %{%%} in S%t?‘hat t he
si de wal | srg{spﬁﬁtrt@emizothmrﬂw: weelthov’értkg%lt@emm Adidgn ko |smadd4erblborck
out mask denetegdmbinE! G ff b_M: tihe a‘i?ﬁ%ﬁ@é ‘I‘I*H_E"e é@b‘ﬂcﬁﬁ«" w;L]tK'x MAYe2@02,9 180

is optionally used after the ste own In
RX; there is no effect on the tran51stor w1dth If it is

aligned more “RIGHT” with respect to RX, the width of the
device will be increased by that amount.

This disclosure’s improvement in structure which is achieved
by the processor for making it which will be described 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 jimage of the left part. As before the
areas labeled “g” an? “D” represent the source and drain of
the body contact transistor, and the gate is labeled with the
word “Gate”, and the body contact is labeled with the word ~
“"Body”. It 1s assumed that the body contact is doped with the

sample polarity as the bcay of the transistor (and the



to expose the body contact area (212 in FIG 7) only and to protect the
gate. The dotted lire 12S illustrates the situation when the thickness of
- nitride 120 is great enough that the side walls neet, refered to as the

overlap thickness. In that case, the optional block out nmask 4ijl
37 MR, 002,

needed. In the illustrative enbodinent, if the top of the gat
250 nm between source and drain and a ¢ hi ckness for nitride 120 of 150 nm
will ensure that the gate is protected during the aperture etch w thout the

need of a bl ock-out mask. FIG 3 shows the sanme 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 (R E)

Wi th appropriate gases, stopping on the silicon |ayer 102, and | eaving an

aperture 2odhat piilal- kel gfthﬁe bsqpbeceont@:brg&% Atpthhspstaos, diese is

a side wal] nenber consisting of gate poly 110 ab ove gate oxide 101 and top
si de wal | s+¥ dFHed TFOM R ttPFdeni?’TFStzf'lf déﬁﬁ@é&cdt‘-}ﬁeral ly by the numeral
205, that is insulated fromthe source and drain by outer side walls 1I5.

It will pRAr §nt 1o sgeskilled Jn the t to be
a correspglnrgl ng gl htt (E SF jél!lé er ar gdzfg’%to ?h%upﬂé&%#t%&]g@fﬂcont act
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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.

As we have said, as -llustrated in top view in Figure 7, and
provides a transistor cell in whizh the top part of the

transistor can be anc preferably -s the same as existing



What is claimed is: 1. In a process for nmaking an SO transistor, the steps
conprising: formng a transistor having a source, and a drain s fﬁﬁ

a gate which has a body contact therefor formed of a poly Ia?eM,g% tact
with said gate, and wherein a shaped field oxide openi ng exposing active
siliconis formed with a topol ogy which overlaps the gate structure which
separates the source and the drain and which has a |inear extension area
over the shaped field oxide opening as well as an area nornmal to said

| i neal extension area to define the gate for said transistor with which a
first gate part of the transistor is mrrored by a second mrror inmge gate
part of the first gate part when the topology of the gate is viewed from
above, whereby a misalignnent in a first direction will nake the transistor
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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 pm or more and the corresponding gate length of the MOS
device is <0.5 pm. Illustratively, layer 102 has a thickness

of <80 nm. -
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wall spacers 115 in a conventional process.

These outer spacers are not only used to provide LDD sources
and drains, but also serve to isolate the gate from the poly
- raised source 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 oxidé 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

the gate structure is formed. Note in FIG. 2D that the -side

walls of nitride 120 nearly meet over gate 110. A non~critical

block out mask denoted 1n FIG. 7 by the dotted line labeled
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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 nitride 120 is great enough
that the side walls meet, referred to as the overlap
thickness. In that case, the optional block out mask will not
be needed. In the illustrative embodiment, if the top of the
‘gate is a nominal 250 nm between source and drain and a
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 (RIE) with appropriate gases, stopping on the silicon
layer 102, and leaviny 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

P

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
definition process. Dielectr:c layer 130 is directiocnally
etched in a conventiornal RIE preccess Lo access the substrate

and form side walls 132 shown in FIG. 5. Laszly, a poly layer
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140 is deposited, doped with an appropriate dopant, patterned
and annealed to form the body conztact, 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 dra-n 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 extension 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 212' 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
L 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
and enhancements which fall withir the scope of the claims
which follow. These élaims should ze conszrued to maintain the

proper protection for the inventicrm first described.
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What is claimed is:

1. In a process for making an SOI transistor, the steps comprising:

forming 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, in the process of forming said transistor device the
body contact area is doped to a high concentration using the parts of the topology applicable
to the gate to make a diffusion mask area and making the body contact to the body under the
diffusion mask area, 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 said transistor device.

2. In a process for making an SOI transistor, the steps comprising:

forming 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
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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
perpendicular to the direction of the gate, and which bound and contact a body contact at

each end of the gate structure.

3. In a process for making an SOI transistor, according to claim 2 wherein in the
forming process the gate structure has a dog bone pattern and any misalignment toward one
side of said oxide opening of the device will be cancelled out on the opposite side of the

device.



