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- BACKGROUND OF THE | NVENTI ON (1) FIELD OF THE | NVENTI ON The present
invention relates to thefabrication of integrated circuit devices, and
noreparticularly, to a nmethod of elimnating floating body effects in the
fabrication of a silicon-oninsulator (SO) MOSFET in the fabrication of
|t egrated ol rcul ibyek 24mPRSERLRT Oy CEoRTRCRREOR 48T HRkrad o(1on

technol ogy that depends on conpletely surrounding evrces an insul at or
is referred to as silicon-oninsulator (SO) technology. In general, t he
advant ages of SO technology i ncl ude sinple fabrication sequence, reduced
capaciti ncircuit elenments, and increased packing
density. g&ﬁ&ﬁégk;tec ogﬁmF%Ndlscussed in Silicon Processing for the VLSI
Era, Vol. 2, by S Vblf Lattice Press, Sunset Beach, CA, c. 1990, pp.

66- 67. Aty FagiAFata: Qfmﬁ@;oﬁechnol ogy i s inherent £l oating body effects
due to the limtation_ in incor oratin%é)ffectrve contact to the body. In

bul k silicon MOSFETs, "hePBotfom gV ePhiP buFk&ie?. | on W4k é ebiffecPéd to a

fixed poterigirated Howewer, dmlaels,SObnclmeEa'parttheummy, i soel aecﬁnl’el:ﬁrﬁi | yf

i sol at edeffamihg Q@Etﬁ%otoo& éeléb@é rﬁt €neTHELF Q01 rPQOPOdysﬁ §ELg-result
oW

in drain. current "kin ffect abnor mal thresholds ope, rain
breakdovrhn%Iaf%t@éSOﬁ)r %OHF%IUFFeWe s eifns of didensitsd Wérls‘rfoot The
"kink" effect originates frominpact ionization. Wien an SO MOSFET is

oper at ed (s past@caeonf el fhel exdURge Vol tage, channel el ectrons cause inpact
i oni zation near the drain end of the channel. Holes build up in the body of

the device, raising BYdy i potEntt alteshePoaEr eWtr afiersigst hresiomelaisly age.
Thi s i ncreasesditye MISEET our rentirgalsiorg & "kéfkTed Ntéh@sCWinepdn-Vs-
vol tage g.rltsu\_{)atgﬂ'” V@@I l tte!:l%noq_%§§r ed tIQ e&én@ké‘?t etflé O%t I n a%ce)gy etf f §8£ S-

nunmber of Cpatents resent a variety of isolation net ho

si | i con- bRt 6PSlaHa ot ielet ELGiRIDSPE SRy, S, rqﬂa}t:%qht BpagiFdve 033 to
Baj or et calpishowsetaepr ociessitf arlefnemm,ngnhotﬂtrdeeem @radkﬁt@aldleﬁy\tttyr enghes in a
Sa  devi g6 tagxreovlegy ;tetecds%em egﬂcroﬁn?pot eng{n & L ”\g%gstgto GQnt act

t he substrate u. S Paten ts 0 'Hsu et al
show an $0°¥évi &' havihycs EFF&WSI'OWTES\?t B?arcélhcﬁp*'l §o| aP?bn PESTHY-For nied

entirel ydidwigagtegthet sidri cecfhrtomocjmesoxmdﬁehayﬂroatthgs boeﬁtﬁrfteét&d%e%& to
Liu et al:h@'ﬁﬁi@asc%nt{rﬁrl%@o ?MgO@fHUtQUQ L@-sourcerdral n s re on. Y S

Patent 5, 674 oses an 1 sol ation struc ure TRt in SO
t echnol oayllcensm%f&?em“s esbt%bsft 6PM Bt ky sktiogp ereéreweeneptselhe@tky

di ode cohnect irohsiiethieencisher botly andsanewsfrit,hensoubge/ aét@cfﬁgﬂa@m§
SUMVARY @olyégdlt\t\éﬁNILQ\i;&%ﬁtr g n&ley ’sugstptraltrrar Y blﬁoama Eﬁ%rl ng/fenﬁl on is

to provide a_process, for formng a silicon-on- i nsul at or

fabri cat FoRtof ‘T nfEyiat et cuirk’ Afﬁelﬂtt hébneBpecthefshphe $¥rpentilom is to
provi de argimocesskdoon formiyag @ashl bammentkmhat@enmglé \Whit oot .

el i m rateng el Lagnody; ALLeS! SoMALDSL BL LAY .8T LAS, LOVERL M LF O
provi de a process formn on-i nsut

el i m nat FhPPRFBHtd ﬁ§ B OotRF I8¢ Jé%Pst‘bWOﬁF%@le@llh%ﬁeeoﬁt@ételteletqiteomdylum t he

t ransi st brpackni@ccet danaeamithh #hanobheclrs « 0 dhhenélnventat&nbuﬁlcﬂ%hgd for
formng fns! ALON-ONNLALOr MSEE] Wbl & 8LhMm natin 'Oag' ng .body
effects i s achreved I 1 con-on-in at raters

conpri si h’@fea‘:fhsje‘tnvc?éh%ﬂfct orThs%b“stCFatﬁsuﬁHermﬁFﬁ@ ar roRt d‘eaUISayfera uhdek? yi ng a
silicon kayere ArfédiStvstrearhigks (etwghedried.0 the isi khisondl ayeciwherein the
first trench,exten Jally through the silicon layer and does not
extend to thé %(.Ir]]og ?Ieyrﬁ%E oxi de layer. Second trenches are etched into the
silicon | ayer wherein the second trenches extend fully through the silicon

| ayer to the underl ymhgmeu)ﬁeele drayedteand \Mﬂ@é&itn i heaseaond, 4 r eBgheson
separat e, Gt gefgreasllo(jont e.sem.¢ ogdug% thsubgtrate and wherei n_one of
the first trenches Fiesom thin® esch™ of L& aet i v&Ar &ds. OFRE T4 r st &nd
second t F&fEkes Wie0#3 |1cedaiwt letarli netsatd mgoteypertor Gimied dotthodesy and
associ at &6 SOULCEr arendiedl inr £HANSH L ;T obBd | ntlé@g o4 I;Ch%‘ea{t{feg‘tgﬁlt layer
bet ween the slecgnd Cthr enches. An |E’q1t erlevel dieleciric | ayer_ i s dg osited

overlying the gaf & @rect? odas* Fi SEonTatts ale- oﬁéh‘%&fst fir DGK>€ hee

i nterl eveln divgl éefPl.d5Payer Hew thealundeml wnn§osodecigeandviiaian sregions. | n

t he sane step, a second contact opening is nade through the interlevel 14
- 13



dielectric layer in each of the active regions wherein the second contact
openi ng contacts both the first trench and one of the second trenches. The
first and second contact openings are filled with a conducting |ayer to
conplete formation of a silicon-on-insulator device in thefabrication of
integrated circuits. Also in accordance with the objects of the invention,

a silicop:Qnyi Qma%tl@ﬁ devi cgoﬂmedaéhel@gggrt@&&gghCIthgug t1:k8n %hitﬁe\:/e?udlhe
devi ce COprrl ses a silicon over | i,l an oxid Iayer on a Sl con

seni condu®{Br subdtr aE’t""éem’Sh%tI8 6V\:?2t8r ERch™ &51 at | %lrfclléﬁso%e%% drifatFtirry
t hrough thewghl kcomidcayeraihorédienuntet | yHangnioXd,de4s ) Bpetowhereidistheseshal | ow

trench igpl altsbmloﬁglsqqacaer@ar ahf a&ée ve, agas \akniig,gem conductar,
substrate. second isolation trench ' lies within each™of the acti ve ar eas

and ext eﬁd%f’opéﬁ i A Mys Ui Glight tHE-5795°con S Farery \iHerei PrrRetisecBireen

i sol ati onh¢ rcedg hendoes: Ot trextemd<l/ordihe remidesl yi ng oxi de | ayer. Gate

el ectrodes and associ ated source and drain regions lie in and on the
silicon | ayer between the shallow trench isolation regions and covered with
an interlevel dielectric layer. First conducting |ines extend through the

i nt er| evelrehirg| ex trHE cINvayeToNt o t he under | yi ng source and drain regions. A
second conducting line within each of the active areas extends through the
interlevel dielectric |ayer wherein the second conducting |ine contacts
both the second trendifSaRETGME of HHENSHal PRt r eAchRE sOTERTTSA r é§i 6As.

BRI EF DESCRiREI GN docttE PRAVESKSSnhN =t heilaseompanysungedl avadngs fiar iheg a
mat eri al th?zrltcaFIorf[ g'ksinq§§§a[eegt L& {Qere is shown: Figs. 1 through 7 are
cross-sectional representations of a preferred enbodi nent of the present
invention. Fig. 8 is a top-view representation of a preferred enbodi nent of
the present inventiom fﬁ$therDESﬁRJtP$fGﬂeOEn%ﬂElaREEERREDoELw a ibn?cess

illustratg, ss, fQ 9,4, C n tor, . NOSEE Oa in
el i m nat |tf§ F?%Hgt?llgné bo g&rfogctgs : Jﬁd s&g}l}o’?g& bg’H%%dee:ls?{(%& B ogte dki Il ed

in the aPfdx Kafe¥¥e pr esent i nvent i on shoul d not be linited to t he
enbodi ment illustrated herein, but can be applied and extended w thout
exceedi ng the scope i tio Referring now nore artl cul arI to
Fig. 1, there is sho%now%em égﬁau%ftqotrh subst ra%ne 0.7 °APS? ‘FI con- Bn? b
i nsul at oF°5ubsTHafe 3 sSifLaBTT CarEFagest di9F§ET ovahye oflithestdany Ehedonal
met hods, bedg Rk rasctSl MOXrosidingoforitapt ant thhneughroxhde ansisaaf er bondi ng
techni ques. The resulting SO substrate conprises a |ayer of oxide 12 over
the silicon substrate 10 having a thickness of between about 200 and 2500
Angstronms. A second st iPEerrdeayervitB i epitaxi af I4regivmRtifor aexeliple, on
the oxi deéotayefmitd to sammrc-leﬂeﬁsgumtat&etmm abetite S0Qmamet 1160,£008::ng
Angstro ef ig er. aof . oxi de 1 dep05| ted over
the sil @8‘%‘5 ejlf%gr;dsng gﬁlevegr esAsuSrlél% ne%% cé’lsu%/%ltﬁgr S%%p(’f%??l Yﬂﬁ%ﬁ) to a
t hi cknes§°¥§f“l§é’t“-i/\ee'ﬂh a‘ft?ﬁlatzo gtand SOt Migst radsEly g s 4rayé¥<l€i£ i ;avgrstress
Irel ief | ay@%rlyién@a GBS Iﬁay@f 29 if$r=_f,tDrtffBﬁl<a}Q\&%r eta%doxhel@ drayer1i&n Thi 3
ayer ielectric,, s s.silican . nitride e er, 20 an
stress re%’ ayer 18 a;]t(e: rf)gt fered “As° nsCL WREFH R gt grnmst%efl rst-"sShal | ow
trench i ééY%Ft i onf (SFS) Rtenetienthéohahd magkr20nis O?js@d torgyat t efercadf i r st
trench 23r-rwhireb exd estdsepairbalhy d4int ot heyst| ‘jﬁfe@@llll AR sdbondlThechald mask
and stresg, relief, | %ﬁlegushl earhl:dllzc__(:)oma e errergg)v ], 2 Cg)erlexa Iedb h dr of | uoric
acid or chemcal etc first nch® 2 oWy EFGTE 32YF% Bf'ched
to a d_epwheﬁlnbéb%\eﬁ?oa%omenﬂzb% aﬁw@asﬁféﬁ Fttitre a§|@b$ coh the tstmm@néls@orThl s
is to | NSUbL:-rA6e QRN atatd:ancd Jdef aRsSiSteF PReREMITANES. i The, td-eRCkr must
mai nt ai n Cﬁnnectl on to &he %I | i con s ubst rgt QC§16 The sha% ]ﬁw trench 23 is

filled wth an Oxi de | ayer brStFor X Al PiiEr B de 18§ er Thotf P shown,
first mayrbeagiownlaresthe §4ﬂdaev\ﬁllelcsr<a1fﬁ§ bott grmsofidthe shatdowernd edrgtin such

as by LPGYR IR a-thickhessiof shet M\@e@h@-bgiﬂlcégolgm 500 ABgStEOMBaccERen an

oxide |a

: ¥reﬁches An interlievel dielectric layer is deposited overlying the
gate electrodes. First contacts are opened through the interlevel
dielectric layer to the underlying scurce and drain regions. In the

same step, a second contact opening is made through the interlevel
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16 such as high density plasma (HDP) oxide may be deposited to fill the
trench, as shown in Fig. 4. Now, shallow trench isolation regions will be
formed to separate active areas. A second stress relief oxide layer 26 is
deposited over the silicon layer 16 to a thickness of between about 100 and
500 Angstroms. A second hard mask | ayer 28 is forned over the oxide |ayer
29 Thi Salanetols faflielfetilh SCHASALLLCOR ML ALy . IheNar b Jask

| ayer 28 and stress relief lTayer 26 are.pattern% as shown |nﬁ:|g. 4 f or
second sRaMGW PPEHER C8BTAFoROUSTINE tirefe hesnclThenhaAng wdskhe8s¢2engdsed to
pattern seganhdstrenchesi?2d: WHLC hseext@ndoradakt t Beeimy st BEoughi tdae «8khi gon

| ayer 16 i I a in Fig.,5 _The.. h mask .28 and
ST oss  SPRupRELA0E | &Y Hondfucc oA b & f1: Riop iR DR 08022

t r enches 29 gr E2HTFP P WP HPaRITAYSHl BittCAtES-ayer by any of the conventional
fill methods. For exanple, a liner oxide |ayer, not shown, first may be
grown on the sidewall nd_bottom of the shallow trench, such as. by LPCVD
to a thickness of bet}\%eﬁgnlgb%% OrﬁT Y “an %?50 eAr?gg%crtoSné)% hen 55" o%i"de | ayer,
such as RigFodeprsiieguiAtas nte PP} ot detreiptisd deposit eel 2 ieved- t ITae
trenches dzﬂé@CQSﬁﬂﬁ@e§O£lt§ﬂllﬂ65n tl@ytermetﬁﬁgﬂﬁ;i &&106&'&0 1634 NG assf;miia%hed g
source an rai.n.regions 32 in and on the silicaon |ayer. 16, as i trate
in Fig. 7 “AR [RieF 8‘3%3%8}2%1 ec@??lco ayer |1EB§£%8“i e ll"%%kee’iacea%p%‘}siﬁ%’ed
over thetB¥ti9@ofayetiognd ‘eransist Bres welenl vitpckrneds bifvebetwerrinalbdat 6000
to 20, 006nANGst r eAEchThesdlddibayefeqlBys COMPhiSR SURL &JTOSPREET Cof  the

bor ophosphesihheaLe lass (PPSq) w.lely aethonys ans, (TECS) uidgcy o
fluorinated siTicate gl ass (FSO “°CANd TOW drel EEPrt ¢ E6n St ARE &7 & &&tri cs,
for exanphe.2cComn ace2dpani AYSIds raatéhbly throwghthcheili®nl ayear 8Betsdnt he
under | yi nge Sosk£@/ dkdidt ib8Jk0ASTh320eM nbheSaAMR LbMBhe Aus@13Chy 0OPERILNG 'S
etched through tGQgeI H%cé?é’c%% :él@dtosscogtta%t gorti on f .both .the ]g,hal.l ow
trench 23°%nd a Rearby CaBep t Fanch 59 2 RAERE TSt PRy Taver *EGRR &S tilngst en
or an al ant nemiégppéticdn dyyed scadeposithed sbobrovt heerdhD ilsgyerioandeqidrki n t he
cogt ggt _?_ﬁ@l’ﬂdi}gﬁed B_rﬂehcaallndu@%ﬂl@gei QM@EedEE)’(cb&yﬁECh%drlp@%fg@cﬂi%avﬁirﬁlsuiqz 38
an : e conductin u contacts both the s ow . trench an
the deep franch J'frc?)l‘lrglhi g% ajtnlqgﬁﬁeé’ﬁg itjlo(':'(%L SF’fﬁcaqla Fge oa%é% EORERECF 8716w

cont act resi&PancesdiPhis chnpicer@scohgreitinpohinf WhelrSGecMOBFER: Riiglved
illlustrates axtopsviemweh the idemiceei ldiustdat edidBr FiGre?n tHiC Qe
l'ine indicggéu%%.;lh ianOE nriarg so%ot%h%hcom ac é39, lr§ho 'ng th ttthe cont act
ext ends OVer T he? shall 6W Trehcth D4 “Bhd" TRE despel #1%5eh 29. *°n SPie %8r esent
i nvent i ofirendieigplettieecratersal | ows for the contact to the substrate to
overlap both the shall ow and deep trenches. This is because the contact is
all oned to have extensions over the two types of trenches with no
detrinmental effects on device performance. In addition, this design also
acconmod &R EF PEECHHFEERS OFWIHF] BRAYERRE1 der ati ons. Positive encl osures of the
contact over the trenches provides for |ower contact resistance and, thus,
better contact to theIqut?jstrate. The process of the present .invention
results in the formatTdon™s & FTEERY G- IFRETH ol "VESEET RAVITE nB™14 &t i ng
body ef f &bt deFhiiptignathtevad Hywprovi ding contact to the substrate with
m nimum | oss of silicon real estate for optinum device performance. Fig. 7
illustrates a silicon-on-insul ator_ device of the present invention. This
devi ce avoids floati htfBody BPFEt’s 25 The CFEVITE TprF PRESCB X 'PPR G Payer
16 over | piratprand oxibdeincayert T2e arregsst lineortisem conduct or substrate 10.

Shal | ow trench isolation regions 29 extend fully through the silicon |ayer
16 to the underlying oxide |ayer 12 wherein the shall ow trench isol ation
regi ons separate actiVeé arbad®of® t heP Sefil c FRATRIABF 2 S\ ¥Bst tat 8. 9A°S&THd

i sol at i ogmbedmeht 24 thepresdrit imeathorof the active areas and extends
partially through the silicon layer 16 wherein the second isolation trench
does not extend to the underlying oxide |ayer 12. This trench provides
contact to the silicon substrate. Gate el ectrodes 30 and associ ated source
and drain regions 32 lie in and on the silicon |layer 16 between the shall ow
trench isolation regions and covered with an interlevel dielectric |ayer

36. First conducting lines 38 extend through the interlevel dielectric

| ayer to the underlying source and drain regions 32. A second conducting
line 39 within each of the active areas extends through the interlevel
dielectric |ayer wherein the second copglucting |line 39 extends over both
the second trench 24 and one of the shallow trench isolation regions 29.



18 The silicon-on-insul ator device of the present invention avoids
floating body effects by providing contact to the silicon substrate.
Positive enclosures of the contact 39 over both the shallow trench

i solation region 29 and the body contact trench 29 provides for | ower
contact resistance and, thus, better contact to the substrate. Wile the
i nvention has been particularly shown and described with reference to the
preferred_enbodinents thereof, it will be understood by those skilled in

the art PRACNVAITORE THFaRYESRRIP PR AEN Het ai | s may be made wi t hout
departing fromthe spirit and scope of the invention. 19 CLAIMS 1. A

si |1 con-on- i nsul ator gewi cej n,an.{ nheatabed, LT oUl L, GOMRr | SLNGL 2 11 T con

| ayer overlying an oxi | ayer on a silicon sem con duct strate
shal | ow tPEHEROT SEISEET dﬁ‘lﬂég?%n%‘iétn@néjr‘f’f’él%lq%ﬁyt REEAFGR- saltd s8Prikda | ayer
to under bydagtsai byoxhde bayBedwhereknagaidashakl gmsehenehehsiohabidandg

regions geparg tﬁmf&e Y6 ALan.oli2al 419800 S00GuUCLAL, SUBR! LAl G it egnd
i solation trench Wi thin eac sali ive areas and exte

partial | §°¢ rﬁxaafgci?dsw oFf | $CERIy EFe ilFePRioF Ska dre®rdAd- i sol ati on trench
does not extend to underlylng said OX|de Iayer gate el ectrodes and

associ.ated source andR qrg.{ 1 Ons nd or}lgal d %hl i con Iao%gr

YaA9:L 41,200
bet ween said shal | ow trenc o an'ltolrgn rregf:onasr and Eovered “With an°

interl evél SEPEFRERFIE I%‘?éFr,atﬁl ri$t  cohdeeticagdti- ne’S“SFh?Wgrﬁ@a‘;@tﬁntiérl evel
di el ect r ifebt:ayesd taacunderl yé ngys ak de 0 ubaerRghAr aibndRQi 0B =andnaxsecond

conducti @Qliéoﬂe iMpEQA{] %§£ghggf é%%hg,aCtl\ﬁ%fer bonding techniques. The
resulting SOT substrate comprises a layer of oxide 12 over the silicon
substrate 10 having a thickness of between about 200 and 2500 Angstroms.
A second silicon layer 16 is epitaxially grown, for example, on the
oxide layer 12 to a thickness of between

about 500 and 100,000 Angstroms.

Referring now to Fig. 2, a layer of oxide 18 is deposited
over the silicon layer 16 by low pressure chemical vapor deposition
(LPCVD) to a thickness cf between about 100 and 500 Angstroms, This
layer 18 is a stress relief layer. A hard mask layer 20 is formed over
the oxide layer 18, This layer 1is a dielectric, such as silicon
nitride. The hard mask layer 20 and stress relief layer 18 are
patterned as shown in Fig. 2 for a first shallcew trench isclation (STI)
trench. The hard mask 20 is used to pattern a first trench 23 which
extends partially into the silicon layer 16. The hard mask and stress
relief layers 18 and 20 are removed, for example by hydrofluoric acid or

chemical etching.

The first trench 23, sheown in Fig. 3, is etched to a
depth of between about 1/2 and 3/4 of the silicon 16 thickness. This is
to insure no degradation of transistor performance. The trench must

maintain connection to the silicon substrate 16.

The shallow trench 23 is filled with an oxide layer 24.
For example, a liner oxide layer, not shown, first may be grown on the
sidewalls and bottom of the shallow trench, such as by LPCVD to a

thickness cof between about 100 and 500 Angstroms. Then an oxide layer,
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areas through said interlevel dielectric [ayer wherein said second
conducting line contacts both said second trench and one of said shall ow

trench

i solation regions. 2. The device according to Claim1 wherein

sai d

second trench extends into said silicon layer to a depth of between 1/2 and

3/4 the thickness of said silicon |ayer.

trench

T ner oxide

wher ei n ggi @%ggwd&(s%@ghpia%qﬂ' at(h% r&9LONS. And Sal 951%%8099 ksQl at)
i

are filled™wth an”insulating |ayer conprisin

3. The device according to Caim1l

on
ayer

and a gapFf1d nP kP Pafid-. ¢4. The devi ce according to Claim 1 wherein
said interlevel dielectric layer conprises one of the group containin

subat nospheri c borop phgﬁg1 SGat

oxi de,

-d|eIectr?%pﬁﬁF%rﬁéFEW%nﬂ“ﬁés a %hPE%ﬁé&sﬂﬁﬁsﬁeFﬁbéﬁ abyéde 6009 aRdl 20,

fluorinated silicate ass Fric 2 cons

g

t ant
000

9\?@ aﬁgoﬁa%@ regdL%te L gg{ﬂ%&sggﬁn% ( JECS)

Angst r onBep&itdhevdeviiee saccormdilaged asChaianthivwhese o Li-dG0Rduet i1ng | ayer
conpri Seﬁn@%{)o;mgtsm_gorgsr Oup gcgg);glﬁfyrggmgsqingasteq:négngs %é}:cjr?é' ngm $.CQOPREl, gle

6. The devi ce accor

alnl wherei n cont ween Sal

| oys.
second

trench ah®%¥aid: shéfPlL?)V\}atYleénéﬁ # sHtederbn o egheh & ishlberreSitfoleti ndrbody
effects byrcpl’nﬁ\i!kdld”j@rcmtaaﬁt stxessatdisikl 1008 bayek. pfsteThes davie@maggor di ng

to d ai %}? whergin saj d, s% g‘,& hetween said secqnd trench and said s

trench

1 SO atlon regl on
mask 28 is used to pattern second trenches 29 which extend all the way

through the silicon layer 16 to the oxide layer 12, as shown in Fig. 5.

The hard mask 28 and stress relief layer 26 are removed.

Referring now to Fig. 6, the deep trenches 29 are filled
with an insulating layer by any of the conventional fill methods. For
example, a liner oxide layer, not shown, first may be grown on the
sidewalls and bottom of the shallow trench, such as by LPCVD to a
thickness of between about 100 and 500 Angstroms. Then an oxide layer,
such as high density plasma (HDP) oxide may be deposited to fill the

trenches.

Processing continues to form transistors 30 having
assoclated source and drain regions 32 in and on the silicon layer 16,
as illustrated in Fig. 7. An interlevel dielectric layer (ILD) 36 is
blanket deposited over the silicon layer and transistors to a thickness
of between about 6000 to 20,000 Angstroms. The ILD layer may comprise
sub-atmospheric borophosphosilicate glass (BPSG), tetraethoxysilane
(TROS} oxide, fluorinated silicate glass (FSG),, and low dielectric

constant dielectrics, for example.

Contact openings are etched through the ILD layer 36 to
the underlying source/drain regions 32. At the same time, a contact
'opening is etched through the ILD laver 36 to contact portions of both
the shallow trench 23 and a nearby deep trench 29.

_ A conducting layer, such as tungsten or an
aluminum/copper alloy, is depesited over the ILD layer and within the
contact openings. The conducting layer may be etched back to leave

plugs 38 and 39. The conducting plug 39 contacts both the shallow
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contact resistance and inproves body contact. 21
. ALu. Ai i u. Al u. Au. Ai u. AOY. Au. A) u. AY, HcM"TK )
Re*{ upkf a[ V] cal] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal] cal] ca] ca] c
a]ca]ca]ca]ca]ca]caU]ca]ca]caU]caU]caU]ca
, MT"HCHE " ) *+++, t - u-. /44577#7] T7i 77?9V,

,,|wwnhc“ ajga] g]%gL %QL?c%gahggiﬁchach]ca]ca%gagcalcajcakca]ca]c

a]ca]ca]c ca ca ca ca
: <} <<==SOfS &B%ﬁﬁﬂB#?#?f?F??Ugv ;| wmhc”Y] ¢] ca] ca] ca] ca] ca] ca] caU] ca
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Fig. 8 illlustrates a top view of the device illustrated in Fig. 7. The
dotted line indicates the footprint of the contact 39, showing that the
contact extends over the shallow trench 24 and the deeper trench 29. In
the present invention, the architecture allows for the contact to the
substrate to overiap both the shallow and deep trenches. This is because
the contact is allowed to have extensions over the twe types of trenches
" with no detrimental effects on device performance. In addition, this
design also accommodates for process window considerations. Positive
enclosures of the contact over the trenches provides for lower contact

resistance and, thus, better contact teo the substrate.

The process of the present invention results in the
formation a silicon-on-insulator MOSFET having no floating body effects.
This is achieved by providing contact to the substrate with minimum loss

of silicon real estate for optimum device performance.

Fig. 7 illustrates a silicon-on~insulator device of the
present invention. This device aveids fleating body effects. The
device comprises a silicon layer 16 overlying an oxide layer 12 on a
silicon semiconductor substrate 10. Shallow trench isolation regions 29
extend fully through the silicon layer 16 te the underlying oxide layer
12 wherein the shallow trench isclation regicns separate active areas of
the semiconductor substrate, A second isclation trench 24 lies within
each of the active areas and extends partially through the silicon layer
16 wherein the seccnd isolation trench does not extend to the underlying
oxide layer 12. This trench provides contact to the silicon substrate.
Gate electrodes 30 and associated source and drain regicns 32 lie in and
on the silicon layer 16 between the shallow trench isolation regions and
covered with an interlevel dielectric layer 36. First conducting lines
38 extend through the interlevel dielectric layer to the underlying
source and drain regions 32. A second conducting line 39 within each of
the active areas extends through the interlevel dielectric layer wherein
the second conducting line 39 extends over both the second trench 24 and

one of the shallow trench isoclation regions 29.
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avoids floating body effects by providing contact to the silicon
substrate. Positive enclosures of the contact 3% over both the shallow
trench isolation region 29 and the body contact trench 24 provides for

lower contact resistance and, thus, better contact to the substrate.

_ While <the invention has been particularly shown and
described with reference to the preferred embodiments thereof, it will
be understood by those skilled in the art that wvarious changes in form
and details may be made without departing from the spirit and scope of

the invention.
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CLAIMS

1. A silicon~con-insulater device in an integrated circuit
comprising:

a silicon layer overlying an oxide layer on a silicon
semiconductor substrate;

shallow trench isolation regions extending fully through
said silicon layer to underlying said oxide layer wherein said
shallow trench isclation regions separate active areas of said
semiconductor substrate;

'~ a second isolation trench lying within each of said
active areas and extending partially through said silicon layer
wherein said second isolation trench does not extend to underlying
said oxide layer;

gate electrodes and asscciated source and drain regions
lying in and on said silicon layer between said shallow trench
isolation regions and covered with an interlevel dielectric layer;

first conducting lines through said interlevel
dielectric layer to underlying said source and drain regions; and

a second conducting line within each of said active
areas through said interlevel dielectric layer wherein said second
conducting line contacts both said second trench and one of said

shallow trench isolation regions.

2. The device according to Claim 1 wherein said second trench
extends into sald silicon layer to a depth of between 1/2 and 3/4

the thickness of said silicon laver.

3. The device according to Claim 1 wherein said shallow trench
isolation regions and said second isolation trench are filled with
an insulating layer comprising a liner oxide layer and a gap-

filling oxide layer.

4. The device according to Claim 1 wherein szid interlevel
dielectric layer comprises one of the group containing sub-
atmospheric borophosphosilicate glass (BPSG), tetraethoxysilane
{TEOS) oxide, fluorinated silicate glass (F3G), and low dielectric
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5. The device according to Claim 1 wherein said conducting layer
comprises one of the group contalning tungsten and aluminum-copper

alloys.

6. The device according to Claim 1 wherein said contact between
said second trench and said shallow trench isclation region
eliminates floating body effects by providing contact to said

silicon layer.
7. The device according to Claim 1 wherein saild contact between

said second trench and said shallow trench isolation region lowers

contact resistance and improves body contact.
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