7 JUL 20 D5 NOVEL METHOD OF BODY CONTACT FOR SO MOSFET BACKGROUND OF THE
“INVENTION (1) FIELD OF THE | NVENTI ON The present invention rel at %ﬂ.p‘u_tm
fabrication of integrated circuit devices, and nore particularly, to a-
met hod of elinmnating floating body effects in the fabrication of a
‘silicon-on-insulator (SO) MOSFET in the fabrication of integrated

“circuits. (2) DERGREETMENGSE E n_isol ati on technol ogy that
depends on conpletely surrou%gi%gﬁggé%ﬁggéﬁyF%ﬂ PASUNAEHETi s referred to
as silicon-on-insulator (SO ) technology. In general, the advantages of

SO technology include sinple fabrication sequence, reduced capacitive

coupl i ng bet ween circuitBAekGHEUN§1Oﬁn@Hﬁnf&@ﬁéf, acking density. The SO
technology 1is discussed in Silicon Processing %bﬁthe VLSI Era, Vol. 2,

by S. Wlf, Lattice Press, Sunset Beach, CA, c. 1990, pp. 66-67. A

di sadva %gg? ﬁf SO technology is inherent floating body effects due to

the Ii t F OFHP nOF nEBE pENGENREOMT f ecti ve contact to the body. In bul k

~silicon MOSFETs, the bgttom of the bulk silicon can be connected to a
fixed potential. HoweVef, PTeS@nt SOrvenDSHET, ra hetdodyo ithel ectrical ly

ISO|ateﬂaﬂrication of integrated circuit devices, and riore

Particularly, to a method of eliminating floating body
effects in the fabrication of a silicon-on-insulator (s01)

MOSFET in the fabrication of integrated circuits.

(2) DESCRIPTION OF. THE PRIOR ART

An isolation technology that depends on
completely surrounding devices by an insulator'is referred to

as silicon-on-insulator (S0oIL) technology. 1In general, the
advantages of SOI technology include simple fabrication
Sequence, reduced capacitive coupling between circuit

elements, and increased pPacking density. The SOI technology

- 15 discussed in Silicon Processing for the VLSI Era, Vol. 2

by S. Welf, Lattice Press, Sunset Beach, CAa, c. 1990, pp

66-67. A disadvantage of SOI technology is inherent floating

body effects due to the limitation in incorporating effective
contact to the body. In bulk silicon MOSFETs, the bottom of

the bulk silicon can be connected to a fixed potential. N

However, in an SOI MOSFET, the body is electrically isolated




R -- --- - 7 JUL 2UA5 fromthe bottom of the substrate. The
floating body effects result in drain current "kink" effect, abnoml UL 2006
threshold slope, |ow drain breakdown voltage, drain current tran nts,
and noi se overshoot. The "kink" effect originates from inpact ionization.
When an SO MOSFET is operated at a |large drain-to-source voltage, channel

el ect r ofsogaHRE HAPAGH oFopLgZali-on near the drain-end of the channel. Holes
build up in the body o?ftﬁ%édé‘e\‘}?%‘éfa‘i%i si e HoMptinemddyl efifbatiser eby

rai si ngrédieshoh da¥ei 4 a88rdit Suit NCL£as t.he MOSFET current causing a
"kink" in the current vs. ro‘ﬁag‘é -\ﬁtetcs:eLﬁtVesa.bqotrmqls thasishedd o el ininate

floati ngldmpely bbdedisin M PEURgswof S present a variety of isolation
met hods for silicon-on-insul ator a%%ﬁ%’r (fryaplé‘s CU SSsEE P s iignd s Pat ent

5, 504, 083 trpBag ovvetsiboshovisnad " pimeesssQl f.Q5:nj:ng baoth deep and shal | ow
trenchgj:mé%cg SO d-éavi ce; however, thereis tnc()ﬁ?lgdlw &Fertt For t he

trench chPRBERti0R. SUisdn adre SA1 SodRafentsS Bddb; tQ Kim and

5, 591, Gélpai 0 Hsu et al show an SO device having O%eshzcﬁggv%\'/t %r éﬁé—”ﬁe

“i sol ation (ST TOIFRI Enttags y elamogh dletsidnisCeause ikp@@xi de | ayer .

-U.S. Patgpi 4,328 tao Liy et al discloses trench isolation through a .
sour ce/ dr ai Znat’crjg%]rll or%ar lﬁée Bheengd @4 thep chenkedg difsdlegseniad upol ation

in the body of the device, raising body potential and thereby

raising threshold voltage. This increases the MOSFET current

causing a "kink" in the current vs. voltage (I-V)} curves It

is desired to eliminate floating body effects,

A number of patents present a variety of

isolation methods for silicon~on-insulator and other types

of MOSFETs. U.S. Patent 5,504,033 to Bajor et al shows a

. process for forming both deep and shallow trenches in a SOI

device; however, there is no requirement for the trenches to

contact the substrate. U.S. Patents 6,063,652 to Kim and

5,591,650 to Hsu et al show an SOI device having a shallow

trepch isolation (STI) formed entirely through the silicon to
the oxide layer. U.S. Patent 5,874,328 to Liu et al
discloses trench isolation through a source/drain region.
U.5. Patent 5,674,760 to Hong diécloses an isolation
structure, but not in S0I éechnology. U.S. Patent 5,930,605

to Mistry et al discloses a Schottky diode. connection between




structure, but not in SO technol ogy. U.S. Patent 5,930,605 to Mstry et
al discloses a Schottky di ode connection between 2 07 JUL 20D5 thﬁ.b Y o085
-and one of the source/drain regions. SUMVARY COF THE | NVENTI ON Acco aing Yy,
a primary object of the invention is to provide a process for formng a
silicon-on-insulator MOSFET in the fabrication of integrated circuits. A
further +gBj 86h+° heg invention is to provide a process for formng a
siIicon-on-insﬁlé?grSﬁfﬁﬁET£hﬁh§?%r%?(%¥%%ﬁi?@ﬂ¥¢mﬁuing body effects.
Anot her object of the invention is to provide a process for formng a
silicon-on-insulator MOSFET while elimnating floating body effects by
providing contact to tSgvmuRedYorf e istor. In accordance with the
objects of the invention, a H%fﬁ%%ﬁf%ﬁééﬁf ‘hg a silicon-on-insulator
MOSFET while elimnating floating body effects is achieved. A
silicon-on-insulator substrate is provided conprising a sem conductor
substrate underlying alcoxrdndgByera UnEHhd ; ildcan layer. A first
oMy éac‘%e':l% pt%ef Jtrilveﬁttﬁc@’xt ends

trench |s etched into the silicon |ayer wherein t g €

‘partialty PRret@nitaea Brocesn fayetoniihdaes NOteidGNY 14,108 under | ying
oxi de

MOSFET in the fabrication of integrated ciré&its.

| A further object of the invention is to
provide a process for forming a silicon-an-insulator MOSFET

while eliminating floating body effects.

Another object of the invention is to provide -
a process for forming a silicon-on-insulator MOSFET while

eliminating floating body effects by providing contact to the
body of the transistor. |

In accordance with the objects of the
invention, a method. for forming a silicon-on-insulator MOSFET
while eliminating floating body effects is achieved. A
silicon—on~insulator substrate is provided comprising a
semiconductor_substrate underlying an oxide layer underlying
a s%licon,layer. A first trench is etched into the-silicon'
laﬁér wherein tbe first tremch extends partially through the

silicon layer and does not extend to the underlying oxide




3 "Q7 JUL 2DD5 Iayér. Second trenches are etched fnto the silicon | ayer
wherei-n the second trenches extend fully through the silicon Iaygégpﬂnfﬁms
geti ve

'underlying oxi de layer and wherein the second trenches separate

areas of the sem conductor substrate
lies within each of the active areas. The first and second trenches are

filled vidgger an gyl ptii,ng layer. Gate el ectrodes and associ ated source
and drain regions aré?f%ﬁ%hﬁp *h Hifd iehede isitdo edR gagqgonbﬁéggen t he
0

second twhenadies .ty dJu £ evel dielectric layer is depositée
gate el ectrodes. First(%§%t53ﬂ§%

di el ect liaydrayer e thRed

st ep,

contacts hoth the first trench an

€& &x3padeduiiyotghotige %Bheghﬁégl

evi ca®Pnlife wabhigaeach odfthe

rlying squrce and drain regions. PRe same
a second contact opgﬂﬁﬁg%ﬁ§%ﬁa&éyﬁﬁr@ughWhBEeEﬁtehbeggkongielectric

| ayer iﬁr@@@he@fsh@araQbig%t&g i gns _wherein the second contact opening
Cand 8ite ot hehgenbconduttenchesst Thgafi I st

and secBRd ¥bsradn openbmg&h@rgi}gklggeﬂkéh'a conducting |l ayer to conplete
formatign,of a silicon-on-insulator

and wherein one of the first trenches

verlying the

“i nt egr aPSG*¥Pr BEPRS. Allbe fmraccgﬁgagggoﬁﬁt?r%gg%objects of the invention,
e

a silicgp-opslpsylator device in an integra

devi ce conprTses A"IslP¥esn | @gee electrodes ang dssociated so
urce

. between the second trenches.

and drain reqij
gions are formed i
in and on the silij
icon layer

An interlevel dielectric layer

is deposi i '
_ D ted overlying the gate electrodes. First contactg

are g én i
pPened through the interlevel dielectric layer to th
> (<]

- - .
pl

second c i i
| ontact opening is made through. the interlevel

of the ‘ |
second trenches. The first and second contact

openings i i
gS are filled with g conducting layer to complete

formation o] ili - -
fa Silicon Ornl—j
insulator device j
. C in the fabric i
ation

of integrateq circuits.

Also in accordance with the objects of the

invention, a sili -0On-~- '
ilicon-on ins vi
ulator de ice in i
1n an integrated

circuit is achi i
- achieved. The device comprises a silicon layer

overlyin i
: ¥ing an oxide layer on a silicon semiconductor

substrate. i
Shallow trench isolation reqionsg extend fullf

7 e fxlbhehiwidd. The



overlying an oxide |layer on a silicon sem conductor substrate. Shall ow
trench isolation regions extend fully 4 .,07 JUL 2016 through tgf S*mjﬁﬁﬂ
| ayer to the underlying oxide |ayer wherein the shallow trench is 5t on
regi ons separate active areas of the sem conductor substrate. A second -
isolation trench lies within each of the active areas and extends

parti al ¥y u t ilicon | ayer wherein the second isolation trench
does not e%ﬂgﬁdggg tgﬁéﬂﬁﬁlaeﬁ?%?ﬁgt%ﬂ:% undgelyiatexiglectades and

associ avREr&OHI €ReaRG €5 21N ions lie in and on the silicon |ayer
between the shal low tr eﬁ%hbfélgﬁgiétll%%i?%b?‘bn@W%cﬁ@@wm tartaive

i nterl exedasdoel €BEr s6mi 8YEHucELL SL,conducting |ines extend through the
interlevel dielectric |ayer ?%E?%eéﬁﬁ%%]f?@? hg ot o lgrtdion regi ons. A

second toemiclt iigs | withh t &heh €€ N1 Qf .active areas extends through the
interlevel dielectric |ayer V\/nergtl;n t#;t'elsvéeioanrc?absbr?dl??thr’@’}q%e contacts

bot h t RASEEahYy theoudh atide asiel Déod MEaghial iy 4, £N61, .50l %on regi ons.

BRI EF DESCRI PTI ON OF THE DRAW NGS | n the acconpanyi hg 2 s formng a

materi a’rs"f)]_a"i”t:1%‘1i trenchiedees ploorextdia erd &:@%erl?iggx ijj%;ur ough 7 are

cross-sggtional . representations of a preferred embodiment™ o the present

Yer. Gate electrodes and associated source and drain

regions lie in and on the silicon layer between the shallow
trench isolation regions and covered with an interlevel

dielectric layer. First conducting lines extend through: the

interlevel dielectric layer to the underlying source and
drain regions. & second conducting line within each of the
active areas extends through the interlevel dielectric layer

wherein the second conducting line contacts both the second

trench and one of the shallow trench isolation regions.
BRIEF DESCRIPTION OF THE DRAWINGS

in the accompanying drawings forming a

material part of this description, there is shown:

Figs. 1 through 7 are cross-sectional

representations of a preferred embodiment of the present

invention.
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invention. 5 "D 7 JUL 2UA5 Fig. 8 is a top-view representation o
Ipp\éfgﬁrgd enbodi nent of the present invention. DESCRI PTI O\IkG: THED.’ JUL 2005
" PREFERRED EMBODI MENTS Figs. 1-7 illustrate a process for nm |n?fa t »
silicon-on-insulator MOSFET while Elimnating floating body effects.
shoul d be understood by those skilled in the art that the prSSﬁnt but
invention should not bg # n&teg to, the _ enbodi nent |IIustr%§e erelntlon
can be applied and extended mnt%oB?Pé&ﬂ@@d??ﬁf?ﬁﬁﬁﬁﬁﬁﬂﬂﬁ(ﬁ tthe i nven

here. is shown a sem conduct or
Ref er 1 i pige NOW:- 88" EmPEAIMEN 25 F Vit @ B Ge t
substra?gelo A silicon- on-aéns * i1 e%%t%%ﬁ%??%??abrlcated according to

l'icon inplant through
f the conventional nethods, such as Sl MOX, si (
ggydg or waf er bonding techniques. The resulting SO substrate conprises

t hi ckness of
| ayer of oxide 1BESERIPTIEN SOF i B0H pREWSHESED a _
getmzen about 200 and 2500 Angstrons. secongmé%flcon ayer 16 is

t hi ckness-of
iall rown, for exanple, on the OXIde layer 12 to a.t

Egiagén aﬁogt 500 and 100, 000 Angstrons. Referring nowto Fig. 2, a layer
“of -oxide 18 is deposifigsovkr7 thklustiaion 4 ayeicdds b QUIBLRSSHT e

silicon-on-insulator MOSFET while eliminating floating body :
effects. 1t Shoﬁld be understood by those skilled in the art

that the pfesent invention should not be limited to the.

embodiment illustrated herein, but -can be applied and

extendéd without exceeding the scope of the invention.

Referrlng now more partlcularly to Fig. 1,
there is shown a semiconductor substrate 10. A silicon-on-
insulator substrate is fabricated according to any of the
conventional methods, such_as‘SIMOX, silicon implant through
oxide, 6r wafer bonding techniques. The resulting SOI
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




6 -------- - - ----- Q7 JUL 215 chem cal vapor deposition (LPCVD) to a

t hi ckness of between about 100 and 500 Angstrons. This layer 18 is 9 jﬁr§®§
relief layer. A hard mask | ayer 20 is formed over the oxide Iayen”l8.|T

| ayer is a dielectric, such as silicon nitride. The hard mask | ayer 20 and
stress relief layer 18 are patterned as shown in Fig. 2 for a first
shallom%hgﬁgg 1 i%olation. STI) trench. The hard mask 20 i.s used to pattern
a first trench 232RREcHSBRBERASNPAEPLHEP) yto naoth heksess cof béayesn 16. The

hard nmag d1$hress ief layers 18 and 20 are renoved, for exanple by
hydroflugpﬁg %?Pdg§§ gﬁéngggﬁ%¥895hinEhlﬁhbaY$¥sl8ti@n@hseﬁesshomn in

Fig. .3, rk3iest ghgd L0 h _of . between_about 1/2 and 3/4 of the silicon
16 t hi ckness. Th?gris ?oﬂgﬁéupgsﬁo?agﬁfaa%t%%anﬁm¢¢am%¢%tthe peider mance.

The trenakesust narptai R nection.to the, silicon substrate 16. The
shal | ow trench 23 is fi|F§§9m§§h5a§18£?a Tt ay¥ch s pklisempl e, a liner

oxi de | ayeridaot FheWRarfli hakk TBYePE8'. on the sidewal]s and bott.om of
the shal l ow trench, such as by LPCV %g% ht'e %%%sr%flgtma%ut 100

~and 5002pagpetbeEnedhas anowxi 88 Fayerz §§Phaa?i{géﬂgﬁgg?g&yfrench

isolation:(STI) trench. The hard mask 20 is used to p%ttern -

a first trench 23 which extends pattially 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, shown 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
rmay be grbwn on the éiﬁewélls and bottom of the shallow

trench, such as by LPCVD to a thickness of betweenrabout 100
and 500 Angs?;oms. Then an oxide layer, such  as high density
B p;asma (HDP) oxide may be deposited to fill the trench, as

shown in Fig. 4.




pTasna ( HDP) oxide_nﬁy be deposited to fill the trench, as' shown in Fig.

4. 7 Q7 JUL 20D5 Now, shallow trench isolation regions wll be fob 9Ut9%5
separate active areas. A second stress relief oxide layer 26 is d BESI%G
over the silicon layer 16 to a thickness of between about 100 and 500

Angstrons. A second hard mask layer 28 is forned over the oxide |ayer 24.

This Tayer is a dielecowg, shdGAodS +3khlgo9 nLtride. The.hard mask |ayer
28 and stress relief |ayer 26 areOpafﬁgbﬁédlﬁgaagﬁBRmr?ﬁlﬁng.Wﬂllobesecond

shal | ow fPERER itsolsapaoateSEekivhr gpahes. fhe. har sk 28 is used to
pattern second_ trenches 29 whi ch exte%d a%lg?ﬁgnaaggfﬁ?%uﬁﬁl%ﬁé silicon

| ayer 16°F49PnéagRrd@tl apededdsiasdShowp i Fidy The hard nmask 28 and
stress rgéLeL Layer 26 are removed. ReferF?ﬁg%%%ﬁ? B T L0t He @eep
trenches ~29“*8F85f PF| BEtween ahounsubat hAg 56YeinH¥r ALY, OF 4 he

conventiﬂggh &ilkngethods. For exanple, a liner oxide Iayer; SHR"Shown,
first may GPBtintB¥ernédsigefiarinedaadebot hempfge t %P jow trench, such
as by LPEVRLE0; @ %h&gk ess of between about 100 and Angstr qﬁf Then an
"oxi de | ayer, such as® ?ﬁﬁrﬂﬁns$?9hp&%sﬂh&i¢ﬁﬁ%nxn&£&enayngglgggpsited to

fill th n 3
t hemdsk P@fér 28 and stress relief layer 26 are pattérned as

Sh - - . .
Own in Fig. 4 for second shallow trench isolation (ST1)

trenches. The hard mask 28 is used to pattern second

trenches 29 which extend all the way through the silicon

la | i
Yer 16 to the oxide layer 12, as shown in Fig. 5. The harg

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
conv i i '
entional fill methods._ For example, a liner oxide layer
I

not ‘ i
shown, first may be grown on the sidewalls and bottom of

the shallow trench, such as by LPCVD to a thickness of

‘bet
ween about 100 and 500 Angstroms. Then an oxide layer
r

su . .
ch as hlgh-den51ty bPlasma (HDP) oxide may be deposited to
fill the trenches.

Processing continues to form‘transistors 30
havin 3 i
g associated source ang drain regions 32 in and on the

silicon layer 16, as illustrated in Fig. 7. &an interlevel




Processing continues to formtransistors 30 having associ ated source and
drain regions 32 in and on the silicon layer 16, as illustrated iB7thL2&5
An interlevel 8 D7 JUL 2nb 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 | ayer nmay conprise sub- '
at nosphetiied dearraphasResidir gat §49lias BPSG), tetraethoxysilane (TEQCS)

oxi de, fluorinated siIicégéﬁglggsls(gééfﬁe§;8e98ﬁﬂﬁﬁél@Eﬁrith@onstant

di el ect siids cohon agamahng. +CaRkas eni.ngs,are etched through the ILD
| ayer 36 to the underlying sourcgfgga?ﬁ ge '6h§n8ss af PREweemnabeute, a

cont act 680&nitg 2i0s Ostoc Aed stthoadah 36 to contact portions of
both the shallow trench 23 and a negrEéghgg%g#r%ﬁghC?@Pr%?%oﬁHgtting

| ayer, §ﬁ&‘ﬁ39§etrtil¢gbb@nphbsghosallliﬁia'ﬂlé”&iaggeLBﬁéb y, is deposited over the
I LD layer and w thin the contact openings. The cohlucting | ayer may be

et ched ESEFaﬁ§hP6§$élpn@g$Tzesandx3&e, fhﬁoﬁ?ﬁgﬁé&ig?lPégge3 1 contacts

bot h thf gESIlOM/trench_and the deep trench for Isolation a d*%D forma
‘Jarge atBg’ on?Qgt1PUrdﬂ@%&cbnﬁactonseahstaﬂ§BecE%iésFoﬁB£eé§§m$Pé”ati0” of
the SO MOSFET. . y

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 layer

36 to contact portions of both the shallow trench 23 and a
nearby deep trench 29.

A conducting layer, such as tungsten or an

aluminunm/copper alloy, is deposited 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 trench and the deep trench for

isolation and +to form a large area cohtact for low contact

resistance.

This completes formation of the SOI MOSFET.

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




Fig. 8 illlustrates a top view of the device illustrated in Fig. 7. The
dotted line indicates the footprint of the contact 39, show ng tz&& ng.eZI!]E
contact extends over the 9 --- ------- -- -7 JUL 21115 shallow trench’ 24
and the deeper trench 29. In the present invention, the architecture all ows
for the contact to the substrate to overlap both the shall ow and deep

trenches?alghi S.isS becfagse the contact is allowed to have.extensions over
yp S

the two" Q7 Frenehchd s t Fhe derpe T nerengh 3% ectin dihe dendsemt

per f or nppg, addition,. this design al so accommodates for process w ndow
consi derat?%%%&ibogf?%i FeeRLhet bate 2l 1ws Heo ke dritencgordiagt tiwe theenches

orov! degubetysLoVE: SOBLIGL KSE)SLANCS AN, LU obel (Sl coniact Lo the
o1 comete! nsuhateich CRETCRHARe 10 ({8014 G, oy, Thects o s

3111 Con-on1 houl at or THev e of T AL breigh ) e g, et s G
-floati ndevboeypef techancdhe Hevhee: €0mR) i 695 asifranlaver 16
accommodates for process window considerations. Positive

enclosures of the contact over the trenches provides for

lower contact resistance and, thus, better contact to the

substrate.

The procgss of the present invention results
in the formation a silicon-on-insulator MOSFET having no
floating body effects. This is achieved by #roviding 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 pPresent invention."This deﬁice avoids floating
body effects. The device comprises a silicon layexr 16
overlying an pxide layer 12 on a silicon semiconductor
substrate 10. Shallow trench isolation regions 29 extend
fully through the silicon layer 16 to the underlying oxide
layer 12 wherein_the shallow trench isolation regions

separate active areas of the semiconductor substrate. A

10




overlying an oxide layer 12 on a silicon seniconductor substrate 10.

Shal l ow trench isolation regions 29 extend fully through the siliﬁgn ¢aﬁﬁé
16 to the underlying oxide I|ayer 12 wherein the shallowtrench is Iaflb
regions separate active areas of the sem conductor substrate. A 10
---------- - ------- , AT JU M second isolation trench 24 lies within

each onAabﬂgndéga r:eas d extends partially through the silicon |ayer 16
wherei n the segbndeﬁgb aﬁ?%%“ﬁ gﬁbﬂ1§§e§1ﬁ@ﬂneﬁﬁ§hdOfothheacumderIying

oxi de | ayefasl 2ndlRix& dnf@NG R5Q4hdes..contact to the silicon substrate.
Gate el ectrodes 30 and as&bgﬁggégg 3@5?@@ f4edpiihcpagilaner326lie in and

on the siheiredn tAgekecbhddelwaan ithe | kow trench isolation regions and
covered with an interlevel dieléctrﬁ%%ﬁg§eﬁb§§.n? r S¥teBAdtetthg 1ines 38

ext end VALerdlyirke oxider layelr diel egyfisc ' t he underlying source
and drain regions 32. A second condué?iﬁgaﬁﬁﬁeﬁgﬁvﬁﬁ?ﬁiHOEBEHto Ot he

active §P§a§1éiF@nd§uhsmmamgh t Gatenteekey-ehedi §he i ¢ layer erein the
second conducting |line 39 extends over bothethgbs%%%n§$§?éhéﬁgg4 and one

“of the SRAFFEwAPFledeninsykgtions BaglaesiR9andhenSihiCORy Pha) NSyl ator device
of the R%egegt I nvention avoids floating body effects %y prOV|%?ﬁg cont act
eétween 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\regioﬁs 32. A second
conﬁucting line 39 within each of the active areas extends
.through the interlevel dielec£ric layer wherein the second
conducting line 39 extends over both the second trench 24 and

one of the shallow trench isolation regions 29.

The siliconfonuinsulator 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 isclation region 29 and the
- body contact trench 24 proyides for lower contact resistance

and, thus, better contact to the substrate.

While the invention has been particularly

shown and described with referenée to the prefeérred

embodiments thereof, it will be understood‘by those skilled

11




to the silicon substrate. Positive enclosures of the contact 39 over both
the shall ow trench isolation region 29 and the body contact trencB__’Zﬂ L o005
provi des for | ower contact resistance and, thus, better contact t&8 't %
substrate. Wiile the invention has been particularly -shown and descri bed
W th refereg];e to the preferred - enbodinments thereof, it will be

under st obd bBhet dobetski | ve8; 7 J5 jin the art that various changes
in formlggs%detgtiwljs may be n%%se c\:/\#%%%%% lonep%‘?lf'i‘ P4 rdpkatks gy ite and scope
of the nf1erouiWdepast Th@i FRsh i Sh .7 JUL2Us 1. A net hod of
forming a siljcon-on-insulator device ?nélt?]hrequjaabl}%c%‘?c?% F het egrat ed
circui tslrb‘f)%ﬂ%li‘ng: providing a silicon |layer overlying an oxide |ayer
on a silicon sem conductor substrate; etching a first trench into said
silieon layer wherein said first trench extends partially through said
silicon | ayer and does not extend to underlying said oxide layer; filling
said first trench with W% dsulcldimed dyer

12




- i - - d
i i [ | ayer wherein said secon
i trenches into salq silicon e
EtChIRgssgiﬁggd fully through said silicon layer to ugdg;ég;ngf hq SéLgﬁB
Tgsgf and wherein said second trenches Sgrgr?}ss?Ct;Yenches o s
i rate and wherein one s 1cl _ hn
senchPdggfgrazgnig areas; filling said second trenches with an insu g
eac

d .source and drain
| ayer; t hereallted methbdgogatgrﬁhﬁﬁtgo%ﬁ and‘(glglsjgt%at e‘ﬁéift‘i% e
regions in and on said silicon |ayer kY o

n sai.d gate el ectrodes;
that Erbevehtilbrl @€t theed AYLEG ONELLY) { ec
gg@ﬁ?h;‘??rgP contacts through said |nterlevﬁ{ m<ﬂﬁﬂﬁ9§%§%%@er

d cont act
derlying said soﬁF@Eléhﬂgdaasnllﬁﬁﬂ'D@feﬁqgf a0%$c0 in each of
3Beﬁ{né tﬁrou Doed3,pr d M said interlevel dielectr! contacts both said

said active rg%Y%ﬂso %r%%hleemdsemmmmmhmﬁﬁﬁﬁuau t#?lng caid first and

second trenches; and fi
Cocond commct opooE ARG % e TR e kIt ity @ ABLL UG fr Mt on of

sai d wherein said first trench extends partially through said

silicon layer and does not extend to underiying said
- oxide layer;
filling said first trench with an insulating layer;
etching second trenches into said 5111c0n layer
wherein said second trenches extend fully through said
silicon layer to underlying said oxide layer and wherein
said second trenches separate active areas of said
semiconductor substrate and wherein one said first
trenches lies w1th1n each of said active areas;
filling said second trenches with an 1nsu1at1ng
1ayer
thereafter forming gate electrodes and associated
Source and drain regions in and on said silicon layer_

between said second trenches:;

dep051t1ng an interlevel dielectric laver overlying
said gate electrodes;

opening first contacts through said interlevel
dielectriC“layer to underlying said source and drain

regions and opening a second contact opening through

13




silicon-on-insulator device in said fabrication of- integrated circuits.
2.. The nmethod according to Claiml wherein said first trench iseﬁﬁcﬂﬁ93D5
into said silicon |layer to a depth of between about.. 1/2 to 3/4 the |

t hi ckness of said silicon layer. 3. The nethod according to Claiml
wherein said insulating |layer conprises a liner oxide |ayer and a

gap-filling gxigde; 4 he. net hod according to Claim1l wherein said
i.nterlevel diefec%#?%gig§%} %%%b??gﬁéco%%Y%¥ theextloupt sandaaotige

sub- at nosphetregi BRE ORREsPNOSI ate gl ass BPSG , tetraethoxysilane (TEQS)
oxi de, f1uorinat ed siIicateé%*gs%efé%§5?o%.%cT W PrScEPREaCHRISt ant

dielectric natthi ahsdandrHASt Pt C S f between about 6000 and 20, 000
Angstroms. 14 @ JUL 21Th 5. The ﬁé&%d@n%c%gr%?h TCHG W anehRS ei n said

conducting lay&r conprises one of the group containing tungsten and
-al um num copper alloys. 6. The nmethod according to Caim1 wherein said

contact between Ehldifgrsaid rencdt ansy Sk EorS@ COME L L €NG sk £ Bl Sy £t act
resi stance-and iqgrovgs body cont act. e

' @ conducting layer to complete formation of said

3 Silicon‘on“insﬁlator device in said fabrication &f -

integrated circuits.

2., The method according to Claim 1 wherein said fifst
trench is etched into said silicon layer tao a depth of

between about 1/2 to 3/4 of the thickness of said

silicon layer.

3. The method according to Claim 1 wherein said

1n§ulat1ng laver comprises a liner oxide layer and a

gap-filling oxide layer.

4. The method according to Claim 1 wherein said
interlevel dielectric layer comprises one of the group
~containing sub~atmospheric borophosphosilicate glass
(BPSG), tetraethoxysilane (TEOS) oxide, fluorinated
silicate glass (FSG), and low dielectric constant

dielectric materials and has a thickness of between

about 6000 and 20,000 Angstroms.

14




7. The method according to Claim1l wherein said first trench elimnates
floating body effects by providing contact to said silicon |ayer. g. R 2008
met hod of forming a silicon-on-insulator device in the fabricatioﬂ of
integrated circuits conprising: providing a silicon |ayer overlying an

oxi de |l ayer on a silicon sem conductor substrate; etching a first trench
into said sildcofhd qyapodMEr 8l n saiqﬁ%irst trench extends partially

through said silicon Iayer and Ho&s 1ol dd whergdaesridng said  oxi de

| ayer and wheif®idussidd fi t js. etched into said silicon layer to a
dept h of between llzlg%dj{/jr5%£mQ%%§%%ﬂq€fh§§§t§P §APYPsFrPREBATLAYer ;

et chi ng seconﬂntg&ﬂuﬂuﬂhdrHIhﬁiﬂdh¢Eddﬁé¥"éf¥Q?é wherein said second
trenches extend fully through said Silicon lI'dyér to underlying said oxide
| ayer and wherein 15 0 7 JUL 2005 said second trenches separate active
areas of said sem conductor substrate and wherein one said first trench
lies within &aclhsf metidactdoserdirepso Cflialik ngwkairdihi tatqanrd §g§gnd'

- trenches with an .insulating |ayer; thereafter form ng gate el'6ctrodes and
‘associ ated. Petween said first trench and said second trench

lowers contact resistance -and improves body contact.

7. The method according to Claim 1 wherein said first

trench eliminates floating body effects by providing

contact to said silicon layer.

8. A method of forming a silicon—onninsulator device in-
the fabrication of integrated circuits édmprising:

bProviding a silicon layer overlyiné‘an oxide layer
on a silicon semiconductbr substrate; |

etching a first trench into said silicon layer
wherein said first trench extends partially through said
silic§n layer and does not extend to underlying said
" Oxide layer and wherein said first trench is etched into
said silicon layer to a depth of between 1/2 and 3/4 of
the thickness of said silicon layer;

- etching second trenéhes into said silicon laver

wherein said second trenches extend fully through s€aid

silicon layer to underlying said oxide layer and wherein

™
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source and drain regions in and on said silicon | ayer between said second
trenches; depositing an interlevel dielectric |ayer overlying saig,ggﬁfzmﬁ
el ectrodes; opening first contacts through said interlevel dielee m

| ayer to underlying said source and drain regions and opening a second
contact opening through said interlevel dielectric layer in each of said

active regiofs; n.sai d second contact opening contacts both said
first trench anda\{;%éegé?d s‘éﬁ?fléb%rﬁfﬁ%%@tﬂ@n@ﬁddsl iofg ssaiqd first and

second cont acdeRPES, conductjng |layer to conplete formation of
said silicon-on-insulator dlebvslatce %aébﬂd" e ghicopagid fiimtsdgr at ed
circuits. 9. dhendm®t s agcg{d] wherein said insulating |ayer
conprises.a-liner oxide |ayer a%%‘ Ogcgga Saﬁ Cﬁd"@x@&@@ayer 16 97 Jul

2005 10. The net hiodi baepr«Hing £i0-4 Ay aLd int erI evel
dielectric layer conprises one of the gr%t?\pg&%gor?traei g Bidihg taHDspherl C

bor ophosphosiintsatat giaskayeiBPSG) , -t et r aet hoxysi | ane (TEOS) oxi de,
fl uorinated :
_ , thereafter forming gate electrodes and associated

"source and drain regions.in and on said sili&bn layer
between said second trenches;

depositing an interlevel dielectric layer overlying
said gate electrodes;

opening first contacts through said intefievel
dielectric layer to underlying said source and drain
regions and opening a second contact opening through
said interlevel dielectric layer in each of said active
regions wherein said second_contactropening contacts
bgth said first trench ahd one of said second trenches;
and |

_filling said first and second contact openings with
a4 conducting layer to complete formation of said
.silicon-~on~-insulator device in said fabrication of

integrated circuits.

9. The method according to Claim 8 wherein said

insulating layer comprises a-liner oxide layer and a -

gap-filling oxide layer.
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isilicate glass (FSG, and low dielectric constant dielectric mat erials and
:+has a thickness of between about 6000 and 20, 000 Angstrons TE? qﬂf
“according.to Claim8 wherein said conducting | ayer conprises one f
group containing tungsten-and al um num copper alloys. 12. The met hod
according to Claim8 wherein said contact between said first trench and,
‘said second trench | owers contact resistance and i nproves body. contact.

113, The net hod ae@corglisng, | ai,d first trench elininates
".floatl ng body effects byeg?lg\gl %l(‘"'n@(f:fé}:dvi,ﬁ tagt ?81§‘a%dw eredBn Seafer .

1nterlevel dlelectrlc laver comprlses one of the group
containing sub-atmospheric borophosphosilicate glass
(BPSG), tetraethoxysilane (TEOS) oxide, fluorinated

silicate glass (FSG), and low dielectric constant

dielectric materiale and has a thickness of between

about 6000 and ZQ,QOO Angstroms.

:fﬂ . 11. The method according to Claim 8 wherein said
- conducting layer comprises one of the group containing

tungsten and aluminum-copper alloys.

"12. The method according to Claim 8 wherein said contact
between said first trench and, said secend trench lowers

contact resistance and;impfoves body contact.
13. The method according to Claim 8 wherein said first

-trench eliminates floating body effects by providing

contact to said silicon layer.
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