METHOD OF BODY CONTACT FOR SOT MOSFET BACKGROUND OF THE | NVENTI ON (1)

FI ELD OF THE | NVENTI ON The present invention relates to the fabrication of
integrated circuit devices, and nore particularly, to a nmethod of
elimnating floating body effects in the fabrication of a silicon-on-

i nsulator (SOT) MOSFET in the fabrication of integrated circuits. (2)
DESCRI PTION OF THE PRI OR ART An isol ation technology t hat depends on

conpl etely surrounding devices b is referred to as

silicon-on- insulator (857 %ﬁﬁétocé)ﬁ?TAciT F%Peﬁ8t a°*Fithe advant ages of SO

technol ogy include sinple fabrication sequence, reduced capacitive

coupl ipaexdrebiE R e eieEnTeheNent s, and i ncreased packing density. The 50
technol ogy is discussed in Silicon processing for the VLSI Era, Vol. 2, by
S. WIf, Lattice Press, Sunset Beach, CA, c. 1990, pp. 66-67. A

di sadV&htEgED OF BBT INEEYWASN ogy is i nherent floating body effects due to
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r esul tink@adbAal zocumMoSrHT 1Kidnk" ki €oti on alinotvsglkatdar eshales.sl ope, ow drain
breakdown voltage, drain current transients, and noise overshoot. The
"kink" effect originates frominpact ionization. Wien an SOT MOSFET is
oper at‘@Y DESCRIATEP %@Fd’F}E FRI%5-8%ur ce vol tage, channel el ectrons cause

i npact ionization mear itdletthmai ntecrchodbgyt he todrannekperel esobui lctmplptery t he

body %BrH&%dPr{f‘gV' GRvidAl S'bgg QQdylrFé%E_Q{Eﬂ a|1sanqe£4}%§b>’t<§ a'a%! ngsui&rne%-o' d
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HGET 1 - BORur vE§P P9 s desitPed 8% ni ?e aij?ﬁtaF?Fg bddy
ef f ecttschrdlpainberinofudpat eritslor esemticaticar i esggueficd, sol adduoed nebbodsitor
siliceBoinhnthatar and.of hefchaRes QhaMBEEISedUpdcking density.  The
SOI technology 1is discussed in Silicon processing for the VLSI Era, Vol.
2, by S. Wolf, Lattice Press, Sunset Beach, CA, 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. However, in an SOI MOSFET, the body is electrically
isolated from the bottom of the substrate. The floating body effects
result in drain current "kink" effect, abnormal threshold slope, low

drain breakdown voltage, drain current transients, and noise overshoot.
The "kink" effect originates from impact ionization. When an SOI MOSFET
is operated at a large drain-to-source voltage, channel electrons cause
impact ionization near the drain end of the 'channel. Holes build up in
the body of the device, raising Dbody potential and thereby raising
threshold voltage. This increases the MOSFET current causing a "kink"
in the current vs. voltage (I-V) curves. It 1s 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.Ss.
Patent 5,504,033 to Bajor et al shows a process for forming both deep
and shallow trenches 1in 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



Patent 5,504,033 to Bajor et al shows a process for form ng both deep and
shal l ow trenches in a SOT device; however, there is no requirenent for the
trenches to contact the substrate. U S. Patents 6,063,652 to Kimand
5,591,650 to Hsu et al show an SOT device having a shallow 1 trench
isolation (STI) fornmed entirely through the silicon to the oxide |ayer.
U S. Patent 5,874,328 to Liu et aI di scl oses trench isolation through a
source/ dr [ . Paten 674, 76 d| S | oses i sol.ation
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Anot her object of the invention is to provide a process for formng a
silicon-on-insulator MOSFET while elimnating floating body effects by
provi AP EORF &Lt PO™hEbody of the transistor. In accordance with the
objects of the invention, a nmethod for formng a silicon-on-insul ator

MOSFET whi l e el i mﬁ@o‘r@ﬂugﬁboaté nqorllqggy Qibfj@@és des aghi eveldntAn  is  to
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t r enchfabsictehe L mt@%#@dswmem | ayer wherein the first trench extends
partially through the silicon layer and does not extend to the underlying
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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 1is achieved. A silicon-on-insulator substrate is provided
comprising a semiconductor substrate underlying an oxide layer
underlying a silicon layer. A first trench is etched into the silicon

layer wherein the first trench extends partially through the silicon
layer and does not extend to the underlying oxide layer. Second
trenches are etched into the silicon layer wherein the second trenches
extend fully through the silicon layer to the underlying oxide layer and
wherein the second trenches separate active areas of the semiconductor
substrate and wherein one of the first trenches lies within each of the
active areas. The first and second trenches are filled with an
insulating layer. Gate electrodes and associated source and drain

regions are formed in and on the silicon layer between the second

trenches. An interlevel dielectric layer is deposited overlying the
gate electrodes. First contacts are opened through the interlevel
dielectric layer to the underlying source and drain regions. In the

same step, a second contact opening 1is made through the interlevel



substrate and wherein one of the first trenches lies within each of the
active areas. The first and second trenches are filled with an 1insulating
| ayer. Gate el ectrodes and associ ated source and drain regions are forned
in and on the silicon |ayer between the second trenches. An interlevel
dielectric layer is deposited overlying the gate electrodes. First
contacts are opened through the interl evel dielectric | ayer to the
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9 and covered with an interlevel dielectric layer. First conducting lines

extend through the interlevel dielectric layer to the underlying source
and drain regions. A second conducting 1line within each of the active
areas extends through the interlevel dielectric layer wherein the second
conducting 1line 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 steps in
a process for making a silicon-on-insulator MOSFET according to a preferred

embodiment of the present invention.

Fig. 8 is a top-view representation of a preferred embodiment of

the present invention.



BRI EF DESCRI PTI ON OF THE DRAW NGS I n the acconpanying drawings form ng a
material part of this description, there is shown: Figs. 1 through 7 are
cross-sectional representations of steps in a process for making a
silicon-on-insulator MOSFET according to a preferred enbodi nent of the
present invention. Fig. 8 is a top-view representation of a preferred
enbodi nent of the present invention. 3 DESCRI PTI ON OF THE PREFERRED
EVBODI 7 rate a process for making a silicon-on-

i nsul ‘%ﬁhg%éb‘%frm PJﬁ‘éF‘“‘]ﬂ%léDn f'mor?g YSat i ng body effects. It should be
understood by those skilled in the art that the present invention should
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vater bondidadeehilaues..lie, (esuldlng. 30 %Qf?% Lgte conprises a |ayer of
oxi de 12 over the silicon substrate avin i
200 and 2500 Angstrons. A second silicon Iayer 16 is epitaxially grown,

0.

I ckness of between about

for exanple, on thefeoxirge Hoayeford? photiaul it igknessriaf. het weerealieutshb®d and

100, 000 Agm&&fan@toﬁefs%geaggenowo Fi g 211130h 3480 Qh .0 desuﬂ;&ﬂa%e is
deposited over the silicon layer 16 by | ow pressure chemi cal vapor
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nitride rd mask | ayer, % stress re 61(%/ 18 _are patterned
as shomﬁsFrr?% % v ichy f%’ah alolfo t?’%‘??chaqosﬁl Aty ofP{ SN Angstroms.
A second SLllcon layer 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 of between about 100 and 500 Angstroms. This
layer 18 1is a stress relief layer. A hard mask layer 20 is formed over
the oxide layer 18. This layer is 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 shallow trench isolation (STI)
trench. The hard mask 20 1is used to pattern a first trench 23 which
extends partially into the silicon 1layer 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, 1is 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 1s filled with an oxide layer 24.
For example, a 1liner 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,



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 renoved, for exanple by hydrofluoric acid or
chem cal etching. The first trench 23, showmn in Fig. 3, is etched to a
depth of between about 1/2 and 3/4 of the silicon 16 thickness. This is to
i nsure no degradati on of transistor performance The trench nust nmaintain
connectl nto th Ilcon substr 16 e shal I ow, trench 23 is |l e
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S|I|conla er 16 to the oxide layer 12, as shovvnl The hard mask
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conventiconal fddl 26mhhodsesS QL1 &XamRl-e26 arkiNghvyQXi de layer, not shown,
first may be growmn on the sidewalls and bottom of the shallow trench, such

as by LPCVD to a thickness of between about 100 and 500 Angstrons. Then an
oxi de | ayer, suchRegsrhingh mensiot yFigl- asm {dDPjecpxitdendiey 3¢ deposiitléed t o
fill then 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
associated source and drain regions 32 in and on the silicon layer 16,
as 1llustrated in Fig. 7. An interlevel dielectric 1layer (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
(TEOS) oxide, fluorinated silicate glass (FSG), and low dielectric

constant dielectrics, for example.

Contact openings are etched through the ILD 1layer 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
aluminum/copper alloy, 1s 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



trenches. Processing continues to formtransistors 30 having associated
source and drain regions 32 in and on the silicon layer 16, as illustrated
in Fig. 7. Aninterlevel dielectric layer (ILD) 36 is blanket deposited
over the silicon layer and transistors to a thickness of between about
6000 to 20,000 Angstrons. The ILD | ayer may conprise sub-atnospheric
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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 avoids floating 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 to the underlying oxide layer
12 wherein the shallow trench isolation regions separate active areas of
the semiconductor substrate. A second isolation trench 24 1lies within
each of the active areas and extends partially through the silicon layer
16 wherein the second 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 regions 32 1lie in and
on the silicon 1layer 16 Dbetween 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 isolation regions 29.



The process of the present invention results in the formation a
silicon-on-insulator MOSFET having no floating body effects. This is-
achi eved by providing contact to the substrate with m ninum/loss of
silicon real estate for optinmmdevice performance. Fig. 7 illustrates a
silicon-on-insulator device of the present invention. This device avoids
floating body effects. The device conprises a silicon layer 16 overlying
an oxide |ayer 12 on a silicon sem conductor substrate 10. Shallow trench
isolation regions 29 extend fully through the silicon layer 16 to the
under | yi ng oxi de | &fer siidcapherdirAuiaier shddvitew t¥fendhei skieathton inggiténs
separ atwiast | Ypaateas wikly tkecsen conpdupidiidsupstdoatest A secand lsghﬁkhon

trenchogdcligs W ill0,Lagh olulhie actine areas and &xtends, pRilighly.,

through the silicon Iayer wherein the second 1solation trench”
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t he silaweonceubst ratisrandéated elcbed, r beesrIbnaact assoei atredrseurce and drain
regions 32 lie in and on the silicon |layer 16 between the shall ow trench

i solation regions %H covered with an inter|evel dielectric |ayer 36.
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S|I|cdﬁmoﬁﬂﬁﬁ§uﬁator device of the present invention avoids floating body
effects by providing contact to the silicon substrate. Positive encl osures
of the contact 39 over both the shallow trench isolation region 29 and the
body contact trench 24 provides for |ower contact resistance and, thus,
better contact to the substrate. Wiile the invention has been particularly
shown and described with reference to the preferred enbodi nents thereof,

it wll be understood by those skilled in the art that various changes in
form

t



and details may be made w thout departing fromthe spirit and scope of the
invention. What is clained is: 1. A silicon-on-insulator device in an
integrated circuit conprising: a silicon |ayer overlying an oxide | ayer on
a silicon sem conductor substrate; shallow trench isolation regions
extending fully through said silicon layer to underlying said oxide |ayer
wherein said shallow trench isolation regions separate active areas of
said sem conductor substrate; a second isolation trench lying within each
of said active areas and extending partially through said silicon |ayer
wher ei"#2§ a1 cS¥C6Ad S sol ati on trench does not extend to underlying said
oxi de |l ayer; gate el ectrodes and associ ated source and drain regions |ying

in and op $aigoibhicamdyele el Waeh satdshal low.firench isol ation regions
and covered with an interlevel dielectric layer; first conducting |lines

t hr oudit™8&id " nt erl evel dielectric layer to underlying said source and

drai n regi ensilignd lageseven/icorduetidegldveneonmet ilnceach of said active

ar eas Jchk oughcsai dudsntgrd;evel dielectric | ayer wherein said second

conducting line contacts both said second isolatjon trench and one of said
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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 associated 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 isolation trench and one of said

shallow trench isolation regions.

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

the thickness of said silicon layer.

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 said interlevel

dielectric layer comprises sub-atmospheric borophosphosilicate glass (BPSG),
tetraethoxysilane (TEOS) oxide, fluorinated silicate glass (FSG), or low
dielectric constant dielectric materials and has a thickness of between about

6000 and 20,000 Angstroms.



4. The device according to Caim1l wherein said interlevel dielectric |ayer
conpri ses sub-at nospheri c borophosphosilicate gl ass (BPSG,
t etraet hoxysilane (TEQS) oxide, fluorinated silicate glass (FSG, or |ow
dielectric constant dielectric materials and has a thickness of between
about 6000 and 20,000 Angstronms. 8 5. The device according to Caim1l
wherein said first and second conducting |ines conprises one of the group
cont ai ni ng tungsten and al um num copper alloys. 6. The device according to
Claim1 wherein said second conducting |ine contacting said second
i sol atd-ofrt FERtYT aFRPTSEIdtSHARIBW PRERER 52481 JErbindr ¥gPoh Eritfithat es
fl oat imgebadypefstecine &y tpe atodd RYGncOnt &E ttub@steal £hds blunt oun-cb@yeer allbys The
device according to Claim1 wherein said second conducting line contacting
said second isolation trench and said shallow trench isolation region
| over s°-c Ot 46V FedFLraitde tarfd i hpr BVES1Body o cHTP AL O gcAIng Line
Si | | conoactingulsatdrsedend teolianiam tirericdgarat edicishelliol cenplr iisplagioa silicon
layer Quesd wh g nahe O%h g 1 hauRhy Wreaes b GRByRERLCQRINGE OF s-subshiate; first
shal l ow trench isol ation regions extending fully through said silicon
| ayer t§°tinder|ying said oxi de | ayer wherein said first shallow trench
i solation regions separate active areas of said sem conductor substrate; a

secondy.i sl atiQR LERREMY Yb G aWh tihiReRa6 208 Sabsh achduee:idf ease and

extending artially throu hL%ald silicon |ayer ereln said second .
. conta 1n% saﬁdcﬁecon isola ﬁon r?nch a%F SF shallow trench isolation _region
i sol ation renc 0es not exten o0 underTying said oxide Tayer an

wher ei 'PwA®BS icAplagiat resiptracki B sEirgver®ofd CoBwCAt i on trench; gate el ectrodes
and associ ated source and drain regions lying in and on said silicon |ayer

bet we sai.d first. shallow.trench iLsal ation_region .covered with an
inter Fgr;\‘?}e?llglc%? é)gt Trrilsél??té)ge?%m ?rlgl‘t‘ aIgolrrll %(%:%tﬁ% f:(%lel:c ?ﬁn%éﬁg%\ééaj d interlevel
diel ectric | aye” fb-icomdertyioNgriyart Botice wver dirarnsilégroAs™ SRR & Eecond
conducdubrgrdtene wit hin each of said active areas through said

first shallow trench isolation regions extending fully through said
silicon layer to underlying said oxide layer wherein said first shallow trench
isolation 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 and wherein no implant
underlies said second isolation trench;

gate electrodes and associated source and drain regions lying in and
on said silicon layer between said first 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 isolation trench and one of said first shallow trench isolation

regions.

9. The device according to Claim 8 wherein said second isolation trench extends
into said silicon layer to a depth of between 1/2 and 3/4 the thickness of said

silicon layer.



interlevel dielectric |layer wherein said second conducting |ine contacts
both said second isolation trench and one of said first shallow trench
isolation regions. 9. The device according to Caim8 wherein said second
isolation trench extends into said silicon layer to a depth of between 1/2
and 3/4 the thickness of said silicon layer. 9 10. The device according to
Claim8 wherein said first shallow trench isolation regions and said

secondld S%@EE&%et gcgggglrggr @o ]]:dllﬁlrF% %etrlaél@%akglstqu% Islﬂgl]}?%ylglrencgoi%iét%.l

| i ner oxide layer and ap- I ng oxi evi ce accor |ng
to O &SH-&whRes s sséF‘dn nf%]ﬁté%ltrﬁlil@i Bt FFéeldan”etlh AR dfipriadésg laver

sub- atarospleny ;2 Borophesihdsieri gat e glrassl 1 BPSG) de lev¢aet hoxysi |l ane ( TEOS)
oxi de, fluorinated silicate glass (FSG, or |low dielectric constant
dlelectrlc terials and has a thickness of between about_ 6000 and 20, 000
Angst r'oms "1 9V R GV TY Be SO By T eER aPiT 8 MiREEPh WETHFTG SAVend
secondSO@inch@ét$q¢gatr¢qsnlessfledm;pplg®pomlotattehelagsrso(ﬁfsoonttatmemgommgmeen and
al um NEELSORREd, akimsnateéssdb&ed@yas%e(Mor&y NG Qe dakm oxherei n said

second,.c uctin t act sai d con |soI tren nd said
first shg?ﬁoﬁff¥bﬁ%ﬁﬂlso ?IOH h?%é?%ﬁ %? Fhared og% ﬁ“b%@gmgffects by
provi diragtedAt act to said silicon |ayer. 14. The deV|ce according to Claim

8 wherein said second conducting |ine contacting said second i sol ation

tr eanl an’ﬂlesge%_ (gcsctor 1haI LOng{ e@CJ«‘ne'r%gn asgkgr}irg‘n:eghgnselcgn con u%@;[.r?Ct
resi stance and |nproves con
lines comprise one of the group containing tungsten and aluminum-copper alloys.

13. The device according to Claim 8 wherein said second conducting line
contacting said second isolation trench and said first shallow trench isolation
region eliminates floating body effects by providing contact to said silicon

layer.
14. The device according to Claim 8 wherein said second conducting line

contacting said second isolation trench and said first shallow trench isolation

region lowers contact resistance and improves body contact.
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