; ghe3eR(Q : 6T8A#2 9 o ¢ T 2002 SO CMOS BODY CONTACT THROUGH GATE,
SELF- ALI GNED TO SOURCE- DRAI N DI FFUSI ONS Background O The Invention 1.
Field of the Invention The present invention relates generally to a

sem conductor device, and nore particularly to goﬁmzform ng a
silicon on insulator structured substrdte with Ycohtacts under the gate

conductor. 2. Description of Related Art In the silicon on insulator

("SO ") art, it iSO%elMOFeEBENI TRYTAREt TR e GAEan SEEapAICNERCEO( " RC")
del ay associ ated with body- corg@{%@%_tm\%p%ﬁ%ﬁggksmeETs limts the
| -

effectiveness of body-charge equilibriumat high-speeds. This occurs

because the charge associ at ith th O...bo nust traverse the

hal f-w dth of the MOSFET. Teéjaélch syt O§ The) phvey “Pncreases with

i ncreasing w dih 19f %he mai n channel, until RC time constant of the body
contact beconesa’Fgni P cEht FREHr®Mhi ch may cause unstabl e devi ce

behavi or. The incigaseg bashst ancg,adogrades {hg abi | i%éfngiaibf deyice to
renove hol e charge (mgjority carriers in an NMOSFET) because 1h a w de

channel devismitdmmchoites Ideaniicey Hnel body mastitndwelgeta komgtpaidh.foAn

anal ogous s;éouat.i on exists in SO PMOSFETS) where excess el ectrons in_the

)
body conpri &1 He %raf ord it SO r PRr FHAGEF o HEF YL, SERERE’ fowdth
remain in the s dihe dewhceneayst B9-Lhgudeys ce to latch up and |ose
d 290C

gate control. Wth the need for w de T 20~~ devices in the

sem conductor art, it is difficult to achieve a stable device. Bearing in
m nd the problens and deficiencies of the prior art, there is a need to
provi de a met hod nadcsiputonref froelaafdd qirant body- contact operation for SO

MOSFETS of

In the silicon on insulator ("SOI") art, it is well
recognized that the resistance-capacitance ("RC") delay
associated with body-contacts to wide channel MOSFETS limits
the effectiveness of body-charge equilibrium at high-speeds.
This occurs because the charge associated with the SOI body
must traverse the half-width of the MOSFET. The resistance
of the path increases with increasing width of the wmain
channel until RC time constant of the body contact becomes a
significant factor, which may <cause unstable device
behavior. The increased resistance degrades the ability of
the device to remove hole charge (majority carriers in an
NMOSFET) because in a wide channel device the holes leaving
the body must traverse a long path. An analogous situation
exists in SOI PMOSFETS, where excess electrons in the body
comprise the majority carrier charge to be removed. Excess

holes remain in the body of the device causing the device to

latch up and lose gate control. With the need for wide
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any width operating at high-speeds. There is also a need to provide a
met hod and structure for SO body-contacts that are easily integrated intog

existing SO processes. There is a further. ne@jg;g[}'ﬁhw@ the ability of fa
wi de body SO MOSFET to renbve excess nmajority rner charge. A yet further

need exists,to proyide a nethod and structure for an body contact that
requires orﬂeymSggl téﬁ&?rchBﬂ@fCtmﬂﬁ%g‘Ifé@’gﬁ to aﬂhlﬁ%%ﬁsﬁpége&??sts to provide ja
met hod and structure for an SO body-contact that consunes no additional
real estate on a Bagpagimpund thenvabloma ape defiiensiesiad the Agorarsithere aha gged to

i nsul ator body contact under a gate conductor on a silicon on insulator
substrat e ipodilsenuslad arnfirtrunetdifod effongt be g colpa iptratign forf SOEBMOSFHTIS0f ng
| ayer, such as tetraethoxysilane, over the silicon on insulator substrate.

An openi ng dng viathn®sérdtihgtabBighigpsédsi nsul ating | ayer and extends through the
first insulating | ayer, through the gate conductor to the sem conductor

substrate. The opaniiig s AdkOSIL A 1RSSR SAREBT GO b SnfiRehhs

whi ch are adjacent t Irst 1nsulating [ayer and gate conductor regions.

In the preferred enbodinent, the i | ati ng spacers are silicon nitride. A
| ayer of a ¥t POy ARG 0l s BesH et abiy Pe pol ysi licon, 1
deposited in the gpening. In the preferred enbodinent, the fjrst conductive
material |ayer i sl isssBHthspnegthto gnhangedthe gpility,of pjwide bodn A MUSER: &r i g
| ayer maintains electrical contact witha - 3 - 290 CT 2002

nmonocr yst alteingee SxqesTmampnity oarribpghergeof the silicon on insul ator substrate.
It is also | preferred to deposit a second insulating material, preferably
tetraet hoxysil aneA yevdurtheheeed exists to provide a method and structure for an SOI body-

contact that requires only one additional masking level.
A need also exists to provide a method and structure for an SOI body-contact

that consumes no additional real estate on a substrate.

Summary

A method of forming a silicon on insulator body contact under a gate conductor
on a silicon on insulator substrate is disclosed. The method comprises depositing a first
insulating layer, such as tetraethoxysilane, over the silicon on insulator substrate. An
opening is formed in the first insulating layer and extends through the first insulating
layer, through the gate conductor to the semiconductor substrate. The opening has an
insulating spacer on each of its sidewalls which are adjacent the first insulating layer and
gate conductor regions. In the preferred embodiment, the insulating spacers are silicon
nitride. A layer of a first conductive material, preferably P+ polysilicon, is deposited in
the opening. In the preferred embodiment, the first conductive material layer is recessed

so that the top of the first conductive material layer maintains electrical contact with a




first conductive material |ayer. Preferably, the nmethod al so conpri ses
depaositing a |l ayer of a second conductive material, such as polysilicon,
over the second insulating |ayer and depgsiting 32I$)03@T012[]@2mat al such as
tungsten, titaniumor cobalt over the seCond conductive material |ayer.
Preferably, the netal layer is reacted with the second conductive material
|l ayer to f&ranoarystalling sranicppductos lawqrrofzfiegtliepny gn tinglgatr substisthuctlbis alkprso |
di sclosed is a nmethod that includes inplanting a dopant, such as boron, ,
into the senfened tctieposgubsdconad ensatatingendiatial ppredirabligetaatlyexysilarze bver te '
There is also disclosed a body contact structure under a gate conductor on

a silicon gpsticdsdctitveimasetstayat.e. The preferred enbodi ment conprises a
first insulating | ayer, such as tetraethoxysilane, lying over, and in

el ectrical contagheabll, Hd1Be@Bl Gls6 LOAPFEA! depbfiib ' 188 Leh 8hrRadhRAL -
there is an opening I n'the substrate ich | "extends froma top surface of

the first insulating |layer..throu t 1 d or. & ] ucto
substrate. r@e%ajtwcgiaa FlsillCS?’ qvﬁgﬁlgpsgg?lg&n g?lgt?%feégérr%ng %&FQ@%@? q%)%g%? r st
insulating |ayer and the gate conductaor, an iﬂsul ating spacer is forned. !
The i nsul atPFig S{5AcEr UNESIER itaRiMBY 9t SoRalt pYes ‘hiSF‘fqnée‘?O“FiHCtE‘f?emﬁFeé‘Pgllaryéﬂ
enbodi nent, the opening is filled with a | ayer of a second insulating 1
mat eri al , Hrefembhbithe metat byehisxyantédawish thersecopl emduptéve matstiakleyetuotfonea |
material |ayer, which is preferably P+ polysilicon. In the preferred l
|

-

enbodi nent silkidehand seloaligetity ehenmatesdondbctbayer, such as polysilicon, is
over the second insulating layer. In the preferred enbodi nent, a salicide

is found over theyigatiRcIeSIN GlrRdthod thdt RicRidbs ﬂhp?xgﬁ&glatddpf%n@lsw RRhE ied to

have a dopant, such as boron, inplanted at the bottomo }
the semiconductor substrate at the bottom of the body-contact via. '

There is also disclosed a body contact structure under a gate conductor on a

silicon on insulator substrate. The preferred embodiment comprises a first insulating

layer, such as tetraethoxysilane, lying over, and in electrical contact with, the gate |
conductor. In the preferred embodiment, there is an opening in the substrate which
extends from a top surface of the first insulating layer, through the gate conductor to the
semiconductor substrate. On each sidewall of the opening, in the area adjacent the first
insulating layer and the gate conductor, an insulating spacer is formed. The insulating
spacer is preferably a silicon nitride. In the preferred embodiment, the opening is filled
with a layer of a second insulating material, preferably tetracthoxysilane, on top of the
first conductive material layer, which is preferably P+ polysilicon.

In the preferred embodiment, a second conductive material layer, such as
polysilicon, is over the second insulating layer. In the preferred embodiment, a salicide is

found over the gate conductor.




the opening. Brief Description of the Drawings The features of the
invention believed to be novel and the el enents characteristic i of the

invention are set forth with particulariyy int a | ai ms. The

figures are | 29 0CT 2002 for |IIus{4rat|on|§3rgmMy and are not
drawn to scale. he I nven sel f , hoth as to, or i zation and
Teehod of "oner at bR Aol tdRE A eBRls ;s R dheloid e hotaf g
description that foI | ows taken in conjunction with the acconpanying 1
drawi ngs i the@wieams Fig. 1 is a top plan view of the SO structure of the
present invention showi ng the gate conductor region and nitride spacers.
Fig. 2 is cross-sectional viewof Fig. 1 taken along the line 2-2 of Fig. |
1. - Fig. 3is atop plan view of the SO structure of the present 1

i nventi on show ng the body- cqmﬁ,appemkmﬁmm@gra‘ﬁngs 4 is a ;
cross-sectional view of Fig. 3 taken along the line 4-4 of Fig. 3. Fig . 5

i's an el evati onalppyi

showi ng the nitri (5% %@% Ogglgnlagntugﬁ;b \A'él;%%)sg% gé/\gb?a&?: éd?é’@tﬁfréé?éhstw
el evational_.view of. the S present nvent
opent ng_ ¢ ne* et tiehdts 87 ot ME bRy Br BInCAERREkLMER] fhfrﬁggﬂ%wre

el evati onal view of the SO structure of the present |nvent| on showi ng t he|
formation of nitride spacers on the sidewalls of the body-contact opening. !
Fig. 8 is an elevational view of the SO structure of the present invention
after opening of the body-contact via to the sem conductor substrate. 2 19
O CT 2002 Fig. 9is atop plan view of the SO structure of the present |
i nvention showi ng the body contact of the present invention. Fig. 10 is a i
cross-sectional view of Fig. 9 taken along the line 10-10 of Fig. 9. Fig.'
11 is an elevational view of the SO structure of




the present invention after deposition of a |lowresistance region in the
body-contact opening. Fig. 12 is a top plan view of the SO structure of
the present invention showing a | ow resistance salicide over the gate
conductor., Fig. 13 is a cross-sectional view of Fig. 12 taken along the
line 13-13 of Fig. 12. Description of tshe Pref pent s)
necessarily shown to scale in the draw ngs. As?[?sﬂﬁg?glgz unl ess

ot herw se n@bed,iltthe thertten’ ifistcatlsn@nigr drd descridd ngrahe poefLraned
enbodi ment of the present invention, reference will be nmade herein to Figs.
1- 13 of t heTBPaWiYFER Pt et 45 kAT Rl PIET €S t bO| PREaNégRties eind he

i nventi on. atune f .t i.nyention.ar t. " " an "electrical |
contact." Tﬁg tggjng)f?gﬁe{}%ﬁl%}ﬁ“ &ﬁaﬁsgl%g'?o?g #@gggggéfjgc Fi craelfl%felnﬁ?ultﬁi ngi*'
and the tergher deaverl'edr®e edsipiised tiadenol bowel eskéhcah eyasict'iohe

present invention creates a sem conductor device with SO body-contacts 1

under the gH¥t&DcERGUEEEPTPTREIBEIJERYERES sitardiicdlf al i gned and bor derl ess,

to adjacent sourge/drain diffusio t prev i diffusion-to-b
shorts. In the t)%gtgc'al61 %C%F%Ty%gevl?caer} {?ﬁgew b%%y&g%aggé rsrggfm%uf% O&I%q"%an '
traverse al pegsthe Wigtvbntisectdhawiol tBRet IS Stohdubtbra fed bt vl Yy
| ong path. The present invention partitions the gate conductor into

segnents an®ijrédedE®ag6d¥-cont acts under each gate conductor segnent overi
the whole width of the, deyig hj esilis in,akelatively (t path !
bet ween adj acent %F%T c%an%te)islr %éf%né %indvagvoﬁfs afglcqurrqu a{% %(r:lhé-’lr é’élg{o bF
removed fromhkehaibhedy -regiforignder the gate. The present invention may be

used sel ectively on sem conductor structures that are wide and require ’
special | | stabfPSty TorsidetdRiBHRE itk a5 SPPASRIgsf&Euctyssi Sftorthe ;
Wi | e stabi ity 0RY e @93n0EnBuweRICERE MhdP- Sl aunded deass 1
t ransi st or s,b tht(a3 pr éLser?tn i n\r/lenti gn %ay al so }f)e used wi taLs g%eﬁrg‘enc?'sour ce
transi stors. Usi mggoconrveint izonator-eeesienalavdatveofordyct or tHkeaM tdldrid ri de
spacer 12 is_depasited over, .and_is in electrical contact with, an SO |
seni conduct &PCst'f it dré 57 §49shdwn in Figs. 1 and 2. SO seni conduct or |
structure 52 geneid) | ¥5 | CORRT L$EFa i SRADCEYSE abt | PRe SkbirC R hayefeld On |
top of, and in elecCtrical contact wth, a back oxide layer 20 that is on
top of a thitdle rreTeyst ahveneison| sbowisanitbenduidtide layer opened to

the TEOS layer.

Fig. 6 is an elevational view of the S80I structure of
the present invention after opening the gate conductor to !
the polysilicon surface. ‘

Fig. 7 is an elevational view of the SOI structure of |
the present invention showing the formation of nitride
spacers on the sidewalls of the body-contact opening.

Fig. 8 is an elevational view of the SOI structure of
the present invention after opening of the body-contact via

to the semiconductor substrate.



i substrate 22. Mnocrystalline silicon |layer 18 may be a P - SO |ayer.
Back oxide |layer 20 may be a buried oxide i ("BOX") |layer and
nonocrystalline silicon sem conductor substrate 22 may be a P-substrate
layer. Normal CMOS processing may be followed for forming the n and p
doping in the body of the transistors, ggrow ng Qageog‘FIZﬂQZi c 11, and i
depositing gate conductor 10. Gate conductor 10 may I conprise either doped
pol ysilicon or urithgped® pbtysi tppoplan2vded GfT t2@0ZQThatt s thaterotopesd.
Gat e conductor 10 tma¥ al so.comg%li se al multi-layered structure such as :
pol ysi | i con REFHFH stV eRHECBN SP8E P Fhed Mrei Yty of YAEE cBhdiicteorPuesemy be
in the rangeg @ferk0Q), to 2500 angstrons. After depositing gate conductor 10!,
gate conductor 10 may be patterned with a gate conductor mask to form
regions i that wiHigbelq hes gatacsendectirsadf vibe MOSFETS. 9 Nexiten aapaid Of |

source/ drain,extensions 14 is j.nplanted. These inplants may be N-extensions
for an I\I-I\/E%I'—bﬁ'r](ﬂeeﬁnoeﬁs oané Fﬁ?‘o?'a P- MOSFET), and can be relatively |

lightly doped forpiay souf Ced dii & esrtiddd e, SRACH 2 igof Oétrﬁﬁctgﬂrdeei&%‘er |
side of gate conductor 10. Nitride spacer 12 is used to prevent body I
contact 50 fotemBhesenhgingenhéodi tftskonlepegiononThd wi didwirés Détamdd i de

spacer 12 may he about thfl)qu(\iydth of gate conductor 10. The width of gate |

conduct or 1F9E Bt eferdi TR PEgEP6F 891 to 0.25 microns, and the #
width of i nitridegpacerid2aigo®pide PLaRroAftid 30 detidisd he widih o
gate conductor 10. After nitride spacer 12 is forned, nore heavily doped
source and dzgigentegirorentirarshovinged flowcreat et ancd- MOSFETde Wivde e NF
_process is a}ce{icbergduats]_im | ar process may be used to forma PFET. i As
sHown in Fig 4, atirst Cfa'yer of tetraethoxysilane i 24 ("TECS') is
deposited over theigopief it & dershacRictidnagat @isPnNdyct®ig 101an0k axen -
substrate 22. TECS | ayer 24 may be | deposited to a thickness in the range,
of 1500 to FFCO A roie PEAS 14y &ig2413ay then be planari zed using a

process such as chem cal nechanical polishing. A layer of i |
Description of the Preferred Embodiment (s)

In describing the preferred embodiment of the present
invention, reference will be made herein to Figs. 1-13 of

the drawings in which like numerals refer to like features

of the invention. Features of the invention are not i
necessarily shown to scale in the drawings. As used herein, i
unless otherwise noted, the terms “insulating” oxr :

|

“insulator” means “electrically insulating” and the term
“contact” mean “electrical contact.” The terms “on top of”
or “over” are also used to denote “electrical contact.”

The present invention creates a semiconductor device
with SOI body-contacts under the gate conductor. The body-
contacts are self aligned and borderless to adjacent
gource/drain diffusions, thus preventing diffusion-to-body

shorts. In the typical MOSFET device, the body charge must




29 0CT 2002 silicon nitride may then be deposited over TECS |ayer 24 to
formnitride hard mask | ayer 26. The thickness of nitride hard mask | ayer
26 may be in the range of 1000 to 2000 angstrons. Nitride hard mask |ayer
26 serves as a hardmask that resists etching for the subsequent etching of]
bodycont act opening 30. Photoresist |ayer 28 i 9 9efs] tM0bn top of nitride
hardmask | ayer 26, and a masking | ayer 29 is then used to form body-contact

openi ng 30 iGFIHOIBT SI¥S I%ﬁﬁ’erWiZ%?%\peirre&zS{iémCBMG&eortrf@.si6@?— sektact ]

openi ng 30 wil{.,s: t ai - .. Bady- cqnt act eni ng
30 is pref e\gaelb]layélbq%ﬁggﬁ%g{sdsé%q{she 12}1 ggﬁ oe%%g%ét g%@%%gt&gtno%%%&%gs} “SHowr'S n l
Fig. 3. The g=aad arguldactoegi Oftoi Nsddugentd shaw theod dde@t isguwicantRladal ity
of body-contact openings 30 in photoresist |ayer 28. It should be noted |
that while tH¥EI9F oteel deser BduREPSE] Feggensr AVise fBraavhehe ofvidthi myl e i
body- cont act i cal 1 C r. u I pr.oces tails the |
f ormati on oft:haeap %&a%'ty%g}wsb%%%ﬂgtg(r%t zlig?g %%E%%{%?]% sﬁlfouc ragt%el\}ﬁ M8 hard
mask | ayer 261jsscdrhen MuyssmEd chahbed | aygio2d anh phatiswesi Heduwy@atdR is
renoved as shown in Fig. 5. After TECS | ayer 24 is exposed, a silicon oxide
reactive i orfTE&%If wh? c%ei Fegereet ifrem e thedle TRYLPe pPeResr bg WSitey |
nitride har k 20 a T I r kS O Xpose t he:
top surface of ga ?é%grrll uctjsbrrl@ﬁrg@%r%}j egcg:lﬁ nﬁ%{(%i déésegaceggillg&a&%@gatoél !
conduct or 1(sersi@xpbsachr gat encansisctiatl Car@ywadsoaha reaatiree spastietiched

selective to nitride and oxide, stopping at the surface of the oxide to -
2 9 OCT zuuZtapiyidie apepéderrieians r efRFRI A§ IdRPSYadeteorddirtsostRy at

the surface @gs; showr 7 1KkQ- Ajgecppd. niferi de spacer 32,18 t ;
preferably f'or red onaiIb tﬁegean(? Slb ewa igs 48 of och% ng 30 égﬁs O\Nl’lunldneq:i g
7. Spacer 3Zqueierabiyshatsoss i htisknpssséemt t heverngen ohat081lt0 B3RO used !
angstrons, and may be forned b% depositi ngga thin layer of silicon nitride|

by cheni cal WA E%WCNW t¥GPRges° active ion etch to renove i
nitride fromthe HohZolbaled e SMS1AGHSILALNY 2SRAGR! AR @ACA osiydgual ||
48. The purpose of second nitride spacer 32 is to space the body-contact |
fromthe edgeiofideuspecand 1@r disn dkfdalidieshsovietr . anend6is| iOncelspaciaral3? iis
formed, any renmi ni ng, gate oxj on to f P-SA_layer 18 .is renoved,, ;
preferably uSPREE" s‘gb’%?' i%%ﬁ%ﬁi %e%f%cﬁmguocnttogi Ay FGSr i%r%e Ahi Y ey be a
buffered HFrpgshydrofdaioric ashd “apQEonddstShowAriBriig. 58, padwL0nt act

opening 30 is extended to P-substrate 22. A reactive ion silicon etch |
sel ective t ocAPP¥ides apdnerpdey #iedgl biased iceretiérerhidugh B-ogoof ayrstd i 10
18. Then a react} . ONn_ pxi et.ch .sel ecti t B Lri ey, rformed t

etch thr oughl O %{g&:@%c 8?%%%%&1?%&% %%Skl 86%% e%g% coorléh?lé) hle$ecg?s (
not criticaltapd iff | &1 petihisisi bhendorpverlletneh siilgitdry | sl desdibstagnat e
22. A p type dopant species 36 may be jpplanted into P-substrate 22 at thel
bot t om of boﬁ‘;}b%ﬁ?'é%t2%penf"ﬁ@ogﬁy?toa]rjeg??cesJtlrfé’%ﬁaé’te&n&? MY i€ the -

body- cont act gok Pl Anl, 36 i85,k ebghabl Vi RAON20! tndyS bePr£f guablba thaiad he
dopi ng concentration of inplant 36 be in ' j the range of 101 to 10'6 atons
per square cénBOWE!er laye? 9afd C ore®@@ystalline silicon semiconductox :

substrate 22 may be a P-substrate layer. Normal CMOS '
processing may be followed for forming the n and p doping in ‘
the body of the transistors, growing gate dielectric 11, and :
depositing gate conductor 10. Gate conductor 10 may ’

comprise either doped polysilicon or undoped polysilicon




_ t Body-contact opening 30 is then filled wth a conductive materi al,
preferably a | ayer of P+ polysilicon 38. In the preferred enbodi nent, the
P+ polysilicon |ayer 38 conpletely fills opening 30 and extends out on top
of nitride layer 26. P+ polysilicon layer 38 may then go through a

pl anari zation process to renove any P+ gol ysi bi f e top of nitride
| ayer 26, |eaving P+ polysilicon |ayer 38 quZﬁga?F%rﬁﬂnﬂfde | ayer 26. P+ i
pol ysi | i con th@ferl 38 4te 1 KEPa%ece$$6¢ CONEUEERTh18oMeHaklehecPOprotePa

pol ysi licon r .S, 4 i - S 18. shown.in Fig. !
10, the topn%$¥§+légﬁﬁ§q %ggﬁ%%ggérgggnigsa 8% g?%% %&wafa foS3tacdfier he
way down thent icgknegsieoheRgh@l ofayete l€ondictick premyabee ihhahePtange
polysilicon | ayer 38 be recessed far enough to keep P+ polysilicon |ayer 3
an adequat e ofi 020 &EF PEROdiPPESFBMSF egi on 16 and ext ension regi on 14 whi ch

m ght cause | eak Q e 4 i ntain,.contact. with P-SO .| ayer 18. 1
Negt, a gecond i%§3F§{ﬁ%%%%§§€¥gﬁégﬁ%?é%%?%ﬁ%&ITEE%;“ L UepBefr e over P+

pol ysi | i conmagyefe It tadRd ayiem 40 dakeprehanabby pharacbzedrhorthechap of
nitride layer 26 to form body-contact 50. As shown in Fig. 9, a plurality
of body- conttdéts wol arkeediber dpticedcadueserehel| &hgt MOFFERS-.e cBeduct er 1%.
Since at thig :poi t t g;.conductor _regions,are separated.and t ,
connected, & l%i dgtg n%og%&ﬁéfdfr@ﬁr?ede%%?%%ls&ﬁeﬁaatles céﬁallij%flg?dr‘ egi gﬁgstﬂo |
control the ivplil=age: ameVvesyNsegoenti®is gadbe sANHURbOFETO. (PAsxsBawhohe Fi d.
11, TECS layer 40 is recessed, selective to nitride, to below the top surf]
ace of gate ¥Bnduct MO Thut 2-RafrBvPenBBYRt RS stiehtly domst Zor-2 that
.a .region of J[EQS I i;is to provide insulation to body contact 50. A '
conduct i ve l'ayer . preferably polysilicon, is deposited over the
remai ni ng TECS | ayeti#fiddobyscét con Laydord2dmey kel wddepedsode ustdopade ;
Polysilicon |ayer 42 is then polished to the top of nitride |ayer 26 and

i mpl ant ed tGHQQHﬁ§ﬂ¥Eﬂ@OM/P@ﬁ?ﬁ@%ﬂﬁPQQ%ﬁcﬁ?hé§iHﬁeg-“%erF%ﬁ%@?oﬁoﬂﬁichi
mat ches t he wprddunaly ol e cRALY8L! ££ON O £ 08lR GRAUEE OF T%l@- WM,
regions of polysilicon |ayer 42 aré surrounded by nitride in the contact
hol es that arfe adjtadelt patke gare wondbet orbpeyi olse -widtfo elfecriceal |y
connect these regions, a reactive ionjgtch is preferabl% ysed tq renmpve
nitride har Telert Y6, % Pt 1T B FOEEEPEON) dfeP RS < XRGLY
portion of nifride spacgs 32 Jhe rema MNgnsur-base mma thes heipal i shed, |
typically by chem cal nmechanical polishing, to planarize the top of

pol ysi | i con Hidyekde4 2spTEES [Layers 2anwichh Feleropst of - Sp&eer’s tPmand t32
Then, as shown.i,n Fi.g. 12 hi. n t | ay 4, h .as fungste .
titaniun1or‘%%%% t?f i%ﬁ% %8%%%?%%% gbér t %F%%pgﬁgfﬁﬁgyéﬁgm%ﬁl g% and
spacers 12 afshdd, andrechehedlw idoppdl Wi |daord aaret dPaiw freghoassild ci de
| ayer 46 which is self-aligned ("SAhICIDE") to the exposed gate conductor
10 pol ysi | i cOf aFerted EdpCEeRtacn I -MWNE | | dorleaper NFET BrocesSndtS on !
of silicide byodig, L 2act | OOfadR:RlcedRingl! heMd Oy Shdidf Alorlefy LypI cal |y
achi eved at elevated tenperatures in an inert anbient. The netal overlying
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1. A body contact structure under a gate conductor on a silicon on

i nsul at or substrate conprising; (a) a first insulating | ayer overlying sai
gate conductor and said silicon on insulator substrate; (b) an opening in
said substrate extending froma top surface of said first |I insulating

| ayer through said gate conductor to a gem Conducg gr %1‘1?52@@2& sai d !
openi ng having a pair of sidewalls and a bottom I (C) an insulating
spacer, oneg9n;8ashn9frsakdmay denah | se oflesad ik aapenieng BfjSaclentersaiad tfo r st |
insulating | ayer and said gate conductor; i (g} a layer of a first .
conduct i ve farer nakriides&ipddoperingd:avaad 2Ce) aNCayett B es Ssetomf § iR at i nig
material over _said first conduct] tari a 2.4¢Th ryct f
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conprising a salicide over said gate conductor. 4. The structure of claimil
wherein a dobaht Tesighfl antedlirat &O%aid % ettt or SEGbsEY atd di°te
bott om of sai d, opening. .5  The st chalm 4 rei I4 t is
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| ayers are kgebr agt haxysideamardiaskheageruzé urandfa chashing weyer 2 Sai sl ;

i nsul ating spacer is silicon nitride. 8 The structure of claim1l wherein |

said first ebesuctss@ Wat Fa PAPICHIIARL | PREMTD. *The 5t PUREAFESHFE ¢l ai m

2 wherein said se d nd LV Lal 1ins bld atl :

2 oher o1 SIS o FERUUELIIEBERR 303 POAUBGRRC grenin 30 |
{val gb] X] cajaahcadansealend pa] cahcqin] che] dRaleabospbes] ca] Baflzafeataal ca] c
'J %a] cal cal Caé]p%azi]i%aé;] Cg‘écai]scal]axqea ecn_paab ;Og‘éédexl'\ygss to the edge of gate '

conductor 10 as shown in Fig. 3. The rectangular regions in
Fig. 3 show the formation of a plurality of body-contact
openings 30 in photoresist layer 28. It should be noted

that while the process described herein is for the formation

of a single body-contact, a typical semiconductor
manufacturing process entails the formation of a plurality
of body contacts on an SOI structure.

Nitride hard mask layer 26 is then opened to TEOS layer
24 and photoresist layer 28 is removed as shown in Fig. 5.
After TEOS layer 24 is exposed, a silicon oxide reactive ion
etch which is selective to nitride may be performed using
nitride hardmask layer 26 as a mask. TEOS layer 24 is :
opened to expose the top surface of gate conductor 10 and
each nitride spacer 12. Once gate conductor 10 is exposed, !
gate conductor 10 may also be reactive ion etched selective

to nitride and oxide, stopping at the surface of the oxide
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F from the edge of source and drain diffusions 14 and 16.

Once spacer 32 is formed, any remaining gate oxide on
top of P-SOI layer 18 is removed, preferably using a short
isotropic etch containing fluorine which may be a buffered
HF or hydrofluoric acid vapor.

As shown in Fig. 8, body contact opening 30 is extended
to P-substrate 22. A reactive ion silicon etch selective to
nitride and oxide may be used to etch through P-SOI layer
18. Then a reactive ion oxide etch selective to nitride may
be performed to etch through BOX layer 20 to P-substrate 22. !
Over etch control here is not critical and it is permissible
to over etch slightly into P-substrate 22. A p type dopant
species 36 may be implanted into P-substrate 22 at the
bottom of body-contact opening 30 to reduce the resistance
of the body-contact. Implant 36 is preferably boron. It is

preferable that the doping concentration of implant 36 be in

the range of 10 to 10 atoms per square centimeter.
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conductive material, preferably a layer of P+ polysilicon

|
38. In the preferred embodiment, the P+ polysilicon layer
38 completely fills opening 30 and extends out on top of
nitride layer 26. P+ polysilicon layer 38 may then go |
through a planarization process to remove any P+ polysilicon
from the top of nitride layer 26, leaving P+ polysilicon i
iayer 38 flush with nitride layer 26. P+ polysilicon layer |
38 1s then recessed to a depth so that the top of P+ }
polysilicon layer 38 is in contact with P-SOI layer 18. As
shown in Fig. 10, the top of P+ polysilicon layer 38 is
approximately 1/2 to 3/4 of the way down the thickness of Pp-
SOI layer 18. It is preferable that P+ polysilicon layer 38 !
be recessed far enough to keep P+ polysilicon layer 38 an
adequate distance from diffusion region 16 and extension ;
region 14 which might cause leakage problems, yet maintain
contact with P-SOI layer 18. Next, a second insulating
layer 40, preferably TEOS, is deposited over P+ polysilicon !
layer 38. TEOS layer 40 is preferably planarized to the top !
of mnitride layer 26 to form body-contact 50. As shown in
Fig. 9, a plurality of body-contacts 50 are distributed
across the 'length of gate conductor 10.

Since at this point the gate conductor regions are
separated and not connected, a bridge must be formed across
the gate conductor regions to control the voltage on every
segment of gate conductor 10. As shown in Fig. 11, TEOS

layer 40 is recessed, selective to nitride, to below the top

surface of gate conductor 10, but shallow enough to assure
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is deposited over the remaining TEOS layer 40. Polysilicon

layer 42 may be doped or undoped. Polysilicon layer 42 is
then polished to the top of nitride layer 26 and implanted
to provide a low registance region having 51~workfunction
which matches the workfunction of the polysilicon of gate
conductor 10. Now, regions of polysilicon layer 42 are

surrounded by nitride in the contact holes that are adjacent

to the gate conductor regions.
5 To electrically connect these regions, a reactive ion
etch is preferably used to remove nitride hardmask layer 26,
a top portion of polysilicon layer 42 and a portion of
nitride sgpacer 32. The remaining surface may then be

polished, typically by chemical mechanical polishing, to

planarize the top of polysilicon layer 42, TEOS layer 24
with the tops of spacers 12 and 32. Then, as shown in Fig.
12, a thin metal layer 44, such as tungsten, titanium ox

cobalt, may be deposited over the tops of layers 42, 24 and

spacers 12 and 32, and reacted with polysilicon layer 42 to
form a silicide layer 46 which is self-aligned ("SALICIDE")
to the exposed gate conductor 10 polysilicon and the top
surface of polysilicon layer 42. The formation of silicide
by the reaction of metal and silicon (polysilicon) is
typically achieved at elevated temperatures in an inert
ambient. The metal overlying the oxide areas is unreacted

and may be etched off selectively to the salicide. This
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body region under the gate and provides for efficient body

Yo

|
contact operation for SOI MOSFETS of any width operating at ‘
high speeds. The method and structure of the present |
invention is easily integrated into existing SOI processes |
requiring only one additional masking level, and does not
consume additional real estate on a semiconductor substrate.

While the present invention has been particularly

described, in conjunction with a specific preferred

embodiment, it is evident that many alternatives,
modifications and variations will be apparent to those
skilled in the art in light of the foregoing description.
It is therefore contemplated that the appended claims will
embrace any such alternatives, modifications and variations
as falling within the true scope and spirit of the present

invention.
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having a pair of sidewalls and a bottom,;

(c) an insulating spacer, one on each of said sidewalls of said opening adjacent
said first insulating layer and said gate conductor;
(d) a layer of a first conductive material in said opening; and

(e) a layer of a second insulating material over said first conductive material

|

|
layer. |
2. The structure of claim 1 further comprising:

(f) a layer of a second conductive material over said second insulating layer.

1
3. The structure of claim 2 further comprising a salicide over said gate conductor. i
4, The structure of claim 1 wherein a dopant is implanted into said semiconductor |
substrate at the bottom of said opening. !
5. The structure of claim 4 wherein said dopant is boron.
6. The structure of claim 1 wherein said first and second insulating layers are
tetracthoxysilane.
7. The structure of claim 1 wherein said insulating spacer is silicon nitride.
8. The structure of claim 1 wherein said first conductive material is P+ polysilicon.

9. The structure of claim 2 wherein said second conductive material is polysilicon.




