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LOWVOLTAGE ACTI VE BODY SEM CONDUCTOR DEVI CE ¢
%_DEsthPTICN Technical Field \POJThe pr esent
invention is concerned with an active field effect transistor (FET) body
device and is particularly concerned with an active body sem conduct or
"devi.ce exhibiting | ow threshol d operating voltage along wth high
-threshold voltage in the off-condition. The devices of the pr esent
.invention exhibit |ow off-current and high on- current, making them
"suitable for extrenely | ow voltage applications. In addition, the present
invention is concerned with nmethods for fabricating such active body
_ devi ces. ) Background of |nvention As
-operating voltages are reduced for sem conductor devi ces, the anount of

gate overdrive (VIer phyolfisieasdtve BESAURINAbdrdlIYeviaal Nt ai ned

sufficiently high to neet the current requirenents 1 nposed by the
“desired standby power for the device. For exanple, by way of
‘illustration, reduci ng the operat inEgCoREPTEYES nmakes it increasingly
difficult to wite a usable signal into a dynam c random access nenory
:(DRAM storage capacitor because of the non-. _scalability of threshold

vol tage, due to the limiting af fett®6Rtsib®t%hr eshol d siope and substrate
sensitivity. For a given tenperature, sub-threshold slope is linited by

the physics of cakihkeprbEANSPUen®Y8h {HecHRULEEaChANan adRabeNELakg

barrier. G Vegffaecrte%l%ggggséogf JF’ET?UEBS}I;” equcc):ledand is particularly

concerned with an active body semiconductor device
exhibiting low threshold operating voltage along with high
threshold voltage in the off-condition. The devices of the
present invention exhibit low off-current and high on-
current, making them suitable for extremely low voltage
applications. In addition, the present invention is
concerned with methods for fabricating such active body

devices.
Background of Invention

As operating voltages are reduced for semiconductor
devices, the amount of gate overdrive (Vg -V.) decreases
because V., must be maintained sufficiently high to meet the
off-current requirements imposed by the desired standby
power for the device. For example, by way of illustration,
reducing the operating voltages makes it increasingly
difficult to write a usable signal into a dynamic random
access memory {(DRAM) storage capacitor because of the non-
scalability of threshold voltage, due to the limiting
affects of sub-threshold slope and substrate sensitivity.
For a given temperature, sub-threshold slope is limited by
the physics of carrier-transport over the source-channel
potential barrier. Given a required I 6ff, sub-threshold
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0 3 AUG 1999 : 2 sl ope determ nes
V[err]. Thus mninmum V[err] is constrained or restricted. Due to the
non-scal ability of V[err], to nmeet the device off-current objective, the
percentage that the word |ine nust be boosted above the power supply is
greater than it was for earlier generations. Accordingly, the m ninmmgate
oxi de thickness is constrained by reliability considerations. Using thicker
_than desired gate oxide layers results2i n device performance penalties for
the array device, as well as for the support deyvices. . More recently,
80 st ructUrd¥ ﬁia%f%@é]ﬁ’es%ggestgBuFoF‘IPg&%-uU‘oIVEa’g% TRIRF EphPTRaPTons because
- of 1 nprovetksub-cttdit eshol d sl ope and reduced back bias sensitivity. In
‘particular, by sinmultaneously driving the gate and body of a SO devi ce,
dynanmic V[err] operation can be maintained. In other words, as the gate
vol tage is ranpdte i thee mekedn b ohl tho MISFEFodBeesasde, deasiieing in a

lowering offf-ha)dhufs iy fh Mol da0&: hed PiSucdrid &fd Malat Nigh ward enindrive may

be obtained in _conbination with | ow off-current. However, prior art

suggest i o Wo -‘b‘?qg}gr?‘]?ﬂ/‘f?arﬁlle \RORIGERHP hast Dbt eV b¥Cbri ngi ng

‘the body tngair cantBtdr agnarth tacsd . t ddderdiid Me, dew aginiwhehgaesul ts

in using valu bltfﬂisc bstrate real estate, .Furt e.rarpﬁjir]gj{ﬁfloati ng body | eakage
o

mechani smsmi)lr S5 I%/eeﬁil Jssercf(%ﬁlsst%mef%r%/e 1% ¥

hg the desired data
ret enti on aamslddratpiaris cul Gsing echbreie| theam elesixed Rjazs i orgi®edy Concer ns

for SO DS RANGEMR ACGeSse M Yo A FRAM e | FER 80 e RS £T @RS Carray

device, as well as for the support devices.

More recentiy, SOI structures had been suggested for
low-voltage DRAM applications because of improved sub-
threshold slope and reduced back bias sensitivity. 1In
particular, by simultaneously driving the gate and body of a
SOI device, dynamic V., operation can be maintained. 1In
other words, as the gate voltage is ramped up, the back bias
on the MOSFET decreases, resulting in a lowering of the
threshold voltage. Thus, relatively high current drive may
be obtained in combination with low off-current. However,
prior art suggestions of body-driven dynamic V. MOSFETs has
been achieved by bringing the body to gate contact out
adjacent to the active device, which results in using
valuable substrate real estate. Furthermore, floating body
leakage mechanisms present a very serious challenée to
achieving the desired data retention time. In particular,
see Mandelman et al, "Floating-Body Concerns for SOI Dynamic
Random Access Memory (DRAM)'", IEEE SOI Conference
Proceedings, 1996, pp. 136-137.

It would therefore be desirable to provide a low V.
during write back while meeting the off-current objective
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1996, pp. 136-137. It would therefore be desirable to

provide a low V[err] during wite back while neeting the off-current

obj ective

3 for a device al ong

wi th overcom ng the | eakage probl ens associated with prior SO devices.
‘Summary of I nvention The present invention provides an active FET
body device and process for fabricating it which elimnates detrinental
floating-body effects as di scussed abovg. The present invention achieves
“rapid charge equilibration, significant off-current reduction and
significant on-current enhancenent. Mre particularly, the present
_invention provides an active FET body device conprising electrical
-connecti on between the gate and the body | ocated within the active field
effect transi gberar@giide along wn_ﬂ_ﬂ‘ileo@ﬁtc@mﬁﬁgbﬂﬁjé/ 1GGIKaget paebDEd Ng to the

present inven
the entire w

t%BC§%E%ﬂQEﬁEW%ETh tdrq_ dth, or at |east substantially

ructure accordlng to the present

invention results in | ow vol tage drop across the width of the device. The
body contact across the entire wsdithais2fr esavetaion api d and effi ci ent
.equi libration of body charge occurs with the gate. In prior art designs
whi ch bring the bodé%contact out adjacent tqQ the device, rapid_and

ef ficient body chaf

RERAIIHARVEBRLPR BFG¥4PBP 2D ASF IVSr FEEVPR®Y whose

channel w dt hddeése naitd greatdsy €xeefsbitiratingi humiidrhediaphaceas | y

defi nabl e di ng
devi ce w dt h.

%%Egﬂen+£htg¥%%§ﬂ geﬂ&dyrg@¥@ékgna§ é%dé%eﬁoa58§érlc$ﬂéN1 on
his allows w evices to be use
present invention achieves rapid charge equlllbratlon

significant off-current reduction and significant on-current
enhancement. More particularly, the present invention
provides an active FET body device comprising electrical
connection between the gate and the body located within the
active field effect transistor region.

The gate to body contact according to the present
invention extends over the entire width, or at least
substantially the entire width, of the FET. This structure
according to the present invention results in low voltage
drop across the width of the device. The body contact
across the entire width assures that rapid and efficient
equilibration of body charge occurs with the gate. In prior
art designs which bring the body contact out adjacent to the
device, rapid and efficient body charge equilibration is
possible only for devices whose channel width does not
greatly exceed the minimum lithographically definable
dimension. 1In the present invention there is no restriction
on device width. This allows wide devices to be used, which
improves performance. The channel width is defined as the

device dimension normal to channel current.

The present invention provides an active FET body
device which comprises an active FET region including a



i nproves performance. The channel width is defined as the device dinension

.hormal to channel current. The present invention provides an active
FET body device which conprises an active FET region including a
4 gate; a body region and el ectrical connection between the gate and

body. region located within the active field effect transistor region.
Preferably, the length of the gate to body contact along the surface of
sem conductor substrate is equal to or hess than about 200 A In
"addition, the present invention relates to processes for fabricating the
above-di scl osed active FET body device. In particular, according to one

. enbodi nent of fabricating the device of the present invention, a structure
conprising a sem conductor substrate, active device regions and isolation
regions is prozteedc barly megiat iaigl padcsiidsl Wahnestppavbeiedean dHee

sem conduct or o stbl1 Aty OPER] 80 At oehl Befh Ihd echId sitgtar@lonn (o

t he substrate determning t shape_of the subsequent gate contact. A

sacrificial okFaRSIShET rF@ﬁ?ovﬂ?ﬁ?dfe&ﬁHlHop%t}Pﬁ SegEh RpI BT P 55 adj ust i ng’
t he thresholdbv@WtQQﬁ;adv[eﬁomg thee ssacaicéi of ademidoddukbayer sulsstnermeed and a

-gate insul atop @y als icy ieERedn A HRedopel ¥silicon layer is deposited and
t hen etched to prOV|de spacers on the sidewalls of the openings in the

i solating pad structure. A confornmal |ayer is dep05|ted The conf or nal
| ayer is a conductivedditfiosi othdgmesent mategntalon aedeped eoroppimsses | 1 con

or a doped potx]'sltal&ﬂra:aténgtatﬁélas‘ov% Wictdssés actece%l tv@@l )%thfé‘{r ihe
conf or mal Iayer do anor phous silicon or icon,. a silicide
form ng netal Fsp%ﬁfd&%ta go &Q PBef%'P]?ﬁcgmﬁnltl abﬁ'h%altfétgal lic
silicide is prthaadézar of ;he Pt ﬁheeh5t¢mu|a3wtpadt9reu@¢mpmasnng
addi tion, theamBimddfaicbkChdsdtddeS hBeitavadviowREednYana
isolation regions is provided. An insulating pad structure
is provided on the semiconductor substrate. Openings are
defined in the pad structure down to the substrate for
determining the shape of the subsequent gate contact. A
sacrificial oxide layer is provided and dopants are
implanted for adjusting the threshold voltage, V.. The
sacrificial oxide layer is removed and a gate insulator
layer is formed. A doped polysilicon layer is deposited and
then etched to provide spacers on the sidewalls of the
openings in the isolating pad structure. A conformal layer
is deposited. The conformal layer is a conductive diffusion
barrier material, a doped amorphous silicon or a doped
polysilicon. A metallic silicide is deposited or when the
conformal layer is doped amorphous silicon or doped
polysilicon, a silicide forming metal is deposited and
reacted to form a silicide. The metallic silicide is
planarized to the top of the isolation pad structure. In
addition, the metallic silicide fills the cavity bounded by
the conformal layer. The portions of the doped polysilicon,
conductive diffusion barrier material and metallic silicide
that are unprotected by the isolation péd are etched. The

isolation pad is removed and source and drain regions are implanted.



the conformal |ayer. The portions of the doped polysilicon, conductive
~diffusion barrier material and netallic silicide that are unprotected by
" the isolation pad are etched. The isolation pad is renoved and source and-
drain regions are inplanted. 5
“In an alternative enbodi ment for fabricating the active FET body device of
-the present invention, a structure conprising a sem conductor substrate,
.active device regions and isolation reglons is provided. An insulating pad
"is provided on the substrate. An insulating |layer is provided. on top of
the insulating pad structure. The insulating layer differs fromthe
material of the pad structure that it contacts. OQpenings are defined in the
pad structure down to the substrate for determ ning the shape of the

subsequent gate cof agl alPesh&tifd GnBbaOxdkte ﬂcaa/efrauﬁcawﬂgotefde ang jdepant s

are inplante resho VO ortion of the
“si dewal | s ofd§%e |%§LIaVlﬁg %gdjgifﬁffﬁP% T%y%ﬁgéﬂﬁj % E%%ftT ¥ insul ating
| ayer over hang@Riie ipgd aseputtendictPhiesuhetidtici alctdyiedéey gerrdsi anenoved
gnd a gaél efi |n§m al1deayar ré§idey ri%ﬁpréﬂl&lfkﬁjop@d'l Fi@x?)ﬁ&btﬂﬁ@rpdcﬁ)&@ is
.deposite i Qp |n . the ipsu n cture an reating
avoidinth p&?l Slhfl cogp’ po a)}zéal I |§‘(§)n ﬁ?é'sul l rllggaga%% B Vl%h%l
rendering it %‘bp‘}%a)rf \Kflhﬁhlflﬁ‘élﬁtﬂm @Pﬁn@t%"éﬁ ucf‘-"@ﬁelna‘hlda“e’ﬂibm ng the

voi d in the ungapediiFdeyts Ifw@rtheThatgai@llcsu_sLdrai @ad eeatetund dwe hettom
of the void |§ €§@¥Ed’o%hﬁrﬁg he Qgp s%%f%gﬁugt he sub%ﬁrate
A | ayer of a SI icide fo e osited over 1 1ruc

i ncl udi ng fil FrPUfEGEs éPrv@ﬁQFrmM§ﬂag %¢ﬁu5h%9q ﬁfcéﬁ?aﬁﬁb%ﬁQW¢WQ1e

undoped pol ysgittéIthbrit’;‘adteaCAeﬁacWritﬂldlbltGxidli Maydretial birevsddd cardae over

e COn e AN U GAEL GGl ') 8 Lo MNP LAl cRopel SSladly

renoved. The 8 ysilicon’i oped % e conductor.
drai n regions areAaP§6té?%dﬂé&he Sldewa%btéﬁdF § iBsalaking pegrt her
enbodi nent acsorwitigd ds etched so that the insulating layer overhangs

the pad structure. The sacrificial oxide layer is removed
and a gate insulator layer is formed. An undoped
polysilicon layer is deposited filling the openings in the
insulating pad structure and creating a void in the
polysilicon. The polysilicon is planarized and polished,
rendering it coplanar with the insulating pad structure, and
exposing the void in the undoped polysilicon. The gate
insulator located at the bottom of the void is removed,
thereby exposing the top surface of the substrate. A layer
of a silicide forming metal is deposited over the structure
including filling the gap or void. Metal that is in contact
with the undoped polysilicon is reacted with it to form a
metallic silicide over polysilicon regions. Unreacted
silicide forming metal is selectively removed. The
polysilicon is doped to form the gate conductor. Source and

drain regions are also created.

According to a still further embodiment according to
the present invention, for fabricating an active FET body
device as disclosed above, a structure comprising a



the present invention, for fabricating an active FET body device as
.di scl osed above, a structure conprising a
6 sem conductor substrate, active device regions and isolation regions
is provided. An insulating pad structure is provided on the substrate. An
‘insul ating layer is provided on top of the pad structure. The insul ating
Jayer differs fromthe material of the pad structure that it contacts.
~Openings are defined in the insulating | ayer and pad structure down to the
substrate for determ ning the shape of 6t he subsequent gate contact. A
sacrificial oxide layer is provided. Dopants are inplanted for adjusting
. V[err]. A portion of the sidewalls of the insulating pad structure is
"etched so that the insulating | ayer overhangs the pad structure. The
sacrificial oxédtcdayartdrs siesoyLtk andtravgaderivd degliayer ahd {esrethioA

first polysil k&%?oljléyeé ARG Ty ] %‘éhh%kﬁ% dasft!r{légu}é!p?s' s deposi t ed,

filling the openi in‘the insulating R cture_and creating a void in
t he ponS|I|08ﬁ°Yh OrTdep§LPstT3tcon PE PrHAYLIAGd L aHET pbfi B ded
rendering it ooptepmast wiheh pbHest hsathadtel. ngTpadirstulactngelapdr edppdsd g t he

-voi d. The gat e, gyl dg | RGAEd1abs tHG DOl QH}Qéth"ée tYaQ'tdltscéﬁtE@é/t‘?Q ther eby

exposing the top surface of the substrate. second |.ayer

pol ysi | i con | PRREIREIGTED SRELRSR npfurtine & §Sﬁ*aram§e&8?f8rt 95@ B‘?‘ilf erent from
the first typetirscueposidwedtoThie dopistgacé fde deeondnippeths phaperabl y of

the same type.gs é&@éeﬂe&h aBgnGanduct of subsiaiatas Sx<iBLT aldyefs of
pol ysilicon doped type different fromtheflrst

type having aP th‘géeégré)é’tpgyt%lhgﬁe Ol:?&’éalagggghgmé@ééh‘ﬁ t5BPy¥i1 i fon | ayer is
deposi ted. Theopolysidf ddre issdpvabies icfedhantnpolatshgdprénderuegure oopl anar
with the i nsubathdd AL Sl WakUS f=u B nhS14PeP Jeeessgd broegih the level
of the insulatin ad structure. Ia er siligide formn tal is
deposi ted oveft fﬁ SEeEF uc e S2REL f’xf‘é a]r?yc?d:ntlicfe(ﬂﬂ’ﬁd %‘P@Eﬁ icon is
reacted with gateooxiplanlayest ab Soinesi.deRoferstpalojyisiléonnr égyvensidoped

with impurities of a first type is deposited, filling the

openings in the insulating pad structure and creating a void

in the polysilicon layer. The polysilicon is planarized and

polished, rendering it coplanar with the insulating pad

structure and exposing the void. The gate oxide located at

the bottom of the void is removed thereby exposing the top

surface of the substrate. A second thin layer of

polysilicon lightly doped with impurities of a second type

different from the first type is deposited. The doping of

the second type is preferably of the same type as that of

the semiconductor substrate. A third layer of polysilicon

doped with impurities of a second type different from the

first type having a dosage greater than that of the second

polysilicon layer is deposited. The polysilicon is

planarized and polished rendering it coplanar with the

insulating pad structure, and is then recessed beneath the

level of the insulating pad structure. A layer of a

silicide forming metal -is deposited over the structure.

Metal that is in contact with polysilicdn is reacted with it

to form a metal silicide over polysilicon regions.



7 Unreacted silicide formng netal is selectively renoved. Source and
.drain regions are forned. Still other objects and advantages of the
present invention will becone readily apparent by those skilled in the art
fromthe follow ng detail ed description, wherein it is shown and descri bed
‘only the preferred enbodi ments of the invention, sinply by way of
sl lTustration of the best node contenplated of carrying out the invention.
As will be realized the invention is capable of other and different
enbodi nents, and its several details afe capabl e of nodifications in
various obvious respects, w thout departing fromthe invention.
Accordingly, the descriptionis to be regarded as illustrative in nature
"and not as restrictive. Summary of Draw ngs
Figs. 1-6 ardmcheted sidiaidan®miingheesd Y Uict wederhively owesnogedges of the

processi ng acsQfHeN@nkogani £hadident -ef rdhgdor esent i nventi on. Fi g.
"7 is a graph sinulating Id-V[err] characteristics of a device prepared

according to the sequence illustrated in Figs. 1-6 to a standard device
havi ng floating b&iyll other ¢hipstsgang atwardevesacf ctitk apprememtof a
.structure in MafdrRiSnSLaYeSb&dor) rabbiel Padpptar P06 SEhAEL Qi ING 4t @nt he
present 1nventioy, . rrom chl 9% rkihd 8L6aSNPTRELE; SLAK AThaleikne
is shown and described only the preferred embodiments of the
invention, simply by way of illustration of the best mode
contemplated of carrying out the invention. As will be
realized the invention is capable of other and different
embodiments, and its several details are capable of
modifications in various obvious respects, without departing
from the invention. Accordingly, the description is to be

regarded as illustrative in nature and not as restrictive.
Summary of Drawings

Figs. 1-6 are schematic diagrams of the structure in
various stages of the processing according to an embodiment

of the present invention.

Fig. 7 is a graph simulating I,-V; characteristics of a
device prepared according to the sequence illustrated in
Figs. 1-6 to a standard device having floating body.

Figs. 8-15 are schematic diagrams of a structure in
various stages of an alternative process according to the

present invention.

Figs. 16-23 are schematic diagrams of the structure in
various stages of the processing according to a further

alternative embodiment of the present invention.



various stages of the processing according to a further alternative
. enbodi nent of the present invention. _

8 Best and Various Modes for Carrying Qut Invention I n order
to facilitate an understanding of the present invention, reference will be
‘made-to the figures which illustrate a diagrammatic representation of the
-steps of various enbodi nents according to the present "invention. Like
~nunerals in different figures refer to the sane conponent. It isto
be understood that when the discussion&efers to n-type inpurities, the
particul ar steps are applicable to p-type inpurities, and vice versa. Al so,

al t hough the process described concerning enploying as the substrate a
“silicon on insulator (SO) structure, the present invention is applicable
to other senicondudiesit sgBsYrais Modeachre\Farryaedi 9t bbrKerdéPices. I n
addition, when reference is made to inpurities of a "first type" and to

inpurities of a "segondilyRe ’fa'chié%é&‘%%r %nggséi}f'éi%‘%f EH@,S‘% G
refers to n- or p-fype inpurities and "second type" refers to. he opposite
conductivity tyyentypat raferencenwii}jhesmaggpke the figures vRéchsecond
-type" is n. |filthetrite sd dippeamnatiic ddpestheat s@c @ thepeteps ¢f P-type
dopants for si)Ga0sang ARl sk 88@0%%‘}1 qg Ef}é"%resaénl{-]migwht%ﬁ! | um and

i ndi um N—type_éopants or silicon and polysiTicon 1nclude arsenic,
phosphor ous” akdk&nPrieReLs Arsdifhgrony GEVrrPuseESE itth tASdSEBefacilitate an
under st andi ng cefnpbhenpr esent i nvention, the fabricating sequencing wl |
refer to providing a dynam ¢ random access nenory (DRAM SO MOSFET, a

| ogi ¢ device or high performance driver device. . In particular
according to an e bdtFrer 1sF Wpﬁ@rstood that when the discussion refers

to n-type impurities, the particular steps are applicable to
p-type impurities, and vice versa. Also, although the
process described concerning employing as the substrate a
silicon on insulator (SOI) structure, the present invention
is applicable to other semiconductor substrates for
achieving active body devices. In addition, when reference
is made to impurities of a “first type" and to impurities of
a "second type", it is understood that the "first type"
refers to n- or p-type impurities and "second type" refers
to the opposite conductivity type. That is, if the "first
type" is p, then the “second type" is n. If the "first
type" is n, then the "second type" is p. P-type dopants for
silicon and polysilicon include boron, aluminum, gallium and
indium. N-type dopants for silicon and polysilicon include
arsenic, phosphorous and antimony. Also, by way of
illustration and to facilitate an understanding of the
present invention, the fabricating sequencing will refer to
providing a dynamic random access memory (DRAM) SOI MOSFET,
a logic device or high performance driver device.

In particular, according to an embodiment of the
present invention (see Fig. 1), which is most useful for

fabricating DRAMs, a SOI substrate 1 comprising a silicon



present invention (see Fig. 1), which is nost useful for fabricating DRAMs,
. a SQ substrate 1 conprising a silicon

9 substrate 2, a back silicon dioxide |ayer 3 and a top single crystal
silicon film4. The SO (silicon on insulator) substrates (starting wafers)
"can -be purchased fromsilicon wafer manufacturers and are typically

manuf actured using any one of several well known nethods, including SIMX
~(silicon inplanted with oxygen - nost popul ar), Bond-and-Etchback, or
SMARTCUT[ err]. Typically, the back oxi 8e layer 3 is about 500 to about 5000
‘A thick and nore typically about 1000 to about 3000 A thick.

. Monocrystalline silicon layer 4 is provided on the silicon dioxide |ayer 3.
“This layer 4 is typically about 250 to about 3000 A thick and nore

typi cal |y abostbstitatteo 2abaubad0GilActhi ¢koxillepadystricind e coppsiisiong a

“thin layer Ofcﬂéﬂaﬁo%l@h%hd@lﬁm a E"Hécé‘&r (ls@LX@Eono§'1ldsQﬂ%t@rt ride is
_provided. The silicon dioxide |aye t?\%) %t?l Xaﬁ de%toaout 150 A
thick and nor@RSHES S E%B‘i&n%d’at%rﬁbo RUFRPRREC THIT 1Sdyéf-°Can be
forned by chemtat meapdrcteposs tardnage tywirawdllyoradafacneid tusd ngndewl yi ng

-silicon |ayerqfe Jm%esk&hﬁowem M hevksad sltn»e@h&% Yo BRRUt (304 b about
4000 A thick., The #Con nitride | ayer can .be udi ng

b D.i
thermal and pt™& HAEROEAS - most ‘b1a§l)0rga‘é %%"%gé?b@é: é’rformed
by et ching th$Mfglr€ f.ecTypiecpbit.i sheoback |axice ﬂaawrdb Jspdroutsisioiocon

di oxi de | ayerto saﬂdlﬁo@obayﬁrtmcm%& ﬁ&é’&y};ﬁ)&%&l? §1B<§hd ntod oSitld G@Bdut

substrate d%\@ c?n}; # tr(l) ab g n Jﬁtl o olfS Wry ch b%hn

i crons. e T¥&hen 1R ??‘Fé'lfl&tl &% S EI e%lec 1) &7 O 285¢

conposi te si |l prorhenigidiigensiioxiole dirvgrdd: Ahdsndaref ve ertte/rnlaﬂalgySuch as

doped pol ysi | hson cad ke He6E: tapdd Al thhék and more typically about 750
to about 2000 A thick. A pad structure comprising a thin
layer of silicon dioxide and a thicker layer of silicon
nitride is provided. The silicon dioxide layer is typically
about 40 to about 150 A thick and more typically about 50 to
about 80 A thick. This layer can be formed by chemical
vapor deposition or thermal oxidation of the underlying
gilicon layer 4. The gilicon nitride layer is typically
about 500 to about 4000 A thick. The silicon nitride layer
can be formed by CVD including thermal and plasma-enhanced
CVD.

Deep storage trenches can be formed by etching through
selective portion of silicon nitride layer, silicon dioxide
layer, silicon layer 4, back oxide layer 3 and ipto silicon
substrate 2 down to about 4 to about 8 microns, example of

which being 6 microns.

The trench is insulated with dielectric layer 7 such as
composite silicon nitride/silicon dioxide. A conductive
material 8 such as doped polysilicon can be used to £ill the
trench, followed by being planarized to the top of silicon
nitride pad. The polysilicon 8 in the trench is then



trench, followed by being planarized to the top of silicon nitride pad. The
_polysilicon 8 in the trench is then

10 recessed and the exposed trench insulator 7 is renoved typically to
bottom of silicon |ayer 4. Doped polysilicon is again deposited in the
“trench and pl anarized down to the silicon nitride layer. This polysilicon
-wi Il provide connection of subsequent array MOSFET to storage capacitor. In
‘addition, active areas bounded by shallow trench isolation (STI) 9 can be

" defined by etching an opening or trencH% nn silicon nitride |ayer, then
through silicon dioxide |ayer, silicon |layer 4 and into back oxide 3. The
opening is then filled with insulating material such as silicon dioxide
“formed by CVD of tetraethylorthosilicate (TEGS), followed by planarizing.
The silicon dif6%PEESR PRt ISTRXRPareRd 1eachsspel iz’ v& K8 PHRIsi | i con
nitride. The paﬂlshlhytmw(bdﬂtomhef5$111ﬁmm mapérde amdbpeild pedpsill bxdwle 1S

I emoved. ABEN BASLALIUCLHT End S Jeic ;faa%ar}qqegt BUGLULE GoIPri ses

a thin layer 5 “of i con oxide and a ayer f silicon nitride.
The silicon dlsd&ll&@nl ’é}/‘é’flc? iL&Yeypi caMisy PSB@SE\H%?P‘% F1dBoBFOY5BS A t hi ck and
-more typicall yoabeutis ¢ sabeetu8it Autdiyc MOSERY ero Btoangbechpaattoby
chemi cal vapor,dggastilon £kileLBl; %ﬁ%aogyoéhgﬂ%wu@sésghw ng silicon

| ayer 4. he silicon nit ayer i s typicall out 500 to about

4000 A thick 3F@labient 9%F@aﬁl§aab5%td%§ﬂﬂ§ tBYdHBUPJ§06€ BPERIRE. °Layer 6
can be for ned then€Din nel Lidiang nt. hei dal Lagra, pthsma: rerchigihc ed 1 CvEn As

|| Tustrated | mibhdae2)2PPENINAT I Phfes0qf BAG AL WIS Lhhaans Ni trhde pad
| ayer 6 using known | |thographi
opening is then fllled with insulating material such as

silicon dioxide formed by CVD of tetraethylorthosilicate
(TEOS), followed by planarizing. The silicon dioxide in the
STI can be recessed selective to the silicon nitride. The
pad structure of the silicon nitride and silicon dioxide is
removed.

A new pad structure is formed. This pad structure
comprises a thin layexr 5 of silicon dioxide and a thicker
layer 6 of silicon nitride. The silicon dioxide layer S is
typically about 40 to about 150 A thick and more typically
about 50 to about 80 A thick. Layer 5 can be formed by
chemical vapor deposition or thermal oxidation of the
underlying silicon layer 4.

The silicon nitride layer 6 is typically about 500 to
about 4000 A thick and more typically about 1000 to about
3000 A thick. Layer 6 can be formed by CVD including
thermal and plasma enhanced CVD.

As illustrated in Fig. 2, openings 10 are defined in
the silicon nitride pad layer 6 using known lithographic
procedures followed by selective etchin§ of layer 6 using
reactive ion etching (RIE), for example. The exposed



procedures followed by selective etching of |ayer 6 using reactive ion
~etching (RIE), for exanple. The exposed portion of layer 5
is then etched using a fluorine based chem stry, for instance. A
sacrificial oxide |layer (not shown) is grown in the opening created in the
"siliecon nitride pad 6. Next, threshold voltage, V[err] tailor inplants are
provi ded through the sacrificial oxide |ayer. The sacrificial oxide
| ayer is renoved with a buffered HF wet etch or chem cal downstream etch

" (CDE) containing fluorine chenistry. Aldate insulator layer 12 such as an
‘oxi de |l ayer is then formed by thermal oxidation of the underlying silicon
. layer 4. A nitride oxide |ayer nay al so be used. The gate insulating |ayer
"12 is typically about 25 to about 100 A thick. A first polysilicon
| ayer doped wiPrkrtacdopantaxsir & fifrsien ygfehedchsing & Mlugopad basgdili con

layer is depoghbRistsee fif.indkandbe ROlEirhECOM] auakel Sat/Ben (gxposed to
reactive ion e&phl g.éRI@) ta fgﬁnls acers 13 on t he |dem@LIs of the
shown) i r e ed in %

openings in thesi i connitride pa %ﬁﬁﬁg 67 “An exanﬁlg 5f~3°litable RIE

process i s deddtirbed Pyl f Nextal thgghicdgn vPher¥ssiVagt # bkot Hanplagit sEr a,

Vol . 1, Processelpebnoi@g)throabhi €8e RERSS fiPRal 53883 aydirscl osure of which
is incorporated herein by reference. The exposed portion of the gate
insulating layer 12 is then renoved by etching. A thin conformal |ayer 15
of a conductive di Thass¥pridaiipér oxpderiayersehrerotad anicinpnPef feeedr
tantal um sili ¢enwatt etéle ¢55 depashl edbwnEteehar éte (GBI coatchypiegl |y about

50 to about 1040.4;hbi GoANd JPT eat YRLEA!IN12POMNL Y 4G 2RaNt 1300, A thi ck.
oxide layer is then formed by thermal oxidation of the
underlying silicon layer 4. A nitride oxide layer may also
be used. The gate insulating layer 12 is typically about 25
to about 100 A thick.

A first polysilicon layer doped with a dopant of a
first type such as a N+ doped polysilicon layer is deposited
(see Fig. 3). The polysilicon layer is then exposed to
reactive ion etching (RIE) to form spacers 13 on the
sidewalls of the openings in the silicon nitride pad layer
6. An example of a suitable RIE process is described by
Wolf et al, Silicon Processing for the VLSI Era, Vol. 1,
Process Technology, Lattice Press, pp. 539-585, disclosure
of which is incorporated herein by reference. The exposed
portion of the gate insulating layer 12 is then removed by
etching. A thin conformal layer 15 of a conductive
diffusion barrier material such as titanium nitride or
tantalum silicon nitride is deposited. The barrier layer is
typically about 50 to about 1000 A thick and more typically
about 100 to about 300 A thick.

A metallic silicide layer 16 is deposited and is
planarized to the top of the silicon nitride pad 6.

Examples of suitable metallic silicide layers include



A netallic silicide layer 16 is deposited and is planarized to the top of
.the silicon nitride pad 6. Exanples of suitable netallic silicide |ayers

i ncl ude 12 titaniumsilicide,

ol ybdenum silicide, zirconiumsilicide, hafniumsilicide, vanadium
silircide, niobiumsilicide, tantalumsilicide, chromumsilicide, and
itungsten silicide. Such can be forned by sputtering such as froma solid
silicide target. The layers 15 and 16 are planarized to the top of silicon
nitride layer 6. The top surface of si1dcide |layer 16 can be recessed bel ow
the surface of the nitride pad 6. In an alternative enbodi nent,

| ayer 16 nmay be polysilicon or anorphous silicon doped with an inpurity of
‘the second ty After depositing the doped polysilicon or anorphous

€. Y { LDT PI]
silicon Iayeré%ﬁiangyéFll L1dgyd ey Brengr o5 - 19 1d8ar 72 E8°R B 1T 63 98ur f ace
~of the pad nihafirdewtsiTheida, sidnadiide §livide, metisbibayetlisiddeposited over

the structureancalum sEX20PAES Bfrcriilihabl 8isidd Chda Eaﬁ%gwl Bhals gencl ude
titanium nol ybdenum 2|%conk¥g%Fhafnlun1 vanagLunl ni obi um. tantal um
chr oni um and SEEN PRI EATETE Y GRVERET A g1 26eFRG™ p? 1% ed. The net al

-i s then reactediwide thegpo! ysile deyeos Bhonphdds asel ptarewizds wo chei t

contacts to fiudngg mBUaLbL Chsidide daydf @VerrHde opokyuskhd e UE @5 13m@gRhous
silicon. In the case of tjtanium u&E%éan be reacted tn an i.nert. anbi ent

such as argon-2Y®* 18 CRRePHTERRSs Y Ui e TPE PR dE s iTHY Tk et chant
sel ective to pdk aretal silicide. For exanple, in the case of titaniumit
can be renoved using techniques well known in the art such as a conbination

of sulfuric acid %%dagygigggggtive embodiment, layer 16 may be
polysilicon or amorphous silicon doped with an impurity of
the second type. After depositing the doped polysilicon or
amorphous silicon layer 16, layer 15 and layer 16 are
planarized to the top surface of the pad nitride 6. Then a
silicide forming metal layer is deposited over the

structure.

Examples of suitable silicide forming metals include
titanium, molybdenum, zirconium, hafnium, wvanadium, niobium,
tantalum, chromium and tungsten with titanium and tungsten
being preferred. The metal is then reacted with the
polysilicon or amorphous silicon with which it contacts to
form a metallic silicide 16 over the polysilicon or
amorphous silicon. In the case of titanium, such can be
reacted in an inert ambient such as argon.

The unreacted metal can be removed using an etchant
selective to the metal silicide. For example, in the case
of titanium it can be removed using technigques well known in
the art such as a combination of sulfuric acid and hydrogen

peroxide.



per oxi de. 13 The top surface
_of layers 13, 15 and 16 (gate conductor) is then recessed bel ow the top
surface of the nitride pad by about 100 to about 500 [err]. A | ayer
17 of CVD silicon dioxide is deposited, followed by planarizing and
"polishing to the top of the silicon nitride pad 6. This forns an oxi de
insul ating cap over the gate conductor as illustrated in Fig. 4. The
_silicon nitride pad layer 6 is renmoved such as by using a hot phosphoric
~.acid etch. The pad oxide |layer 5 remai n® and serves as the screen oxide for
‘the source-drain inplants. Insulating sidewall spacers 18 are fornmed on the
word lines as illustrated in Fig. 5. A thin silicon oxide |ayer 19
“{see Fig. 6) is deposited such as by CVD foll owed by openi ng wi ndows 20 in
it to expose under Mpengodi s¥ufsicenofotayind ilde é6namdtlé (gate Doped
__ pgl ysilicon _Z(ch&ﬁitmfc@tb@!) ng:t; ﬁg'l@{d‘tregéséé'@lﬁél_rﬁ% thbép@ciﬂ) %udﬁf{é@:%l b@dghé\drralski ng
step is provided t. ri e .edge ol ysi li creating a borderless
contact to bitn#ﬁﬁgéedPFEL%Ycﬁ?O&% 185 E%k%&?utcgﬁge%tional processing is
conducted including form ng contact studs and defining various wring

_levels. The astibyet U B 4 @wbdedl idsl wdesibet bs adbogated,and a Plerr]
gate whereby thg el Ly 98t & H5A%8E! 8nd NH1TRARGEYEE A b of the
silicon nitride pad 6. This forms an oxide insulating cap

over the gate conductor as illustrated in Fig. 4.

The silicon nitride pad layer 6 is removed such as by
using a hot phosphoric acid etch. The pad oxide layer 5
remains and serves as the screen oxide for the source-drain
implants. Insulating sidewall spacers 18 are formed on the

word lines as illustrated in Fig. 5.

A thin silicon oxide layer 19 (see Fig. 6) is deposited
such as by CVD followed by opening windows 20 in it to
expose underlying diffusion for bitline contact.

Doped polysilicon 21 containing dopant of the first
type is deposited. A masking step is provided to trim the
edge of polysilicon 21 creating a borderless contact to bit

line diffusion.

Next, conventional processing is conducted including

forming contact studs and defining various wiring levels.

The structure provided includes both a N+ gate and a P+
gate whereby the P+ gate contacts the monocrystalline
silicon of the SOI while the N+ gate is isolated from it.

In the off~condi£ion, the gate contact to the body of
the configuration illustrated in Fig. 6 holds the body at



silicon of the SO while the N+ gate is isolated fromit. In the
.off-condition, the gate contact to the body of the configuration
illustrated in Fig. 6 holds the body at
14 the word line low | evel (which may be 0.0 or sone negative val ue).
In this condition, the threshold voltage has its |argest value. As the word
I'ine is ranped in the positive direction, the body to source potential is
~.raised, in addition to the voltage app{%ed to the N+ portion of the gate
conductor. This results in a lowering of the V[err] (and steeper
sub-threshol d slope) as the device is turned on. Sinulated IdV[err]
. characteristics of this device are conpared to a standard SO MOSFET,

“having floating bod in Figq. 7. Please .observe the |arge reduction in

T T~ current | PO SRR St et EoROrg S Popeb it § i 908 SHECHYS ont
relative to theakpandarikh déisceondheiaf.f tbar kemshasld epdtedebhaa fast or of
>1E4, while theapfestivgnle | Sad08hé arger 1ige therdgdhs dhnl vaa gdeyicsve

Al t hough the SHPfécrﬁﬁpohﬂ1SE9§e is a respecégﬁ%ezﬁa nVYQecdat,gS[err]C for
the floating boty deVice, 11 “Pa¥l s°tT 6O nbPaet 11 theé w68y difven devi ce.
-As the gate vo@@%@;‘éiws tarped vaptaghemmddegatedt kg dbr gforthenchéinkles cl osest
to tge Eource_eg;@w@w&ﬁdc{j@p. Thh&sl’ﬁéiéﬂ(}tt% it3] al oy ra?&r \E/ﬁ\ém ((défndt heb |
pseudo base wi n additi to.t nam oVer.d ng .Q err. escri be
above. The inv%‘%%?%%rIsa‘%erthg%g{’ﬁgdr\gopgeét éd g?%ie.%‘flocsegs]‘ts ttblL"f’ﬁ% Source
behaves as an &kPehdtesth %aoVy Ifhapactapignias of thburdeyicshiagle cesprrsdin

i ncreasi ng bi pebas gainvard BOINROSPET Nhagahg ¥Db4tEgey bBayS dynamgyc i pol ar
gai n effect as§9g%§gea é@édl %@ §£rgct%ga%cggo5hqnp §¥g%yir%g¥ention provi des
a uni que result. e dynamc Eerrf OWEr 1 ng eff'ec “along wth the | ow

of f-current of IPPECHRIRHes offubhehpeexditt stAReMRdinfreased enr Ffabrent or
extrenely | ow veliepe appldiealstan8asdcizvasel. 7The off-current is reduced

by a factor of >1E4, while the on-current is 40% larger for
the body driven device. Although the sub-threshold slope is
a respectable 80 mV/dec at 25°C for the floating body
device, it falls to 60 mV/dec for the body driven device.

As the gate voltage is ramped up, the MOS gated side of
the channel closest to the source inverts first.  This
results in a dynamic narrowing of the pseudo base width, in
addition to the dynamic lowering of V., described above. The
inversion layer on the MOS gated side closest to the source
behaves as an extension to the pseudo emitter (source) which
results in increasing bipolar gain with increasing gate
voltage. This dynamic bipolar gain effect associated with
the structure of the present invention provides a unique
result. The dynamic V., lowering effect along with the low
off-current of the devices of the present invention make it
suitable for extremely low voltage applications such as 0.7
volts. Accordingly, performance advantages over
conventional MOSFETs is substantial.



vol ts. Accordingly, performance advantages over conventional MOSFETs is
substanti al . 15 The
“alternative enbodi nents according to the present invention shown in Figs.
8-15 and Figs. 16-23 provide for self-alignment of the contact between the
~gate and body with respect to other features of the device such as the gate
~edges. In addition, the preferred techniques forma contact whose geonetry
is highly reproduci bl e and i ndependent of the gate |l ength. The size of the
" _gate to body contact achi eved can be significantly smaller than what is
-def i nabl e by normal photolithographic processes. As discussed above,
preferably the I ength of the gate to body contact along the surface of the

- .sem conductor substrate is equal t | ess t han about 200 A, and nost
rof erabl v Che. | olyEn e ERES i EPEBHSES GHEATELRS Couate B5eBF F ase t han

about 100 A i@omngden| ehgvhsigritigser 8t hanRDFiAsar @6nd preefigler drsi nce
~such | engths gearfdaquhaéuttof ru;—za_n c%@sgglw&viere%cweng&fe theRy HRIRCRiEH! I ent

bei ng dlverted |n us de ng, t he gain of the de ice.
According to anral te%ﬁa? %rf %ﬁﬁn %é g?ogg?gcostﬁ% pregbnﬁ'lﬁventlon a

_standard SO ssigsest-r atla §ddate3e¢rVe thegboateryrtl iteshat dees reyitogs cantdrscussed

above for theﬂrws@cgg%mdeiyneﬂ hlrgﬂyQSepﬂto&xd'ﬁollér @Vltidﬁﬁldéb’eﬂﬂﬂrﬂt kROWAe
customary tech i que The ori.g gagad Ia%er QXEQ mhlch |s used
h

for defining ¥he t“?\‘?lé reBkll%nsslzles re Shdon &R BT e SR GeEre i s

formed. This dRawhsagipayéicantictanad leonprasedag ehi Aefiand Y gr own
silicon oxi dendmée.r phdtbs i RS giad wsee@éesby aedl sahsapeibslenosi tion on

the silicon n %%blgy%{‘ruc 268, Flfg th Cperl__on%?)fi%oc&pta ac}eIEI t%l licon

oxi de Iayer e i e ridi B con Al t ayer 6 and
thin pad S|I|%Rﬁf%9ﬁ &é FH?e?e%F%ﬁﬂ9H®¢QV|ﬂ@kﬁ%ﬁﬁﬂ? as B?u%%(ﬂﬂlﬂi d§ehg
reactive ion sigihiabgutRRE) ApwWind andslite puatierd yliyn@ hadhesd st Ithae gakki con
layer 4. to body contact is equal to or less than about 100 A.
Contact lengths greater than 200 A are not preferred since
such lengths tend to result in an excessive fraction of the
source current being diverted into the gate, thus degrading
the gain of the device. According to an alternative
fabricating process of the present invention, a standard SOI
substrate 1, active regions and isolation regions as
discussed above for the process defined in Figs. 1-6 is

provided by well known customary techniques.

The original pad layer employed which is used for
defining the active regions is removed and new pad layer
structure is formed. This new pad layer structure comprises
a thin thermally grown silicon oxide layer 22 is deposited
such as by chemical vapor deposition on the silicon nitride
layer 6. See Fig. 8. Openings 10 through this silicon
oxide layer 22 and pad structure including the silicon
nitride layer 6 and thin pad silicon oxide layer 5 are

I provided such as by etching using reactive ion etching (RIE)

down to the underlying monocrystalline silicon layer 4.



16 These openings 10 determ ne the shape of the subsequently to be
formed gate contact wiring |evel. A sacrificial oxide |ayer (not
shown) is then grown in the opening 10 such as by thermal oxidation of the
under | yi ng nonocrystalline silicon layer 4 Vt adjust inplants are then
provided. Next, the edges or sidewalls 23 of the silicon nitride
l-ayers 6 are recessed or pulled back fromthe overlying top silicon oxide

| ayer 22 using for exanple a phosphoric etch conposition. This etching
"procedure is extrenely well controlledignd readily can be used to determ ne
t he exact amount by which the top oxide |layer 22 overhangs the silicon
_nitride 6. The sacrificial oxide layer is then stripped such as by
‘using a wet dip etching. A gate insulator layer 12 is formed such _as a
silicon dioxi dﬁ“ﬁf {OREFARES ok} ARGFHIBE the SHedS: P hBe sTYRIEFHasyer t2. The
gat e insul at orbd airemet?2gaset yputcadd wiaboatl@elt.o about 100 A thick and nore
typically about 30 to about 80 A thick. See Fig. 9. As illustrated
in Fig. 10, an undgoped polysiljcon Jayer 24 is deposited such that the

b0l ysi | con 24 compl GPEPYEITITL PHESOpENFHG ™G FROFRE bad Te & Hdfever
because of thethhepgsintingnlprsecdsasabpy thertal toxtidatibheof dphesi | i con oxi de

22 overhangs &a,Rt1ARgOhohdErPRD1SIineCOM Ndd 11368, 4@ VR h@RideS Created
in the polysiljcan 24. This void 2 be m dway between what will |ater

9 |
becone the edgE® tfhérSaFEe%dﬁﬁﬂeﬁgb:

Next, the edges or sidewalls 23 of the silicon nitride
layers 6 are recessed or pulled back from the overlying top
silicon oxide layer 22 using for example a phosphoric etch
composition. This etching procedure is extremely well
controlled and readily can be used to determine the exact
amount by which the top oxide layer 22 overhangs the silicon

nitride 6.

The sacrificial oxide layer is then stripped such as by
using a wet dip etching. A gate insulator layer 12 is
formed such as a silicon dioxide by thermal oxidation of the
underlying silicon layer 4. The gate insulator layer 12 is
typically about 25 to about 100 A thick and more typically
about 30 to about 80 A thick. See Fig. 9.

As illustrated in Fig. 10, an undoped polysilicon layer
24 is deposited such that the polysilicon 24 completely
fills the opening 10 in the pad layers. However, because of
the deposition process and the fact that the top silicon
oxide 22 overhangs a portion of the pad silicon nitride 6, a
void 25 is created in the polysilicon 24. This void 25 will
be midway between what will later become the edges of the

gate conductor.



17 Next, the polysilicon 24 is planarized and polished down using
CWMP polishing so that the polysilicon 24 and silicon nitride 6 are copl anar
“as illustrated in Fig. 11. This polishing process renoves the top silicon
oxi de | ayer and a portion of the silicon nitride layer. In addition, as
“illustrated in Fig. 11, this process exposes the void 25 in the polysilicon

24, Next, the gate insulator 12 at the bottomof the void 25 is
etched away using a fluorine based etch such as buffered HF and thereby
" _exposing the top of the silicon | ayer 47 A layer 41 of a silicide

‘form ng netal such as titanium tungsten, niobium tantalum nolybdenum
zirconium hafnium vanadiumand chromumis bl anket deposited over the

-entire structure c | etely | 1ing the ga voi d 25 in the polysilicon
54 bsCi 1 ustrat od Sa ghe) potyet{feoiraa9h Blansfifzeoapd  aariAhad t hen
reacted to fofawa tmfexrag IQMP prlichitey ¥ oketr the gedivgsilicenn2dyandacti ng

“with the pol Y§h|l!1§<9rﬂl rvmmdwscarétc&pmnaet §s(§msl%lxﬁteé31n Fid. tlhle case of
tltanl um SsucC can

unr eact ed net ar*$ f]asm’t 5% gﬁ ﬁﬁ?%\f%ermqvﬁg gﬁb %Oan Sﬁ‘l Heoﬂchcgee&acya% be
_renoved usi ngaafd @tm¢%ﬁﬁ0ns@ﬁeébﬁv@ilxﬁtheltriéﬂnhﬂﬂ@m |Iénd@dd¥¥¥ﬂﬂilaﬁﬂ ar

exanpl e bei nglm@@@mmﬁ llean% sul f WHiG peble s Gxpde8JERe PEE XTI 4. in
I n addition, ar th Iayer of titaniumnitride that m ght have

formed over t e sy Fso be readily renpved with this etchant
conposi tion mnthout _
Next, the gate insulator 12 at the bottom of the void

25 is etched away using a fluorine based etch such as
buffered HF and thereby exposing the top of the silicon
layer 4.

A layer 41 of a silicide forming metal such as
titanium, tungsten, niobium, tantalum, molybdenum,
zirconium, hafnium, vanadium and chromium is blanket
deposited over.the entire structure completely filling the
gap or void 25 in the polysilicon 24 as illustrated in Fig.
12. -

The metal such as titanium is then reacted to form a
metallic silicide 16 over the polysilicon by reacting with
the polysilicon with which it contacts (see Fig. 13). 1In
the case of titanium, such can be reacted in an inert
ambient such as argon. The unreacted metal such as titanium
over the silicon nitride layer can be removed using an
etchant selective to the titanium silicide. A particular
example being a combination of sulfuric acid and hydrogen

peroxide.

In addition, any minor or thin layer of titanium
nitride that might have formed over the nitride may also be

readily removed with this etchant composition without



18 consum ng any significant anount of the titaniumsilicide. This then
. provides a structure whereby the gate polysilicon is capped with a | ow
resistivity metal which also contacts the gate conductor to the body of the
SO MOSFET. The gate polysilicon can then be inplanted through the
"silicide with either an N+- or P+-type inpurity 26 to set a work function
-of the gate conductor suitable for the particular type of device desired.
~ See Fig. 14. Because of rapid diffusivity in polysilicon, it is only
-necessary that the gate inplant reach §ge top portion of the gate
"polysilicon. This nmakes it less likely that the channel region w-l be
count erdoped. The thickness of the silicide |ayer may be formed such that

“the gate dopin lant Jmy .al s be used to f source/draln di_ff usi ons
t hrough t he SI%PEOH n?tr36elﬁgyg%cﬁPfﬁﬁﬁF”%OUEtg%ﬁoﬁ““”“ﬁﬁ SEHARRET " regi on.

~Typical thickifédseshen prayidelsi gi derietruge Wwheabbyt thO@ate @PSME1iE00°NA t hi ck
.and nore typigal Exppé@tmltap& ll@wabeﬂis@ﬂﬁt@r Bk gk. wHiteh dapbhcehrhbes

source/drain j nct.| pns, S m t ed t.he. sild con fi ness thus maki ng
the straggle & egs Cri ?If‘%ua tOlrsgueQMe body °1€ %8 %I%%&%Eﬁkl de | ayer 6 can

-then be renpved using a selective etchant to the gate conductors and
si dewal | spacers a$haae4;été<rwm9rsmﬁcd@s&ahed;he&t bk hisp Rarddd thabughi bhe the

sourcel dral n 19} 30ks 7N che oatryed Gty (3660 Flfhu Sl JMDLEOKEL. 410 t e

event a previous_ |'ow doprng density source/ was carried out
t hr ough t he S|‘”1°|réfoﬁ“ﬂ?'f¥‘i’rdé>f ithenpghe w%PFasvet%ﬁlﬁt HiE §8ent to carry
out an additi @aakibuldertganegngeal todshiedie/ dsae nFidpliant . Because of

rapid diffusivity in polysilicon, it is only necessary that
the gate implant reach the top portion of the gate
polysilicon. This makes if'less likely that the channel
region will be counterdoped. The thickness of the silicide
layer may be formed such that the gate doping implant may
also be used to form source/drain diffusions through the
silicon nitride layer without counterdoping the channel
region. Typical thicknesses of the silicide layer is about
100 to about 600 A thick and more typically about 200 to
about 500 A thick. The depth of the source/draih junctions
is limited by the silicon film thickness thus making the

straggle a less critical issue.

The silicon nitride layer 6 can then be removed using a
selective etchant to the gate conductors and sidewall
spacers as well known. If desired, at this particular
point, the source/drain implants 27 can be carried out (see
Fig. 15). Moreover, in the event a previous low doping
density source/drain procedure was carried out through Ehe
silicon nitride, it might be desirable at this point to
carry out an additional higher concentration source/drain

implant.



19 In addition, if desired instead of inplanting the gate
~polysilicon when the nitride is still present, such inplantation can be
carried out after the silicon nitride is renoved and both the polysilicon
and source/drain regions can be doped at the sane tine. Fol | owi ng
“this,” conventional mddle of the Iine (ML) and back end of the line (BEQL)
.processing can be carried out as well known in the art. In a stil
further enbodi ment, the processing can be carried out in the sane manner as
"shown in Figs. 8-15 up until the point y¢here the void is exposed and the
gate insulator at the bottomof the void is etched out as shown in Fig. 11,
. except that a polysilicon 28 doped with inpurities of a first type (e.g.
"N+) is used in place of undo ed polysilicon 24. See Fi 16 and 17.

At this stage (see ' §9948 }og Hff?ﬁéFSﬂ tﬁﬁWQQQ’OFaﬁﬂPgﬁ@Fﬁ%ytﬁﬁiﬁ@ﬁ&lIy be
formed on the sébewalilconoivhenetheind t25dbyislepadilt pmgsant hisndhayer of

materi al f0||0¥ﬁ5h5ﬁtd&§%ﬁtb¥§ Eé”bd%&@gangu&Eﬁ%@e@@tﬁ@'¥1if@bﬁ“ﬂfﬂ?1@% is
remai ni ng on the si usi on arrleré+ ers include

Conduct | ve nat BV S0Eh DAL P MOGRPIH§ T AR Ao KR AP b TH0GH N t 1 de,
_.TaSi N, or an i®aulks idegpegnabrild sanehtasesilicon nitride. This diffusion.
barrier layer is typically about 20 to about 50 [err] thick and nore
typically about 30 about 40. A th 30 0 second
pol ysilicon doped\g ﬁBﬁrF?lescﬁpvsnEE@S% “Pygé |8ft% osFF%ﬁ such
as by a | owt enpereadly @néppfpﬂéﬁ,ésme SQBOFI_QDr%SS‘-FhHsC@@y@ Ciaéfral?dut 20 to
about 50 A thigkt ang waanexhywh Cal loheabodt 30 to

In a still further embodiment, the processing can be
carried out in the same manner as shown in Figs. 8-15 up
until the point where the void is exposed and the gate
insulator at the bottom of the void is etched out as shown
in Fig. 11, except that a polysilicon 28 doped with
impurities of a first type (e.g. N+) is used in place of
undoped polysilicon 24. See Figs. 16 and 17.

At this stage (see Fig. 18), a diffusion barrier layer
29 may optionally be formed on the sidewalls of the void 25
by depositing a thin layer of material followed by reactive
ion etching leaving only the material remaining on the
sidewalls. Suitable diffusion barrier layers include
conductive materials such as titanium nitride and tantalum
silicon nitride, TaSiN, or an insulating material such as
silicon nitride. This diffusion barrier layer is typically
about 20 to about 50 A thick and more typically about 30 to
about 40 A thick.

A thin layer 30 of a second polysilicon doped with
impurities of a second.type is then deposited such as by a
low-temperature epi process. See Fig. 19. This layer is
about 20 to about 50 A thick and more typically about 30 to



20 about 40 [err] thick. Next, a third |ayer 31 of polysilicon doped

.With a high concentration of inpurities of a second type is then deposited.

This layer is typically about 100 to about 500 A thick and nore typically
about 200 to about 400 A thick. A low tenperature epi deposition process is

"used’ in order to minimze interdiffusion of the second-type inpurity doped

polysilicon with the first-type inpurity doped polysilicon. However, if the
optional diffusion barrier layer is used, higher deposition tenperatures

~.may be enpl oyed since the diffusion bapgi er material ensures against this

‘interdi ffusion. The dopant level in layer 31 is greater than that of [|ayer

30. Typically, the concentration of dopant for |layer 30 is about 5 x

10 to about Ol er. d that, for | 31 about .5.x 1019 t
mhout 1 X 10a3benPolp Rl CTREREY 4 Mhabr bar Y b i BoNkRAT i SeE Lo e

top of the sildoped withiadighdcenesrtiativhenfr bopwsiddes ddsir edcdngt ance

_below it. Seetkig i20chSMGRpoanrbe. cariiedaQut by ¢ \BACLING heBuet £hbNg.

A layer of a silicid ng.nmetal .such as_an f the | s discl osed
above and pr of& ﬁéf’l)}g;%ér)f{grsg et%,lc i £30i T YR%E%%@%%’%"‘_‘&Q?S& FRa*BOUF the
surface and t H&R Pehbidd wiXt RovheerngrrdadepoPy si¢reoit Wt RTRAEEA L5

cont act sbt 0 f aseyaisi J?]fdfédedd&fiﬁimiJé/pﬂrﬁ_%&llﬁffllﬂéﬁorsidﬁ ajrge sleaMﬁa-iB§p@bout
100 to about 10 t hic nd-.nore. typic Ltel \hout 300 to _about 600 A
L ok RS fek A0 TR PLIP AR Ynp £ LS R TRBLLECBIO)

sel ective et cifiopgdppPetesisl iqent heHayeyes .déf Fhet ptkarse Shffpeafnum such
etchant conpripsesiarchafinald QBef BidHdi depasidiand dnpdiraganepenayige. See
Fig. 21 employed since the diffusion barrier material ensures
against this interdiffusion. The dopant level in layer 31
is greater than that of layer 30. Typically, the
concentration of dopant for layer 30 is about 5 x 10*® to
about 5 x 10*" cm® and that for layer 31 about 5 x 10! to

about 1 x 10% cm3.

Next, the polysilicon is planarized to the top of the
silicon nitride pad 6 and is then recessed a desired
distance below it. See Fig. 20. 8Such can be carried out by

reactive ion etching.

A layer of a silicide forming metal such as any of the
metals disclosed above and preferably tungsten, titanium or
niobium is deposited over the surface and then reacted with
the exposed polysilicon with which it contacts to form a
silicide layer. Typically this silicide layer is about 100
to about 1000 A thick and more typically it is about 300 to
about 600 A thick.

The unreacted metal over the nitride is then removed by
a selective etching process to the silicide. In the case of
titanium, such etchant comprises a combination of sulfuric
acid and hydrogen peroxide. See Fig. 21.



21 A silicon oxide cap layer 32 such as chem cal vapor deposited
silicon oxide is deposited and planarized to the top of the silicon nitride
pad | ayer. This forms an insulating cap over the gate conductor. This is

carried out when a borderless contact to diffusion is desired. Next ,
“the nitride pad is renoved and source/drain inplants 27 is carried out.
. CGate sidewall insulating spacers 33 can be forned. See Fig. 23. The device

can then be subjected to conventi onal Erocessing to formthe desired
~.structure as well known in the art. 1 The foregoing description of the
‘invention illustrates and describes the present invention. Additionally,
~ the disclosure shows and describes only the preferred enbodi nents of the
~invention but, as Q%ioned ah is tq_be understood that the

ve, it
i nvention is capabfe 1%%@°Fﬁg$af?%qgﬂﬁ?h§? g8fibi AR T 3o dPPPEat i ons,
and envi r onnedepogatied sstkimsl exdfe chamndprosdtedoaid i Rkariagrigedi thi hhehe -
“scope of the itByeBEi ¥Re CONGRPIN A%teXPE gsedaheEel NtheoHMBRsURate with the
above teachinq% and/or the skill omAed%e P therrelevant.art. Th

r k f e
embodi ment s deSERLBEH AR SABSy PG & UTREPTRE endedT ¢ SexpiralRTbR4T
‘nodes known ofvhgnaet Perery ke icavbact o slidfusienabs ddestiveds skilled in the
art to utilize the invention in such, or other; enbodinents and with the

vari ous ﬁDdlflcatIBQS require thqipartlcular q&gllc%;é% S _or uses of

b
the invention. Accor th"r ye, n’[lhé:légslcc’arll Pt S5 PSSR0t nteh 6'finit the

invention to GH®RBEM &7 sk ceagindrevh. Aade, sideyall ninvdeédirmat t he
appended cl ai ipabersonstéaiethe Gokrelldesar] tFragnakpye B HviARRt 8an then

be subjected to conventional processing to form the desired

structure as well known in the art.

The foregoing description of the invention illustrates
and describes the present invention. Additionally, the
disclosure shows and describes only the preferred
embodiments of the invention but, as mentioned above, it is
to be understood that the invention is capable of use in
various other combinations, modifications, and environments
and is capable of changes or modifications within the scope
of the inventive concept as expressed herein, commensurate
with the above teachings and/or the skill or knowledge of
the relevant art. The embodiments described hereinabove are
further intended to explain best modes known of practicing
the invention and to enable others skilled in the art to
utilize the invention in such, or other, embodiments and
with the various modifications required by the particular
applications or uses of the invention. Accordingly, the
description is not intended to limit the invention to the
form disclosed herein. Also, it is intended that the
appended claims be construed to include alternative

embodiments.



22 CLAIM5 \What is clained is: 1.

An active FET body device which conprises an active PET region including a
gate; a body region and el ectrical connection between said gate and said
body region located within said active FET region, wherein the electrical

" connection extends over substantially the entire width of the FET.

2. The active FET body device of claim1 conprising a SO substrate.

3. The device of claim1l wherein saa%%connectlon bet ween sai d gate and
-said body region is self-aligned to e s of the gate. 4, The
"device of claim2 being. a SO DRAM array device, |ogic device or driver

. devi ce. 5. The active FET body device of claim1l wherein a

"nmetallic silicide and silicon oxide structure are |ocated on top of said
gate to act as a'cap for said gate. CLAING  The active FET body device
according to claim1 wherein said gate is doped pol ysilicon. 7.

_The active FEE”QRQMSd%qbggegflgjaln11 wherein the length of the electrical
connection is about 200 A or |ess.

1. An active FET body device which comprises an
active FET region including a gate; a body region and
electrical connection between said gate and said body region
located within said active FET region, wherein the
electrical connection extends over substantially the entire
width of the FET.

2. The active FET body device of claim 1 comprising a
SOI substrate.

3. The device of claim 1 wherein said connection
between said gate and said body region is self-aligned to
edges of the gate.

4. The device of claim 2 being. a SOI DRAM array

device, logic device or driver device.

5. The active FET body device of claim 1 wherein a
metallic silicide and silicon oxide structure are located on
top of said gate to act as a cap for said gate.

6. The active FET body device according to claim 1

wherein said gate is doped polysilicon.

7. The active FET body device of claim 1 wherein the
length of the electrical connection is about 200 A or less.

8. The active FET body device of claim 1 wherein the
length of the electrical connection is about 100 A or less.
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8. The active FET body device of claim1 wherein the Iength of the
_electrical connection is about 100 A or |ess.
23 9. A process for fabricating an active FET body device
conprising an active FET region including a gate; a body region and
"electrical connection between said gate and said body region |ocated within
-said active region, wherein said electrical connection extends over
.. Substantially the entire width, which ocess conpri ses: provi ding a
.structure conprising a sem conductor substrate, active device regions and
‘i sol ation regions; provi ding an insulating pad structure on said
substrat e; defining openings in said pad structure down to said
substrate for determ ning the shape of the subsequent gate contact;

provi ding a sacrifPci al® BAFESEaFeF; LabricatiRgafR | 3 dGpERTsPPEY adj usti ng
Vierr]; Bernbee ngos@t ik isRC kinf bet ive GETdeehayer iarididiognangaaegat e

insulator |ayghyy regid@ROR] te'l'égtélggp%n%% ¥§bh'}9é){hée%’% iangdae Cthﬁ‘g the

doped ponS|I|con | ayer to create tgfo ysil.icon, spacers on t
sidewal | s of $&td 813 i FRAEL ™ §5F‘E|e a‘tﬂl ceafleactive r&é‘&&ﬁt?“ﬁ‘@r%ln
conformal | ayeridf ebeattBralalconeketied dxtemdshevegr osybstamsiialilpgtbé

“conductlve dlggggkgnwp@gﬂlqhng%tﬁgb@éss dopediamprphous silicon, and doped
pol ysi li con; tin east one material sel ected from the group

consi sting of a neP5$Y l%ﬂlﬁ(ﬁHHBCSHEFsﬁqqﬂﬁlﬁéngo?rﬁ?ﬂ}qﬁﬁﬁgFt°5nd wher ei n
when sai d nmat emnbakrase saackisid idevdeef oeqiong eetialsolaaicin mggosend:silicide

formng netal wth PQ&Y&iﬂd(HHWf%%uﬁgPLﬂﬁ%%%.%kkh&@@kéﬂxﬁ%ﬁh@ct with said
netal to forma ne?alllc silicide over polysilicon or anorphous silicon;

pl anari zi ng s&8SHEESFIic silicide to the top of said isolation pad and
filling the cavitydbbimbes dperdapd in said pad structure down to said

substrate for determining the shape of the subsequent gate
contact;

providing a sacrificial oxide layer;

implanting dopants for adjusting V.;

removing said sacrificial oxide layer and forming a
gate insulator layer;

depositing a doped polysilicon layer and etching the
doped polysilicon layer to create doped polysilicon spacers
on the sidewalls of said openings in said pad structure;

depositing a conformal layer of a material selected
from the group consisting of conductive diffusion barrier
material, doped amorphous silicon, and doped polysilicon;

depositing at least one material selected frowm the
group consisting of a metallic silicide and silicide forming
metal, and wherein when said material is said silicide
forming metal, reacting said silicide forming metal with
polysilicon or amorphous silicon in contact with said metal
to form a metallic silicide over polysilicon or amorphous
silicon;

planarizing said metallic silicide to the top of said
isolation pad and f£illing the cavity bounded by said

conductive diffusion barrier material;
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conductive diffusion barrier materi al ;

.24 etching portions of the doped polysilicon, conductive diffusion
barrier material and netallic silicide that are unprotected by said

i sol ation pad, removi ng said isolation pad; and i npl anti ng source
"and drain regions. 10. The process of claim9 wherein said
insulating pad structure conprises a |layer of silicon nitride. 11.
.-The process of claim9 wherein said conformal |ayer conprises doped

pol ysilicon. 12. The method of claim 11 wherein said confornal |ayer
conprises two doped polysilicon |layers with the upper |ayer being doped to
. a greater extent than the | ayer beneath it. 13. The method of claim
"9 which further co j ' siyl d X] . Qver

conduct or. %E%h%%%z%g?ﬁ? go?#é?%%%@%eah€§g¥%ﬁggﬁi’sf??ggﬁg |%xide

cap is fornmed PELYFIPE PRGN G2SSF Pt SRGFEEALLAD St Coiprrets@Bposi ti ng
a layer of CVhngirbteonedxvyesaigl anataiziaorxgpadd polishing it to the top of

said isolation padremoving skad 18818B{d0G-0f ghai m 9 which further includes
form ng | andi ng pads ;or creating borderless bit line contacts, formng

-contact studs and dBPTAFMPWSINGS| B¢ qain reglions.

10. The process of claim 9 wherein said insulating pad

structure comprises a layer of silicon nitride.

11. The process of claim 9 wherein said conformal

layer comprises doped polysilicon.

12. The method of claim 11 wherein said conformal
layer comprises two doped polysilicon layers with the upper
laver being doped to a greater extent than the layer beneath
it.

13. The method of claim 9 which further comprises

forming a silicon oxide cap over said gate conductor.

14. The method of claim 9 wherein said silicon dioxide
cap is formed prior to removing said isolation cap and
comprises depositing a layer of CVD silicon oxide;
planarizing and polishing it to the top of said isolation
pad.

15. The method of claim 9 which further includes
forming landing pads for creating borderless bit line

contacts, forming contact studs and defining wiring levels.

16. The process of claim 9 wherein the length of the

electrical connection is about 200 A or less.
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16. The process of claim9 wherein the length of the electrical connection

_is about 200 A or |ess. 25
17. The process of claim9 wherein the length of the electrical connection
is about 100 A or |ess. 18. A nethod for fabricating an active FET

*body devi ce conprising an active FET region includi'ng a gate; a body region
.and el ectrical connection between said gate and said body region | ocated
within said active FET region, wherein said connection extends over

"substantially the entire width of the T, which conprises: provi di ng
a structure conprising a sem conductor substrate, active device regions and
i sol ati on regions; providing an insulating pad structure on said

-substrat e; prqui di an_insul ati ng_ | ayer top..of -said.p ructure
wherei n said insulg?fnggg%y%ﬁoﬁﬁsﬁfg%sc ?%Wn%|¥€%%% gr?%t %ﬁgiiﬁ gqu ©
structure thateligctgdrpaceennectionddfi apif dPénngs #FHugh said insul ating

"l ayer and said pad structure down to said substrate for determning the

shape of the subseqyent »0ale, GOHUACSbricac iy K d08,8 AACHCLCLAl 1 08t de
| ayer; i npl anting dopants for adjusting errJ; etch n% a portion
of the sidewal9¥PsfsdBPdeT it ite FFTpABI ST dECdreiss 3 HtSsaidd PPAYUI at i ng
| ayer - over hangsedSaind apade 5é¢ ticitdiile connect f@NeitRges asali & atef atkdakaari de

ayer; | TUdEN9.81801 FoldiH ARhihWRId aceivedPRPSII4 G A HURAORET
pol ysilicon layer to fi | sard openings I n sald insulating pad structure
and creating &35 §orReshi SIS BBF?S???%E?HtFé}%Y;the ent3iren¥ifsfng and

pol i shi ng sai dbfpalhegsFET¢owhl @y eforperndest ng it coplanar with said insul ating
pad structure and providing a structure comprising a semiconductor

substrate, active device regions and isolation regions;

providing an insulating pad structure on said
substrate;

providing an insulating layer on top of said pad
structure wherein said insulating layer differs from the
material of said pad structure that it contacts;

defining openings through said insulating layexr and
said pad structure down to said substrate for determining
the shape of the subsequent gate contacts; ’

providing a sacrificial oxide layer;

implanting dopants for adjusting V;

etching a portion of the sidewalls of said insulating
pad structure so that said insulating layer overhangs said
pad structure;

removing said sacrificial oxide layer;

forming a gate insulator layer;

depositing an undobed polysilicon layer to fill said
openings .in said insulating pad structure and creating a
void in said undoped polysilicon layer;

planarizing and polishing said polysilicon layer
rendering it coplanar with said insulating pad structure and

thereby exposing said void;
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t her eby exposing said void; 26
renmpvi ng the gate insulator |ocated at the bottom of said void thereby

exposi ng the underlying top surface of said substrate; depositing a

| ayer of a silicide form ng netal over said structure including filling
“said void; . reacting said netal with undoped polysilicon in contact
Wi th said netal to forma netallic silicide over polysilicon regions;

sel ectively renoving unreactive silicide formng netal; dopi ng said
-:polysilicon to formthe gate conduct or;26and form ng source and drain
"regions. 19. The nethod of claim 18 wherein said insulating pad

structure conprises a |ayer of thermally grown silicon dioxide and a top

“Hayer of sili con Niduldulfy che gar20insl13cBE NAthials Lot Mudther gien sal d
insul ating Ia | ]%%|ICOH oxi de The nethod of_clalm 18 which

~conprises et c MESRPYf e??\%sjﬂgdé\ﬁﬁl F%d%‘?lys‘é‘lgdt?ﬂsﬂl‘%‘i”lcﬁg 9ad
.Structure mﬁthaaiphdgﬁh@mec acid conposition so that said insulating | ayer

ove;I hangz sai d pa(heiids%tlugea layer of2% sI'D?c{Ff‘é G Qhg Chatidd L& Wher ein
al VOl is md

%]p%}meen suf $ﬂ1 3{ ? ﬁ of . the gate conduct or.
. 23. The met ho®*tt TIRTHUES WREFETH'Sdild 14MP| 81t FFRi ng metal conpri ses
titani um reacting said metal with undoped polysilicon in contact
with said metal to form a metallic silicide over polysilicon
regions;
selectively removing unreactive silicide forming metal;
doping said polysilicon to form the gate conductor; and

forming source and drain regions.

19. The method of claim 18 wherein said insulating pad
structure comprises a layer of thermally grown silicon

dioxide and a top layer of silicon nitride.

20. The method of claim 18 wherein said insulating

layer is silicon oxide.

21. The method of claim 18 which comprises etching a
portion of the sidewalls of said insulating pad structure
with a phosphoric acid composition so that said insulating
layer overhangs said pad structure.

22. The method of claim 18 wherein said void is wmidway

between subsequent edges of the gate conductor.

23. The method of claim 18 wherein said silicide

forming metal comprises titanium.

24. The method of claim 23 wherein unreacted titanium
is etched employing a sulfuric acid-hydrogen peroxide
composition.
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24. The nmethod of claim 23 wherein unreacted titaniumis etched enploying a
~sul furi c aci d-hydrogen peroxi de conposition.
27 25. The nmethod of claim 18 which conprises renoving said
insulating structure subsequent to renoving unreacted silicide formng
“netal . .26. The nmethod of claim 18 wherein said insulating |ayer is
-renoved subsequent to doping said. polysilicon. 27. The net hod of
. claim18 wherein said insulating structure is renoved prior to doping said
-pol ysilicon. 28. The method of c3’ai m 18 wherein the | engt h of the
“el ectrical connection i's about 200 A or |ess. 29. The net hod of
claim 18 wherein the length of the electrical connection is about 100 A or

1ess._ . 30. P&QTO %?ﬁ%%%oéagf&59Ekpgsaﬂh%ﬁ§&¥? EEgegog¥m9§¥Ace
conpri sing an active FET region |ncluéﬁng a gate, a"gbdy regron a
connecti on befRéeniBa R jde SERUCERI Y HEEFFILRR OFP |XSERVeBIWPReRCEed d
.active FET regiotcidef®iningamdtgbnnecti on extends over the entire w dth of
the FET, which process conpri ses: providing a structure conprising a
sem conductor substrate, active device regions and isaolation_regions;
_provi ding an insul 3¢i ng'padrestedcetirdadm 48i Wherpist said: insulapingi di ng an
i nsul ating | ayegednis openafvesasdbpadhent to doping said.polysilicon.

27. The method of claim 18 wherein said insulating

structure is removed prior to doping said polysilicon.

28. The method of claim 18 wherein the length of the

electrical connection is about 200 A or less.

29. The method of claim 18 wherein the length of the

electrical connection is about 100 A or less.

30. A process for fabricating an active FET body
device comprising an active FET region including a gate, a
body region and connection between said gate and said body
region located within said active FET region, wherein said
connection extends over the entire width of the FET, which
process comprises:

providing a structure comprising a semiconductor
substrate, active device regions and isclation regions;

providing an insulating pad structure on said
substrate;

providing an insulating layer on top of said pad
structure wherein said insulating layer differs from the
material of the pad structure that it contacts;

‘defining openihgs in said insulating layer and said pad
structure down to said substrate for determining the shape
of the subsequent gate contact; -

providing a sacrificial oxide layer;

AR



structure wherein said insulating | ayer differs fromthe material of the

pad, structure that it contacts; defining openings in said insulating

| ayer and said pad structure down to said substrate for determ ning the

shape of the subsequent gate contact; provi ding a sacrificial oxide .

| ayer; , 28 i npl anti ng dopants
- for adjusting Vferr]; etching a portion of the sidewalls of said
_insulating pad structure so that said insulating | ayer overhangs said pad

structure; removi ng said sacrifi &8l oxide | ayer; formng a gate
“insulator |ayer; depositing a polysilicon | ayer doped with inpurities

of a first type to fill said openings in said insulating pad structure and

-creating a void in iaqltgggﬁgé%gﬁog flo%ygé%lﬁstin R} anarizing and polishing

sai d polysilicon rendering oplanar wtf said thsul ating pad structure
and exposi ng sai d STHERT @ Po¥leiRfyidfy thRes it i lis @fasaid| Hewtlariag t he
_ bottom of sai gadostrideirebyoexipasigagd hast bpt sy flage robveahahgtibstirdat e;
depositing a E??nséﬁycetrurgf. polysilicon lightly doped with inpurities of a
second type different fromsaid first type; . depositing a second | ayer
~of polysilicon dopedPMiy PapirirTedishad Set¥hdaype different fromsaid

first type havi ng fowvioisage gaeatarsulrapnrsaagesecond pol ysilicon | ayer;
pl anarizing and poldshisRgngah dPR}HSilcbGONa &R ARIJRD wii kn CORbRNAT; JU Ll said
insul ating pad structure and _t{hen recessing sajd palysilicon beneath the
level of sai d% REEAG(IRE FAELH (RS epenines dupslrel Ap=ulting R o
silicide fornshguaeisd aoderréaeist raucbudein said pedgbibfgcsal thywt;al W th
pol ysilicon in confagla,iRgSahd fRliahihg QIR RNk oshl FOAHE Q¥E ¢
polysilicon rggﬁfgggr with said insulating pad structure and exposing
said void;

removing the gate insulator located at the bottom of
said void thereby exposing the top surface of said
substrate;

depositing a thin layer of polysilicon lightly doped
with impurities of a second type different from said first
type;

depositing a second layer of polysilicon doped with
impurities of a second type different from said first type
having a dosage greater than said second polysilicon layer;

planarizing and polishing said polysilicon rendering it
coplanar with said insulating pad structure and then ~
recessing said polysilicon beneath the level of said
insulating pad structure;

depositing a layer of a silicide forming metal over the
"structure;

reacting said metal with polysilicon in contact with
sald metal to form a metal silicide over polysilicon
regions;

selectively removing unreacted silicide forming metal;
and

forming source and drain regions.

* [ L M S *



selectively renmoving unreacted silicide formng netal; and form ng
source and drain regions. _ 29

31. The nethod of claim 30 wherein said insulating pad structure
conprises.a |layer of thermally grown silicon dioxide and a top | ayer of
silicon nitride. ' 32. The nethod of claim 30 wherein said insulating
. Jayer is silicon dioxide. 33. The nethod of claim 30 which conprises
etching a portion of the sidewalls of said insulating pad structure with a
_ phosphoric acid conposition so that sa2® insulating |ayer overhangs said

- pad structure. 34. The nethod of claim 30 wherein said silicide
formng netal is titaniumor tantalum 35. The nethod of claim 30
-whi ch further conprises providing a diffusion barrier |ayer on the

sidewal | s of said Ybi d.The method®f Thaiwethithesrial arid 3 siHading padd

di ffusi on bar steictyerconprsstect adybroaT ttiee@2Qup goowh dilngoef Ti N, TaSi N

_and SiN aioRlde T TLBG fle:Cl?! M BhcyiGliiagal d sili cide form ng
metal is tungsten or titaniu )

32. The method of claim 30 wherein said insulating

layer is silicon dioxide.

33. The method of claim 30 which comprises etching a
portion of the sidewalls of said insulating pad structure
with a phosphoric acid composition so that said insulating

layer overhangs said pad structure.

34. The method of claim 30 wherein said silicide

forming metal is titanium or tantalum.

35. The method of claim 30 which further comprises
providing a diffusion barrier layer on the sidewalls of said

void.

36. The method of claim 35 wherein said diffusion
barrier layer is selected from the group consisting of TiN,
TaSiN and SiN.

37. The method of claim 36 wherein said silicide
forming metal is tungsten or titanium.

38. The method of claim 30 which further comprises
depositing a layer of silicon dioxide after selectively
removing unreacted silicide forming metal; and planarizing

it to the top of said insulating pad structure.
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38. The nethod of claim 30 which further conprises depositing a |ayer of
silicon dioxide after selectively renoving unreacted silicide formng
nmetal; and planarizing it to the top of said insulating pad structure.

30 . 39. The nethod of claim 30 which further conprises renoving said
i nsul ati ng pad structure subsequently to selectively renoving said
unreacted silicide formng netal. 40. The net hod of claim 30 which
further conprises providing insulating gpacers on the sidewalls of said
. gate. 41. The nethod of claim 38wherein the | ength of the
~electrical connection is about 200 A or |ess. 42. The nethod of
~ claim30 wherein the length of the electrical connection is about 100 [err]
=-or less. 39. The method of claim 30 which further comprises

removing said insulating pad structure subsequently to

selectively removing said unreacted silicide forming metal.

40. The method of claim 30 which further comprises

providing insulating spacers on the sidewalls of said gate.

41. The method of claim 30 wherein the length of the

electrical connection is about 200 A or less.

42. The method of claim 30 wherein the length of the

electrical connection is about 100 A or less. -

* C L M s *



