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present invention relates to silicon-on-insulator (SO) sem conductor
devices and a nethod for formng a structure for contacting a portion of
the substrate underlylng the silicon On insulator region of the substrate.

The present invention_also includes sem.conductor devices formed according
to this procddETHOD OF INTEGRATING BHBRERAIRDCONTAGT | QY57 HHFERS

Sem conduct or devi ces incl udi ng licqQn I nsul ator substrate structure
“include a wafer that has a buriegl%gy§F Sﬁﬁﬁ%% e that isolates the top

| ayer of silicon, where the active devices are formed, fromthe substrate.
Hence t he tern1si|icon on insulator (SO). Because.the portion of the

substrate under|y Ai& Ek%f@ﬁﬁld%% ﬁgﬁaynéségg%gggaggggEﬁglIy

connected to any o ructure
Dominic J. Schepis and Ghavam G. Shahidi

FIELD OF THE INVENTION

The present invention relates to silicon-on-insulator
(SOI) semiconductor devices and a method for forming a
structure for contacting a portion of the substrate
underlying the silicon on insulator region of the substrate.
The present invention also includes seniconductor devices

formed according to this process.
BACKGROUND OF THE INVENTION

Semiconductor devices including a silicon on insulator
substrate structure include a wafer that has a buried layer
of ox1déwéﬂgt isolates the top layer of silicon, where the
active devices are formed, from the substrate. Hence the
term silicon on insulator (SOI). Because the portion of the

substrate underlying the oxide layer typically is not

electrically connected to any other structure, in other
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2+ -wWords the underlying substrate is floating, static charges can build up
i n the substrate during normal chip operation. Such static build ups can
cause a back channel of the SO devices to turn on, which can disturb
normal operation of the chips. Inpact of build up of static charges can

i nclude an increase of standby current of the chips, chip thernal

runaway, and even mal function of the |ogc and SRAM circuits. To
solve this problem contact has been made to the portion of the substrate

Unerly'rm’Jéﬁﬁér@W@aﬁﬂ&e??&ih@”sﬂﬁﬁtkgﬁeshE'%angﬁnbnsgﬂgﬂy

structure so-as to ground resent tine, Substrate cont

typically igan aseai@dupyimi tﬁebeﬁsgagate Hoeihackoshda ehid Ggﬂetfa&tlérhe
packaging | evel. However, such nethods can require extra steps and

nmaterial s. dwh exeapie, bwila tpsdeag taubbeabbelkk ehaanehi B TRXpERNSI ve

because it has to be performed on individual chips one by one. Wre

bondi ng maydexrsoes egoi ternabher ehiioch chnstidstdartt packad ppereitieds.of

SUMVARY OF THE | NVENTI ON The present invention provides a nethod

for form|u;he chips. Impact of build up of static charges can include
an increase of standby current of the chlps, chip thermal
runaway, and even malfunction of the logic and SRAM

circuits.

To solve this.problem, contact has been made to the
portion of theé substrate underlying the insulator portion of
the silicon-on-insulator substrate structure so as to ground
it. At the present time, substfate contact typically is
created by wire bonding to the back side of a chip at the
packaging level. However, such methods can require extra
steps and materials. For example;'wire bonding to the back
of a chip is expensive because it has to be performed on
individual chips one by one. Wire bonding may also réquire

alteration of standard packaging methods.

:. v v

SUMMARY OF THE INVENTION

The present invention provides a method for forming

contacts to a substrate region underlying the insulator



' v

contacts to a substrate region underlying the insul ator

3 portion of a silicon on insulator substrate that may be <carried during
nor mal . processi ng operations for formng the chinp. I n accordance
with these and other objects and advantages, aspects of the present

i nvention provide a nethed,for formng a substrate contact and a substrate
that includes a silicon on#insulator region. The nmethod includes formng
a shallow isolation trench tn the silic on insulator substrate region.

he shal | i sol ati rench i fil.led h i is.d ited h
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i nsul at or substrate region extend | éast 1o e top O

substrate ugdeplying the silicon on insulator region. The contact trench
is filled, wherein the material filling the contact trench fornms a
contact to the silicon substrate. According to other aspects, the

present invention also provides a seni conductor device structure. The
devi ce ‘structur Eni ackugt@anaes whith ahesienahddictthed DU s Ghd

advantages, aspects of the present invention provide a
method for'fdfming a substrate contact and a substrate that
includes a sii%bon on insuiator region. The method includes
forming a sﬁéliow-isolation trench in the silicon on
insulator substrate region. The shallow isolation trench is
filled. Photoresist is deposited on the substrate. The
method also includes forming a contact trench in the
substrate through the filled shallow isolation -trench and
silicon on insulator substrate region extending down at
least to .the top of a silicon substrate underlyihg the
silicon on insulator region. The contact trench is filled,
wherein the material filling the ¢ontact trench forms a

contact to the silicon substrate.

Aéggfgiﬁg’ho other aspecﬁs, the present invention also
provides a semiconductor device structure. The device
structure includes a substrate iﬁcluding a silicon on
insulator substrate region. A shallow trench isolation

region is arranged in the substrate. The device also
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~insulator substrate region. A shallow trench isolation region is arranged
in the substrate. The device also 4

includes a contact trench extends through the shal l'ow trench in the

isolation region to a silicon portion of the substrate underlying the

silicon on insulator region. The contact trench forns a contact to an

underlying silicon portion of the substrate. . Still other .objects
aﬂd advinf?ggs of the present invention4w ||l becone readlly apparent by
t hose skille the art fromthe follow n a|1 c rein
it i's Shoud DETHARR & 1 BT TR kbr%ﬁ?rﬁ%% e S “Bh8) 80 cHORLR

t
carryi ng out T MesERon ReaRid e ¥ gyt Sabﬁéﬁzf?ﬂigﬁf?fé%efﬁ' capabl &
of other and gifdeldltun &IOS, 20fidss SRVEASL1AEbA! Legabh. Caphll e of

modi ficati ofS 1 n Vari ous respects, w thout departing” fromthe

i nvention. Acaardingl Yendier A H98oRPslet descahphh@srayenyosheicegar ded as
illustrative in nature and not as restrictive. BRI EF

DESCRI PTI"ON dr thidn QAW INGSsubstrate.

Still other objects and advantages of'the present
invention will become readily appareht by thése skilled in
the art from the following detailed description, wherein it
is shown and described only the preferred embodiments of thé
ihvention, 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 obvioué respects, without departing
from the inventipp. Accordingly, the drawings and
description are to be regarded as illustrative in nature and

not as'restfictive.
BRIEF DESCRIPTION OF THE DRAWINGS

The above-mentioned objects and advantages of the
present invention will be more clearly undexrstood when

considered in conjunction with the accompanying drawings, in
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The above- menti oned obj ects and advantages of the present invention wll
be nore clearly understood when considered in conjunction with the

acconpanyi ng draw ngs, in whi ch: - Fig. 1 represents a
cross-sectional view of an enbodi nent of a sem conductor device according
to the present invention; Figs. 2-10 represent cross-sectiona

vi.ews an ‘enbodi ment of a sem conduct or %svice at various stages of an
enbodi ment of a process for formng a sef conductor device according to
the;presentwﬁggﬁption, wherein Fig. 10 represents a final formof the

enbodi nment ; Fig. 11 represents an overhead vi ew of anot her
enbodi ment of a structure according to the present invention; Fig.
12 represents a cross-sectional view of the enbodinent illustrated in Fig.

11, taken al ong %Qg.lanﬁeﬁ%ése%%é %n%rOSSJSectional view of an

embodiment of a semiconductor device according to the

present . invention;

Figs. 2-10 represent cross—séctional views an
embodiment af a semiconductor device at various stages of an
embodiment of a process for forming a semicoﬁductor device
according to the present invention, wherein Fig. 10

represents a final form of the embodiment;

Fig. 11 represents an overhead view of another
embodiment of a structure according to the present

invention;

Fig. 12 represents a cross-sectional view of the
embodiment illustrated in Fig. 11, taken along the line 12-

12; and
. ‘-'a::'—".;_'n- .( .
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Fig. 13 represents a cross-sectional view of an
embodiment of the present invention that includes an island

of wells.



Fig. 13 represents a cross-sectional view of an enbodi nent of the present
invention that includes an island of wells.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON As described above, the
present invention provides a contact to a substrate. portion underlying a
silicon on insulator substrate structure and a nethod for form ng the
caontact. The present invention providestg relatively easily manufacturable
and cost effective nethod for making the substrate contact. Anong the
advagnt ages of the present _invention is that th%Hfrocess may be integrated

with current processePETPHIER BESERIFTAON QFF T riNENRERY ow t rench

i solation regions. The present invention may be |ntegrated with current
manuf act uri ng processes without inpacting the vyield of the processes.

S et 1 oo, WasE588 By SCFRE b EaLR [ REVBEERER plRYSRLLCR ™
enbodi ment of .4 {Lructure,paceordi ﬁgrwohhﬁnaé%ig%g' Qvenhilen, me

enb0|nent
insulator substrate structure and a method for forming the

contact. The present invention provides a relatively easily
manufacturable and cost effective method for méking the
substrate contact. Among the advantages of the present
invention is that the process may be integrated with current
processes typically utilized for forming shallow trench

l isolation regions. The present invention may be integrated
with current manufacturing processes without impacting the
yield of the processes. Among other functions, a contact
according to the present invention may act as a via for a

substrate contact.

Fig. 1 illustrates an embodiment of a structure
according to the present invention. The emboiment
illustrated in Fig.-l includes two devices 31 and 33 and a
substrate contact 35. Oxide region 37 underlies device 33.

Substrate 39 includes n+ region 23.

According to the methods of the present invention, a

substrate including a silicon on insulator region is



illustrated in Fig. 1 includes two devices 31 and 33 and a substrate _
contact 35. Oxide region 37 underlies device 33. Substrate 39 includes n+
regi on 23. According to the nethods of the present invention, a
substrate including a silicon on .insulator region is )
7 provided. As stated above, the process of the present invention may be
integrated with the process of forming a~shallow trench isolation region

in the substrate. Accordi ngI y, Fig. 2 illustrates a substrate 1 that .
i ncl.udes the un erlyln r.at On top of the substrate 3 the
i nsul ator rBg ??5?1 hasA%b«?téﬁ%‘F ﬁg’ﬁ"el'n thee nEpsesst of Shs Rresemistrat e,

h I he_si | t t t
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t he oxide o r fs tsr In the

enbodi nment %P%E;F%FESnQ% és%ﬂa%lo%%eﬁ%ﬁoﬁﬁ éayesru %een pat terned
as part of pPaY9: f f r hal tq_rg%-l S
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the underlying substrate 3.

On top of the substrate 3 the insulator region 5 has
been formed. In the case of a silicon substrate, the
insulator portion of the:silicon on insulator structure is
an oxidized portion of the silicon substrate. A layer of

silicon 7 overlies the oxide or insulator portion of the

substrate 5.

In_the embodiment illustrated in Fig. 2, the silicon
layer 7 has been patterned as part of the process for
forming the shallow trench-isolation region. Nitride layer
9 overlies silicon layer 7. Both nitride layer 9 and
gilicon layer 7 are deposited as blanket layers and
patterned together. The nitride may be used as CMP stop
layer!.lfhe broken lines in Fig. 2 illﬁstrate the etched-

away portions of the silicon layer.

After etching of the shallow trench to form the

structure illustrated in Fig. 2, a material may be deposited
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silicon layer 7 are deposited as bl anket |ayers and_ patterned together.
The nitride may be used as CMP stop layer. The brdoken lines in Fig. 2

il lustrate the etched- away portions of the silicon |ayer. After
etching of the shallowtrench to forn1the structure illustrated in Fig. 2,
a material may be deposited 8 in
the regions etched to create the structgure illustrated in Fig. 2 as well

~as on other exposed portions of the top surface of the substrate.

Typical ly, {he ggggaﬁh@' e@‘éﬂgﬁ' ‘i;%dcreﬁteh%h%h%' %]‘é!thi%' at 1%%1:?&”‘3 gnd

ther por I ONns trate 1S an electri |nsu ert al .

.On f .su n. el ect rjeal
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osilicate (T epositing the é1ectr|cally

i nsul at i 8grFBLEr bl them/@u%@tfrgrt@s t hgpfiidal119f, the shald-awil sﬁépaiél% 4 rench,
a trench may be etched through the shallow-isolation trench fill as well

as the updethygi Bhalnsw ats@uacnfio&mQr@iddmmao@tueﬁswo&ttdror&mﬁt redee

structure. One nmethod for formng the contact trench is to deposit a |ayer

of iphot osebsttrat? ds anhelelctaticadalyl yinsudultinighgateirdElal The il ling the

shal low ‘isolation trench and covering portions of the substrate. As
example of such an electrlcally insulating material is

tetraethylorthosilicate (TEOS).

After depositiﬁg the electrically insulating material,
which forms the £fill of the shallow isolation trench, a
trench may be etched through the shallow isolation trench
fill as well as the underlying insulator of the silicon on
insulator substrate structure. One method for forming the
contaét trench is to deposit a layer of photoresist 17 on
the electrically insulating material 15 filling the shallow
"isolation trench and covering portions of the substrate. As
illustrated in Fig. 4, the photoresist may be exposed and
developéd, resulting in formatiqn of a mask with an opening

19 for etching the contact trench.

The pattern formed in the photoresist for etching the
contact trench depends upon the form that it is desired that
the contact trench have. According to one embodiment, a

ring is patterned in the photoresist around the chip in the



illustrated in Fig. 4, the photoresist may be exposed and devel oped,
resulting in formation of a mask with an opening 19 for etching the
contact trench. The pattern fornmed in the photoresist for etching
the contact trench depends upon the formthat it is desired that the
contact trench have. According to one enbodinent, a ring is patterned in
t he photoresist around the chip in the field area of the chinp,
as illustrated in Figs. 11 and 12, as r8presented by 20. Alternatively,
the contact structure mnmay have other configurations. For.exanple, contact
may be mudéiehdi agephefclthe chipeserst dd lmstaatess dal Sigd | Ust raxtddi2j n
Fig. 11. However, the ring configuration may al so shield the chip from
cont am nat | 86 APPEesgnEiedgby 20. Algemmatdiatetler.nithe tdantswt tegictyre he
contact trench —may be etched. - The photoresist may be utilized as a mask to
etch the coRe¥chaveerthemiconiigwatdante sFay GFandier iwmtagtemdwse o

forma conduct,ive cantact. Any suitable process nay be utiljized for
et chi ng t he™@8ft é@?laﬁe%ﬁ cﬁd%’orr(ﬁ’lpr?&s e&g’yerﬁ?udi%%rﬁel,sq eyt aterd
etching-(RIEL is utilLize o_ _formthe .contact..trench. By etchi ng the
Cont ney {1 e Fight ' Ze ek B S R s B Yot (U P TLa

the chip from contamination after dicing.

After patterning the photoresist, the contact trench
may be etched. The photoresist may be utilized as a mask to
etch the contact trench while masking the shallow isolation
trenches to form a conductive contact. Any suitable process
may be utilized for etching the contact trench. According
to one embodiment, reactive ion etching (RIE) is utilized to-
form the contact trench. By etching the contaét trench
after deposition of the electrically insulating in the’
shallow isolation trench, an oxide RIE process can be
utilized as opposed to utilizing a silicon RIE and then an

oxide RIE.

Fig. 5 illustrates an embodiment of a contact trénch
that has been etched through the electrical insulator
' filling the shallow i;olation trench as well as through the
buried oxide layer of the silicon on insulator substrate

region. Fig. 5 illustrates the structure after etching of



shal l ow i sol ation trench, an oxide R E process can be wutilized as opposed

to utilizing a silicon RIRE and then an oxide R E. Fig. 5
illustrates an enbodi nent of a contact tr[eer]nch that has been etched

t hrough the electrical insulator filling the shallow isolation trench as
wel | .as through the buried oxide |ayer of the silicon on insulator
substrate region. Fig. 5 illustrates the gtructure after etching of

10 the trench and stripping of the photoresist. As can be seen 'in Fig. 5,

at least a pqartion of the_underlying substrate 3 is.exposed by etching of
the contact th%nchench and Sﬁf&B%ﬁngogot Snﬁﬁgﬁﬁﬁﬁﬁﬁﬁﬁts,AFhE%EO%Faéﬁen

trench may at least_partially, extend into the underlying substrate region
S CThe i reridh dredor 5| Bt cHRPHE: &t PERENOg EnEhe LEEPHREHT o hohaeitiang
oper at i onal thé @SéésﬂiCét8£-ﬁgeofﬁEE”CQOnEQqué%QREﬁ1 the contact trench
may be formed S |C|en¥ly WdeZs8 as to act tas a guard structure to

prevent diffusion of dopants through the insulator region of the silicon
on insulator region of the substrate. According to one enbodi nent, the

contact french inatherfiohd €6 8ohkNEmbBaimantkdt bhaf cabedktO t2ehet iy
at least partially extend into the underlying substrate
region 3. The dimensions of the contact trench may be
determined by a desired operational characteristics of the
trench. For examplé, the contact trench may be formed
sufficiently wide éo as to act as a guard structure to
prevent diffusion of dopants through the insulator region of
the silicon on insulator region of the substrate. According
to one embodiment, the contact trench in the form of a ring

has a width of about 0.5 gm.

Where the contact trench is etched as a ring in the
substrate, the contact trench may act as a guard ring. The
contact structure may extend to the surface of a layef
overlying a substrate, to the top of the substrate,. or into

the substrate.

In some embodiments, in order to enhance substrate
contact, at least one dopant may be implanted into the

silicon substrate exposed by etching of the contact trench.



V\here the contact trench is etched as a ring in the substrate, the contact
trench may act as a guard ring. The contact structure may extend to the
surface of a layer overlying a substrate, to the top of the substrate, or

into the substrate. I n sone enbodi nents, in order to enhance
substrate contact, at |east one dopant nmay be inplanted into the silicon
substrate exposed by etching of the contgﬁ trench. - According
to one enbodi nent, boron may be inplantediinto the exposed silicon

substrate. O her dopants that may. be wutilized include arsenic, phosphorus,
and/ or i ndi ﬁﬁFofﬁléngdGﬁamn%erW%e bmw M bee xiamyl an t e ch el rop atrihe
dosage coul d be bou x 10[err] cnferr The contact trench may

then be filF&EHC &S -al Otéb*—l% iepas fihatednasorheaact tlrench
formse an e LiC t to the un i ng substr the materia
filling thehgg%%ag ﬂ‘é%cenﬁrsﬁé”éﬂ'eé’?ﬂ%qls‘scoﬁd%%gm Hgter i he

Alternati ve&g

be t ted to_ .bec ctrically
conduct i ng na?agie:n?ﬁaslrl zeﬂﬁ@/atbfe%atv%e r gf;&au{%cﬁ:rﬁe”#é:w fasagench
may be fornmgduaRdpkl Lbedt 1 x 101 cm=2.

The contact trench may then be filled with a desired
‘material. So that the filled contact trench forms an
electrical contact to the uﬁéerlying substrate, the material
filling the contact trench-may be electrically conducting
material. Alternatively, a material that may be treated to
become electrically.conducting may be utilized to £ill the
contact trench. The contact trench may be formed and filled-
with undoped polycrystalline silicon simultaneocusly with
forming and filling trenches fqrming the shallow isolation

regions between devices.

According to one embodiment, undoped polycrystalline
silicon may be.aeposited in the contact trench. As stated
above, the present invention may fit in with existing"
processes. Along these lines, according to standard
practices for forming the shallow isolation trench, undoped
polycrystalline silicon may be deposited for the purposes of

planarizing the shallow isolation trench. Therefore, by



wi t h undoped pol ycrystalline silicon sinultaneously with form ng and
filling trenches formng the shallow isolation regions between devices.
According to one enbodi ment, undoped polycrystalline silicon may be
deposited in the contact trench. As stated above, the present invention
may fit in with existing -processes. Along these lines, according to
st:andard practices for form ng the shallowisolation trench, undoped

pol ycrystalline silicon nay be deposited ft2 the purposes of planarizing
the shallow isol ation trench. Therefore, '

12 filling %kl temt bhe ??’éﬁéﬁtml:?ﬂnﬁhdtib'éé peforpedsPalyerystalilizen, no

new steps ar ntroduced b t he contact re w t h undoped
poncrystaH?*iﬂ?ﬁ?1c%ﬂ new step?ngﬁe185ﬁP EFeérgXCE E%lﬁﬁ 5 o GARGRCE

ring about ortlon ft bst ate L_depo |t|ng t he undoped
polycrystalﬁFﬁg <hvE %ﬁ ha Q?P% §8F¥€?§§?5Pﬁy§ 1 FPPcon  may exist about
an area of the substrate. This rlng or other filled trench structure may
be utilized to make a substrate contact.

If the contact trench is in a form of a ring about a
portion of the substrate, after depositing the undoped
polycrystalline silicon, a ring of polycrystalline silicon
may exist about an area of the substrate. This ring or
other filled trencﬁ structure may be utilized to make a

substrate contact.

Fig. 6 illustrates an example of a structure according
to the present invention wherein the contact trench has been
filled with polycrystalline silicon. The undoped
polycrystalline silicon has also been deposited on other

surfaces of the substrate.

After this point in the process illustrated in Figs. 2-
10, the steps carried out may be basically identical to
process steps normally carried out in the shallow trench
isolation processing. After depositing the polycrystalline
silicon 21, the structure may be planarized. This includes
planarizing the electrically insulating material forming the

shallow trench isolation region as well as the undoped



Fig. 6 illustrates an exanple of a structure according to the present

i nvention wherein the contact trench has been filled with polycrystalline
silicon. The undoped polycrystalline silicon has al so been deposited on
other surfaces of the substrate. After this point in the process
illustrated in Figs. 2- 10, the steps carried out may be basically

I dentical to process steps normally carried out in the shallow trench

i sol ati on processing. After depositing theE%oncrystaIIine silicon 21, the
structure may _be planarijzed. This includes | anari zing the electrically

i nsul ati ng PRISGSHRrENR hkicemal | Bhe tw d spdbyeoystagiloneas wel i as
t he undoped crystalline

‘o ) ) . 13 po[i r

silicon. ThEWAEIFedpbISASSEiFathe insrlabinanmriesstali Eallyngntbeati ng
material filli the shallow.isolation trench may, be_ pl aparized utilizing
cheni cal neghgﬁiﬂﬂ ﬁﬁﬁ'%&ﬁ?ﬁ]??ﬁﬂgh Wﬁ%Lb%'?i%%%%#%?@sthélzéFgucture
after planarj A olycrystalline silicon,. 21 and.the electrically
i nsul ating r%'t% ﬁﬁ%l %%%%?cnagft%%flsghﬂgf 0\(@?@01 a’?’l; A t?eh{:iu‘.mtrates thge
pol ycrystal Ig ] W LONACE £ t eated.as any
active sili ggn%ﬁggé%c%ér%i%%%%e 26 D Por1PBYy BE1 1 £RL 1 380

21 and the electrically insulating material 15 filling the

shallow_isolation trench.

The polycrystalline silicon filling the contact trench
may be treated as any active silicon area. Accordingly, the
undoped polycrystalline silicon filling the contact trench
may be subject to a p+ diffusién,implant. The

polycrystalline silicon filling the-contact trench may also

be silicided.

_ After planarization of the polycrystalline silicon and
electrically insulating material filling the shallow
isolation trench, the structure may be subjected to a
reactive ion etch. Fig. 8 illustrates the resulting
structure. The purposejof step(s) resulting in the
structure represented in Fig. 8 is to etch the oxide 15 down
in the area(s) not covered by polycrystalline silicon so it
becomes planar with the oxide 21 below the poly. The

polycrystalline silicon acts like a mask during this etch.



undoped polycrystalline silicon filling the contact trench may be subject
to a p+ diffusion inplant. The polycrystalline silicon filling the-contact
trench may al so be silicided. After planarization of the
polycrystalline silicon and electrically insulating material filling the
shal low isolation trench, the structure may be subjected to a reactive
ion etch. Fig. 8 illustrates the resulting, structure. The purpose of
step(s) resulting in the - structure repr%%ented in Fig. 8is to etch the

ide 15 d ' h db | | 1] il [
becomes planar witEThe SRTHE S3° 5P bRPEREC ORI e THELLFory Bagk: keire
i t ' dur | this,etch. .. .
1o O Y R SRS, oS i FE o BbRYnREROBePY e TERS 15
/ Now : . 1 | ; it
a1 ot do 205 kit g ShFyPaTaRoa P S, 2T Beptur i Tsnedl blaoto <2
further plana{dezesd dypd t@annbérﬁgédlE&efuﬁéh§90ﬁ@ahar55gd 32 gown -to

‘After doping of the filled contact trench wth dopant, such as arsenic and
phosphor us figit #ide CDEVETt ad OsROwR- LM PRigSUbEtrate and boron and indium for

contact to a p-type '

After doping of the filled contact trench with dopant,
such as arsenic and phosphorus for the contact to an n-type
substrate and boron and indium for contact to a p-type
substrate, and also silicidation, the substrate contact may
be landed to connect and ground the substrate. Doping and
silicidation processes typically are part of normal
processing for a chip. According to one embodiment, the
middle contact (MC) is landed to the polycrystalline silicon
filling the contact trench to connect and ground the

substrate.

The contact of the present invention may be landéd by
depositing at least one electrically conducting material on
at least one portion of the filled contact trench. The at
least one electrically conducting matefial may include at

' least one metal and/or alloy. Other material(s) that can be
used to f£ill the contact may inclﬁde tungsten, in which case

the substrate contact etch step can be done after all device



substrate, and also silicidation, the substrate contact may be |landed to
connect and ground the substrate. Doping and silicidation processes
typically are part of normal processing for a chip. According to one
enbodi nent, the mddle contact (MC) is |landed to the polycrystalline
silicon f||||ng the contact trench to connect and ground the substrate.
The contact of the present invention nay_gs | anded by depositing at | east
one electrlcally conducti ng naterial on | east one portion of the filled

tact t t I t
ncl ude a{e@%ea Pl e T R PR TR it SR T
used to fil step Candae%;o@ ;%e ‘_1{ ztg&\ f(J)]_n M&fecgggtaépe substrate

contact etc

15 formati e uh RN e A8 %ﬁdl@@oﬂf@é’é ali &g, material  has been

deposited and planarized for mddle contact 1nsulator but before mddle
contact etch.. Because of the sinplicity of the process of the
present invention, it can provide very good ohm c contact to the

substrate wt hOUtBeﬁ’aﬂiertcﬂﬂ’ltttf&é i Ik ctogy asifit tlod proddes i Phe ABLEEEHRD

to sone applications, it nay be desirable
invention, it can provide very gcod ohmic contact to the
substrate without any potential yield degradation to the
chip. According to some applications, it ﬁay be desirable
to locally bias the substrate in order to modify and enhance
the performance of the SOI device on top of the substrate.
According to such embodiments, an island of wells may be
required in the substrate to isolate them from each other.
The present  invention may be easily combined with such
structures because the structure of the present invention

requires minimal area and can be integrated easily into any

part of the circuit in the chip.

Fig. 13 illustrates an examble of an embodiment 6f the
present invention that includes an island of wells. The
embodiment illustrated in Fig. 13 includes two devices 23
and 25, each having an assocated substrate contact 27 and
29. An n well is associated with device 27 and an n well

and a p well are associated with contact 29.



to locally bias the .substrate in order to nodify and enhance the
performance of the SO device on top of the substrate. According to such
enbodi nents, an island of wells may be required in the substrate to

i solate them from each other. The present.invention may be easily conbi ned
W th such structures because the structure of the present invention
requires mninmal area and can be integrateq6easily into any part of the
circuit in the chip. Fig. 13 illusfrates an exanple of an

nmbadi t of th ' ti that ingclud | sl and of |Is. Th
cbodi ment 111 ustHEE T A a5 Pl HieacthothEsnElensalSg, dnolicezin
havi : : t 2 LL & I at ed
w th dovt co T MR AP R e [defilondler0d, BplELS, 1icTRR.E 20

16 As ﬂ@&%@@%ﬁcl&@fmgrﬁ@ﬂiié&ée&ﬁi fﬂsai§eo£ngLHQE§ gter region.

sem conductor devi ce. The sem conductor device includes a su

i ncl udi ng a13id i @hdistbAt @&v st pherhifdi f0so ThE18885Copdyetar
device structure also includes at | east one shallow trench isol ation

regi on on tlkmes Wi IBd®. tren€lni86lat i6ACHeg§XkbLNEE EHEO8UBsBEalgAST pa

portion of a shallow trench isolation region to a silicon portion of the

substrat e urserdadtng-tdreclsi ¢xcendsnthnsught at legébna pbetion of a
shallow trench isolation region to a silicon portion of the
substrate underlying the silicon on insulator region. The

contact trench forms a contact to the underlying silicon

portion of the substrate.

The foregoing description of the invention illustrates
and .describes tpe present - invention. Additionally, the
disclosure shows and describes only the prefefrea
embodiments of the invention, but as aforementioned, 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 teéchings, 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



contact trench forns a contact to the underlying silicon portion of the
substrate. ~ The foregoing description of the invention illustrates
and. descri bes the present invention. Additionally, the disclosure shows
and describes only the preferred enbodinments of the invention, but as
aforenentioned, it is to be understood that the invention is capable of
use in various other conbinations, nodifjcations, and environnments and is
capabl e of changes or nodifications withi¥ the scope of the inventive
concept as essed .e] ate wth the.abgue teachin and/ or
Che oki 11 or Fhonrayatapul sRR RISt Mol G ol
her ei nabove : I j gxtasrg,%e l.ai tﬁ{ mygdes f acticing
the inventi ggbgﬁg%&&fog%gfg ot e(rj)sé ;Ek}ﬁ(ﬁerg‘}%}h the art t%%%f’ze fe

i nvention i BegkeAptAonOtiRemoteRAUIRY $AMinit the invention to the .

17 wth the various nodifications required by the particular applications
or uses of Ebem AMerRllioded AG@idi .NgIALsd heit diescmfdndsy i chd©ichdt ended to
limt the invention to the formdisclosed herein. Also, it is intended
that theé appeedeedicdiaimsdec arsigtmobed o naldldeialdlaraaidtere enbodi nent s.

embodiments.



cC L M S *18 CLAI MB Ve
claim 1. A nmethod for formng a substrate contact in a substrate
t hat i ncl udes—a—siHeon—oninsulator region, the nethod conprising the

steps of: ow i.solation trench in the silicon on

i nsul at or subs“!‘i@&m!“““lmm‘;‘m“l ng the shallow isolation trench;

deposi ting pho tshe *substrate; 18 formng a contact. trench in
the substrate through the filled shallow isolation trench and silicon on

i nsul ator ~ substrate region, extending §F§#ﬁ§St to atop of a silicon

substrate underlying the silicon on ins regi on; and filling the
contact trench, wherein the material filling the contact trench forns a
contact to the silicon substrate. 2. The nethod according to claim
1, wherein the sfalloysisolation trench is filled with an electrically

i nsul ating nmaterial. 3. The nethod according to claim2, wherein

t he

1. A method for forming a substrate contact in a
substrate that includes a silicon on insulator region, the
method comprising the steps of: |

forming a shallow isolation trench in the silicon on
insulator substrate;

filling the shallow isolation trench;

depositing photoresist on the substrate;

forming a contact trench.in the substrate through the
filled shallow isolation trench and silicon on insulator
substrate region, extending at least to a top of a silicon
substrate underlying the silicon on insulator region; and .

- filling the contact trench, wherein the material
filling the contact trench forms a contact to the silicon

substrate:

2. The method according to claim 1, wherein the:
shallow isolation trench is filled with an electrically

insulating material.

3. The method according to claim 2, wherein the



*C L M S 19 _electr LCJaI_L_y_.._———
I nsul.ating material is tetraethylorthosilicate oxid

net hod according to claim1, wherein fornming the contjmllu j i“ i ng
the steps of: depositing a |l ayer of photoresist

after filling the shallow isolation trench; patternlng t he

phot oresi st; and etching the contact,gtrench utilizing the photoresist
as a mask. 5. The met hod accordi to claiml, wherein the

cont act tre h_exten arou e substrat field,area, ,of .the
substrate. eCtrlC%gi¥hénﬁ%€ﬁ%ang088 8Fﬁ it c% Fﬁﬁf%qM%gagh?ﬁﬁ%Q'Eﬁﬁﬁtact

trench is for fﬁg utilizing reactive ion etchlng 7. The net hod
according to claim1, wherein the contact trench is forned sufficiently
wide to act as a guard structure to prevent diffusion of dopants through
the insulator region of the silicon on insulator region of the substrate.

4. The method according to claim 1, wherein forming
the contact trench comprising the steps of:

depositing a layer of photoresist on the substrate
after filling the shallow isolation trench;

patterniﬁg the photoresist; and

etching the contact trench utilizing the photoresist as

a mask.

S. The method according to claim 1, wherein the
contact trench extends around the substrate in a field area

of the substrate.

6. The method according to claim 1, wherein the

contact trench is formed utilizing reactive ion etching.

7. The method according to claim 1, wherein the
contact ‘trench is formed sufficiently wide to act as a guard
structure to prevent diffusion of dopants through the

" insulator region of the siliéon on insulator region of the

substrate.



20 8. The method according to claim1, further the step
of : - I npl anting at | east one dopants into the SI|I me u muu
exposed by etching of the contact trench. 9. Th

to claim8, wherein the at |east one dopant includes boron osphorus
arsenic, or indium 10. The nethod according to cIa|n11 further.
conprising the step of: planar|2|ngm%ater|al filling the shall ow

i solation trench. 11. The method according to claim 10, further
conprising the steps ®e method dRIAINYY t51doPLn PD) YEG¥EhEL! L8RP i RGN
over the substrate; and pl anari zing the undoped poncrystaFllne
silicon andthateddplofd | 1ing the shallow isolation trench. 12. The

nmet hod according to claim1l, wherein the contact trench is filled with
undoped pol ycrystiaiglisnecing at least one dopantg into the silicon

substrate exposed by etching of the contact trench.

9. The method according to claim 8, wherein the at
least one dopant includes boron, phosphorus, arsenic, or

indium.

10. The method according to claim 1, further.
comprising the step of:
planarizing material filling the shallow isolation

trench.

11. The method according to claim 10, further
comprising the steps of:

depositing undoped polycrystalline silicon over the
substrate; and

planarizing the undoped polycrystalline silicon and

material filling the shallow isolation trench.

12. The method according to claim 1, wherein the
contact trench is filled with undoped polycrystalline

silicon.



Zl:l:l)(r:glnng to claim1, further conprising the step of \“\“\ \\‘%ﬂﬁ mnout a

p+ diffusion inplant on the material filling the con

contact to a p-type substrate and n+ diffusion for cofdtact to a vveII on an
n-type substrate. 14. The method according to claim1, further
conprising the step of: - silicidingaihe material filling the contact
trench. 15. The method according to claim1, }‘urthe& conpri si ng
‘the step of: 3 foF t e Y. ucting

mat er i alo to the f| I I e (%ntaﬁr%\% xq{lr@]t% &tl%i“??h A tqué%lraccordl ng to
claim 15, waemnpri tHRNA, Id¥] udes at |east one met aI 17. The
met hod accordl ng to claim1l1, further conprising the step of: bi asi ng

the substrate. carrying out a p+ diffusion implant on the material
filling the contact trench for contact to a p-type substrate

and n+ diffusion for contact to a well on an n-type

substrate.

14. - The method according to claim 1, further
comprising the step of:

siliciding the material filling the contact trench.

15. The method according to claim 1, further
comprising the step of:
forming a contact of an electrically conducting

material to the filled contact trench.

16. The method according to claim 15, wherein the

contact includes at least one metal.
17. The method according to claim 1, further
comprising the step of:

biasing the substrate.

18. The method according to claim 17, further



‘18, The met hod according to claim 17, further _ I
22 . conprising the steps of: forn1ng a pIuraI%%y’ﬁT“"lls

subst r at e; and isolating the wells from each ot ‘\m“é‘“ &\%\WA
sem conduct or device structure, conprising: ‘ «Ng a
silicon-on-insulator substrate region; at Ieast*oné shal T ow trench

I sglation region on the substrate; and 22 a contact trench extending
t hrough the shallow trench isolation region to a silicon portion of the

substrate ﬁgﬁ&ké g Eﬂg %E F%ogfon i nsul ator region and formng a

contact to e-un con portion of-the substrate. 20. The

sem conduct or de o ench
fbeﬁlflﬁgc 9'151 l‘itﬁzj HeMybd 1 s Vg?fyf Hel lﬁd}ﬁ ri&

i solation region is electrlca ng naterla

21. The Se”1C0ndE§betQ%§‘%%ea%%Qﬂ%'@}JMDéédH'BéHér wherein the
electrically insulating material is tetraethylorthosilicate oxide.

19. A semiconductor device structure, comprising:

a substrate inciﬁding a silicon-on-insulator substrate
region;' |

at least one shallow trench isolation region on the
substrate; and

a contact trench extending through the shallow trench
isolation region to a silicon portion of the substrate
underlying the silicon on insulator region and forming a

contact to the underlying silicon portion of the substrate.

20. . The semiconductor device according to claim 19,
wherein the shallow trench isolation region is filled with

an electrically insulating material.

21. The semiconductor device according to claim 20,
wherein the electrically insulating material is

tetraethylorthosilicate oxide.

22. The semiconductor device according to claim 19,

wherein the contact trench extends around the substrate in a



"22. The seni conduct or device according to claim19, wherein the contact-
trench extends around the substrate in a —_

23 field area of the substrate. 23. The sem ¢ “Wml Eu“
~according to claim19, wherein the contact trench is s to
act as a guard structure to prevent dlfg#S|on of dopantg throtigh the

i nsul ator region of the silicon on insul region of the substrate.
24. The sem conductor device according to claim19, wherein at |east one

dopant is |@géf@t§ge#ngg Lhe sibLkeplresubstrate underlying the contact

trench. he seém conduct or device according to claim 24,
wherein the at | east one dopant includes boron, phosphorus, arsenic,
i ndium or antinony. 26. The seniconductor device according to

cl ?i m 19, whereps. theneoBbastohlfBEBr Sekiilkleed Wil iR Y& Yl i1ne
silicon.
wherein the contact trench is sufficiently wide to act as a
guard structure to prevent diffusion of dopants through the

insulator region of the silicor on insulator region of the

substrate.

24. The semiconductor device according to claim 19,
wherein at least one dopant is implanted into the silicon

substrate underlying the contact trench.

25. The semiconductor device according to claim 24,

wherein the at least one dopant includes boron, phosphorus,

arsenic, indium, or antimony.
26. The semiconductor device according to claim 19
wherein the contact trench is filled with polycrystalllne

silicon.

27. The semiconductor device according to claim 19,

wherein the polycrystalline silicon is p+ doped or n+ doped.

28. The semiconductor device according to claim 27,



"27. "The seni conductor device accor di ng to claim19, wherein the
polycrystalline silicon is p+ doped or n+ doped. ———28-—Fhe-——
sem conduct or device according to claim 27,

devi | _ IR
fCi 1 hg th(l\a/I contact trench as silicided. 2 @Mﬂ“ﬂ!’lﬂgsﬁ&!ﬁl or

devi ce according to claim 19, further @qnprising: a contact of an
el ectrically.conducting material electrically connectedto the contact
trench. 0..,The sem cond r_device accordi to.claim?29,
wherein th& hggrﬁ%%:tttllenc[?%%eeglagf ‘}f]]g‘gg}n%ntéh%?%’il‘.cacg Qgencglf"sThe

sem conductgr gevi&e according to claim19, wherein the substrate is

bi ased. 32.. The sem conductor device according to claim 31,
further conprising: a plurality of isolated wells in the substrate.

29. The semiconductor device according to claim 19,
further comprising:
a contact of an electrically conducting material

electrically connected to the contact trench.

30. The semiconductor device according to claim 29,

wherein the contact: includes at least one metal.

31. The semiconductor device according to claim 19,

wherein the substrate is biased.

32. The semiconductor device according to claim 31,
further comprising:

a plurality of isolated wells in the substrate.



