WO 03/ 107430 PCT/ US02/ 19238 ENHANCED STRUCTURE AND METHOD FOR BURI ED LOCAL
| NTERCONNECTS Technical Field The present invention relates to

sem conduwpDas/1bT4emt end of |ine 5 (FEOL) processing and nweca/uspzed2Bs cal |y
to a buried local interconnect forned at the transistor |evel. Background
Art In mcroelectronics industry, there is a conti nued need for dense, high
speed and yet mniaturized mcrocircuits, particularly for menmory cells and

10 support ci r cui ENHANEEB SFRUETURE AND MME EHOR FORBURER bOGAL achi eve
maxi mum density, speed and desired nts. In sem conductor
processing, formerly specialized t@ﬁ%ﬁ&[ﬁg@“g@? Silicon-on-1nsul ator
(SA) are being used nmore widely, to help neet the demand --for high-speed

integrated circuits. - In SO -technology, a relatively thin layer of 15
seni conduct oTeehniealdfieldisual |y silicon (Si), generall y overlays a |ayer of
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devi ggs are (FEOI@rodessidg sley hitgs s Ebﬁﬁl@éﬂﬁi&ﬂb@hé@%deﬂ itefcommest Remeded
with a | arge nunber of electronic 0 sem conductor devices, such as

resistors, t@He beosistordeveles, and capacitors, which are fabricated in a
conbi ned process together on a sem conductor substrate. A substrate refers
to one or nore sem conductor |layers or structures which includes active or
oper abl e port Backgrurkeronduct or devices. An inportant aspect of
manufacturing integrated circuits is to electrically 25 interconnect the

active devices t hdi SNArQGERGTIRIHCS ickistyninese '%?rQtht'ﬂHég nepgkfor sleapeohighct
structure gegﬁkghl é(nc? EPrn'uQ &é&ﬂh%c%&uﬁé&%&ul% fHPtn?éHnahl E?Iﬁg ahd

formed betwe e sem con or device tare l'ace
el ect0ri cal cauppott. cifdgts. ntIBifﬁewnrtesblmlenselsam Icmemonrdplemérdeddm lachieveg
el ectrical current bst ween semi cog ﬁctor devices. S CI fic types of

i nt er connect BN, de(iSihs SRPEd aRGPSiNed I IPANEMENSi n the art and can

include MO, ML W I R@miconductor processing, formerly specialized techniques such as

Silicon-on-Insulator (SOI) are being used more widely, to help meet the demand
“for high-speed integrated circuits. In SOl technology, a relatively thin layer of
15 semiconductor material, usually silicon (Si), generally overlays a layer of
insulating material referred to as buried oxide (BOX). This relatively thin layer
of semiconductor material is generally the area wherein active devices are
formed in SOI devices.

Integrated circuits are manufactured with a large number of electronic

20 semiconductor devices, such as resistors, transistors, diodes, and capacitors,
which are fabricated in a combined process together on a semiconductor
substrate. A substrate refers to one or more semiconductor layers or structures
which includes active or operable portions of semiconductor devices. An
important aspect of manufacturing integrated circuits is to electrically

25 interconnect the active devices therein through intérconnect structures.

The interconnect structure generally comprises a region of conducting
material that is formed between the semiconductor devices that are being placed
in electrical contact. The interconnect serves as a conduit for delivering
electrical current between semiconductor devices. Specific types of interconnect

30 structures are known to those skilled in the art and can include MO, M1 wiring



1 WD 03/107430 PCT/ US02/ 19238 |evel |ocal interconnects, buried contacts,
vias, studs, surface straps and buried straps to nane a few. D odes can
sonet i neswalospofemcti on as i nterconnects between sem conaa@tusn2/odess ces. A
di ode can be fornmed in a sem conductor substrate by joining active regions
of different carrier types. 5 One type of frequently used interconnect
structure is the buried contact. The buried contact may be a regi on of
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mul tiple |aygdgoRfin iR 8 emﬂbebgpmsslh%oafr@nﬁr@chﬁ@bmg 8ificeh oFaRd aRtiber -
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llayer (M2), @n€ th@active igiat dwfusioa. |hl©tth/e@@tlt/d§lﬁeg%\n afid dapéntrm’eseahahel ayer
(M) and then create a second via to mterconnect ML to . The overall

overlSay t ol epalysliceny tiie Agpept Apfusion it the activecreginn, dn effﬁét fegreeadbes for
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circuit dens ayers I nt er connect s
coverthe buried contact. The buried contact is so termed because a metal layer

can cross over the active region forming the buried contact without making an
electrical connection to the buried contact.
20 In certain instances, to allow for the increasing density of the circuits
involved, multiple layers of metal interconnects are stacked on top of each other.
Typically, each consecutive metal layer has a reduced density of elements.
Such hierarchy in the density is due to mask overlay error which accumulates
with each additional interconnect layer. For example, if a contact is nheeded
25 between the active area (AA) and the second metal layer (M2), one has to create
a via between the AA and a first metal layer (M1) and then create a second via
to interconnect M1 to M2. The overall overlay tolerance forthe AA to M2 contact
is the sum of the tolerances for the AA-to-M1 and the M1-to-M2 contacts.
Therefore, the ability to increase circuit density by adding layers of interconnects
30 is limited.
In many instances, providing for adequate manufacturing tolerances while

meeting the size, speed and density requirements can be a challenging task. A



30 is limted. In many instances, providing for adequate manufacturing

tol erances while neeting the size, speed and density requirenents can be a
chal | engiwg osask3o A 2 WO 03/107430 PCT/ US02/ 19238 new stPcoaisoz/e92ss needed
to allow for increased circuit density, while keeping manufacturing

tol erances at workable | evels. Disclosure of the Invention According to an

aspect of the invention, a structure and nethod is 5 provided for formng a
buri ed i nt er BeWrRiBiCtoRe ignneedasyicabew oy dreasad airayih gpasitys rwhjleakeeping

sem conduct or__| j&d interconnect is forned of a
deposi ted coﬁﬁﬁ@%%%u@%ﬁﬁﬂgéﬂ%%é%gsmﬁggge3%%#$cal sidewal I s which contact a
single crystal region of an electronic device forned in the single crystal
sem conductor | ayer. 10 According to another aspect of the invention, a

met hod for f laguee o connect is provided which conprises:

forming a trench hsohaSlom af 89ha% dind EbhaL SirubRITHAA Aefoangh in a

single crystal regiron o ate abut's the isolafion region,
wher gi n t he prozided forsomnihgta louwied mitdradbenedtrairart integrateg! @irauityis tasdinglegi on,

and a sidewal |l ahutti.n he trench 15 jsolation region; then depositi a
conductor | nOMRE SPETIEAUcR BgRiaelct Yottt 108 RgTadterpAgRectas Jamad
region on af of £3hodisy EbAGUEALE atd hbYBrk! Srifibie Mifical GagEM ANt act to

t he deposited conductor from above. Brief Description of The Draw ngs
Figures 1, 9camactl® sirdleistysialaedioniafdn eleeireninveyicesiormetiun éwe siogler di ng to
20 alternative ﬁagbodi.rren s of the invention. Figures 2 through 8 illustrate
stages in fabWeRASPBHCHIIUCIYUAYRd i nt er connect structure according to

embq@i ments of t hackHNRY tPanotRBEhspRARS 198 ifvhtigh @ nfdthod e foR¥iRi 4 On
Figure 1 illustrates a buried interconnect structure according to a
silicon- 25 burieaiuewonnecigsiprodded whiencomprises forming a encigsolatinnn in
Figure 1, a . | i n . .S. f o I i.n r al
seri conduct Ofeﬁlgﬁg} a(sggg{rﬁ%ygcfrﬁﬁlaég théhch 1\"1néegnblé c‘}y§fal gégqor? oY e
substrate which abuts the isolation region, wherein the trench has a bottom
isolated from the single crystal region, and a sidewall abutting the trench
15 isolation region; then depositing a conductor in the trench, the conductor -
contacting the single crystal region on at least one sidewall of the trench; and

forming a contact to the deposited conductor from above.

Brief Description of The Drawings_

Figures 1, 9 and 10 illustrate buried interconnect structures according to

20 ; alternative embodiments of the invention.

Figures 2 through 8 illustrate stages in fabrication of a buried interconnect

structure according to embodiments of the invention.

Best Mode for Carrying Out the Invention

Figure 1 illustrates a buried interconnect structure according to a silicon-
25 on-insulator (SOIl) embodiment of the invention. As shown in Figure 1, a buried
interconnect 10 is formed in a single crystal semiconductor layer (SOl layer 12)



3 WD 03/107430 PCT/US02/19238 of an SO substrate having a buried oxide

| ayer (BOX 14) overlying a supporting substrate 16. Buried interconnect 10
has a gerwoaBiig74sertically oriented (hereinafter referredCrawsay19238
"vertical") sidewall 18 which contacts a single crystal region 12 of an

el ectroni c device 20, which may be, for exanple, a transistor, 5 di ode,

capacitor, or resistor, which is formed in the SO { 12. Wen the
el ectroni c defareSOisubstraie havng &béﬂeééﬁ(@eﬂ%ﬂ’rcw@)ﬁ éﬂ oxarlying 3 BBPPOIINGFET) |
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of the el ecthersinafidevefeeredo afsdvemdal”)'nSISélNall afaenvhrd:ﬁ coths alsinghe enjstaini ¢

device 20 is 1Q a diode or a de tro i tor e vertical d [l 18
of 'the bur | PSS EleoTR0C ARG AR AREICH TRY Pgs oG SXREor JTArSiRa
devi ge. The de'eee bALIRICONRR orl%Hr<§’r1 Q?thﬂeﬁlr the S@Flﬁ?gr‘lé‘ a direction

general ly parall’e to the su strate 16 (extending 1n a“direction into and
out of the page i Whé gweled:l)ronrt:rdelvm&e%r@rmmsulmed@ate fieldrefiechtransisor

t 15 2 f th
oy cont act UREETH) ribiEevagl SUSWH] oo ik Bhfied Tnfipordiat 0zl ety © '
devi ces t hr oughta¥eind sty &t éj%ﬂmlérori?eg%n 0. Beéour‘ébﬂﬁé\fﬁ'drffuél@rﬁ %étrlbn) Sf tRet

i solated. An isolation region 28 (for_exanple, a trench isolation)
ext endl ng at ele@érgnrom\nce)ﬂorfnernednrgswldﬁyetrdrz ahientthe elaeironic devica 29 is

i bl 120" 309REnEb: hcromb el Raech e, M TR R HloaRaf cFE M BluBu©n

desired. V%errﬂerf‘e@nh@@rrohmmdmct%{@muewwr@g«iﬁvorcaﬁch@e\d@@rred contact may
be made al ong portions of sidewall 30 where isolation region 28 is not

present. The buri ethe hvdednirreernag 1|0s3fﬂ§’f\'@lﬁ%tp extendhpsidiegtienganetadly such
o122 POBIETERBS 185ck g P B inchE Su dRREGE
si I'i ci dati onFigureeyenn ahidepasdrebduried ahterabmmdet dypassesaread ky otvertsimglet en
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sidewall where it is not isolated. An isolation region 28 (for example, a trench
isolation), extending at least part of the length of buried interconnect 10 in a
direction into and out of the page, isolates buried interconnect 10 along sidewall
20 30 from other electronic devices except where contact is desired. Where contact
to other electronic devices is desired, contact may be made along portions of
sidewall 30 where isolation region 28 is not present.
The buried interconnect 10 is formed of a deposited conductor such as
polysilicon, a metal silicide (e.g. WSi,, CoSi,, TiSi,, deposited polysilicon
25 followed by a subsequent metal deposition and self-aligned silicidation, or even
a deposited metal, which may preferably be tungsten (W) or other refractory
metal or titanium (Ti), niobium (Nb), zirconium (Zr), tantalum (Ta), molybdenum
(Mo), or layers thereof The buried interconnect may be lined with a liner 32
, comprising a nitride of the deposited conductor metal or nitride of similar metal,
30 e.g tungsten nitride, or titanium nitride or tantalum silicon nitride (TaSiN)

Alternatively, especially when the deposited conductor is polysilicon, a very thin



30 e.g tungsten nitride, or titaniumnitride or tantalumsilicon nitride
(TaSiN) Alternatively, especially when the deposited conductor is

pol ysi |l i cwn,03a0M8¢y thin 4 WO 03/107430 PCT/ US02/ 19238 Ipayarsot/enes 7 A or
| ess) of silicon nitride may be used, as described nore fully below The
buried interconnect 10 is preferably conductively coupled to a conductive
line 22 forned above_the substrate, the conductive |ine 22 being a

pol ysi | i connE’rYﬁEIZ%Qo?,APB ess) gfilicon iiride HaY Beovsrd: s desc Egr{gﬁ'@c B’?‘yor

" pol yconduct ggjowef an MOS device 24 (that is an "MOS", i.e. insulated gate,
field effect transistor, or MOS capacitor), the gate conductor overlying a
gate dielectric Ztefburied iolecconnest IO ig Pyreferady cwiductivielyceauple? fosashown

in Fi 1 1i nki dev; : FET ,24
Lhe 10" sour BRI 8 S8 ostett oyt e sulfeDars Jfe cRulei® e’ B2 B he,
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pairs are used, as in a nultitude | at ches, -flops, drivers, or even

stati c randofpolyersiistordabay MGRARyice A4t (Eratds po ML S pbe yioewatest gateoeldan be

"t ertace octart SanBidl, SR Srrhengd: 478 ARF EidlRrdr pyifie Buid”
pol yconduct otlig}scti@ 26 fuinesdloerehe SQldaperdiz| Relycoriuetor®?2 ivishbiwh in&aure 20,
t he body of which the buried interconnect 10 conductively contacts through

si dewal I 18. 1 linkdpg e MES de¥icee /9o MPREENDSEERS 28 g@ial eendistern &y the t he
samggvol t ages@ﬁrc%ﬂfraﬁ??{ggér? %ﬁ&%ﬁgﬁr(ﬁ%&%ﬂ@td‘é P99¥%néther MOSFET.

I nt erconnectron allows e operated’as”a varl abl e t hreshol d
vol t age devi MOSREWSinedy bdbnkdd inshoh eharmer agerd erssaseplasCMBSHAT pairs

conductor voltage, increases. Figure 1A i top-down view illuystrating an

exonpl ary s6RIR BRI & TuItdebjemesy RoToRS ARG By SN siels ETREL s

f or med accorgbé&én‘he?ﬁkﬁ&%ﬁ?ﬂﬂ‘)t 25 invention. In such |ayout, areas 110
urie

and 210 represent b I nt erconnects and areas 120 and 220 represent
active areas of tAdtemdibelyapelycondudior 22 saplbe paitesaed tmexteadoaly 0\@RiNe

(NFEI-gS) are %LIPTfZ%r gr%yoxfi er %fjrr%er}eﬁl/citasi \é% i%{eer?aclez% buried interconnect 10. As
another alternative, the polyconductor 22 may extend over a gate dielectric of a
MOSFET device 20, the body of which the buried interconnect 10 conductively
contacts through sidewall 18. In such case, the body of the MOSFET 20 would
be tied to the same voltage as the gate conductor 22. Such gate and body
20 interconnection allows the MOSFET 20 to be operated as a variable threshold
voltage device in which the threshold voltage decreases as the gate conductor
voltage increases.
Figure 1A is a top-down view illustrating an exemplary semiéonductor
device layer layout having buried interconnects formed according to the present
25 invention. In such layout, areas 110 and 210 represent buried interconnects and
areas 120 and 220 represent active areas of the substrate. In the example
shown, n-channel IGFETs (NFETSs) are preferably formed in active area 120,
and p-channel (PFETSs) are preferably formed in active area 220. Polyconductors
122, 222 and 322 are shown crossing over portions of active areas 120 and 220,
30 as gate conductors of the NFETs and PFETSs therein. A first buried interconnect
110 has one or more sidewalls 118, 119 making contact to a source/drain region

of an NFET in a single crystal region (active area 120). Buried interconnect 110



and p-channel (PFETs) are preferably formed in active area 220.

Pol yconductors 122, 222 and 322 are shown crossing over portions of active
areas 120weard/1@28) 30 as gate conductors of the NFETs andPPFEER82/14928% ein. A
first buried interconnect 110 has one or nore sidewalls 118,119 naking
contact to a source/drain region of an NFET in a single crystal region
(active area 120). Buried interconnect 110 5 WD 03/107430 PCT/ US02/ 19238
al so has si dalsghas sidewvalis a1 Mﬁ%@alsmmat@tdo & soplie/erain segion e roather
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Simlarly, a second buried interconnect has one or nore s

319 nmki ng cﬁﬁﬂmdthe balr@dunteetmrmq’n 1rl@goca$taﬁllshra ebrduativeiintedmrineetioan 10
NFET, in a single ﬁé_{ da %n (active area 120). Buried interconnect 210
al so has si dEWAI® ROY uﬁ ing contact to a source/drain region of

anot her devi ce, Slrﬁlﬂ?& d Qeébrfd BGl‘lé’d ﬁfté!l%bﬂheéteﬂ ®Rab 3Rkl SEMBFEL8idédRlIs A
buried contact 248 is formed between the pol yconductor 122 and the buried

i nt er connect 3280319 mai@mgusbnmtéo eosrlirce/idvaini regioncohar eleationicdevice, an

2 At O N A SR o e b RL B o hGEBn R 88 o
errbodl ment . Aasssrwvvausmfs,guns rAaking cdrahdtoNy hrsiede/denh abpion 6fehether ST!
28) is formed in an | ayer 12 of the substrate havi n%ga buri ed oxide

| ayer (BOX 14%VigQed Pl/:Eﬁglnaa §lﬂgtﬁﬁry$tﬁbregm1s&aﬁa%arepe220vh/é tipd ggntaet 8d@s t o
the BOX |ayefs ddml ptﬂit\fés{e ttﬂe g}r eoﬁusﬂ/g? Igtr’r& g‘&@%&?@%&éeo‘r?@%ggzhptéo

| ayer 12 on respec R rid ayer
i n | ocati onsestablish afmmdﬁﬂftlvé&teﬂNenhecm tdmlyconﬂuat@m 3, a photoresist

I's deposited and patterned to rma mask 36, and. an enj 35 is etched
whi dR abuts STI 2Bl9Hes 5%@59?7" 3%‘?8*@96‘%thaéfﬂ?aﬁ'%@pﬁlf“%ﬁﬁmﬁm?%t one

ot her side, ﬁb@sesrh%WrMnLﬁgﬂ& flin an SOI process embodiment. As shown in Figure 2;
a shallow trench isolation region (STI 28) is formed in an SOI layer 12 of the
substrate having a buried oxide layer (BOX 14) overlying a supporting substrate
16. The STI 28 extends to the BOX layer 14 in order to isolate electronic

20 devices formed in SOI layer 12 on respective sides thereof. A pad nitride 34
covers SOl layer 12 in locations other than STI 28.

Next, as shown in Figure 3, a photoresist is deposited and patterned to

form a mask 36, and an opening 35 is etched which abuts STI 28 on at least

one side, and SOl layer 12 on at least one other side, preferably using a

25 directional, reactive ion etch (RIE). This etch may be timed, or is preferably

stopped when the supporting substrate 16 is reached. The mask 36 is then

removed. The exposed sidewall 13 of SOI layer 12 may be passivated at this

time, to remove surface damage to the single crystal SOl layer, as by a timed
sidewall oxidation and subsequent oxide removal.

30 Then, as shown in Figure 4, an oxide is deposited, preferably by high

density plasma deposition, to form an isolating layer 38 at the bottom of the

trench and oxide 40 on the surface. Oxide adhering to sidewall 13 of opening 35



25 directional, reactive ion etch (RIE). This etch nmay be tined, or is
preferably stopped when the supporting substrate 16 is reached. The nmask
36 is thewooseemsed. The exposed sidewall 13 of SO | ayer PC2/usay149268
passivated at this time, to renove surface damage to the single crystal
SO layer, as by a tinmed sidewall oxidation and subsequent oxi de renoval.
30 Then, as shown in Figure 4, an oxide is deposited, preferably by high
density pl ashi@rerepes ai t%nﬁ time (eg-My=an iseBPAIci gigh), Hyadnding any axide IRSUIthe of

the trench | des: ST | LN ' of
openi ng 35 %ﬂ&?@%%@ﬁ%&%ﬂ@ﬁf}%§§%§gﬂﬁgﬁ%\gggéa?fhie i’géﬁﬁ}r%?ateeql@. by
an i sotropi c Riguw)s, al sundudtorgl4aieydepoisiied tediithis oygening 66) piegeaply aitexlfirst
passi vation process descri bed above. Then, as illustrated in  Figure 5 a
conduct or 44 liNKgiEgosPreaingt by depositing %gleﬁr sg- 38, Vanely phamajerigls dpay jbes
lini the o ' I, L) a 4 het ¥ be
5 deposi ted SEPoSRe s EBIqUCIoN e b ifch MESBUTLNCA, MRS AURARY, g
tungsten (W tumgsibn W) Nhiumi (Nb)nZzicconidin) (Zr), dantalum (Taa) molybbgbdeniMo) Mo)
and silicides and. nitrides. of such tals, or layers th of .. Wien, t he
conduct or 4@W%§%f%¢%@ 9'”(5‘&%% istqcﬁedngtaﬁ%pf %@’P&‘fy@'%?faﬁ’_(’ﬁﬁeih?a%%%%& en,
the liner 32 4gsis f@frﬁé&bgbi ofsﬁrngecdr,Vao@&mﬁetal BcK BRURGSRN, MY FfleBD @0t es
adhesion, such as 10 tungsten fNitride orf titaniumnitride. Wen the

pol ysi | i con ipsefdeatlyiformded byidaposiingduotaberidayhich pramptest adhasion, shichrasy
doped, as depqsited ut,, alternati.vely, may be doped in situ follow n
deposition. 3%%9&?%@%8%8&@&%?“@4”'%@%0rrred of polysilicon, a liner 3% may

not be required fgheadhe poRilicopviedepositdd terforat cohditopa£f ielsableterabir
ot her reasons, 15 to line the opening 35 with a barrier of either a

conduct i ve matighly glopedrasdeposited, diuj, akgraalivgivr may ke doped iRisityi fgowing er y
thin layer of,silicon \QLLri r- hod: y Al e
conductive bed((:e Séié'%ﬁf \Qhéhttﬁﬁc?hﬁ%gﬁ?%gﬁﬁurrrg&éh&tpmyé"@?]yat“ﬁﬁ@?ﬁ@ae};r ﬁmguch
barrier |ayermhaevequitedédr ddhestiraridowbeerditiaisstiibeoprefempbid, $or dthemdalsens,

FecJst al |1 240108 157 PRBNISERG 4T @ BATIAT Qffloh et cT e (ORlel oG O UER & 44
ngéﬁ’ﬂ il )e/glz\faé[r}é ’Eérgn Id3Rs oY SliRbh Ir@HEOR VIR HHIA 18R r Y BIBH PeRRURS dxant®, -
7 A orless, is known to be conductive because of quantum tunneling through the
very thin layer. Such barrier layer would act to retard the diffusion of dopants
from the polysilicon into the adjacent SOI region 12, and/or inhibit the
20 recrystallization of the polysilicon at the interface between conductor 44 and SOI
region 12. Recrystallization should be avoided because it can potentially cause
crystal defects in the SOI region 12, ultimately worsening the performance of
electronic devices formed therein.
Afterthe conductor 44 is deposited, the substrate is planarized to the level
25 of pad nitride 34 through a process such as chemical mechanical polishing
(CMP) selective to nitride, to clear the deposited conductor and deposited oxide
from the top surface of the substrate, resulting in a structure as shown in Figure
5. The conductor 44 and liner 32 are then recessed, preferably by a directional
etch such as reactive ion etching selective to oxide and nitride, resulting in the
30 ' structure as shown in Figure 6.
Then, as illustrated in Figure 7, a top oxide layer 46 is formed above

conductor 44. This is performed preferably by depositing oxide by a high density



crystal defects in the SO region 12, ultimtely worsening the perfornmance
of electronic devices forned therein. After the conductor44 is deposited,
t he substwetoe/10&3pl anari zed to the level 25 of pad nitri @#€T3%0/metigh a
process such as chem cal nechanical polishing (CWP) selective to nitride,
to clear the deposited conductor and deposited oxide fromthe top surface
of the substrate, resulting in a structure as shown in Fi

conﬁuct oL 44 plasina pragessang therqdanaiizdeg hejoxige dbde g kemggféﬁaiﬂgédim@ﬁa|
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7, ? top oxi @4 fiéehe 8Dl regioer id above conductor44. This is perforned
preferably by depositing oxide by a high density 7 WO 03/107430

PCT/ US02/ 19238 pﬂ\@qssere%raeegg?maam ﬁﬂpbi%iﬁtf HeturRshaydn '&3!%%9416 fythere
| evelz of the bl 4 | L1V en t [ rcﬂl@o then
cl ear5i ng thep?(zén%gmdr’]zfdgggénﬁot fc;frgg)é gyﬁ?ggdr%%ﬁ% ggoﬂgbrrgg% n 12.nd%|g§)tr,m
referring ag&alydoodubor@hpiagtlee] mitrnestdunet bé@anpaiencéhidycier df, oielor neore 5

processing is,done . to, forma burjed ntact 48 fr a pol yconduct or .
Pol yconduct oP!&BORE d@é{!ceﬁu_@l’cﬁ 'm(ﬁcalbéegloﬁﬁté'cgﬁa’ﬁcﬁwéﬁ? lglrjgeggraﬁér e
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performed after performng any nécessary ion’inplants to device 24, an
optional | y t optienalyet@deviea®0f endifogning gagatediielestria 2, glther bytaxidation or

Co ot ne o deRaSiBRoA bhaRursE eIt ARhatesbarld i RER T bt A MaRabY £
oxi de 46. Thef@dhd & ,confiet BP6riAG aRi e depssitdPres, oxads! 48. Jheredfpg dihe

polysilicon is deposited and patterned to formthe pol yconductor 22 and
buri ed cont aghoigesist srstrirpeth@nd. highly dopedgolyifiopn; is dgppsitadard pgdermed an
alternative ' : i i 0. Figure 9
illustrates 26 E%rﬁf)ﬁ]e% @é‘y‘g?ﬁ@%ﬁ?@i%ﬁ%ﬁﬂ@?ﬁgg sl ?%%4@5&5%@ é;r%ﬁg‘f’ﬁi/e process in

whi ch a buried comigwies®and 9iiastrateostabes inian adterriativerprocescibr &Onipletimga
second conductor 52 in contact Withéjiﬁ‘l; conductor 22. The stru tﬁéﬁo%hom

in Flyure 9 &Ryiegdiptaseonnesh! PHAgus tgs @ CoRlgied stiyciyg resulti

an alternative process in which a buried contact 50 is made to the buried
interconnect 10 from a second conductor 52 in contact with polyconductor 22.
The structure shown in Figure 9 also varies from that of Figure 1 in that buried
interconnect 10 has a sidewall 18 contacting the body of an electronic device
20 20A formed in SOI layer 12, since the SOI layer 12 where contacted underlies
a gate dielectric 26 and polyconductor 22 is used there as a gate conductor.
Note that contact to the body of an electronic device 20A by buried interconnect
10 is merely one possible embodiment, and is by no means required in this
alternative process which focuses on use of a secohd conductor 52 in contact
25 with the polyconductor 22. Second conductor 52 may be formed of any suitable
material such as highly doped polysilicon, a metal silicide or a metal itself.

In such alternative process, processing proceeds the same way as that
described above with reference to Figures 2 through 7 and through formation of
the gate dielectric. Then, a polyconductor layer 22 is deposited, as shown in

30 Figure 8. This differs from that described above relative to Figure 1 in that the
polyconductor layer 22 is deposited over the gate dielectric 26 before etching the
opening through oxide layer 46 to form the buried contact 48. Such process



i nterconnect 10 has a sidewall 18 contacting the body of an electronic
device 20 20A forned in SO |ayer 12, since the SO |ayer 12 where

cont act edwOndaoil4Bes a gate dielectric 26 and pol yconduct @cTAR0Y/$928% ed
there as a gate conductor. Note that contact to the body of an electronic
device 20A by buried interconnect 10 is nerely one possible enbodi nent,
and is by no neans required in this alternatjve_ process which focuses on
use of a sec&REUEBRRIUBRY Lesdesirkie e aMoidPogsidie iHeramionchemeenoineygate

Second conduchObcht JBNndS dioRSR Ny o Bddh e BREB! bBEnAHCh as highly

doped pol ysilT€on, a neta Icrde or a itself. ITn"such alternative
process, processi rRefpriupécFigive 9aomcermoras at phdtordsisicid. trexh applied \@inch
reference to Figures 2 through 7. and fhrough forpation of  fhe te

el ectr1c. RRIBMSE jofotuneeion ks PobtonciiEfb a2 waloie s o
Figure 8. Thiggyfighd ebitdck egbﬁihgt AU RBAGBERY Taye 3! i\fich AepbeiPover
that the polyconductor |ayer 22 is deposited overthe gate dielectric 26
bef or e et chi pplydenducterayey 22yrincigtingxntbetheagantadicopenifigr o folva therbusied

contact 48. Such process WO 03/ 1Q7430 PCT/.US02/ 19238 equence may be
desirabl e _tocé’\%?‘g 5g’os§ip89g°fﬁﬁ‘§ %SP%%B&RBA!& a[qqép%\gefrgead%écfﬁﬁﬁ and
a phot or esi steohgiBeidr PayRAELRINY JoMeorHRRERS ayeR oRidishe RRGBIHEr Mo @cbinBiHeR! 9
once nore, a photoresist is. then applied and patterned to define a

| ocation in teieh,ms bydidectional teagtive pn aigh.da dedine thdeerans condugianSerand
contact opening. A seco conductor |ayer 52 is then deposited over

pol yﬁ(’gnductorpq%é%?&dﬁf%r%cl uding into the contact opening, to formthe
buried contact 5ighrert@illosesest compléteerbliedip@ic@thernstrpetutet 0éckmednd
the second conductor layer 52 and pol yconductor |ayer 22 etched together

in one conbi resgording o angthey embadinaent il Invaniony &1 théncasecheing ormad e ¢ he
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enmbodi ment  ofprbbeedsiiretitd samei mahhésas dst descnipetiabove with refebaride to the

o octbds | n 19EDSAEiaH SIOHES Tnaor HELER? Bt SH5SPb 4 Vi 1 BPERSETPEd: he

égsgf?ggid@m\ﬁlitﬁfreFér%HE@stolFiZ;uFH 4FsfideePets s ndXBEMEd oRRIeMaybr P thE Bulk
substrate embodiment, oxide 38 may need to be deposited to a higher level of
opening 35, such that the buried interconnect 10 contacts a device layer 20B,
such as a source/drain diffusion, of an electroniq device, rather than the bulk

20 substrate 17, in order to avoid undesirable leakage currents from source/drain

diffusion region 20B to bulk substrate 17.

While the invention has been described with reference to certain preferred
embodiments thereof, those skilled in the art will understand the many
modifications and enhancements which can be made without departing from the

25 true scope and spirit of the invention, which is limited only by the claims

appended below.

Industrial Applicability

The invention has applicability to integrated electronic circuits and their

fabrication.



Wth reference to Figure 4, since there is no buried oxide- layer-in --the-
bul k substrate enbodi nent, oxide 38 nmay need to be deposited to a higher

| evel of wopanimgo 35, such that the buried interconnect 1@CTArsLACL238 a
device | ayer 20B, such as a source/drain diffusion, of an electronic
device, rather than the bul k 20 substrate 17, in order to avoid undesirable
| eakage currents fromsource/drain diffusion region 20B to bulk substrate
17. Wil e th&lamenti on has been described with reference to certain
preferred enbodinents thereof, those skilled in the art w Il understand
the many nodifications and enhancenents which can be made w t hout
departing fr qunhahie clomiedus: scope and spirit of the invention, which is
limted only by the clains appended bel ow. Industrial Applicability The
invention has applicability to integrated electronic circuits and their
fabrication. 49 | 38 i | I | &\ jSal 1 1.
An i nlt egr at e(]%@ﬁi&gﬁéﬁggﬁﬁg%ﬁ%é@ﬁégrll?tg‘r‘(gdgﬁ?r\?gct glp rsir%g‘ ﬂ@g@%\ e
crystal 2 seshicortiuctar [dyayesf af subsiabst saidebused dnteucomtedt foemednofe at
formed of a 3 deposite condu&hor. and havi nl?% onlﬁ olr .m)rq ver.tbcal

si dewial | s whideROsitRA sepductorand haying oneQrnoigarical sidewrlls wich Gantaciayi ce
for in sai r}gi;ﬂ I I SSIE u I i ig T, | ed
Ci rggtld t of clsg}qﬁﬁél eelfr:éiyﬁbﬁ %fl ﬁpa %@8@19 g%\gg? rfgﬁﬁ%dd|§vi§%|gsﬁg?§“b9%§ﬁ
cont &t ed at seimighredutgrdaper.r egi ons t hereof by said buried interconnect
through 3 said one or nore vertical sidewalls. 1 3. The integrated circuit
of claim1 wherein said buried interconnect has at |east 2 one sidewall
Wwhi chy cont acts TaR jhEQYraedUrcUR G RIAM Whatelf 20pl0RIity bRBIesRbAic\URIVidetPdre 3

si dewal | which contacts said single cr¥stal region.” 1 4. The int egrat ed
circ@t of cleghtactedvatsisgle exbial segignetharget by spiddrwiectiviaraeneert trayghs aj d

buri ejd i nt er%%gwgﬁé o?%éiv%ﬁ?ca%ideﬁ?a?lg. one diffusion region of at |east

3. The integrated circuit of claim 1 wherein said buried interconnect has at least
2 one sidewall which contacts an isolation region on a side other than said vertical

sidewall which contacts said single crystal region.
4. The integrated circuit of claim 1 wherein said single crystal region contacted
2 by said buried interconnect comprises at least one diffusion region of at least

one said electronic device.

5. The integrated circuit of claim 4 wherein a source/drain region of said

2 electronic device is formed in said diffusion region.

6. The integrated circuit of claim 1 wherein said single crystal region contacted

2 by said buried interconnect comprises a body of at least one said electronic
device.

1 7. The integrated circuit of claim 1 wherein at least one conductive line formed

2 above said substrate is conductively coupled to said buried interconnect.

10



3 one said electronic device. 1 5. The integrated circuit of claim4
wherein a source/drain region of said 2 electronic device is formed in

sai d di ffweioenonegi on. 1 6. The integrated circuit of claPeriseherss n said
single crystal region contacted 2 by said buried interconnect conprises a
body of at |east one said electronic 3 device. 1 7. The integrated circuit
of claim1l wherein at |east one conductive |line forned above said
substrat e i s8conthiintegrajed sifauddaeerrdigdibGlaidd’| Wh@f%'&rﬁ?é@:tat legsiyone

03/ 12_7430 PCIéEL@% vé%@qs %Ogd%'%ﬁﬁ%%‘?%g{ﬁg sﬁloﬂ%ﬁéd A I:‘Q& to claim?7

wher€in said east’ one ine 1's conduc y coupled to
sai d buried interconnect. 1 9. The integrated circuit accordlng to claim38

wherein said conductlve [ contacts a to urface of. ,said buried
i nt edconnect 9- 1The. 'nfﬂgéat?ﬁt‘éwt%@‘}f inguia C'él’fgdf m%emoS%ﬂaﬁ%dPCﬁWé%Pn

sal d%burl ed bBﬁl?'b%OQ’flﬁ‘ﬁ%urfgcé‘éﬁs%dsbgﬁé\@lriteI%BHhébtng a trench isolation . 1

he integrated circuit according to claim1l wherein said deposited 2
conductor i ncl udes doped polysilicon. 1 12. The |ntegrated CIrCUIt
according to

1 wh d de d
191N | by iigtetstet drelR g arRes todiaim.f wheRei i nh i HiiEafd®LY 5

condyct or '”%E‘éessidéwaﬁhﬁhttﬁ?'dﬁéﬁ@n isbldktbn .The integrated circuit according
to any of clains 11 , her 2 conprising a liner forned in

said trench before said deposited conductor. 1 15. The integrated circuit

accordi ng to Ia| 1 wherein,sal d.si ryst from
sai d lsubst rat ?erﬁp?@'&tqg(l 8u|ta§%(%rg'i'6 %’ C%"??etq %’ﬁgr‘?'%f or%%‘%oastﬂggrl ed

i nt epconnect C@ﬁd@é}of McRAeRt @bl pSlysitictcording 2 to any of clains 1
through 15, conprising: 3 forming a trench isolation region in a substrate;

4 forming a trench in a single crystal region of said substrate abutting

said) > S0 bl on 1i80ifibgratdt Tk RN A HORMbREn A désBiRal

S|ngle cryst
2 conductor includes a metal.

13. The integrated circuit according to claim 1 wherein said deposited

2 conductor includes a metal silicide.

14. The integrated circuit according to any of claims 11, 12, or 13, further

2 comprising a liner formed in said trench before said deposited conductor.

15. The integrated circuit according to claim 1 wherein said single crystal region

2 is isolated from said substrate by a buried oxide layer.

16. A method of forming a buried interconnect of an integrated circuit according
to any of claims 1 through 15, comprising:

forming a trench isolation region in a substrate;

forming a trench in a single crystal region of said substrate abutting said
isolation region, said trench having a bottom isolated from said single crystal
region and a sidewall abutting said trench isolation region;

depositing a conductor in said trench, said conductor contacting said

0 NI N U bW

single crystal region on at least one sidewall of said trench; and

11



6 region and a sidewall abutting said trench isolation region; 7 depositing
a conductor in said trench, said conductor contacting said 8 single
crystal rwgiodnomso at | east one sidewall of said trench; amd¢TAKXAR288/ 107430
PCT/ US02/ 19238 9 formng a contact to said deposited conductor from above.
1 17. The method of claim 16 wherein said contact to said deposited
conductor 2 is made through an opening etched into an isolation |ayer
depofited onto safdiming asepiaqtde saishderasied condgctori®meabrYe of claim 16
further conprising depositing a first conductive 2 |line over said
substrate, wherein said contact to said deposited conductor 3 conductively
couples sai dizofMtheahettnd oindaino 18aittbrdirpsed icedtand hel saidodepdsit&8.cofdacioet hod
of claim 18 further conprising depositing a second conducti v, 2 line.,in
cont Act wi t hissERde thioggh sy eRRRINgEtPIerLIntg, AR ieq Atiar fayet GrPasied Bnio.said 3
deposited co ild CSHMliedd vel y couples said first conductive line and

sai d§ 4 secoﬁgblg%% ucti ve&fﬁf ne to said deposited conductor. 1 20. The

met hod of claim 16 wherein said bottomof said trench is isolated by 2 a

SepORLr e S Fod el IR bR B A0S RTELl pits 1

line over said substrate, wherein said contact to said deposited conductor

3 conductively couples said conductive line to said deposited conductor.

1 19. The method of claim 18 further comprising depositing a second conductive
2 line in contact with said first conductive line, wherein said contact to said
3 deposited conductor conductively couples said first conductive line and said
4 second conductive line to said deposited conductor.

i

20. The method of claim 16 wherein said bottom of said trench is isolated by

2 a deposited oxide.
1 21. The method of claim 16 further comprising depositing a liner in said trench
2 prior to depositing said conductor.
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