1 SUBSTRATE CONTACT AND METHOD OF FORM NG THE SAME [0001] This application
clains the benefit of U S. Provisional Application No. 60/566,187, filed
on April 27, 2004, entitled Substrate! Contact and Method of Form ng the
Same, which application is hereby incorporated herein by reference.

TECHNI CAL FI ELD [0002] The present invention is directed, in general, to
sem conductor devices and, nore specifically, to a substrate contact and
met hod of formng the same. BACKGROUND [0003] Sem conductor devices forned
on a silicon on insulator ("SOP') substrate include a sem conductor
substrate (also referred to as a "substrate") that has a -buried insulating
layer of oxi HEBSTRATE CONTUET AND METHOROFFORMING aWp(SMMEei n, for :
i nstance, active devices are fornmed) from the underlying substrate.

I nasnuch as the portion of the substrate underlying the oxide |ayer
typically is not electrically connected to any other structure (i.e., the

under | yj subﬂ-g I: f ting) ic.ch S can bui in the
subst ra[’togﬂ dur i ng %hﬁcg%cznrcéatxr#lsgtﬁe ﬂ(’)cfl&%\ﬂf ’?ﬁf%&?%i?‘@@ﬁ‘ﬂﬁww&& @é@g’ﬂgﬁct ed '

t her eon., The, bui p of the static charge may cause a back channel of the

seni cond ?“cﬁprﬁ éj(/ gg@sengﬂedﬁqgstrgqe Contast W&F@Lﬂf é@mﬂﬁmﬂawbch 0

i nadvertent|ly tamon, which can disturb a normal operation of the

i nt egr sAPREFatGNiEhAbY ingprpeselediyereitiy referaoeonduct or  devices, z  Several

del eterious effects may result fromthe build up of the static charges

including an increase of standby current of the integrated circuit,

integrated circuit thermal runaway, and even a nulfunction of |ogic,
~enmbedd I.c.and nenory circuits constructed on the silicon on insulator
\.substr Mé& FIELD ,

[0002) . The present invention is directed, in geperal, to semiconductor devices and, more

- specifically, to a substrate contact and method of forming the same. |
BACKGROUND

f0003) Serniconductor devicés formed on 2 silicon on insulator (“SOP”) substrate include a
( ' semiconductor substrate (also referred to as a “substrate™) that has a buried insulating layer of
oxide that isolates a top layer of silicon {(wherein, for instance, 4ctive dc.vic;:s are formed) from
the underlying substrate. Inasmuch as the po—rtion of the substrate underlying the oxide layer
typicaﬂy is not electrically conﬁcctéd to any other structure z‘.é., the undeﬂying subs.trate is
floating), static ciaarges can build up in the éubsérate during an operation of an integrated circuit
constructed thereon. The build up of the static charge may cause a back channel of the

semiconductor devices on the silicon on insulator substrate to inadvertently turn on, which can

disturb a normal operation of the integrated circuit formed by the semiconductor devices.



[ 0004] To overcone the aforenmentioned del eterious effects, a contact may be
created with the underlying substrate to, in effect, establish a ground
connection therefor. One technique to“ create the contact is to establish a
wire bond with an under surface of the integrated circuit at the r:

packagi ng level. O course, creating the wire bond connection often

requi res additional steps and materials in formng the integrated circuit.
For exanple, wire bonding with an under surface of the integrated circuit

IS typi Galdm dBgEdaR ' j cirecuit, basis thereby leading to a
time consum ng Jndgégggfaﬁg?%%ﬂ&&g‘é@s‘%“‘ HPP%IE‘W%‘E Cﬁﬁi@%éj‘f"&‘@@&a@i rcuit. [0005]

Several ; e he rsued to inprove on the wire bonded contacts
‘such as 1&[;%%3}2 é(?nrd E\f%‘mﬁrtbg ﬂftﬁ%&éﬂ{a&eg CHE cntegrated srcuibthemrl ruNaway6and@0er6 66
entitled "Mt hod Ior Forming a Frontside Contact to the Silicon Substrate
of a SOF MAATISHOR 6f Oﬁﬁéﬁﬂw@g@%g@ and meherp airduitechnEadk@et the Bi@n@at ri cs, " to
Fechner, et al. ("Fechner"), issued Cctober 9, 2001, which is incorporated
her ei n mﬁilat?feﬁméﬂtr@nce. Fechner discloses a nethod of form ng a substrate
contact as part-of the normal processing sequence of constructing an

i nt egr a@?@ﬂci r@yi t wt ogt, in, this case, exposing a silicon substrate to -
a gate Btc TGO drsmeRtion dsletedeusieffeats, e contnnmstbetepaeaingl t he -
substrate contact to a |level above a source/drain area prior to depositing -

a cont a6t Mgringsulsirete to(igeffentestahlish 2 pesndofbection HRARE] O%@E]ﬁ?@ﬂghe substrate
contact of Fechner and other references for that matter provide a

s gni f iceatetth copina isamestablish v aize b Wi ) oRAREALRUARL S S0 B, SubStrate,
. all,

(there-are drawbacks associated with the design thereor. _ _
| S aietaghg ) Sogisekeuif ik 5k S ol A e ShomiSat o0 SLrSH L
cont act ar Ra BBk bled Sl R e dondraibem sncss o {rench

! .SOl at iOP‘ﬂe {ﬂFﬂgli'a%ri] cigcldnrqu 1c?1!tlj$ gcrrfrtl)m?cr&%ntaEgcu?tub?riitréuiiattbgsis thereby leading to a

time consuming and expensive process to form an integrated circuit,

[0005]  Several atternpts hﬁve been pursued to improve on the wire bonded contacts such as
a éubstrate contact disclosed in U.8S. Pat_cnt No. 6,300,666 entitled “Method for Forming a
Frontside Contact to the Siliﬁ:on Substrate of a SOI Wafer in the Prcsencé of Planarized Contact
Dielecnics,” to Fechner, ef al. (“Fechner™), iss_ued October 9, 2001, which is incorporated herein
by reference. Fechner discloses a method of forming a substrate contact as part.of the normal .
processing sequence of constructing an integrated circuit without, in this case, exposing a silicon
substrate to a gate etch and further employing a local interconnect to raise the substrate contact to

a level above a source/drain area prior to depositing a contact dielectric, (Column 2, lines 3-9).

[6006] Whereas the substrate contact of Fechner and other teferences for that matter provide .
2 significant improvement over the wire bonded contacts with the substrate, there are drawbacks

associated with the design thereof, First of all, inasmuch as the substrate contacts are formed in



contact constructed on the silicon on insulator substrate should be defined
and adhered to. The aforenentioned design rules should take into account

t he chem cal - mechani cal poli shing peﬁfornance of the shallow trench

i solation region due to the inpact of the substrate contact on the dummy
pattern rule, In short, the design rules add another |evel of conplexity in
designing and manufacturing the integrated circuit enploying the substrate
contact, which is not conducive to nore efficient and | ess costly

i nt egr at gln@drhiEddilon; and nanuf acturjng processes. Additionally, the
desi gns and rrtg(%:jée]}s?glglggi ? Xg&?a&?lﬁ’ic?fﬁi@"t%r ¢erigip desigarmlacthould ké fullowedfechner may

confli Ctdey t.h sgn‘i conduct or devi ces such as netal oxide sem conductor
transi stor 8 antt CPBiFars s sibstiaieonaat sirilar ctheniubdiiare camad BLREHAL &8, Ci r Cui t
regi on of the sem conductor die thereby further conplicating the
i nt egr at!adenes. designrulesdsivgen seshalloweteatteishlmBn bR H&kﬁihf'gatiéfn%ﬁ(?ﬁlé %F& her eof
[ 0007] When constructing integrated circuifs, in general, a p uafleality of
t he i nt egntat emistaicted te s 5ilicdh On ik o d,simul t aneoysly on a
seni conduct or wafer or sUb’stral%éggtS%s% g@%@?.?ggﬁéfﬁ;ed@%ﬂh entbeno.

i ssued on July 2, 2002, which

6, 412, 73forenRitidnkd @gieon B\ I Ring, " to Pan, . . ul

is Ir 1-1 i hcorpora ed %hr%g?rﬁﬂﬁ‘/‘{?‘?%cf%wgfh%&{em?@rm%aqmahwsm& of ten enpl oyed
bet ween ,agas i.conduct or. di es (enmbodying the integrated circuits) of
the subBirat e%;{’)f ttgengﬁoﬁr;?%?c 10har mePmepe @ e inpactef thasetdtrae contactos by cutting
t he sub&érate al on?lHtt}g scribe lines. It is possible, however, to induce
| at er al & fPRRLPHAMIHE 18 shosk ihe desisd mrésgd mmenemasﬁmgkxigqﬁaés?gtungg t he
sem condﬁctor dies, thereby affecting the integrated circuits: One

(-Lappr oacH %Fﬁfwlwgﬁ@mwmdakpﬂmipmgﬁmtsﬁhsfrﬂé Bnfhet, HERH is.rnl)t{;l% é}gllvso referred
to as a "guard ring") between the scribe |line and a perip B Fegl on of

. the 4 temomwificient mfl lebsvastiyiheehnd Qi idsohd tress induced by cutting

="the substrate is generall'y "%bstru?:lte 'géyﬁgﬁl-emgfaec MIEPRGESid shoul d not
di r ect | Additi t 26 ork jrcuits enpbodied in the sem conductor dies
locat e dAﬂonﬂ%g’ ﬂslfL dg‘gﬂsg%lfgﬁf)&gs%gto%rm ¢ SuBstizfe Contacts akin to Fechner may '

conflict with semiconductor devices such as metal oxide semiconductor transistors and
polyerystailine structures within an integrated circuit region of the semiconductor die mereiay

further complicating the integrated circuit design and related manufacturing processes thereof.

[0007]  When constructing integrated circuits, in general, a plurality of the integrated circui;ts
are typically constructed simultaneously on a semiconductor wafer or substrate. As dGSCriBed in
{ } B * U.S. Patent No. 6,412,786, entitled “Die Seal ij_lg,’f to Pan, issued on July 2, 2002, which is

incorporated herein_by reference, scribe lines are often employed between adjacent
semiconductor dies (embodying the integrated circuits) of the_ substrate to facilitate separating
the integrated circuits by cutting the substrate along the scribe lines. It is poésiblc, however, to
induce lateral stress on the substrate during the process of separating the semiconductor dies,
thereby affecting the integrated circuits. One approach for solving such a problem is to form a

~ seal ring (also refCI‘FBd to as & “guard ring”) between the scribe line and a peripheral region of the |



[[00081 Seal rings are also enployed to provide other benefits in the design
and packaging of integrated circuits. For instance, during the design and
packagi ng of the integrated circuits, 4 moisture should be prevented from
entering the integrated circuits for a variety of reasons. Misture can be
trapped in oxides and increase the dielectric constant thereof, which
affects, for exanple, netal insulator netal capacitors, gate oxide
capacitors, and parasitic interconnect capacitors. Misture can al so

-creat e tEHRERGE BORRLIS rs, i at.e oxi des causing threshold vol tage'
shifts in netal oxreg%tegglgbnh@oﬁﬁﬁ&sgm’ﬂcﬁi pustingithe sebebuclis@eheraiyt he i nt egr at ed
circuits

pti,onal ly, isture can create interface states at the

silicon %ﬁ%‘cgggwhS%’raL@éiﬁFf[@P?I&&fé digectly impgct thieigregreked diRbits efibbdigd NS St or
lifetime thr ou%h i.ncreased hot electron susceptibility. Misture can also
cause cOFRESABFoskes fasated onithetsebsramnect s, reduci ng the reli ability of the
integrated circuit. Wen trapped in the silicon oxide, noisture reduces the
oxi de nggypgni c frength and the oxide becones nore prone to cracking due
to teng? I egjgtr?g?sl%%s@é%gfe gIHYeé“‘bHﬁYlﬂPrﬁthﬁah@lsﬁEMh@d&gnmﬂ agiapgge. to the
integra&gedm?i rcui.t as the contamnants can diffuse rapidly rn the sili.con -
oxi de. FEFACHSHeHits oFor instagce, dyzimg thevdesigm tust pRengiaabSR: inlfe%l-ﬁt@ﬂ]f&hﬂs vol tage
i nst abi {’ﬂlrjltﬁfé igqtlcgh? met al oxi de semi conductor transistors, and alter the
sur f ace™p8rénUiale pofventdldroni dniedonthe I ARE cirdhid RS s Vgl Ak LY of the ionic
cont amh:\{ggts. As described in U'S. Iggtent o g?%&%”ﬂ@m@%ti tled "Seal
.. Ring St tercen bectrapp<E il xite i ekl d i gital/RF/ Analog G rcuits and

~Functions," to Bothra, et at, A sglfedﬁe%%%ccé’ﬂ%ré'i@f!wﬂg&%@mi chis
M hcor posxabsiel nhedl BkBati, e.a seal ring is often enployed to protect
" the integrated circui tebféaggrﬁﬁ%’igﬂclﬂ’ © CRRgTatadod pRasitisdnteroorinect cont ami nat i on.
. [ 0010) gkt ghd madS integrated circuit speeds increase, seal rings have
© - ‘been-i rlc@%r pot(l)ﬂr' g?@%}brxfaﬁt%()fxﬁgc FPDPdargn eanissUn gate onides causipgitieghgl@di o frequency
interf nce.and signal cross coupling.
o %l?age ﬁlli%mme oxide semiconductor transistors embodied in the integrated circuits,

At

L€

Additionaily, moisture.can create interface states at the sificon and gate oxide interface cansinge
(=]

. degradation in the transistor ﬁfeﬁme through increased hot electron susceptibility. Moisture can
. also cause corrosion of metal interconnects, reducing the reliability of the integrated circuit
~ When Fragped in the sificon oxide, moisture reduces the oxide mechanical strength and the oxide

becomes more prone to crackin g due to tensile siress.

- . - | |
. [0069]  Jonic contaminants can also cause damage. to the integrated circuit as the

contaminants can diffuse rapidly in the silicon oxide. For instance, ionic contaminants can cause
threshold voltage instability in the metal oxide semiconductor transistors, and alter the surface
potential of the silicon surface in the vicinity of the ionic contaminants, As described in U.S

Patent No. 6,492,716, entitled “Seal Ring Structure for IC Containing Integrated

D:gi@l/RF/Anang Circuits and Functions,” to Bothra, ef al. , issned on December 10, 2002



The seal ring is grounded or connected to a signal ground such as a DC
supply line to substantially reduce the affects of the interference. The
seal ring may be part of the device Fackaging and a conductive lid may be
connected to the seal ring. [0011) Notw thstanding the specific application
and the associ ated benefits associated therewith, seal rings . are often '
enpl oyed in the design, construction and packagi ng of integrated circuits.
| nasnuch as the substrate contacts and seal rings enploy additional
processe ,- reover., valuable real estate to be incorporated into the
desi gn R o BB BTy e mtebyingistes bmluyeki %o prbiecr WUl

advant ageous.to further integrate substrate contacts and sea H%gs in the
desi gn of ™ rom moisredegradation and idnte comaminsei conduct or di e. [ 0012)
Accordingly, what is needed in the art is a sem conductor die (also
referre as oy i conductor chip') and related nethod of constructing
t he san”g[ O?Ir?z]at iﬁ%‘%‘%‘%% o GleEted G et speeds ingroast,aedl ribmthavelHagy mbépgheg e of the
seal ri q&omraqt N ngrovgls, upon and overcones the deficiencies of the prior
art. Al sO, I'nasifepsiationia redussadiafreuennimetofncd Ad SeneLBl m{rl#’]l uce

addi ti orJIZI eg{ocesses and design rules to be incor porat ed TH B8 he

i nt egr at'égs fiﬂédﬁEfounéfgiootﬁonmefcteaus@m&iﬁ%&h&Qb@’sgfpigi insoul d be |

advant ageous to incorporate a substrate contact ou yolgleé% i nt egrated

ci rcui t SybstgitiaHy rediees the aifalslo¥ th fheeSLRHGO r _chips enploying a silicon on
“insul ator substrate. 6 SUMRY%%H@?%@%WIW%%&@W%@@% and ot her

pr obl enpackdgie @eNLéoRdiveSa)! r circunvented, and technical advantages are
.general |y achi eved, t[):yvea1 \%ﬁ?%%’gﬂ?f?dg%%ﬁa}fﬂﬂt s of the present invention
i-_whi ch'ia@& udes a substrate contract and nethod of form ng the sane. The

subst r 1&ontﬂ@wimsmﬁmh@paﬁﬁ@pwéahoﬁnggigiagsga%[g%for die .(also referred to

as a ztgpm conductor chip") formed froma sem coOn g?fg§as§ %4 at e (al so
f rewithawalai : . - :
_ r. eferr agalamngs are often employed in the design, construction and packaging of integrated

, r?ugults. Inasmuch as the substrate contacts and seal rings employ additional processes and,

morgover, valuable real estate to be incorporated into the design and construction of the

integrated circuits, it 1 inte ;
ar ed cireuits, it would be advantageons to farther Integrate substrate contacts and seal rings
. ’ o

" in the design of the integrated circuits op a semiconductor die.

-[0012] Accordingly, what is needed in the art is a semiconductor die (also referred to as a

o "sémicondu_ctor chip”) and related method of constructing the same that incorporates a substrate
' contact into the structure of the seal ring that improves upon and overcomes the deficiencies of
the prior art. Also, inasmuch as the substrate contacts, in general, induce aédiﬁonal processes
and design rules to be incorporated into the integrated circuit region of 2 semiconductor chip, it

w .
ould be advantageous to Incorporate a substrate contact outside an integrated circuit region

especially in semiconductor chips employing a silicon on insalator Substrate,



"substrate") and includes a seal ring region about a periphery of an
integrated circuit region. In one enbodinent, the substrate contact

i ncludes a contact trench extending through a shallow trench isolation
region and an insulator overlying the substrate and outside the integrated
circuit region. The contact trench can substantially be filled with a
conductive material thereby allowing the substrate to be electrically
connected with a nmetal interconnect,within the seal ring region. D sclosed
herein is a nmethod of formng the %ubstrate contact enployable with a

sem con strate and outside an integrated circuit region
thereofqﬂﬁégﬁgaﬂbﬁﬁﬁgwﬁniﬂgect, there is provided for use with a

sem conductor chip formed froma substrate and including a seal ring
regi on about a periphery of an integrated circuit region, a substrate

cont act conpr|5|ng a contact trench forned within said seal ring region and
ext endi A¥3lhr dbrghang othdn sioblesyy arergensielly splseslopgilcanyentedcrind fechaind adyantagessial at or
overlying said substrate and outside said integrated circuit region, said
“.cont act generadly ethickd] ygpdenthgstua mmbodiinbnys dfithel pesbninintehtioa whclo indutet & wbstramt er i al
thereby allow ng said substrate to be electrically connected with a netal

I nt er-comaectandunétidl of fiing tReale. The BstiaR GonQitt;is shpRYDle Witk @bethiconddd: diat € cont act

is coupled to a seal ring contact forned in a dielectric |ayer between

sai d sUuRKd kRiE 1CRATRETondRE:r SR dorRE Rk a sblﬂﬁcﬁﬂtﬁtﬁﬂﬂﬁﬁatte (alho BfBred kAR 30] I'n
anot her aspect, there is provided for use with a sem conductor chip fornmed

froma ibggﬁﬁ)raﬂé ﬁclﬁ’c@sda keﬁ'lcr‘ngqégﬂg aB%HtSae;?e }ighellfy NG af ﬁ%r&gh &tgtﬂl;]lte%@eﬁegnkpher y of an

i ntegrat circult reg | on, or m ng cont act
..conprisj n tre t hi S L [ and through a
char | o Primiah e B8 o Rl AT Aol i B b TH0 GRAPOeNG Subst
and out si.de ald |nte rated CIFC%
. region an an insulator ovel%/mg the substrate and outside the integrated circuit region. The contact trench
can substantially be filled with a conductive material thereby allowing the substrate to be electrically
. connected with a metal interconnect within the seal ring region. Disclosed herein is a method of forming

- the substrate contact employable with a semiconductor chip on a substrate and outside an integrated circuit

region thereof.

[0013a] . In one aspect, there is provided for use with a semiconductor chip formed from a
substrate and including a seal ring region about a periphery of an integrated circuit region, a
substrate contact comprising a contact trench formed within said seal ring region and
extending through a shallow trench isolation region and an insulator overlying said substrate
and outside said integrated circuit region, said contact trench being substantially filled with a
conductive material thereby allowing said substrate to be electrically connected with a metal
interconnect within said seal ring region; wherein said substrate contact is coupled to a seal
ring contact formed in a dielectric layer between said substrate contact. and said metal

interconnect.



regi on; and depositing a conductive material within said contact trench
thereby allowing said substrate to be electrically connected with a netal
interconnect within said seal ring region; wherein said substrate contact
is coupled to a seal ring contact formed in a dielectric |ayer between
sai d substrate contact and said netal interconnect. [0014] In yet another
aspect, there is provided a sem conductor chip having a seal ring region
including a seal ring with a netal interconnect interleaved with an
internetal dielectric |ayer about 2 peri phery of an isolation region and
~an integrated circuit region t her edf, conprising: a silicon on insul ator
substrate, including: an underlying substrate, a buried insulating |ayer
overlyi h i strate nd _an overlying | r of silicon

| ocat eolmg?\'/blr ?npaﬁ&?ef%he\ét @86 ‘? ﬁ@w%ﬁ ?‘i’reuée ik s%ﬁeg?ﬁoﬁ%uc{()%h ? ,gnﬁ%ycfreog’ Lubstrate

cont actsubstatewod ingudingorblati régicanbdut e pérphety nfantihepughcigait ekglonya ed i nsul at i ng
| ayer i he jnte ted .circuit region, said contact trench 7

bei ng ?ﬁ §%§%?P§%§%sﬁ?#%%ﬁgﬁ?fﬁmgngg%ductive material; wherein said’

under| yi-ng delsngaetastdrendhodthm seidistay region amthioagh ahtHpwstaanch net al . :
interc ' Lt Rl : ' - ln still another
aspect qgmlﬁ%%?e T éﬁtgarngl\?&?lgteoé b&;&%’% %%%&8%&% oa?lﬁ‘?é{aﬁét %g n&ﬁ%%@%ﬁ%ﬁ%t or chip,
conpri SF#gk afbrning a silicon on insulator substrate, including: proving
an under | yi ngp3#hsh behiotive M5 %ithin 248 b&ihel bl @LktiGohRY g Over said
under |l yi ng substrate, and formng an overlying layer of Silicon over

por t i orfebsirgte tashejelectsigallveantesied vish § wmefallinfgrepnnegt oithinsgid sel firgregjet ed circuit

. OVer SaildreR hidG@UrRB conftStik 8duled toA R LA bEtaM folthdd iRR dielRbiROT3&ed Circuit

region; formng a substrate contact, including: formng a contact trench
"t hr oug PP HsHEre CoLst HdisHE el Blerear¥clout si de said integrated circuit

regi on, [o@ad tepRsiothérRged R Bt ldbdatenTBhfictoRdhip Whvird Ebai?fﬁ’&% fgigpntact trench;
formng a seal ring including a netal interconnéct interleaved with an
i nt er matclfingsea g pth emetad iptsyconpgot infprigavad withan intermetal dielectric layer about a

periphery of an isolation region and an integrated circuit region thereof, comprising: a silicon on insulator

subsirate, including: an underlying substrate, a buried insulating layer overlying the underlying substrate, -

and an overlying layer of silicon located over portions of the buried insulating layer, and a substrate

contact including a contact trench extending throvigh said buried insulating layer and outside the integrated

circuit region, said contact trench



ring region about a periphery of said integrated circuit region, said
substrate contact; wherein said underlying substrate is electrically
connected with said nmetal interconnect of said seal ring within said sea
ring region. 10015] The foregoing has outlined rather broadly the features
and technical advantages of the present invention in order that the
detail ed description of the invention that foll ows nmay be better
understood. Additional features and advantages of the invention will be
descri bed hereinafter which formthe subject of the clains of the
invention. It should be appreciated by those skilled in the art that the
conception and specific enbodi nent disclosed may be readily utilized as a
basis for nodi fying or designing other structures or processes for
carrying out the sanme purposes of the present invention. It should al so be
r eal i zektinpyubstmigly fillki Withedconductivi enatartat; vihtreit said nmblerigigg) subsrte it eleciiatiy r uct i ons do
not depart fromthe spirit and scope of the invention as set forth in the

appendetPREFE] With saigmetabmicrprnpstal thrpsqaiming ity thayeat ipRAgNGsSilf 00hessPeor a nor e
conpl et nder st andi.n t.h resent invention, apd the advant ages
Cher eo et BREh 0% o0 i e ER sl TV Suig nacberPpaighe: Phken i n

conj.un Cﬁjgﬂﬂor%t,sf&a&;hﬁdmﬂﬁ§ %gar?&glr% g%déyyﬁ%" sg%tratie,%}é{ﬂhg qux[i&i%szllatigé GURE 1

illustrates a top view o I mén a sem conductor subsStrate

const r uiayee dvaacaio nakicrging eubkthuee, piid oahipE B5oveflyihHRyE I8 Si8EH dvervipRidnon; [ 0018]

FIGURE 2 illustrates a top view of an enbodi nent of a sem conductor die

constr uftsed tudebingilavige tlayer; iemngi ancntpgretsd of cuitlreeraisdlivon pmsnlpfoon; [ 0019]

FI GURE 3 illgé&%ﬁtes a cross.sectiognal view of a portiqon of a sem conductor
n

die indPydi PIRBREFhEF 51818 BB £ SEEUHD FtCt NCBAETIOETEY accor di ng
to the PLédfkel H’lﬂ‘ﬁ:ﬁ tleouéhhgaid B&rﬁﬁqgstulalnggy ?ar%lj Y ou%s@cﬂ: said integrated circuit

region, and depositing a conductive material within said contact trench; forming a seal ring
including a metal interconnect interleaved with an intermetal dielectric layer within a seal
- ring region about a periphery of said integrated circuit region, said substrate contact; wherein
. said underlying substrate is electrically connected with said metal interconnect of said seal

ring within said seal ring region.

{0015]  The foregoing has outlined rather broadly the features and technical advantages of the present
invention in order that the detailed description of the invention that follows may be better understood.
Additional features and advantages of the invention will be described hereinafter which form the subject
- of the claims of the invention. It should be appreciated by those skilled in the art that the conception and
specific embodiment disclosed may be readily utilized as a basis for modifying or designing other
structures or processes for carrying out the same purposes of the present invention. It should also be
realized by those skilled in the art that such equivalent constructions do not depart from the spirit and

scope of the invention as set forth in the appended claims.



[0020] FIGURE 4 illustrates a cross sectional view of a portion of a

sem conduct or die including another enbodi nent of a substrate contact
constructed according to the principlé& of the present invention. [0021]
Correspondi ng nunerals and synbols in the different figures generally refer
to corresponding parts unless otherwi se indicated. The figures are drawn
to clearly illustrate the relevant aspects of the preferred enbodi nents
and are not necessarily drawn to scale. 9 DETAILED DESCRI PTI ON OF

ILLUSTR@%QIE/ W 22]._The maki ng and using of the presently
preferre eﬁgg i r 85@&@5@3 in detail below It should be
appreci ated, however, that the present invention provides nany applicable
i nventive concepts that can be enbodied in a wide variety of specific

contexts. The specific enbodi ments discussed are nerely illustrative of

speci f i E0Blys For anerecompBicuseriti@ink MBS L inve.a0d de . not 1init the scope of
the invention. [0023] The present "FAven r%sgﬁr}mv&cﬁfbgbaéﬁggé’éﬁ“@éﬁ with respect

to pref Grrafiireérenadi e o, gific .context, namely, a substrate
contact and a method of for m@fﬁgé‘?ﬁ‘éheé ons JXFR {0 Comuctign withthe t he envi r onnent

of a sefne fwibd Lso referred to as a "sem conductor chip")
enploying a 'si (?C“S&P’glrﬁ%r%ul ator substrate. The principles of the present
i nventi on, however, nay also be applied to other sem conductor dies and

i-nt egr 0] ci rRIGURE 1 glusttaick 8 (R QRS LR advant ages = associated wth
substrate contacts can furthcgrlbeéfgg%fp%a%egp@ﬂiser’@c%“ WSUBHEHE tine reduci ng

‘the efcomat@edbeddi 1S : ntact .on a design and construction of an
integrated ci rcuic{ﬁ%r2%?@#“@’?&8%%81}%38%%@% the. [0024] Referring

{initially to FIGURE 1, illustrated is a top view of an . embodi ment of a ..
ser WHlduc FETURLbS bt bphi of B @ibbatheh St Aonfbordidhshy,at o) constr uct ed

according to the principles
constructed according to the principles of the pfesent invention;

[0619] = FIGURE 3 illustrates a cross sectional view of a portion of a semiconductor die

including an embodiment of a substrate contact constructed according to the principles of the

present invention; and

[BUZQ] FIGURE 4 illustrates a cross sectional view of 2 portion of a semiconductor die

including another embodiment of a substrate contact constructed accordin g to the principles of

the present invention.

" .
| [0021) Corresponding numerals and symbols in the different figures general] y refer to

corresponding parts unless 6therwi_se indicated. The figures are drawn to clearly illustrate the

| relevant aspects of the preferred embodiments and are not necessarily drawn to scale



of the present invention. The substrate includes a plurality of

sem conduct or dies (one of which is designated 110) separabl e al ong scribe
lines (one of which is designated 1208. Wthin the scribe lines 120 of
each sem conductor die 110 is a seal ring region 130 and an isol ation
region 140 about an integrated circuit region 150. 10 [0025] In

conventi onal sem conductor processes, a plurality of sem conductor dies
110, each of which contains an integrated circuit within the integrated
circuit [ fabricated on the substrate at
substant]?w&gggﬂﬁm(ﬁghi%m LEMBORBMENDY are often enpl oyed

bet ween adj acent sem conductor dies 110 of the substrate to facilitate
separating the integrated circuits by cutting the substrate along the
scribe lines 120. It is possible, however, to induce |ateral stress on the

subst r al@23ur i Abe mikigpndoipS de. prﬁ@ﬂ?p@khé&eﬁ%ﬁmﬁﬁ@h&% Sddqf aetes 120
c

thereby affecting the integrated circuits. One approa overcom ng such

a probl eshw.sk thoulfl 64 iPprecitied %alvc\fc h&%f%ﬁﬂn&ﬁiﬁfo ? r]dé:a gﬁ%ﬁg é? 0% he

between the scribe I'ines 120 and nt eqgr a

sem con S uced tt| ng the Substrate is
gener al %&gggsﬁo%@t é%p%@g{ﬁb%g%gﬂ%‘ﬂ §y e 1@‘?‘5’6{6" FRedpeojfici npact t he

i nt egra%n?b% enbOdli'daPl n,the sem conductor dies 110 |ocated on the
substra d'%ﬁ C“EISEQ?{FH’EF strafive ppraificovays fd make eed wsd thesnvantionp Vi ew of an
enbodi nent, of .a, sem conductor die constructed according to the principles
of the %‘HQ%B‘HMtWéﬁ?ﬂPﬁgﬁhelAmncm er periphery 210 of the sem conductor die
is.formed by cutting the substrate along a scribe line as illustrated and

,‘""descrl REGL Lo Fl.GUR seal ring region 220 and an isolation .
Tt egi onk{ggh arg‘hTE lﬁveﬂ%%g# E‘f?&”b{i@l?’ feﬁ%‘ﬁ‘i%ﬁ@&ﬁ@&@aﬂﬂnmhmaem conduct or

di e and a rgt e% ed circuit region 240 of the sem conductor die. In
ot her \)?Berc & conigxhy %‘B"é’f 250561 eqgtagiang 2 grethed of firoung the pene pheniripin t he
i sol ation region 230 and the integrated circuit region 240. Wthin the
& environment of a semiconductor die (also referred to as a "semiconductor chip") employing a
silicon on insulator substrate, The principles of the present invention, however, may also be
applied to other semiconductor dies and integrated circuits of like construction. The advantages

associated with substrate contacts can further be exploited while at the same time reducing the

effects of the substrate contact on a design and construction of an integrated circuit region of 2

semiconductor die,

[0824]  Refering initially to FIGURE 1, illustrated is a top view of an.embodiment ofa = . ..
semiconductor substrate (also referred to as a “substrate”) constructed according to the principles
of the present invention. The substrate includes a plurality of semiconductor dies (one of which

is designated 110) separable along scribe lines (one of which is designated 120). Within the
scribe lines 120 of each semiconductor die 110 is a seal ring region 130 and an isolation region

140 about an integrated circuit region 150.



integrated circuit region 240 is an integrated circuit (not shown) and a
plurality of bond pad regions such as a signal bond pad region 250 and a
signal ground bond pad region 260. 1110[0027) A seal ring foamed within the
seal ring region 220 can perform many beneficial functions for the

sem conductor die. As described above, the seal ring can obstruct stress

i nduced by separating adjacent sem conductor dies on a substrate. The seal
ring can also protect the integrated circuit within the integrated circuit
regi on ﬁ@%ﬂfro noi st ure degradation and ionic contam nation. In

accor da wi t H PPFYentiopg)serpicondaciorgrossves syuralisnof seinednduGenadiesRilfg St r uct ur e
for Radio Frequency Integrated Crcuits," to Tsai, et at, issued March 25,
2003, wpckef Which coriajurap dntegratel drevievithithiie inefiatee bischit rpRAl 156, 2RASpiAYe @l SO been
incorporated into the sem conductor the to reduce radi o frequency

i nt er f efabrivated amitic SbgnRIat GbASSAIGOHDI SPIRG! ' e integrated
circuits thereof. [0028] As hereingF?g?adgggpﬁ%ggé]?Rggge%1 ring generally
‘I ncl udegnpioved j ' : | .interconnect |layers (i.e.,
conduct i \;)goyl a%‘?égi)l S%aﬁglftfélﬂ?{g%ﬁﬁec?(g?ﬁg}Iglrggg]?f“’i'béuqt%vg?c t ?lﬁpﬂﬁ%‘gﬂ@ cont i nuous
about the | at ircuit regjon 240 as illustrated in the present
enbodi r%erﬁ‘é‘%u%&‘giri%%;}’?g'étﬁfféﬁ% bt IR & s s &49- ks pessibleiowererd and Tsai
et at Aqgition |1y, a substrate contact as described bel ow may be

i ncor pdtredes S O the sibstraiediiog the proghiseofsepastinethe sentitvadicttr digs gined  ci r cui t
region 240 such as within the seal ring region 220 or the isolation region
230. Féleretly dféactingthe intngratedscimniti. e afpraciiis b@Romig sE@RSEbLGT ik (@l Substrate
contacts, see U S. Patent No. 6,521,947 entitled "Méthod of Integrating

("Subst.r asel fip{tithih the Sealiky YA5:138) Biweln AL berlbk BRE 350 and R il , at at
"“(Ajnera), issued Februar yy%é& 2)003, ?/\,hi ccﬁ ?gﬁe?n%ooﬁnggk%é@ée%ﬁ%@r ein by

r ef er epigcit relefRL S the Kb 12b daTer SN . i.llustrated,is a cross sectional
view of a 1;-)a[ﬁrti on of & sem'co%g'uﬁeo_rgigil@u?eﬂhﬁ‘gﬁn‘f%h%ﬁ?b%dﬁi nent of a
_ substr Qéngral‘fﬂ%tﬁﬂed 8? B2 bt I(i:&geagd Shouid E:gtl dnugctf}f?méagte the integrated circuits |

embodied in the semiconductor dies 110 located on the substrate,

[0626]  Turning now to FIGURE 2, illustrated is a top view of an embodiment of a
semiconductor die constructed accordigg to. the principles of the present invention. An outer
periphery 210 of the semiconductor die is formed by cutting the substrate along a scribe line as
iHusFrated and described with rcépcct to FIGURE 1. A seal ring region 220 and an isolation,

' region‘230 are located betwgén the outer periphery 210 of the semiconductor die and an
integrated circuit region 240 of the semiconductor die. In other words, the seal-ring region 220 is
about a periphery of the isolation region 230 and the integrated cireuit region 240, Within the
integrated circuit region 240 is an integrated circuit (not shown) and a plu‘ralityA of bond pad

regions such s a signal bond pad region 250 and a signal ground bond pad region 260,



principles of the present invention. The portion of the sem conductor die
principally illustrated in FIGURE 3 is a seal ring region 305 interposed
bet ween an outer periphery 310 of the1f2 sem conductor die and an

i sol ation region 315 | ocated adjacent an integrated circuit region 320
(wherein an integrated circuit is forned) of the sem conductor die. The
sem conductor die is forned froma silicon on insulator substrate

i ncl udi ng an underlying substrate 325 [e.g., a "substrate" such as a
P-type f'l@con substrate with a surface orientation of (100), (110) or
(111), (}% rtz,A%@ﬂﬁhfoanﬁﬂlﬂlmdh&Eeﬂeipgr@iobam&dpérﬂﬁmhﬁhjrmeﬁ(ﬂer 330 (e.g.,
an "insulator" such as a buried oxide |layer of about 3500 angstrons,

pr ef er aBingtionefos the Karicoatintot dib.0AOdERADE! 46096 dhe 850rid ban 4R MA@ | aver of
silicon 335 having a thickness of about 1500 angstrons (pre erably | ess

than ainduced: 1h@ adis i pey.tigns of the -buried
~ insulating I%Sgea?.ﬂ%ﬁ. j%ggi)ng%}lg%&&?%gﬁf%ﬁﬁ%ml g‘;[}%ére%ﬁ?é “BFOFY vi ng -1 ayer
| of sili 3 .. f . he .under ] yi sybstrate 325 enpl oyi ng
| conventti};lgiri?(glaf’[%%?i g{é@g ses. l d%é%%tec}p\cugwgrrs ‘%ﬁ%ﬁrﬁb‘ﬁmf@% Hesradationrasdii on 340 i s
| f or med A¥EL, he Buri ed iqgsul at i n% | ayer 330 and extends through the
i sol ati'on P& 9 Jn drcepdange witl HS. PataagNe.Sei3aR93emitieds SeilRimpver | yi ng | ayer
of silicon 335. The shallow trench isolation region 340 is forned by using
a phot o”"rcf_lagfiﬂg oradip Fregueneydiegreted Rizcuite’s pelshi] arel. [iegidonact 153005 nwigMer  t he
buried insul ating |ayer 330. The shallow trench isolation region 340 is
then etitinestposated Hominiiyirdfirerde, wed! Fing hehe@lis8 Sbdniifico fé{&d?{ﬁo §k!icon dioxide,
silicon nitride, a conmbination thereof, or any other Suitable dielectric

./ mat er i admicobdgdio iRt feluc FadivGleh S -tvpe wells) are fornmed within
“-the underlying substrate 32}54] ,&aéi Srtfécf%]é:gﬁnsdtf%sc SHOPPIpg 2ssogiated | at eral ar eas
for aniphek tal kol cess of a dopant specie such as boron to provide
t he P—typg %@%@Q%@Bt&urse, the P-type wells 345 nay be fornmed by
other processes in conjunction with, for instance, a creation of a

~ subst r 628]co ntabereindictRatibéd) 86 sPHR ¥eRiall yIFPRIBY p¥ality of interteaved

- metal interconnect layers (i.e., conductive layers) and intzrmetal dielectric layers and may be

continvous about the integrated circuit region 240 as illustrated in the present embodiment or
‘may be partitioned as disclosed in Bothra, ef al, and Tsal, et al. Additionally, a substrate contact
a§ described below may be incorporated into the semiéoﬁdu;:tor die outside of the integrated
circnit region 240 such as within the seal ring region 220 or the isolation region 230. For a better
o o unders;anding of a design and construction of substrate contacts, see U.S. Patent No. 6,521,947
entitled “Method of Integrating Substrate Contact on SOI Wafers with STI Process,” to Ajmera,

et al. (Ajmera), issned February 18, 2003, which is incorporated herein by reference.

[0029] Turning now to FIGURE 3, iliustrated is a cross sectional view of a portion of a
semiconductor die including an embodiment of a substrate contact constructed according to the
principles of the present invention. The portion of the semiconductor die principally illustrated

in FIGURE 3 s a seal ring region 305 interposed between an outer periphery 310 of the



on the application, may be omtted altogether. 13 [0031] A plurality of
substrate contacts 350 are then forned within the seal ring region 305 for
t he underlying substrate.325. To consf2uct the substrate contacts 350,
contact trenches 352 are forned and extend through the shallow trench

i solation region 340 and the buried insulating |ayer 330 to the P-type
well 345 within the underlying substrate 325. Mrre specifically, a |layer

of photoresi st may be deposited over the seal ring region 305 which is

t hen exposed and devel oped, resulting in formation of a photoresist mask
with an %%W?dﬁﬁmfd&an@@blpﬂlﬂgn rdgian Sbhipeatdd adjadean@hnsrAGRirctl 16QNESE, @ pattern
of the photoresist nask depends upon the structure desired”fof the contact
t r enchedWBgn an integratedointairis foritbd) df ihh SnfbbAlRIE Gk Sthd m@é&oe%ghl ng process
such as a reactive ion etching process is then perior 18 Ereate the

cont act formed iR s sib&a of AW ﬂ&sﬁbs%tg%{uglﬁ m"f“a%gftg]@asﬁbs@%ﬁ j croneter, and

il
preferably about 0.2 to 0.5 mcrone #vé material is
t hen depggii.ee t.he,contact trenches 352 to substantially fill the
contact trenc hSL%Ig? avh\ft?’ﬁ" Sm?gn %"(yﬁfﬁi%c‘?‘{i\ﬁé“‘%@f’ ersogation ¢f (1480, ioher Gibst r at e

cont act An conductive material such as copper, alum num tungsten
(or t hea‘%‘%@%&"&‘f‘ﬁé‘“&ﬁ‘?ﬁgﬁgyiﬁeddvsuwwcr PO (g1 ansimblbtortand & b G@fednRY be
enpl oyegyeé?q all ow the substrate -contacts 350 to create an ‘electrical

connect R 9 2boye3500 engtiopisnprefsnbiy tasathen BaE 5000Bg@enealLye material may

al so be an analogous material to the material enployed to fill contacts or

vias _orpatisgiaer daiioects hivinga téciessoM RSt el AtLALegnal ed ci rouit
0]

formed within the integrated circuit region duct or die.

-~ Dependi abont G000tah@itr61fd) ShObdale8 hal | oyed within the substrate
-contacts 350, ag%si i cide | aygﬁ%gr&%%%éggwg\éllﬁﬁla?%ﬂﬁ‘é@@vﬁeblﬁ’édconducti ve

mat er i ahsufafnoqh w resi stance contact for the substrate contact 350.
For inst ancegf-i }:3?531:9 ﬁ@dogjg_ &W%‘iﬁﬁiﬂ“éﬁ%ére fP%ﬂeﬁ_o"%@lSW@dﬂﬂfymalswsmﬂe silicon, a
| ayer %55&Eptlo%'ling(cgﬁvgﬁﬁonﬂbr%léee&lge’s_ pal | adi um- pl ati num or copper) nmay be

[0830] | A shallow trench isolation region 340 is formed over the buried insulating layer 330
and extends through the isolation region 315 and the seal ring region 305 to the overlying layer
of silicon 335. The shatiow trench isolation region 340 is formed ;t)y using a photoresist mask to
" define the respective regions therein over the buried insulating layer 330, The shallow trénch
isolation region 340 is then etched and backfilled with a dielectric such as sﬂibon dioxide, silicon
ritride, a combination thereof, or any other suitaﬁle dielectric material, A plurality of wells 345
(e.g., P-type wells) are forméd within the underlying substrate 325. A photoresist mask defines
the lateral areas for an ion implantation process of a dopant specie such as boron to provide the
P-type wells 345. Of course, the P-type wells 345 may be formed by other proces'ses in
conjunction with, for instance, a creation of  substrate contact as described below or, depending

- on the application, may be omitted altogether.



:
|
\
\
|

deposi ted over the seal ring region 305 and upon subjecting the
sem conductor die to thermal 14 } processes (e.g., a rapid thernal

anneal i ng process), the layer of netafi3will react with the polycrystalline
silicon to forman electrically conductive suicide |ayer 354 on a top
surface of the substrate contact 350. [0033] An interlevel dielectric

| ayer 355 is thereafter forned over the overlying layer of silicon 335 and
the shallow trench isolation region 340 enpl oyi ng conventi onal processes.

W thin tlfdgg&)nte | evel dielectric |ayer 355 are a plurality of seal
c

contacts
contacts 360 may be fornmed of a |like conductive material and Iin a

ring

pluEYy ppsubstrateasput 350 are theb fdrmed witlGoME &al id3liog4h8 Seal ring

manner

anal ogou@r theyndpryingsibstrata3as. d"oBcbn@l@jcSthééi@straH!:%nﬁ&@iSOréoﬂﬁﬁ &9@%@5 360 are

coupled to a seal ring including a plurality of interleave al

e ot ong o) g S OB

| ayers (generally designated 365).

(pref er agkyssotd de B ' t resistance |ess than about 20 ohns
squar e) qéagr?e el ectﬁ’@?’.@{/""‘??ﬁtﬁ@éﬁ%’aﬁﬂﬁ% frage %SUP@FC‘I spyeifidaliysiadayer ge

desi gna fﬁmﬁgﬁgﬁr %f gr abIX formed of the same conductive materi al
metal int'er connect of 4yPeed aventhe ssalying reginn 306 avhidhris théreexaosed atoul d un
t hat anésycon uctive material may be enployed for the netal interc
l'ayers $7OBGHcFextng in foranatipn ofiamhatbresis maskcvithca ety forR R @R Bhtadt NV e
conj unc‘t_{; o&ashfrewith, it should be understood that the various co
[ ayers e - 168 couseeyd ol uEhOphofbieRisi Rk 8L (?dt?% s or diffe
‘materials and still be within ?%e brlgad sécpglgl)(g)ﬁg : Sce&gtﬁr&igﬂ’fﬁ.’ iHve
¢ For i nsthamaect tichhesc3n Al Ghdoy - @i oved with the plurality
iR R R M R

375 may be different fromthe con
t r enchegactivdy &ﬂgi I I \ ile the internmetal dielectric |ayer
acti & et g 8{'&%&.@& tl|1e¥1 ga%ﬁ%wec@g g{eate the contact trenches 3572 havingawidthy

extend into the | ation r

of less than one micrometer, and preferably about 0.2 to 0.5 micrometers.

{0832] A conductive material is then deposited on the contact trenchés 352 to substantially
fill the contact trench 352 with the conductive material to form the substrate contacts 350. Any
| conductive material such as copper, aluminum, tungsten (or the respective alloys), or doped
polycrystalline silicon may bg employed to allow the substrate contacts 350 to create an
electrical connegtion with the underlying stibstrate 3_25. The conductive material may also be an
a-nalogous material to the material employed to fil contacts or vias 6{1 an interconnect structure
employed with an integrated circnit formed within the iﬁtegrated circuit region 320 of the
sexﬁiconductor die. Depending on the conductive materjal employed within the substrate
contacts 350, a silicide layer 354 may then be formed over the conductive material to create a
low resistance contact for the substrate contact 350, Fof instance, if the conductive material is a
polycrystaliine silicon, 2 Jayer of met@ (e.g., nickel, palladium, platinum or copper) may b;a

deposited over the seal ring region 305 and upon subjecting the semiconductor die to thermal

| ectric
370
per
neral ly
as the
der st and
onnect
ntion. In
nductive
rent
ntion.

of vias
e cont act
s 365



the metal interconnect |ayers 370 are constrained to the seal ring region
305 in the present enbodinent. It should al so be understood that any
suitable dielectric material may be etpl oyed 15 for the interlevel and
internetal dielectric layers 355, 370 (preferably with a dielectric
constant |ess than about eight). [0034] By virtue of the substrate
contacts 350, the underlying substrate 325 is electrically connected with
the netal interconnect layers 370 (also referred to as "netal
interconnect%G)') within the seal ring region 305. In the present

embodi BTt K- S apet thamel apupnlingprasess e aye of aleRPHllgad vith onnect ed with the
nmetal interconnect |layers 370 via a P-type well 345 within the underlying

subst r abdycrsBliansilican toefatm avi elegtricy oagtic ibi i the interlevel
dielectric layer 355 (a "diel eclt?ri C Itgsg%lél)@é]gﬁg3%%€§?@d4“§%‘iﬁ\% t he
subst r atubstrate ndret 350350 and the nmetal interconnect |ayers 370. As a result,
the substrate contacts 350 create a contact with the underlying substrate
325 to,[p(b effect, establish a ground connection therefor and conbat the

r

del et e efAidptedeveldliclagiric dayed 56l isalnessertriaied Wmes%ﬂtyﬁ,gggg% Nt he potenti al
build up of static charges in the underlying substrate . [0035] A

passi vatirawd3§ ayicthe BRIGvi t&néﬂ”ﬁﬁﬂaﬂ%ﬁ)fdﬁ%HBmﬂiﬁ r lLevel of the internetal
dielectric layers 365 and about an upper v ICHI(%&PH@PFPE?%‘F' i nt er connect

| ayer s VifAG: thelh@rleveRBdd ' : r,3 xtends within the seal ring region
305 and. the isol ati oﬁéc}fgg%’gﬁsg%%;RW&H%%?PE?%&%@H&%&%&@ cetpledrio exi de deposi t ed

oo B S EESEE L e hrebtebicanonior oo o
ot ococ gt S nbraf etk b adiela ot A0 0TheaBl 0 cORR- AT o Over
t he passivation | ayer 380. The chenical vapor deposition processes provide
fine sPBedts?eahiing inlusing atphezalioy dféterpavell RBET MiteRb BB Tayers (gemerally
designated 370) and intermetal dielectric layers (generally designatéd 365). The metal
interconnect layers 370 (preferably with a metal sheet resistance less than about 20 ohms per
_squate) are electrically connected through a plurality of vias (generally designated 375)
preferably formed of the same conductive material as the metal interconnect layers 370. Those
skilled in the art should understand that any conductive material may be employed for the metal
interconnect layers 3?0 and still be with_in the broad scope of the present invention, In
conjunction thérewith, it should be understood that the'lvarious conduétive layers-lwithin the
semiconductor die may employ analogous or different materials and stiﬂ be within the broad
scope of the present invention, For instance, the conductive material employed witiz the plur.a[ity
of vias 375 may be different from the conductive material employed with the contact trenches
352. Additionally, while the intermetal dielectric layers 365 extend into the isolation region 315,

the metal interconnect layers 370 are constrained to the seal ring region 305 in the present

-embodiment. 1t shonld also be understood that any suitable dielectric material may be employ;ed



the sem conductor die. A polyimde layer 390 is then deposited by, for

i nstance, spin-on techniques to a thickness of between about two

m crometers to six mcroneters over t{® nitride 16 |ayer 385. Anal ogous to
t he passivation |layer 380, the nitride and polyimde |ayers 385, 390

extend within the seal ring region 305 and the isolation region 315. By way
of exanple, a typical width of the seal ring region 305 is between 0.1 and
fifteen mcronmeters and a typical w dth of the isolation region 315 is

bet ween <p§¢ﬁ§g 5mg%gicronepers. [0036] Turning now to FI GURE 4, _

i 11 ust r at BEeceved ayiarenmsial diclertic layem 855 B7@pRBHHIPRIOS di@}ecu‘?tedébsg%?dum or die

i ncl udi ng anot her enbodi nent of a substrate contact constru accordi ng
to the Pitheiapruesighy t he present invention. The portion of the
sem conductor die principally illustrated in FIGURE 4 is a seal ring

regi on i nt ased hetween an outer periphery 410 of the sem conductor
die and@%q so?%ﬁl 1 G g sbmrarimnieese 3i0etie adpdyisydubdateispg ﬁ%ﬁﬁé‘aﬂgd rcuit
S

regi on 420 t{/n_erei n an integrated circuit is formed) of the m conduct or
“die. Thé“”é'l-?ﬁig Wit metal inftreoninect lafes 3MOGalio 1OIEY (5 ok ¢ i Peoh R ALor substrate
i ncluding an underlying substrate 425 [e.g., a "substrate SQ‘ch as a

P-t Sithindlerseal g tepiah BOSWEE dhe- i tion of 0), (110) or
(11){|)O?' quart z, ce%aﬁi c or ttﬁgﬁf?%%sgm%’rtﬁg%’%f%@GP%{WS%8F“?&yeg 430 (e.qg.,

an "i nseleati@lly caieded j xi de | r. of about 3500 angstrons,.
preferably | ebs t,hana{gtggﬁ{%%@%rcgﬁﬁgﬁ?ytgﬁgﬁﬁlﬁéPatl’PﬁV@Uéﬁwiﬂdgﬂﬂeayer of

sili conmﬂjg{%; Vi i,ckness of about 1500 angstrons (preferably |ess
than about ‘%o%&g‘ﬁgéﬁgﬁé AbFonte bllarmed di th imerlewhdiciedirid lager sy | ed
sinsul ati kg L r 430. The buried insulating |layer 430 and overlying | ayer
‘of sili ao%elf%elayeﬁmm@@d beiwpentlieenhstrate canyicR 356 Hatle Bl intddBn&pPl OYi ng
convent.i onglmprocesses. [0037] A shallow trench isolation region 440 is

f or med BFER78-1as Hhmltette subsuteatitng J5aveie 4aiactnth ELARS,Llougn the

i sol at i3og region 415 to the overlying layer of si in the seal
25 to, in effect, establish a ground connection therefor and combat the deleterions effects as |

-~ described above that may result from the potential build up of static charges in the underlying
F=}

substrate 325,

[0635] A passivation layer 380 is then formed above an upper level of the intermetal -
dielectric layers 365 and about an uﬁpcr level of the metal i'nterco;mect layers 370, The
passivation layer 380 extends within the seal ring rcgion. 305 and the isolation region 315 and
may be composed of an oxide deposited by a chemical vapor deposition process having a
thickness of between about 4,000 and 20,000 angsiroms. A nitride layer 385 composed of, for
instance, silicon nitride is conformally deposited by a chemical vapor deposition process 1o a
thickness of betﬁvcen about 1,000 and 10,000 angstroms over the passivation layer 380. The
‘chemical vapor deposition processes provide fine step coverage along the outer periphery 310 of

the semiconductor die, A polyimide layer 390 is then deposited by, for instance, spin-on

techni i i
haigues to a thickness of between about two micrometers to six micrometers over the nitride



ring:region 405. The shallow trench isolation region 440 is fornmed by using
a photoresist mask to define the respective regions therein over the
buried insulating | ayer 430. The shal {&w trench 17 isolation region 440 is
t hen etched and backfilled with a dielectric such as silicon dioxide,
silicon nitride, a conmbination thereof, or any other suitable dielectric
material. A well 445 (e.g., P-type well) is fornmed within the underlying
substrate 425. A photoresist nmask defines the lateral area for an ion '

i mpl ant ag.| r f, a dopant specie such as boron to provide the P-type
wel | 44?%%9%59(5}%@5%%? 8tﬂ?‘?é’asi51‘¥§r‘15‘éawg& thoptrida gndpelyinidelaybra3R5,A9Ber processes

for instance, a creation of a substrate contact as

in conj unct'thh, . _
descr i bed BV 8P B sealfisarsinnigs anl thetieolaiop ragmaBi IRy wayayedagpieri t t ed

al together. [0038] A substrate contact 450 is then formed wthin the
i sol at i dypiqakwidthrof #heSeaf xirg regien 306 ischeswedii MUamBt] AkRARS -andT&giQé}' struct the
d

substrate contact 450, a contact trench 452 is forned an xtends through

the shaidinof theilition &2l0a8 108 béA of A R @Rflrddle LUTT €d 1 nsulating Tayer 430
erlying substrate . re

to the P-type well 445 within the un
speci fi @I ly, a layer of photoresist may be deposited over the isolation
regi on 2861 whileminggow weAGERE ¢ sibiuktratndlis ad&?ﬂﬂeﬂi@ﬁﬂmieﬁ@ﬁh‘tﬁrﬁélﬁ)fian formation of
a photoresist nask with an opening for etching the contact trench 452. O
cour se, seniqoaducer die dfclutifganohei itRginsh: ofRSlosHENS gt ure
desired for the. contact trench 452. In accorg%(tg'{JaH%\jxllwbtteﬂq&ﬁ%}Il 8t or esi st

ok, athe RRIAGE B AEERINSHRN 3 Brich SRLLNS AR HENOG firocess s Lhen

performed to create the contact trench | ess than one

S~mcro tably .about to 0.5 mcronmeters. [0039] A
Conducty g e BBURE £l iR sion fisdue@rret vt ave resmeyiH1as { o

subst a%ésal | ‘i il di the contact trench 452 with the conductive material to
form t he 5{?!5%{' ‘GPetieBiEaEplaumacsiohlS lseediadiackns en ivmgmred aitcu iglonas  copper ,
al um num tungsten (or the respective alloys), or doped

4fT'b S

_ 20 (whereln an integrated circuit is formed) of the semiconductor die. The semiconductor die js
~ formed from a silicon on insnlator substrate including an underiying substrate 425 fe.g.. 2

“substrate” such as a P-type silicon substrate with 2 surface orientation of (160), (110) or (111),

quartz, ceramic or the like], a buried insulating Iayer 430 (e.g., an “insulator” such as a buried

oxide layer of about 3500 angstroms, preferably less than about 5000 angstroms) and an

ovc{Iying layer of silicon 435 having a thickness of about 1500 angstroms (preferably less than

about 3000 angstroms) and located over portions of the buried insulating layer 430. The buried

insulating layer 430 and overlying layer of silicon 435 are formed over the underlying substrate

425 employing conventional processes,

[0637] A shallow trench isolation region 440 is formed over the buried insulating layer 430
and gxtcnds through the isolation region 415 to the overlying layer of silicon 435 within the seal
ring region 405. The shallow trench isclation region 440 is formed by using a photoresist fnask

to define the respective regions therein over the buried insulating layer 430. The shallow trench



~contact

pol ycrystalline silicon may be enployed to allow the substrate contact 450
to create an electrical connection with the underlying substrate 425. The
conductive material may al so be an 1817anal ogous naterial to the nmaterial
enployed to fill contacts or vias on an interconnect structure enployed
with an integrated circuit formed wwthin the integrated circuit region 420
of the sem conductor die. Depending on the conductive material enployed
within the substrate contact 450, a substrate contact silicide |ayer 454

(a "siligl ayen - hen be formed over the conductive material to
create algql%gvn lr'eéiéﬁs O)a{#g%yeé%ﬁfﬂ’ét acfkéﬁefm&l afliglestricsnab s sifitcadioxitb il |

i nstanceﬁi ..1f the conductive material is a polycrystalline silicon, a |ayer
of net al g §combinapgndhereo o anydithenguitatdé dieleatitrmansrial CORET M5MBY., beydeposited
over the isolation region 415 and upon subjecting the senlconductor die to
t her mal ¥sHbie Bsmedbwitié the undalyimpiisitbarsTel prRRRSR! AP OCES Bera LiBE | @VET Of
nmetal wll react wwth the polycrystalline silicon to forman ele%ctrlcally
conduct ifaren R lispladdion pré@E e Hopihd h&didGe SLAe) op surface of -the
substrate contact 450, Additi opggl*%i&gﬁlpﬁ%}é?{oﬁt Pr%ﬁ'ﬁ%l‘%g%[fgeﬁ’%%&r uction

t echni qoesoulse, thd¥e t ontact, si-licide |ayer 454, another silicide

| ayer (e.g., a seg?éj‘?e?ln%ﬂsnﬁyﬁ%ﬁ%ﬁﬁ}b&?hﬁwﬁsfﬁ%cwﬂmm witheforand provi des a
| ow resj tact . for the over|lying layer of silicon 435 within the
seal’ ri %18‘5'?53?66%9%?% SUDFFREPRLAG 25 descaib W afi depanding b the aypticaribh5 i S
thereafter. fornmed over the seal ring silicide |ayer 437 and the shall ow
trench P&JELMitH a#‘%@tb%n 440 enpl oyi ng conventional processes. Wthin the
interlevel dielectric |ayer 455 are a plurality of seal ring contacts 460

Jand an et ati i tact 462 coupled to the substrate contact 450.
The sea[:0 r? ng ‘@%ﬁ%@%ﬁ@%@ﬁgﬁ@wﬁ foppedryitin theigolesion regimas for482 may be f or ned

of a Iidﬁ c%n%cttri v4§ n;fteri al and in a manner anal ogous to the substrate
%%lé?.g atraleap. 19 onstigtihessbyrate@ontan 450, hepntasikentl 457 if ek CONt act

462 are ,coupled to a seal ring including a plurality of interleaved netal
i nt er c §iHE&Rd3 thpeshdheishabiow trshdhyisolation region 440 and the buried insulating layer 430
. to the P-type well 445 within the underlying substrate 425. More specifically, a layer of
photoresist may be deposited over the isolation region 415, which is then exposed and
developed, resultipg in formation of a pho;oresist mask with an opening for etching the contact
trench 452. - Of course, a pattern of the photoresist mask depends upon the structure desired for
the contact trench 452. In accprdance with the photoresist ﬁlask, an etching process such as a

reactive ion etching process is then performed to create the contact trench 452 having a width of

less than one micrometer, and preferably about 0.2 to 0.5 micrometers.

[0039] A conductive material is then deposited on the contact trench 452 to substantially fill
the contact trench 452 with the conductive material to form the substrate contact‘450. Any
conductive material such as copper, aluminum, tungstcﬁ (or the respective alloys), or doped
polyerystalline silicon may be employed to allow the substrate contact 450 to create an electrical

connection with the underlying substrate 425. The conductive material may also be an



designated 470) and internmetal dielectric |layers (generally designated
465). The nmetal interconnect |ayers 470 (preferably with a netal sheet
resi stance | ess than about 20 ohns pet8 19 square) are electrically
connected through a plurality of vias (generally designated 475)
preferably forned of the sane conductive material as the nmetal interconnect
| ayers 470. Those skilled in the art should understand that any conductive
mat erial nay be enpl oyed for the netal interconnect |ayers 470 and still
be within the braad scope.qf the present invention. In conjunction
t her ewi FTLOEPE WSE‘I%@BE’”&‘H@S&*’E@WG&O filhepntagth or wiasion euintexonutaicstniostere| ayer s
W thin th? sem conductor die may enpl oy anal ogous or different materials
and st i FIDIRyEd With P integrared dircuis rmsiwifiin thé intepetep tieaR RigidnATGMON.
Additionally, while the internetal dielectric |ayers 465 extend into the
i sol at i smicontycondid Bepemitly on thelcOMRELive B4Ral Shniohd Wilkifthe 4 ct layers
470 extends into the isolation region 415 Pnkk'?he pré%%lﬁ%ﬁéﬁﬁr:g@%&nent. I t
shoul d &0scsubstratd RGBSR 148154 A Al l B & dlelegtric material may be
enpl oyed for the interl evel%éwﬁggﬁ%&al r%pgrlcgh?fopﬁc‘jloé'?éb% 455, 470
(pref er adpiM a . dielectric.constant | ess than about eight). [0041] By
virtue oFa. The ng%gttglg%e %C:ISWtr?‘fbs?a“‘ifé@?w‘it %%ﬁﬂé?@‘??%&%ﬁﬂ_sﬁfaﬁéﬁn@% is
el ectriig@lzéoé '&?onnect ed with a lower level of the netal interconnect |ayers
470 .(al Aucfiyepptari! is 8 polperyssalline sifieas; wleyan efmetal 2., nickehpaiatins, i sol at i on
region 415 and, ultimately, the plurality of nmetal interconnect |ayers 470
wi t hi n Paannsergopper) gy bedppositediOBr tht Bolhtie rei@SEMhn ghbj¥Bite thdt he substrate
contact 450 is electrically connected with the netal interconnect |ayers
;470 vi gemicddioypdiewethérmairoceitkd (RisNa bBR MERAALINLIRG { 425 and an’
‘“isolation region contact 462 fo?grredbi n theafllnt eFPgb\lée ’{hg|5a§ reoftri c layer 455
(a "di eleRr¥illiréact vAGhe polyaistattif tyeen fhe substrate contact 450 and
the lower |evel of tﬁﬁe tal"&lﬁ?lc?fgtroct:}gnne%ecﬁiﬁ rcgndlsﬁﬁ’?’s U3 result, the
act with the underlying substrate 425

o, i nenpr bR Hpa ol SRRt atRee i hohudiomatih dmpiying

analogous construction techniques to the substrate contact silicide layer 454, another silicide

layer (e.g., a seal ring silicide layer) 437 is formed over and provides a low resistance contact for

the overlying layer of silicon 435 within tI'ze seal ring region 405,

[0040} An interleve] dielectric layer 455 is thereafter formed over the seal ring silicide layer
437 and the shallow trench isolation region 440 employing conventional processes., Within the
interlevel dielectric layer 455 are a plurality of seal ring contacts 460 anc-i‘e‘m isolation region
contact 462 coupled to the substrate contact 450. The seal rihg contacts 460 and isolation region
contact 462 may be formed of é like conductive material and in é manner analogous to the-
substrate contact 450. The seal ring contacts 460 and the isolation region coﬁtaét 462 are
coupled to a seal ring including 2 plurality of interleaved metal interconnect layers (generally
designated 470) and intermetal dielectric layers (generally designated 465). The metal

interconnect layers 470 (preferﬁbly with a metal sheet resistance less than about 20 ohms per



conbat the deleterious effects as descri bed above that may result fromthe
potential build up of static charges in the underlying substrate 425. 20

[ 0042] A passivation |layer 480 is therg forned above an upper |evel of the
internetal dielectric |layers 465 and about an upper |evel of the netal

i nterconnect | ayers 470. The passivation |ayer 480 extends within the seal
ring region 405 and the isolation region 415 and nmay be conposed of an

oxi de deposited by a chem cal vapor deposition process having a thickness
of between abou 4h@00 and 20, 000 angstrons. A nitride | ayer 485 conposed
of, for Sq‘lﬂFFii“aﬁ 1C YFqn&feswdmr@ugha@luragty@émiabegmaw detégpatsd 4250 by a chemical
vapor deposition process to a thickness of between about 1,000 and 10, 000
angst r oREieEpst formse ofthe saime aeridontive ayerial 488 m¥tAEinteR bR Gtbrs MR OFhogle POSI T i 0N
processes provide fine step coverage al ong the outer periphery 410 of the

i conelilbaon the hre tafi heSri '
seni con G the lreshodid pedepstaid et doRYRBuch9Ombesrid E’E?BQ%%%‘& g:g g{éifne{a@gr

i nstance, spin-on techniques to a thickness

m Cr oneim@ksnies: |5 i 5 . ‘nitride |ayer. 485. Anal ogous to
The. paom et 1Bl T0 SITF b i 6 brobl st st BFiay s 25, 490
extend wi t.hi seal I regi on 405 and the isolation region 415. By way
of exarr}xaqn'@mdaanpepf‘@g?”&ﬁ’"% %&git?fg' f%ﬂéglrvm%cqné@qumﬂawmn tet ween 0.1 and

fifteen mcroneters and a typical wdth of the isolation region 415 is

- bet ween* BIFER AR S arQy pptlegoys or[diftuen) matenieds and sl bswitkdh the baag act and

met hod of formng the sane with readily attainable and quantifiable

advant a¥§ers ohtis plossatinventiono duddieiohall witie s kirdrer) didleckteayafs usSbgld under st and
that the previously described enbodi nents of the substrate contact and

i rel at.edntm&mmimfregiarﬂsmlmsweﬁ@epofafegneymér&o%ﬁé%ﬁgs 43%%’%@#?@' ve purposes

only and that other enbodi'ments capabl provi ?e contact
out si dehedlatibt ReHAL Bk J eI} a sem conductor die or chip are
wel | wi thin thegbr oad sc %gy'nﬁ)?ﬂﬁb% é““g% g@%‘ﬂ@ﬁﬁ‘%@%‘ﬂgﬁﬁt@ AF0Y esul t

I ncor peighik BRleRrns Wogk S ?nta)? be employed for the interlevel and intermetal dielectric layers

455, 470 (preferably with a dislectric constant less than. about eight),

[0041] By virtue of the substrate contact 450, the underlying substrate 425 is electrically
connected with a lower level of the metal interconnect layers 470 (also referred to as “metal’
intercpnnect(s)”) within the isolation region 415 and, ultimately, the plurality of metal
: interconyect layers 470 within the seal ring region 405. In the present embodiment, fhe substrate
contact 450 ié electrically connected with the nétetéﬁ interconnect layers 470 via a P-type well 445
within the underlying substrate 425 and an isolation region contact 462 formed in the ir;tcrlevel
dielectric layer 455 (a “dielectric layer”) and located between the substrate contact 450 aﬁd the
lower level of the metal interconnect layers 470. Asa result, the substrate céntact 450 creates a -
contact with the underlying substrate 425 to, in effect, establish a ground connection therefor and
combat the deleterious effects as described above that may result from the potential build up of

static charges in the undertying substrate 425.



contact constructed according to the principles of the present invention
into an integrated circuit 21 does not over conplicate the design and
manuf acture thereof, which is conduciage to nore efficient and | ess costly
integrated circuit designs and manufacturing processes. [0044] Al so,

al t hough the present invention and its advantages have been described in
detail, it should be understood that various changes, substitutions and
alterations can be made herein without departing fromthe spirit and scope
of the jnyention as .defined by the appended clains. For exanple, many of
the pr &[@Z}S es %P@%Yi‘g%’ﬁéﬁ'cé%\}%%%fﬁm@é abayp prevnpen levs] ofiheditérinstab nt

met hodol ogi es and repl aced by other processes, or a conbination thereof.

[ 0045] diviseteipiayers 455|%C§)§®wpaupﬁerlemoihh@memﬁntamﬂnb&H:tyér@ﬂ]ﬂi gp#ot intended to be
limted to the particular enbodi nents of the process, nachine,

manuf apéssivaion tayandes xtnGywitkiin tBdehiGing rafRABS5 and TR {34 AR 31 £AY described in
the specification. As one of ordinary skill inthe art will readily

2pDr e B ok bR AL AR NERD Sl MEALL Sl 1 0CESSCS.

machi nes, manuf act ure, osi‘ti1ons of hods, or st eps,

presen SLI I r e devel oped, . .that perform substantially
" the sa%ke&#cgﬁéfﬁ)%ﬂgﬁ&oaﬁéuééﬂﬁgwgE@’ﬁ@safléﬁ’ﬂ)?‘él JHGsdayErIRa coROsed offer ¢ he
correspaondi ng. emhodi nents descri bed herein may be utilized according to the
pr esentSHG SHEPLHide ibgondprmallyglepositedii ashaseienl sepordeppsition grogess ftended t o
include wthin their scope such processes, nachines, manufacture,
“ conposthicknssisof betweratabant 1,00Pead £0,000mbgsorokes over the pagsatio? Ryer @AM 1. For use
with a sem conductor chip formed froma substrate and including a seal

- ¢ Ting  rohepnioal vagion ddposiicR EdoRRE piovilk A stdpbeFiR WRHs Gk bsl Ie%;fh@gﬁﬁﬂ of & Substrate
“contact conprising a contact trench formed within Sgl séal ring region

- and exheBmicBRtiubBf Q4! Hpolyimide layer 490 is then deposited by, for instance, spin-on

techniques to a thickness of between about two micrometers to six micrometers over the nitride

layer 485. Analogous to the passivation layer 480, the nitride and polyimide layers 485, 490

extend within the seal ring region 405 and the isolation region 415. By way of example, a

- typical width of the seal ring region 405 is between 0.1 and fifteen micrometers and a typical

width of the isolation region 415 is between one and two micrometers,

[0043] Thus, a substrate contact and method pf forming the same with readily attainable and
. Nqilantiﬁable advantages has been introdnced, Those s;ki'lled in the art should understand that the
previously described embodiments of the substrate contact and related method of forming the
same are submitted for illustrative purposes ony and that other embodiments capable of
providing a substrate contact outside an integrated circuit region of a semiconductor die or chip
are well within the broad scope of the present invention. Asa result, incorporating a substrate

contact constructed according to the principles of the present invention into an integrated circuit



a shallow trench isolation region and an insul ator overlying said substrate
and outside said integrated circuit region, said contact trench being
substantially filled with a conducti®e nmaterial thereby allow ng said
substrate to be electrically connected with a netal interconnect within
said seal ring region; wherein said substrate contact is coupled to a seal
ring contact fornmed in a dielectric |ayer between said substrate contact
and said nmetal interconnect. 2. The substrate contact as recited in claim|l
wher ei ndé@sig; contact. trench is formed within an isolation region. 3. The
subst r at€ Gh X fompLicacdhs degign and manufagivg thetvef, ehioh Babelutisoloaidron T €gi on i s
i nt er posed. between said seal, ring region and said integrated circuit
r egi on, S&eqt ang insseoptiytintegrafent circtit Besipnoand alapkfadhrtye pRBesk@0! ation region
contact formed in.a dielectric |ayer between said substrate contact and
said ne i ntgrhconnect .. 4. The substrate contact as recited in claim1l
further @34 ri glgc’gar@m&&’ (e Present fuysation angits advaniages bave em defveibelh. 5. The
substrate .confact, as recited in claim1 wherein said substrate contact is
el ectri 8&#95 dndesstont that wasipes chvastges, substitetion o aldrationslcad bRlale Wi t hi n sai d
substrafle._ gh Fgr use with a sem conductor chip fornmed froma substrate
and -i ncPRA Wihaut depertihg framnthe sl M sRROIFitheanvAREd i nt eqr at ed
circuit region, a method of I:‘i%jrm' ng a sﬁ%@?ﬁ%‘%%ﬁgﬁﬂ%@?aﬁ%ﬁ%&i si ng:
f or mi ngcldme dfr agdmple, ARG ik LIy | i,on_and throygh a shal | ow

e Bag %bﬁb&séﬁls%sgegaﬁov{e%%}chﬁgm% dt fate and

23

trench isolation region and an I ns or oV

- outsi demaﬁydglﬂgiest 4 E@I&@eq by%{hélcp%gessres? I!aocrc]);mb%ra}t?on thereof,

'_[0045] Moreover, the gcope of the present application is not intended to be limited to the
particalar embodiments of the process, machine, m.anufacture, composition of matter, means,
methods and steps described in the specification. As one of ordinary skill in the art will readily
apprectate from the disclosure of the present invention, processes, mchines, manufacture,
compos.itions of matter, means, methods, or steps, presently existiﬁg or later to be developed, |
that perform substantiallf the same function or achieve substantially the same result as the |
corresponding embodiments described herein may be untilized ac;cordirig fo the present invention.
Accordingly, the appended claims are intended to include within their scope such processes,

machines, manufacture, compositions of matter, means, inethods, or steps.



depositing a conductive material within said contact trench thereby

all owi ng said substrate to be electrié |1y connected with a netal
interconnect within said seal ringr gion; wherein said substrate contact
is coupled to a seal ring contact formed in a dielectric |ayer between
sai d substrate contact and said netet pﬁ erconnect. 7. The method as
recited in claim6 wherein said contac rench is formed within an
isolation region. . 8. The nethod as recited in claim7 wherein said
isolation region is interposed between said seal ring region and said
integrated circuit region, said substrate contact being coupled to an

i sol ati onyregi. ; OBl o i ; - gai d
substrate 1&:ont 2?:1'5 ﬁéa%%ﬂgéf r?et a C{QP ﬁﬁlgﬁ%ﬁ#}ﬁ?@%gs{uﬁ#ﬁage %gft%{glg@%%%r ecited in
cl ai m 6 f wedl hiag regopabosit agefidreny ofaraintighdtad deculitaygion, aomubstrdteporgantf ace of
said substrate .contact. 10. The pethod as recited.in claim@6 erejn said
subst rat e “CGRTELE i‘:?;‘_lt@?téf?flf:l? gﬂ“?gem@%ﬁé%feégnﬂﬁ feginag WQ}H&%@S onnect
via a vel b st RedlishlstiddhstEidh Gnd dd insflafR %&%Hg‘ 64i@5ubsiaR Ad\uigica seal
ring region including a seal ‘ring wth a nmetal Tnterconnect interleaved
Wit h an i saidintegraled girehietsgrding sdidyentaci woch beipgsilptiatigilfilledawith gol at i on

regi on and an j.ntegrat cireyit. region thereof, .c i Si ng: si,l icon on
| haul at or REBsiFE FERERERY lvinh SEHATRG PSRy iR il

i nsul at i nehetadY@ércomeef WithinGaRiadesl ipdesioli WHersihSid abrat@bshtad ipver | yi ng

| ayer of silicon |ocated over portions of said buried insulating |ayer;

- and a subsupdeddo@aselaing ¢ontactBirmgd in e diglegiric layer babeen seid subsigte hr ough sai d
L buried i ng&ﬁt%i gse{iﬂ%ﬁ@?gw%ﬁ%}-de said integrated circuit region, said

contact tren el ng ntially filled wwth a conductive nmaterial;
wherein said underlying substrate is electrically connected with said netal
2, ‘The substrate contact as recited in claim 1 wherein said contact trench is

formed within an isolation region.

o3 The substrate contact as recited in claim 2 wherein said isolation region is
interposed between said seal, ring region and said integrated circuit region, said
- substrate contact being coupled to an isolation region contact formed in a dielectric

layer between said substrate contact and said metal interconnect.

4. The substrate contact as recited in claim 1 further comprising a silicide layer

on a top surface thereof.

5. The substrate contact as recited in claim 1 wherein said substrate contact is

electrically connected with said metal interconnect via a well within said substrate,

6. For use with a semiconductor chip formed from a substrate and including a
seal ring region about a periphery of an integrated circuit region, a method of forming
a substrate contact, comprising;

forming a contact trench within said seal region and through a shallow trench
1solation region and an insulator overlying said substrate and outside said integrated

circuit region; and



i nterconnect of said seal ring within said seal ring region. 12. The
sem conductor chip as recited in claim11 wherein said contact trench is
formed within said seal ring region. 13. The sem conductor chip as
recited in claiyn12.wherei.n said substrate ﬁontact

: i led t |
Fing contact f PR STGRRNEPAGA YlMR Y PORATtpaEh BETR Ao

substr at e sgi@RuBdtfatcdbeTRicHdARY bnricbicq WA WRetal intdrconkid6t Wlkth @adeAt or chip
as recited in claim1l wherein said contact trench is formed within said

i sol at i onTMEgeEan; ilBreimiseid subrtratarrpntachis conplpd tsa seat fingdontact doanehingd wher ei n
sai d isol atj4. r.eqi i i nter bet ween sgi d seal ring. . region and said
3PPk e QYRR oORAERE o ale iRy

i ntegrated Circui n, ‘sai 8 coupl ed to an
i solation region contact formed in an interlevel dielectric |ayer between

said substrate contact and said netal .interconnect. 16. The sem conductor
chip as rdcit edhpmethos shrecitedin elajm 6 sdhieaein sid cpplael tieagh tcormed withisy

i ncl udes i i Jayer on a top surface thereof. 17. The sem conduct or
chip as r%lclz?é‘tolle%ﬁhqg%{ngi m 11 wherein said contact trench extends through a
shal l ow trench isolation region over said buried insulating |ayer, said
substrate_contggct being el ectricall onnected with said netal interconnect
viaa veBl wi dREM %&Saﬁfdt@fiﬂ@,ﬂﬁ@lﬁ S0 IPRtOpESioR i ISHRASE or chi p as

recited i Befleh Baid PRk 8édos %&am%glréﬂed‘girc&ﬂ@gibh?staﬁi fidStrate SHith@ce
orientation selected fromthe group consisting of. (100), (110), and
(111). 19beimpeovmed toondewataon rwhiop cestactefoitmedlin adicleairimldykr hetseen saidai d

buri _ed ' ngﬁﬂsg":[afenc%ntact and said metal interconnect.

9, The method as recited in claim 6 further comprising forming a silicide layer

on a top surface of said substrate contact.

10.  The method as recited in claim 6 wherein said substrate contact is electrically

connected with said metal interconnect via a well within said substrate.

11. A semiconductor chip having a seal ring region including a seal ring with a
‘metal interconnect interleaved with an intermetal dielectric layer about a periphery of
an isolation region and an integrated circuit region thereof, comprising: a silicon on
mnsulator substrate, including: an underlying substrate, a buried insulating layer
overlying said underlying substrate, and an overlying layer of silicon located over
portions of said buried insulating layer; and a substrate contact including a contact
‘trench extending through said buried insulating layer and outside said integrated
circuit region, said contact trench being substantially filled with a conductive
material; wherein said underlying substrate is electrically connected with said metal

interconnect of said seal ring within said seal ring region.

12. The semiconductor chip as recited in claim 11 wherein said contact trench is

formed within said seal ring region.



| ayer is a buried oxide |ayer. 20. The sem conductor chip as recited in
claim 1l wherein said seal ring incl ugﬁs a plurality of netal
i nterconnects. 21. The sem conduct or ip as recited in claim1l wherein

sai d seal .I,ng.,ncludes lurality of jnternmetal. di.electric |layers. 25
2. The sdnt conierBICORGuiR Seetiled b sleiip JhErcip e sPRR el 9B | o0

i nsul ati ngs chip¥l'to Ra8alRingHoaiBERSmEE FSanl iR A il APOR yaNASN EQHId 23. The
sem conductor ‘chip as recited in claim11l wherein said overlying | ayer of

si i con haygbsratagopiasband Jaebmetahmteredymget. 3000 angstrons. 24. The
sem conductor chip as recited in claim1l1l wherein said seal ring includes
at |l east one via forned of a conductive nmaterial different fromsaid

conduct i ve4. natikisaicoidloretipmstBcifad il c@ftlaciherdif 848 codiact thendRihod of
form ng a sem conductaor chip, conprising: formng a silicon on insulator
substrat e,foﬁffiféll‘ﬁéhlﬂﬁald;bﬁoéﬁﬂoﬁgeﬁﬂn-underI ying substrate, formng a buried
insulating | ayer over said underlying substrate, and form ng an overlying

| ayer of silicon over portions of said buried insulating layer; form ng an
- i ntegrated5ci r dtetsemicenducs@iotlipsas) recited inlaimddlvdiopsin saild dolaion regibhisn an
integrated circujt region; formng. a ubstrate contact, .incluyding: formng
a cont act l?tP’_é’HEﬂ# hwﬁﬁ%sﬁﬁldiwg@a_apﬁéﬂ ARPEGed R TegRp 8_%}gsi de said
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said contact trench; formng a seal ring including a nmetal interconnect

i nter | eavditlesitrichlager ietweanrseidaiubsiiate ewttadt end saié metul ifencomestal ring regi on
about a periphery of said integrated circuit region, said substrate
contact; wherein said

- - 16, The semiconductor-chip as recited in claim 11 wherein said substrate contact

- further includes a silicide layer on a top surface thereof.

- 17.  The semiconductor chip as recited in claim 11 wherein said contact trench
extends through a shallow trench isolation region over said buried insulating layer,
said substrate contact being electrically connected with said metal interconnect via a

well within said underlying substrate.

18.-  The semiconductor chip as recited in claim 11 wherein said underlying
substrate has a surface orientation selected from the group consisting of: (100}, (110),
and (111).

19.  The semiconductor chip as recited in claim 11 wherein said buried insulating

layer is & buried oxide layer.

20.  The semiconductor chip as recited in claim 11 wherein said seal ring includes

a plurality of metal interconnects.

21.  The semiconductor chip as recited in claim 11 wherein said seal ring includes

a plurality of intermetal dielectric layers.



underlying substrate is electrically connected with said netal interconnect
of said seal ring within said seal ring region. 26. The nethod as recited
in claim25 wherein said contact trenéf is formed within said seal ri ng
region. 27. The nethod as recited in claim26 wherein said substrate

cont act i $2coupihegepisonueies shiny asigcitedin slotm fl b prhesein paid husied weyplateg

dielectri r Efﬁ\&%n i tact and said netal

[ nterconngal tef‘M%séiﬂﬁ e né%sggﬁda%aa?gﬁqo?teaggslt% claim25 wherein said contact
trench is formed wthin an isolation region. 26 29. The method as recited

in claim wherein said isolation .reqion.is._interposed etween sai d seal
ring regi ég and € 8P ‘@&%‘é&‘@oﬁsé??@ag‘ﬁ Cﬂ%ﬁéﬁ‘{ CEA Balgﬂﬁ%rgf‘%% Y&t act
bei ng coupiRgn ha ARidkASdsAds Whan' BYLOTDRUESImd or med in an interlevel

dielectric layer between said substrate contact and said netal
i nterconnect. 30. The nmethod as recited in claim25 wherein formng said

substrate,contagt further inpcludes formn ui cide,layer on.a top
Surtace offeal dnsamutpidiElershiAsaetied S i T ot 50 o P e ol m 25
wher-ei n- saf idagt 0R¢ Jtfolnh &N @xleRRS nidiea different Tk baWcbidEe | sol ati on
region over said buried insulating |ayer, said substrate contact being

el ectri camajeriebemployediwith spidsanigciieangh. i nt er connect via a wel |l wi thin,
sai d underlying substrate. 32. The nmethod as recited in claim25 wherein
sai d underlying substrate has a surface orientation selected fromthe

group congf.sti Agnethod 6 f@hing(dlsiicorringtof dHip) compiing] femiimd hetic@so eci ted in
claim25 wherein said buried insulating |layer is a . )

: insulator substrate, including: proving an underlying substrate, forming a buried
insulating layer over said underlying substrate, and forming an overlying layer of
silicon over portions of said buried insulating layer; forming an integrated circuit over
said silicon on insulator substrate within an integrated circuit region; forming a

. substrate contact, including: forming a contact trench through said buried insulating
layer and outside said integrated circuit region, and depositing a conductive material
within said contact trench; forming a seal ring including a metal interconnect
interleaved with an intermetal dielectric layer within a seal ring region about a
periphery of said integrated circuit region, said substrate contact; wherein said

- underlying substrate is electrically connected with said metal interconnect of said seal

ring within said seal ring region.

26. The method as recited in claim 25 wherein said contact trench is formed

within said seal ring region.

27.  The method as recited in claim 26 wherein said substrate contact is coupled to
a seal ring contact formed in an interlevel dielectric layer between said substrate

contact and said metal interconnect.

28.  The method as recited in claim 25 wherein said contact trench is formed

within an isolation region.



buried oxide layer. 34. The nethod as recited in claim25 wherein said seal
ring includes a plurality of netal i gerconnects interleaved with a
plurality of internetal dielectric Iag rs. 35. The nmethod as recited in
claim 25 wherein said buried insulating |ayer has a thickness |ess than
about 5000 angstroms and said overlying layer of silicon has a thickness

| ess t han about 3000 angstrons. 36. The nethod as recited in claim?25
wherein said seal ring includes at |east one via formed of a conductive

material different from sai.d . conductive naterial enployed wth said
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met hods of forming the sane. The substrate contact is enployable with a

" sem condubsing cotplpd farmisel afieroregmnseniacoioducd oran isteblsvel alideandlayac| udes a
seal ring.reqion. .abou eriphery. of .integrated circuit region. In one
enbodi mentb ?mt%ﬁlé S%lgBgtfs&rgFéeC%E{?ﬁ{)@@tS}éfdﬁrE‘?%gerﬁm’g‘S%t act trench extending

t hrough a shallow trench isolation region and an insulator overlying the

sem conductor substrate and outside the integrated circuit region. The
contact t PBnch The metheskasmedited fiy clpion P& whereith famérmpicb subsisateraemiadtal . t her eby

. al lL.ow ng rﬁﬂ'ﬁlﬁ:? ﬁ{%.ﬁf%p?#ﬁr?%a ?I.ﬁge)lﬁé gag'%leoﬁ % to%esu%ag’eﬁ 3{ sl(aéf{glet{z?tg @grﬁgét.e d wth a

met al i nterconne rrng-regio

31. - The method as recited in claim 25 wherein said contact trench extends through
a shallow trench isolation region over said buried insulating layer, said substrate
- . contact being electrically connected with said metal interconnect via a well within,

said underlying substrate.

32.  The method as recited in claim 25 wherein said underlying substrate has a

surface orientation selected from the group consisting of: (100), (110), and (111).

33. - The method as recited in claim 25 wherein said buried insulating layer is a

buried oxide layer.

34.  The method as recited in claim 25 wherein said seal ring includes a plurality of

metal interconnects interleaved with a plurality of intermetal dielectric layers.

35.  The method as recited in claim 25 wherein said buried inéulating layer has a
thickness less than about 5000 angstroms and said overlying layer of silicon has a

thickness less than about 3000 angstroms.

36.  The method as recited in claim 25 wherein said seal ring includes at least one
via formed of a conductive material different from said conductive material employed

with said contact trench.



27

SUBSTRATE CONTACT AND METHOD OF FORMING THE SAME

ABSTRACT OF THE DISCLOSURE

' A'suhstr_atc contact and semiconductor chip, and methods of forming the same. The
- substrate contact is employable- with a semiconductor chip formed -from a semiconductor
- -substrate and includes a seal ring region about a periphery of an integrated circuit region. In one
‘_embodim.cnt,- the substrate contact incllideg a contact trench extending through a shaliqw trench
. isolation region and an insulator overlying the semicondﬁctor substrate and ontside the integrated
- circuit region. The contact trench is substantially filled with a conductive material thereby
allowing the semiconductor substrate to be electrically connected with a metal interconnect

.

within the seal ring région.
(FIG. 1)



