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el ectrical interc rrcal power for
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devi ce. co%m& QDPQA‘A!?}I QJctnga? o@&%tdgsgitﬂﬁpnltgmugmm tﬁchmtggaved Qﬁcm% Ia:l \!ve(ﬁc&p sighbls QJr her

sui tabl e nmat eria e fo a,tlon upon which the integrated circuit
will be bfﬁa'f"f°°°'i‘tf°<1;ﬁ‘F§$ss{TE'?s§s‘ ‘g‘g Bifred atop the substrate 10 and, for
exanpl e, such Figuerl dlfysifatgy wosmsw%dnﬁwls o ofpatingegrpted cirquitelevicat & sm")onc\nmrch is
typi cals| y subsqe 10 iwkich riay Génilicbreor Stheri stieblchngdrialy fosns o faumibtion lopon avhithhthenintege@ed | at i ng
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t ransimt ofom@abesthe M4 bfaisisibgral NE (LS bdpaid ki@ of i€ oxiia teper)ladd fi@sadEe a

dielectri %%Ie,%tolfmmnggtdrms | ayer 12, for exanple, a layer of silicon
di oxi de. grated circuits,
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i Nt er conniger £ viBbedisitled bdayer dfeitaiaallyl cynHuctita@na@raniblan & pattorGed andierlied @M@ cinductive | | be

for medsf r gRcsind®B i53ha 14Tﬁ$mau9theto§dmeﬁtmt§cmu b26m&l 564 b bt attb Meec@b1€d to the
gate 11 b é\ yabe gl%cﬁid C&L Yeg to tge 11 gy 8 CO ng cti e%ateme I"%} exngn%le agaﬂ e,Ls lﬁvﬁﬁ au‘xBlerstw .
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14. Thys, cogéi:u&vtMeﬁQ'ﬁfﬂgveﬁkﬁs}m&ﬁe@nﬁtﬁwmm@e made between 10 conductive

| ayers at f erent of the integrated circuit device. Anmended
Page Overl aying the interconnects 13 and 14 will be a second dielectric, or
insulating, layer 16. As in the case df layer 12, |ayer

silicon dioxide or other suitable material. Also, layers 12mmm“mmﬂmuwm wel
as additional dielectric |ayers discussed bel ow, nay be forned

integrated circuit by any suitable known technique, for exanple

spi n-on techniques, etc. Atop the dielectric |layer 16, another conductlve

| ayer, again, for exanple, netal, may be forned and patterned to create

further interconnects 20 and 21. As illustrated in Figure 1, interconnects
14 and 20 may be eI ectrl cal I Yy coupl ed by way of conduc_tl ve mat eri aI 19

oy ~ o o, oy




Amrended Page EP-A-0 926 723 discloses a process for formng front n%ﬁu‘sg
t hrough contacts in mcro-intc;grated el ectronic devices which co BJ003
the steps of: farmng a through hol e from the back of a sem corxusadedPage
material body; formng a hole insulating |layer of electrically isolating
material laterally covering the walls of the through hole; 5 formng a

t hr ough conaerteyingile irsrcotnectoliciné 14 vill beraseseriddlfeleptzie, oF inpulajing dsyesLf-ndys e At e
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art forppd, malg#npmtatgﬁalff&rf%tlﬁ‘ngl%%ﬁ{galcfoxi%epl urality of bunp contacts arc

| ocat ed on connected to the 15 circuit elenents. Bond
pads that arddiienakropdyeiive dayetiand dicleptriclayers ray prfymed aipp dhe|igsulaing eyl 229 19mb forgn
t he sec&adplauﬁtéraﬁeectmg zmr msﬁ\ﬂtzgiaﬂweiateétﬁma'yess ﬁsi dn@ 8. e WhérDfaBritation @Atha Ghtegbited at

| east reducin en¥1an le%e con]tact d)'adso efixgré es %aldose will Behfgrm%{i %tgé {ﬁg?'nte?rﬁttgd é%ﬁvgh?s OVE,

circu Phoel
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but in Adifferen nner .
doc unentegtact p@ls BUNRARYleOR vimiqEs paisENTE OReated eifcdi g exapipl, iftereanpech S ey effrathhe
present 37 ¥ &Y 330 Path BEMS HeForREBYI e@eﬂg %Fou@ﬂifﬂeﬁsom ot g 1ayteswvsrﬁymgcmmbgt@tb ng a
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o oo el IR B il s B B ee® besRbl T v BB QS B2 PG 20
that t hiscitket picdectgaprinsaion betwadn Bhddltand eqntabtzdy @nd thaiinterednnostdd. bikevigathtoughout

porti Onthg)fntegtgt@d Grcuif c!leR/@; 51§M£rfp§t‘ﬁ§32q;1aytbg @tc&&' lﬂ%u%ha{'aﬂous%f fnb [a?érs SoRdM dte\ﬂ%nr&uﬁyer
formed over at feast a portion of dielectric layer; a second conductive

Layer cHsF PSPt %eﬁﬁedoeé‘-‘eﬁ‘éﬂl d’ée“i?b‘}?f‘%‘tth“'fvéfr‘%Hetﬂv%r“'é‘t’“'lvé &yers- gt SPEaCoRd 8t ¢ he
second sadrBaedpatf 32ty faillnsd thatupply afdecaicad owe of the in@grated tiregit, ohtheyf maygirovidad

second g&gwﬁkhﬁsem é) ? o§t c}? ¥he ¥ rQid &pr pﬁopl Qﬁm‘e, f)@ %Qlﬁgéshﬁ%%gﬂgﬁﬁ?ﬁ‘%“&aﬁ@f t he

substrate an ectric a er. Accor sec spect o
pr esent POFtiopEsfthedmearard cacyitdy prwy P'Ef@ﬂfacé. peﬁ‘é? héadsi3d Ia"q‘ R3thprh g lgps %‘R@‘F #d BBt act
for a ssgnhleaidiess bignalsAed/d eeiety ohahiadt kigdalsegl bBYpplied to or retrieved from the integrated circuit

by means of contact pads 31, leads 33 and paths 32.

As illustrated in Figure 1, electrical paths 32 between the contact pads 31 and the various metal layers are
routed from the top surface 34 of the integrated circuit device, down through the various dielectric layers, to the
particular conductive layer or interconnect to be contacted. As integrated circuits become more complex, they
become more dense. Consequently, the space between devices, including interconnects, on the integrated circuit
becomes smaller. Moreover, as more and more conductive layers are used in the fabrication process, the routing
of the contact paths 32 to the selected layer or interconnect becomes more complex and constricted. In addition,
although efforts have been made to reduce power consumption, many modern devices require more electrical
current than did their predecessors, and these larger electric currents are typically transported by way of the
electrical paths 32.

To exacerbate the situation, electrical power typically must be routed to the lowest metal layers in the
integrated circuit. In those situations, routing of the contact paths 32 presents numerous problems. For example,
because of the small space between adjacent devices and interconnects in the integrated circuit, the cross-section
of the electrical path 32 must be small. As the integrated circuits become more complex and utilize more layers,
the length of the electrical path 32 becomes longer. As the cross-section of the electrical path 32 decreases and its
length increases, it presents a greater resistance to the flow of current, resulting in, among other things, more heat

generated.



Anended Page 'steps, conprising: formng a dielectric |ayer over a ai rcﬁtP
surface of a sem conductor substrate; form ng a conducive intercon (g 02\9@'
the dielectric layer; farmng an opening in the substrate and iAméAtRd Page
dielectric layer to expose at |east a portion of the conductive
interconnect; and filling the opening with a conductive material to provide
el ectrical contact with the conductive interconnect. Anmended Page BRI EF
DESCRI PTI ON OF THE DRARVANGR6TIIS distkses a process Yortfermingl éroat-owed thrgugledmuence to
the foll ow ng description ken in,conjunction wth the accompanyin
drawings, in mmﬁm-'m%m@_t t?leqt@n& daviksh iRycamInses thesisgh obriogming a through
Cross-section ohsR GORIVRNbARMEa seiREBRIGInAbid Wolly; B8R8nE 2 HeleSBsdatthg layer.

¢
illustrate schemati cal | YI in cross-section various enbodi rents of a backsi de
¥

contact and net iwfddectrinally gpetating nateriah dterallie covmingcthe axadlsr ofi thg thoough dhole;

present inventiaqn. Wil he | ntion i.S _susceptibl ri e

nodi fi cati o“ﬁs aggln%lf’fr & rlﬁﬁobllg@é: O%ﬁn%,g‘%gpoécﬁoﬁ%&gmgﬁrﬁbi‘#%rxﬁ%g&g%?m I]fg?/gmﬁeen
shown by way of jexkitigdayeniriside tolf Bole agbhpvidth Al@st i PoRtichasandingtnitop dfthai | -
It should be understood, however, that the description herein of specific
embodi ments is ARver srtang of theobadyiferming aj nrotestivedaver soverngolie tioyst comtant ng

di scl osed) but g%{,,?/%naqa},ﬁﬁgﬁamgp%doﬂtsﬁﬂ&tﬁ&”ﬁﬁ%ﬁnﬁ dﬁlot\é?rnf%al ppper surface of

nodi fi cati ons, ent's, ernatives wthin't prrit and
scope of the i nyenbodynbereveeretnddelbytritdl ecoampewiik dhe llmdugh. conEOESgidrCmd the
CARRYI NG THE, | NVENTION | | | ustrati ve enbodi nents of the invention are
described BbI owSECHOMREOMRPREPLst of clarity, not all features of an actual

i mpl ement ation are des:pid@ds im2tdiclostd 8Hiplchipt hlihg él&cmedllmgifumc{aw&&ﬁl e
appreciated that in the devel opment of any such actual enbodi nment, nunerous
i npl ement at i on- dpekside of thecthip.ors sernisondysiongybstmte bashd dgst suHaceqenden Gprond’
specific goals, i Lt e SY: t . i -related
constrainis. whi b fipod e RCaaE' LT LERAELE Binal i NI REaIALE
it will be appreciphiraiity tdfchungcontactd ercelbeget ot tief fisst surficg ind ennemgad wxthand

time-consum ng, but, ul d neyert he] ess be routi ne undertaking for those
of ordi narg ski Icfm‘i"ﬁ\gfeﬁ?nﬁrtg%l’#é tﬁﬁé"%éﬁ@fcf’?neﬁpﬁttﬂicg‘“ﬂf Qtémgﬁraé‘? located
Illustrative enkggdiinerbsiRledniagHside contact and nmethods for fabrication

of such a contact according to the present invention are shown in Figures
2-8. Al though the varihguprescayiinnestiomds sirecied de oyewpmings o 4 deast dedieing the

i ntegrated circyj r i e%sas&i : E‘Sﬁf
sharp confi gura%ﬁ@ogﬁg’ggkg}gbﬁ%ﬁ, b ?lse S |%3ﬁﬁéﬁeéﬂgrd¥ﬁ§rg%%%ﬁze lHat,
inreality, thedhatdeglosedineitersifitheabove swadscumentsas preci se as indicated in
the draw ngs. Neverthel ess, the at i . I ded to provide
illustrati 2(2 exanpl es of the presmgﬂﬁgﬁéﬁﬁggﬂaﬂﬁw the present
invention is directed\dearkile toranffsACdspéc® oIf the Sred¥hf ARARGSD therItie Hravigell a

circuit device. As will be readily apparent to those skilled in the art
upon a conpl et e semipgngdeptert device, enmenrising mpsmrirenduptonsubstnte breng atfirsteurfaes. B s

Tho |1 ke, and § SondbieyBlte TAEAE Pl Backetolcofl B i sl hur A SrgEftca ST
go_t I : [ mt ted to, iha@itdhddﬂi@mmgmwd?_twmdfsyadmhctlh:arcf itaﬂd:ast_aamﬂi?n g& ter e
illustrates a gross:section of a partion, of, i ntegrated circui evi.ce.
A subst rat éf 110 Hﬁ?"ﬂ&f%’é‘hﬁfﬁlﬁ#ﬁf’; g%f@“%ﬁvgﬁyﬁr}%'ﬁﬁ%ﬁ%vﬁ (’i‘g‘“‘?fgf‘é’f’f‘gﬂ“,“ff or
exanpl e, doped ppé ¥iglekirkQayer; WRbém dontludtive 18RF Sondphisingthé BaRsidt E6hthdt Gifnielie

substrate 110 by a thin insulating | ayer (not shown), e.g_ , a gate deyjce.
Formed over the qyst# laasy a partign gf Hieseeindsuriagec the substrate; agd appngectog ppunligy

di oxi de. The di CkljC. lia 1 e LN var.i o] 5
mat eri al s and tgthﬁnilth(rqs{ueasnl,d égc@ﬁ&aé(’%‘gs &B%Egﬁ’gt g"(?:l n?ﬂg’é’s?[’%ﬁg tﬁh‘i‘gﬁlt ﬁ@

| ayer 112, anot hemicoaduliat subsratcardrthe dicleceicdaget.e netal ) may be deposited or
ot herw se rmed. Usi | I known tterni and etchi t echni ques.
conduct i vegé)r aces, oﬂ%ﬁﬁ?&%ﬁﬁ@ﬁaﬁ‘%ﬂﬁfg&fMesr‘?ﬁ‘ymff‘é“qg’ r'ﬁ’ﬁlﬁ. m%ﬁggged “
interconnects 1hgetR6W fok lidriY of BHORHEEO s Ehraf SomiG@idudtnr GRAKS ChargeiBriscd WYy s)
or interconnections, between various portions of the integrated circuit
device. To facilitate interconnection between adjacent conductive |ayers or
i nterconnects, a via may ba etched through the 10 dielectric |layer 112 and
filled with a conductive material 115 to conplete electrical connection

bet ween a gate Xiiksand an i nterconnect 113.,Jhe formation of nmultiple
dielectric and conductive |ayers over the stibstrate 110, as wel|l as the use
of vies to facilitate interconnection between various conductive |ayers, is
wel I known and understood by those of ordinary skill in the art of

sem conductor fabrication.




After formation of the conductive |ayer used to forn1interconnect%[ﬂ§§3gmg
114, and before conpletion of 15 the integrated circuit fabrication
process, a backsi de contact 146 (see Figure 3) may be fornmed asmendidRpageo

t he present invention. The backside contact 146 may be formed either before
or after the interconnects 113 and 114 have been patterned and formed from

t heir conductiyve |ayer. . AS.i || UStT | j hot aresi st . qr her
sui t abl e rmat e FR “ﬁé@"ﬁ'@gu@é@kr&o& f’%ﬁ%&é" Ir;r&ﬁgjk(%i{‘ig %‘Hl gurgggi? AFEmE {c’i Lell%t'e't 141
of the subst r@b&ratd:Oforthitg & aohdidiee Kalet®nn&s dieedhd dieldtuse $43eRi fokraimgi &N

refers to that surface of the substrate 110 opposite the surface of the 20
substrate 11@psningtincdhe substratgand dn the dipleetnic) lavea i espmig it d9asica pagionof dice

fornmed. 'lhe ' # ' 2 ] A oy

i 11 2i ng vel PURpaGE Thdlvafihest b euliRE HetBeiRb Sl cdfiotte RRhEI GGy
of a varj ety gdcrhicudeonth@ kit e esnduotivaimtaaminesthi ng an ani sotropi c etch may
thereafter be utilized to form an opening 144 through the portion of the
substrate 110 and the dielectric layer 112 underlying the opening 142 in

t he mask 140. For exanple, to etch though the silicon substrate, a

conbi nati on of hydrogen brom de (HBr), chlorine () 25 and oxygen (02) or
a conbi nation of SF6 and argon will be appropriate. For an etch through the
dielectric layer 112) for exanple, a silicon dioxide material, a

conmbi nati on of CF4, CHF3 and argon will provide an appropriate etch
environment. Alteratively) a conbination of other fluorocarbon-containing
gases will work. These etching chem stries, as well as other appropriate
chem stries end techni ques) are wall known to and understood by those of

ordinary skill in the art. The opening 144 will have sidewalls 143 that ere
substantially perpendicular to the surface 30 141 of the substrate 110. The
ani sotropic etch will be continued until the opening 144 reaches the

conductive interconnect 114. Referring to Figure 3, follow ng the

ani sotropic etch to formthe opening 144, the mask 140 will be renoved from
the surface 141 of the substrata 110. An insulating filmmy be forned

al ong the sidewal k 143 of the opening 144) particularly in the vicinity of
t he exposed substrate, and over the surface 141 of the substrate 110. 35 To
formthis insulating film for exenpla, a selective deposition or growh
step may be used in an oxidizing anbient or a thin insulating filmnmay be
deposited. These and ot her appropriate techniques for formng the
insulating | ayer along the sidewal k 143 and over the surface 141 are well
known to and understood by those of ordinary skill in the art. Using any of
a nunber of wall-I1nmwn techni ques, such as deposition techniques, a
conductive material may be fornmed over the surface 141 of the substrate 110
and in the opening 144, thereby 40 form ng a conductive |ayer on the
surface 141 of the substrata 110. Thereafter, utilizing well known
deposition and patterning techni ques, a backside contact 146 may be forned)
facilitating electrical connection of the -4 interconnect 1 14 to the
backsi de contact 14b by way of the conductive material filling the opening
144 through the substrate 110 and the dielectric layer 112) The conductive
material used to flit the opening 144 and formthe contact 146 may be any
sui tabl e conductive material, for exanple) tungsten, alum num or copper.
When copper is to be used, the bottom surface of the nmetal interconnect 114
may be used as a catalytic surface for the electrolyses 5 deposition of the
copper. Barrier layers conprised of, for exanple, titanium titani um
nitride) or other refractory netal or refractory netal nitride nay al so be
formed in the opening 144 prior to formng the conductive material therein.
In addition, before the opening 144 is filled with a conductive materi al,

t he undersurface 116 of the interconnect 114 should be cl eaned For exenpl a,
a directional etch) known as a pre-clean etch or RF pre-clean, may be used.
A directional sputter etch in an argon plasna anbi ent woul d cl ean the
undersurface 116 10 appropriately. The cross-section of the opening |44 may
be of any desirable shape or size. Figure 4 illustrates an alternative

met hod for form ng the backside contact 146. A photoresist or other
suitabl e masking material may be used to forma mask 140 on t he backsi de
surface 141 of the substrate 110, and the mask 140 is patterned to form an
openi ng 142 therethrough. An isotropic etMh process is perforned through

t he opening 142 to create an opening 14%A in the substrate | 10. Because
this step is isotropic in nature, the etching 15 undercuts the nasking

| ayer 140 to formtapered facet edges 149A in the substrate 110. In the
specific enbodinent illustrated in Figure 4, the isotropic etch step is

o r N | T o 1 a2 r 1. o o A A LS N 1. gy — 7T - = a o NN | .



10 may be required between the two materials. A refractory netal or}[ SEP 2003
refractory nmetal nitride may be used to coat the undersurface 116 of th
interconnect 114. The refractory netal or refractory netal nit raniéededBage then
interface between the conductive material of interconnect 114 and the
conductive material 151 of the contact 152. An alternative nethod for
filling the opening 150 as WRRIEF RESGRARTIONQH HIE PRAWINGS Fi gure 7 (and t he
openi ngs 148f ﬁﬂdmtlarﬂ%b@tmdgﬂstgddrbg%fesen@eﬂ@th@?ollévﬁﬁgqﬁ@lﬁrﬁtiéﬁ{al@n itCQMPRctiGBHth AR

el ectroplatin t hod wgerer n the 15 interconnect 114 (or ot her appropriate
st ruct UFE"BHYSE r&‘f”B%f PRACE ypstrate 110) is coupled to an anode source while
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present invention. The backside contact 146 may be formed either before or after the mterconnects 113 and 114
have been pattemed and formed from their conductive layer. As illustrated in Figure 2, a photoresist or other
suitable material may be used to form a mask 140 on a backside surface 141 of the substrate 110, The term
“backside” as used in this specification refers to that surface of the substrate 110 opposite the surface of the
20  substrate 110 on which the typical dielectric and conductive layers are formed. The photoresist or other masking
material may be patterned utilizing well known techniques to form an opening 142 in the mask 140. Any of a
variety of known techniques for accomplishing an anisotropic etch may thereafier be utilized to form an opening
144 through the portion of the substrate 110 and the dielectric layer 112 underlying the opening 142 in the mask
140, For example, to etch though the silicon substrate, a combination of hydrogen bromide (HBr), chlorine (Cl)
25  and oxygen (02) or a combination of SF6 and argon will be appropriate. For an etch through the dielectric layer
112, for example, a silicon dioxide material, a combination of CF,, CHF; and argon will provide an appropriate
efch environment. Altesnatively, a combination of other fluorocarbon-containing gases will work. These etching
chemistries, as well as other appropriate chemistries and techniques, are well known to and understood by those of
ordinary skill in the art. The opening 144 will have sidewalls 143 that are substantially perpendicular to the surface
30 141 of the substrate 110. The anisotropic etch will be continued until the opening 144 reaches the conductive

interconnect 114,
Referring to Figure 3, following the anisotropic etch to form the opening 144, the mask 140 will be
removed from the surface 141 of the subsirate 110. An insulating film may be formed along the sidewalls 143 of
the opening 144, particularly in the vicinity of the exposed substrate, and over the surface 141 of the substrate 110,
35  To form this insulating film, for example, a selective deposition or growth step may be used in an oxidizing
ambient or a thin insulating film may be deposited. These and other appropriate techniques for forming the
insulating layer along the sidewalls 143 and over the surface 141 are well known to and understood by those of
ordinary skill in the art. Using any of a number of well-known techniques, such as deposition techniques, a
conductive material may be formed over the surface 141 of the substrate 110 and in the opening 144, thereby
40  forming a conductive layer on the surface 141 of the substrate 110. Thereafter, utilizing well known deposition
and patterning techniques, a backside contact 146 may be formed, facilitating electrical comnection of the

-4-



3 0 SEP 2003 '‘Arended Page 1l 1. The nmethod of claim9, further conprising

i sotropically etching the dielectric; layer ( 112) before ani sotrop lhBEFS/ZD[]H
etching the dielectric layer (I 1 2) 5 11. The nethod of any cane of
claims 6 to 10, further conprising formng a cladding interface between the
conductive intereconnect ( 114) and the conductive material ( 1 SO . 17?.
The nmet hod wboamgssone of claims 6 to 1, further conpririrges2bs7nning the 1

f) SUbSt ghenledd b }bag&d% 8 wzgao yccpxxeuv@gat&m%ﬁég td Bk e Mé&ﬂe"’“ €

110) and | on of
he bondubbieys i st et e a% AL O S foe SRAME MO ROTB s b ¢ o
12, furt heontact Hifmey bspnyguitekiy mdmgveazta@mi fpsc}hrmlq’ fepstpnagiunyinug oecopperd Whealcépger s 113) of
t he openi mge (swe)bohﬁlfsmfaee df thk inétdD GtedcdaectQ DRy Buseds & dtalfticGaRE G the MewdRéser | al |
AL AY's- " '%aﬁuj lBerébox r(AQé otb‘@b/ﬁgﬁ e$){t lum t1tamurn nitride, or other refract
fwar " " ##$ c %%e]ca C 1
na] ca] cTa]n fré?ﬁ'ﬁf J"EQT 'g?i] a'ie Jﬂﬂ?ﬁ ‘? o) ot 46’5 y °
&S&&' ='"" terey. ('(1)ﬂ9d)t§m’b o3a- 1he ppepjng. It jg fijled with 2 °°”G‘FP‘E\MBFE%F§‘}€f“n W%O&Pb‘a«f]]“@a] ca] ca]
cal] ca] c"a]etm]mcta]lta}umau]a@a]nel{‘ Afreahp@ h digftiose) aa)] laonea ) patlaatithal REjreddas,a] ca] ca
ca] ca] ca] ga! RABUBEE Ar4 etc@mm\@jw VAV PNt 201 oA Sthel ndebsfibe P T 2\ V]

cal,calca
PRy

e o R )
AL

{vql gb] X] ] ca] @&]ﬂea} fsrpiesan 1@%*1065’] @@]%é}@ﬂ%ﬂl%aqneg]l ]'\:@]’%}s'd’&]‘"é?i] ca]cac

a] ca] ca] caijtdia meskihrodtatisijmen beoisel @cf§np 2 sbsg 140 on the backside surface 141 of the substrate 110, and
tntt: uaUXﬁyﬁa\éMhMMeWﬁ iEl45 hsleR g, Qln BBt lt@l?ogés]&:@r}oﬁ@]i ml&a,lé ; ]a]C ; ]a]C ; E
U2 oo n@HEEE SRR Af% ﬁ%ﬁl&%%@ R SRb5E Rolbe iy Sl 00
h& () -'2| $yPrdeigys the masking, lpyen, g ﬁ’is&“‘?)“ i the s"‘bitﬁ%iﬁ&h%{ tie) spgcific
" 109Mhg ( mbodidentibOsEAEFigie 4 the houupico% Bp BRbr{oymef Joef cpS1 t &sghermmmbt(t) 9610%
h& ()-!  itish&YPeitorkied Jo-dnk as to d:EWdhtiRely thrdugh the subsk@OM1.&Rdther; thé depth 142K 0otthe opening
h& () - (USLsY inBd ARaté 110 Bl1e¥s e Btckhoss of i subbtkile B0 o b Aeiy OO ofedingdddY& () - 101 hl'h
In another embodiment, illustrated in Figure 5, the isotropic etch may be continued until the opening 148B
20  extends substantially entirely through the substrate 110. In this particular embodiment, the opening 148B and,
thus, the tapered facet edges 149B, extend substantially entirely through the substrate 110 but do not substantially
encroach upon the insulating layer 112. In other words, in this embodiment, the depth 147B of the opening 148B is
approximately equal to the thickness of the substrate 110 in the vicinity of the opening 148B. Also in this specific
embodiment, because the depth 147B of the opening 148B is greater than the depth 147A of the opening 148A in
25  Figure 4, the width of the opening 148B is also greater than the width of the opening 148A in Figure 4. Thus, the
tapered facet edges 149B are formed in the embodiment, as illustrated in Figure 5. As examples, a dry plasma

mm ] calcalc

process using NF; or CFs would be appropriate. Alternatively, a wet chemical process using a combination of

HNO,; and HF for Si etching or a combination of NH,F, HF and water for SiO, etching would be appropriate.

Those of ordinary skill in the art will know and understand these processes as well as other processes that may be
30  usedto advantage.

Figure 6 shows yet another embodiment of the present invention wherein the isotropic etch through the
opening 142 of the mask 140 proceeds entirely through the substrate 110 and into the insulating layer 112 to form
the opening 148C having facet edges 149C. In this embodiment, the depth 147C of the opening 148C is greater
than the thickness of the substrate 110 in the vicinity of the opening 148C. The tapered facet edges 149C extend

35  into the dielectric layer 112. Exemplary etch processes that may be used have been discussed above and are
known and understood by those of ordinary skill in the art.

Figure 7 illustrates further processing following the processing illustrated in Figure 4. Following the
isotropic etch that forms the opening 148A in the substrate 110, an anisotropic etch is performed through the
opening 142 in the mask 140 and through the opening 148A to form an opening 150 through the remaining portion

40  ofthe substrate 110 and entirely through the insulating layer 112 to the interconnect 114. Because this second etch
step is anisotropic, the opening 150 includes sidewalls 143 that are substantially perpendicular to the surface 141 of
=5
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*10%&' () - khe substrate 110. Examples of appropriate anisotropic etch techniques were discussed above. In the embodiment
illustrated in Figures 5 and 6, the anisotropic etch will form an opening 150 only through the dielectric layer 112 or
a portion thereof. Returning to Figure 7, following the anisotropic etch to create opening 150, the mask 140 is
removed from the surface 141 of the substrate 110,
5 Referring to Figure 8, a conductive material 151 may be used to fill the opening 150 and form the contact
152 in a manner similar to the formation of contact 146 as illustrated and described in connection with Figure 3
above, As described above, a thin insulating film may be formed on the sidewalls of the opening 150 and on the
surface 141 of the substrats 110. Bscause the material 151 used to fill the opening 150 and to form the contact
152 need not be of the same type as the conductive material used to form the interconnect 114, a cladding layer
10  may be required between the two materials. A refractory metal or refractory metal nitride may be used to coat the
undersurface 116 of the interconnect 114, The refractory metal or refractory metal nitride may then interface
between the conductive material of interconnect 114 and the conductive material 151 of the contact 152.
An alternative method for filling the opening 150 as well as the opening 148A of Figure 7 (and the
openings 148B and 148C of Figures 5 and 6, respectively) comprises an electroplating method wherein the
15  interconnect 114 (or other appropriate structure on or atop the substrate 110) is coupled to an anode source while a
bath is coupled to a cathode source. The bath may include, by way of example, copper sulfate and sulphuric acid.
After removal of the mask 140 from the backside of the substrate 110, and after the formation of an
insulating layer (if any) ‘on the sidewalls 143 of the opening 150 and on the surface 141 of the substrate 110, the
surface 141 of the substrate 110 may be immersed into the bath with the aforementioned anode and cathode
20  connections in place. The conductive material from the bath will plate the underside of the interconnect 114 and
fill the opening 150, The plating action will continue, to fill the opening 148A (or 148B or 148C, as the case may
be) as well as to form a conductive layer over the surface 141 of the substrate 110. Thereafter, as before, the
conductive material may be patterned and etched, using well-known techniques, to form the contact 152.
In preparation for forming the contact of the present invention, the substrate wafer may be thinned using
25  any of a variety of well known techniques. By thinning the substrate, the etch steps to form the contact opening
through the substrate may be accomplished more quickly. In general, the backside contact may be formed before
or after full top-end processing of the wafer or integrated circuit. Using the backside contact and methods of this
invention, the cross-section of the contact can be enlarged as compared to prior contacts. Further, the length of the
contact from the surface of the substrate to the interconnect of interest will generally be shorter as compared to
30  prior contacts. Consequently, the contact will present a lower resistance to the flow of eleciric current, generating
less heat that ml;st be dissipated. Finally, packaging of an integrated circuit employing the backside contact of this
invention may be accomplished in a manner similar to the packaging of multi-die arrangements.
The particular embodiments disclosed above are illustrative only, as the invention may be modified and
practiced in different but equivalent manners apparent to those skilled in the art having the benefit of the teachings
35  herein, Furthermore, no limitations are intended to the details of construction or design herein shown, other than as

described in the claims below.
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second surface (141), characterised in that the device comptises:

a dielectric layer (112) formed over at least a portion of the first surface of the
substrate (110):

a first conductive layer (114) formed over at Jeast a portion of the dielectric
layer (112);

a second conductive layer comprising the backside contact (146) formed over
at least a portion of the second surface (141) of the substrate (110); and

a connector coupling the first and second conductive layers by way of an
opening (144) through the semiconductor substrate (110) and the dielectric layer
(112).

2. The semiconductor device of claim I, wherein the opening (144) through the
semiconductor substrate (110) and the dielectric layer (112) comprises sidewalls (143)
that arc substantially perpendicular to the second surface (141) of the substrate (110).

3. The semiconductor device of claim 2, wherein the opening {144) through the
semiconductor substrate (110) further comprises tapered edges (149) proximate the
second surface (141) of the substrate (110).

4, The semiconductor device of claim 2, wherein the sidewalls (143) extend
through the dielectric (112} layer and through at least a portion of the semiconductor
substrate (110).

5. The semiconductor device of any one of claims 1 to 4, further comprising a

cladding interface between the connector and the first conductive layer (114).
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5 forming a conductive interconnect (114) over the dielectric layer (112
forming an opening (144) in the substrate {110) and in the dielectric layver
(112) to expose at least a portion of the conductive interconnect (114Y); and
filling the opening (144) with a conductive material (150) to provide electrical
contact with the conductive interconnect (114).
10
7. The method of claim 6, wherein forming an opening (144) through the
substrate (110) and through the dielectric layer (112) to expose at least a portion of
the conductive interconnect (114), comprises:
forming a mask (140) over a second surface (141) of the semiconductor
15 substrate (110), the mask (140) including a mask opening (142) therein; and
anisotropically etching the substrate (110) and the dielectric layer (112)
through the mask opening (142).

8. The method of claim 7, further comprising isotropically etching the substrate
20 (110) through the mask opening (142) before anisotropically etching the substrate
(110) and the dielectric layer (112).

9. The method of claim 6, wherein forming an opening (144) through the
substrate (110) and through the dielectric layer (112) to expose at least a portion of
25 the conductive interconnect (114), comprises:
forming a mask (140) over a second surface (141) of the semiconductor
substrate (110), the mask (140) including a mask opening (142) therein;
isotropically etching the substrate (110} through the mask epening (142); and
anisotropically etching the dielectric layer (112) through the mask opening.
30
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13.  The method of any dne of claims & to 12, further comprising forming an
insulating layer on sidewalls (143) of the opening (144) before (illing the opening

15 with 4 conductive matenial,
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