2 9 AUG 2006 | NTEGRATED CI RCUI T W TH SELF- ALI GNED LI NE AND VI A AND
MANUFACTURI NG METHOD THEREFOR TECHNI CAL FI ELD The present i rglgn;q'uegzﬁ
relates generally to integrated circuits and nore specifically'to Ppne
and via interconnects for sem conductor devices. BACKGROUND ART

Sem conductor technol ogy has been progressing rapidly to the point where

i ntegrated i i I tl r Ll i i St or re possible.
Hovever, t he TABCRABOEARGRIR WEF RETH-81 B b T 218 e soch

integrated circuits, hBANUBACHISUNGMEBSODOrMBREHDR. Applications such as
real -time graphics, high-definition television, virtual reality, and other

scientific and industrial applications are demandi ng hi gher speed, greater
functionality, and even nore rapid advances in very |arge-scale integrated
circuit technol ogy. The demand N%?%Lfﬂﬂe@ionality requires a trenmendous
increase in_the nunber of transistors to be integrated onto a single

i ntegrat ed &he eigsentdpygptiontiglgtes gguaralds tosintderatidhgirgthte and Snare spevitafallyte
trapsi - [ : ' jzes. As the sizes of the transistors
dec?eaggg&?kgg%ggﬁP@%%SH?ﬁggéggé%glgggbééhrequires an increasing nunber of
i nterconnections within the integrated circuit chip. As the nunber of

i nt erconnections increases, the amobunt of area on the sem conductor die
occupi ed by the interconnectilBASKEEROUR ABliati vely | arge and may of f set

t he savings nmade by reducing the 20 size of the transistors. A |long sought

goal in thesaﬁﬁ%ﬁ@nﬁuqbﬂmokﬁguﬁﬁbymf@bgﬁﬁﬁﬂgk@%&?t@ﬁ@&ﬁmhﬂM§9éﬁﬁ%?med
circuits has been to achieve m ninmum area |ayouts for i nterconnections
becaus&lIFHii HHIPOAHER (0x§ot Jntilg cadnsiptoss ovE deossibie. muklqyervior fencepidnd
econo il . 1.h . of transj r oliferate, .nmultiple
Ievelgugﬁhﬁggglggggggﬂ% %%1§H§H§§§ﬁ¥§aﬁ?}@ﬁ%%%%ﬁgﬁﬁﬂﬁh gy HEPSEHABEES [ nes
ando t heapuilas Agplichti@euel tas reilftines grntp_hioe,vleigls-.deﬁﬁitieﬂeély{zibioﬂgvirﬁlals Peak i n

oo, MEALAIENL O Lo, LaY & THL O Lo Or RS T Bn L e o
m sal | gieEMalieR And  vditthdte hfidlbiSaRRE AP irff s Al hRkRIAL RYitGLdaHby.

The demand for more functionality requires a tremendous increase in the number of

transistors to be integrated onto a single integrated circuit chip. This requires shrinking the
15  sizes of the transistors and/or having larger die sizes.

As the sizes of the transistors decrease, the resulting increased density requires an
increasing number of interconnections within the integrated circuit chip. As the number of
interconnections increases, the amount of area on the semiconductor die occupied by the
interconnections becomes relatively large and may offset the savings made by reducing the

20 size of the transistors.

A long sought goal in the semiconductor industry for very large-scale integrated
circuits has been to achieve minimum area layouts for interconnections because minimum
area layouts typically provide optimum performance and economy;.

In addition, as the number of transistors proliferate, multiple levels of

25  interconnections are required between the interconnect lines and the vias which connect
different levels.

As everything is shrunk in size, misalignment comes to play a major factor in
determining the performance capabilities of the interconnects. Unfavorable circumstances of

misalignment can be fatal in the operation of an integrated circuit.




| 2 8 AUG 2006 Further, it has been found that top nisaligngﬁgt ﬁg;mﬁﬁn
t he uppernost interconnect line and a via has a great influe 6

resi stance and via chain yield. Small areas of line- via overlap, and

i ncidents of via being corroded by etch clean solutions magnify the

Pong. Sought TR ihonbGd ariy Tas apoRE L RAah bebroL AR kB ¢
DI SCLOahREndQ vikiias b MMENTH e Praes8iindeINERTd QAilyieN dRSalBftchdbB-at ed

circuit, and manufacturing nethod therefor, having a base with a first
di el ectigiogeilany epd insidents afvés ewing coxrasied bidtadi deaacphitions apenify the preblfws ned

over t i -di. ric layer. Athird dielectric layer is forned in
spaced@glgs)%drlw@fsglhg@%%@ér the second dielectric layer. A first trench

openi ng i s $duti@d tbhthekghoblbes fhats beanidng Seaonobditaleedudlls dsayes sluded ween
t he spaced-apart strips of the third dielectric layer. A second trench
openi n Oﬁ%ﬂ$@¥%@dh%@ﬁtiguously with the first trench opening through the
first dielectric |layer between the spaced-apart strips of the third
dielectric layer. Conductor 15 metals, such as alum num or copper are

deposited in the trench gpeningsRooForyE sel/fagbgned trench
i nterconnects. This self-aligned patterning techni que achi eves

sel f-aligni i r 1k ch i 1;sal i t C
perfornancéﬂga %%?ﬁi?ﬁ@@ﬁﬁﬁﬁFﬁ@&%iﬁ?é@%@ﬁ%@cggh&Qﬁgﬁa %@ghgﬁﬁﬁgdﬁﬁ%gﬁna|
advant thgeforphailea paeseith aifitsatitiearic Wylel flreedniesrapnas aadontdalicl2frit hose

skilled in the art from.a reading of the follow ng detail ed description
whlh tBUERNTOVEGhE oty Qe R heh ABEDMHSITYI Y BviPRBe! TBaERt-abart
DESCRI &N el ideo RAMNGR B/ &G A ik t@nM SWnde B BN Bb2h BOflPLEPT at ed
circuit 1n an internedi ate stage of nmanufacture in accordance wth the

pr esentecoml/dinkerion;la@Bs Pit@eerpthic spaded-aptnt sicips o€thefthiFd Gelettraflbpr. deposid i ng a
protectivg dielectri

Dr oL e AL 8o a0 By SRR LR S ok Sk B
nmask adiglefEROMEAIbawRe thOBpRkdabat SEGRANEr SomildaiRleckR BXBOSERRLELONS Of
t hles Ser(r:lgtgg, such as aluminum or copper are deposited in the trench openings to form self-aligned
trench interconnects.  This self-aligned patterning technique achieves self-aligning
interconnects which avoid misalignment and enhance the performance capabilities of the
interconnects.
The above and additional advantages of the present invention will become apparent to
20  those skilled in the art from a reading of the following detailed description when taken in

conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a view of a portion of an integrated circuit in an intermediate stage of
manufacture in accordance with the present invention;
25 FIG. 2 is the structure of FIG. 1 after depositing a protective dielectric layer and a
second stop layer;
FIG. 3 is the structure of FIG. 2 after patterning the second stop layer with a trench
mask and removing a portion of the second stop layer to expose portions of the second

dielectric layer;




dielectric layer; 2 2 8 AUG 2006 FIG 4 is the structure of FFGAUB 2806 er
depositing, patterning, and processing of a photoresist layer with a via
mask; FIG 5 is the structure of FIG 4 after etching to formthe begi nning
of vias; FIG 6 is the structure of FIG 5 after renoving the photoresist

| ayer; 5 FlI 7, the struc of EIG, 6 after renoving,the protective

i stectric Hged EohC S MER oL ol el Pl FEE Mprstelif O
st r uct gh&ottkisFlaber Witiah k@rmadkehi ng through the first stop | ayer and
optionally etchi_nghthe second stop layer; FIG 9 is the structure of FIG 8

after renmoviHg % Kéhagawhde af Bl dtafics elchiperio duwnthe beginaingpd vidsi st st op | ayer

and removi ng;s heifhd Shucli-Eh PRI a PYGTo AW R RoARet RiA! Stop | ayer
p g ersecting

form ng the "interconnec I ne ‘openi ngs | e ’via openings; FIG
10 $s the SFIHGICT us ehObtrkdttie & BIG.ef aéechimgving thderdt¢dtist délegrik dyesr tand
initial stop | ayey . FIG 11 is the conpleted interconnect in accordance

Wi th tﬁ’ép"ﬁ?g?egﬁ? ‘}“{ﬂ}@ﬁ?m&lﬁwe% FIG 12 is a view of an alternate enbodi ment

of ‘an i nter papngct;s itk @Mt&feewﬁti;.av%ﬂ&t@a@ngﬁhrﬂﬁgwft@&tﬁ%%t%ﬁ@a lagi s the
structure of FIG 12 after etching for deep trenches; FIG 14 is the
st r uct apteoraily EicBingltBe sfcoud stopiayienng t he i nterconnect |ine openings and

intersectin p .irenches; El 15 is the structure .of FI 14 after
deposi ti ng g{)(ﬁ-%léﬂﬁ S%ﬁ@ R\ bf%&c?r 9 HEMOVIRE &ﬁéS?ﬂ@éﬁéiF‘gHgiayﬁﬁ%W%f%&gecti ng
Vi ag; Efs@sto?;@aﬂeﬁ ahd EenSvinCthi @st Qlicl &t 1a¥ed dIWMRY anBdial ke 1Wek Rordfng the
additional [ayer of dielectric deposited thereon to formspacers in a

f ur t heinterremieatline AepiBas mserseching thaevippperines; i nvention; 25 FIG 17 is a
oz e ol R ook b Vbl et BT
layer.

FIG. 11 is the completed interconnect in accordance with the present invention;

15 FIG. 12 is a view of an alternate embodiment of an interconnect in an intermediate
stage of manufacture;

FIG. 13 is the structure of FIG. 12 after etching for deep trenches;

FIG. 14 is the structure of FIG. 13 after forming the interconnect line openings and
intersecting deep trenches;

20 FI1G. 15 is the structure of FIG. 14 after depositing conductor metal to form the
interconnect lines and intersecting vias;

FIG. 16 is the structure of FIG. 3 further modified with an additional layer of
dielectric deposited thereon to form spacers in a further alternate embodiment of the present
invention;

25 FIG . 17 is a cross-section of FIG. 11 along line 17--17; and

FIG. 18 is a cross-section of FIG. 16 along line 18--18.

BEST MODE FOR CARRYING OUT THE INVENTION

Referring now to FIG. 1, therein is shown a portion of an integrated circuit in an
intermediate stage of manufacture according to the present invention. The integrated circuit

30 interconnect 10 is built on a base 12 which may be a semiconductor substrate, silicon for a
stlicon-on-insulator (SOI) structure, a dielectric layer, a stop layer, or other lines, vias, or

contacts. The other lines, vias, and contacts would be connected to semiconductor devices

3




Referring nowto FIG 1, therein is shown a portion of an int a@?jz
circuit in an internedi ate stage of manufacture according to't p ggﬁnt
invention. The integrated circuit 30 interconnect 10 is built on a base 12
whi ch may be a sem conductor substrate, silicon for a silicon-on-insulator

(SO) structure, a dielectric |ayer top | ayer, ther lines, vias, or
Cont act®, ITRE UaiiaRe PREEN ilabaliecTReabe R Mt sl BIfBEEEAOt §op

sem copdugt Olrn tﬁ@‘ﬁfﬁ%@:ﬁ 1nv?bn%o§ Mr@g@&e&% la‘g@r 14015 allﬁ‘%gt%r deé{%glééie SONRgt or

substrate l1'con-on-insulator, dielectri¢ |ayers, ayers. In the
pr esenstOP ﬂ'ﬂb@nﬂﬁ orer thhdasd 12t Tok diekrotrid loyé¢rayerein vhay e azhat@"aadkystuthpnwiliced on an

b e i DReonTEe ' 1Py S s PRREnL fieted B FrEr G FYGF e epasett o

const apddedbehigatgic material having a dielectric constant 5 under about

3.9. Afirst stop layer 16 is al so alread% deposited on the first
di el ectric Payist stor layey 18 isgdworlicady slepesited conf Weﬁrstl@elegtrw 1§b€ra14r aby

deposi Ee%gnd))ﬂ?e'iectt&?l éle{ Eé iSHLRB A2Y dép%mt%ci‘%v %Q‘ﬁrft g;P 1y3Y ?{é Th%té%d as a

matt er conveni en ereln beca Se 'suc use

st op vé&tdolage®tic hidigaspr paeaseEoal-diensgheidin Ha:aasmaich maaﬁfssﬁg&dcyaln&wedt o
performthis to function. Thed@;nop Iaygrs may be a _ material such as
si i col? PP ryagieusctding PrITeHRt dehonge t d9gh nHoRgcssatiy havgsto,gedormh higr ei n

' s%(gief fuRedoRS The RloB1S PE0a) b@hrﬁa@d-fah@uc %Q‘%’iﬁé@h'n@cﬁaé Pkl Higsur face of a

waf er, such as the bdse 12 regardless o orientation o t he wafer.
The term "vEhd iteral “hosterta” tas asad iedteron ipedqundh&suhaplam@) patedlehae i thont al
as just defin Ter ns uch as. "on", "ab ve', S|de as i

ot eV Estio Prand BF Thagcg GE fafibery By BORYE 12, sl of eTirard B i ¢
I especthetwatbh e THOkdraP ™ eMicdlt aFers tRef 8édidg ﬁ%%nﬁ&uﬁl & hérlﬂa%'h%'i Rs ljgstShown
the structure of FIG | with the de osition protective d| el ectrlc

| ayer 9dingAd Tarmsscueidesstonp. 'Iahy Jlowh Esige’t &aéezt sv@evthlle]? &btaghied, laywer”, 20 is
Opig On‘?ﬂve?ngnd sunL(]_i%Fd a%rdn #W){th ttg\f\!ledhomz%g{awl% COHSt ant di el ectric

erials to prevent rom poi sone stibsequent depositions of

phot or esi stRef2@ingafer td RIG. rm\nhéraanJs Ghovdn tHeh@tueiure 6SFIEhAWRith e &dpobsitibhr e of
FIG 2 after patterning of _the second stop l|layer 22 with a_trench mask and

pr ocesSli hirofestive fsleetie baf?rt%‘bﬁldoq s¢opBd sopdarer 22t dpeipsgtestivexdiggefriglass e
porti Oﬂ?lSQ)fptlEﬁ'ﬁ aﬁagst el ﬁﬁxamyemg%w@l@d&; C&Qta B&E@&{rchgat&% It &e 4

therein I s shown ucture 0 ep05| I on,
them from being poisoned by subsequent depositions of photoreswt

20 Referring now to FIG. 3, therein is shown the structure of FIG. 2 after patterning of
the second stop layer 22 with a trench mask and processing to remove a portion of the second
stop layer 22 and expose portions of the protective dielectric layer 20.
Referring now to FIG. 4, therein is shown the structure of FIG. 3 after deposition,
patterning, and processing of a conformal photoresist layer 24 which is patterned with a via
25 mask. The conformal photoresist layer 24 and the second stop layer 22 cooperate to expose
generally rectangular areas of the protective dielectric layer 20. It will be understood by
those skilled in the art that a dielectric layer, which may be the protective dielectric layer 20
or the second dielectric layer 18, may be exposed in any desired configuration so that the
resulting vias may be round, square, or otherwise.
30 Referring now to FIG. 5, therein is shown the structure of FIG. 4 having been
anisotropically etched to form vias 26 and 28. The vias 26 and 28 are etched through the

protective dielectric layer 20, the second dielectric layer 18 to the first stop layer 16.




patterning, and processing of a conformal photoresist |ayer 2492th§&}s
patterned with a via 25 nmask. The conformal photoresist |ayer & he

second stop | ayer 22 cooperate to expose generally rectangul ar areas of the
protective dielectric layer 20. It will be understood by those skilled in

the art that &4gheabl © FIEYE ther¥hliis BndtRY tHREtLBRrPEOIRL B MRy diiBbRELE e
| ayer 20 or the second dielectric |layer 18, nay be exposed in any desired

conf i gur avnfmmslophohatsistiayer 2d suptdpagtion &y fnayative af dhemidieregoestdinesr

ot herwi se. 30 ferrin 0 FIG.5 +therein is sho h ruct ur e, of

I G 4 havi ng HRRHRE RSB Fishi LAl as HEG e FEIGHSI4e 56 oot S8 i al
26 and 2836808k Chdthd b PUGRotbOiBre dEIOEEE TAee 20iteleREdsE itife derWRd dctidRyer
second dielectric layer 18 to the first stop layer 16. 4 2 e AUG 2005

Ref er i ngl8how to FIG 6, therein is shown the structure of FIG 5 after

renoval of th conf or mal t Qresi a 24 | Ieat far f tion
of the inter Cﬁ%ﬁg@p& If%‘és@ Fi;Iigif ggr’ ﬁﬁéﬁﬂg&ngwyﬁ;)” nFﬁE &#ELFEZOFZ‘?IE‘?WS agﬁ%\?m% 'h[}%e
st ruct ur ehRfugfrtife first Adf Riyer BN ptibyallyasttisiag Kiepiecoeitsedp lagerdR2. t he protective

dielectric layer 20 to expose the second dielectric I%yer 5 18. Referring
now to FI G 8 Rafpignsinev & Elsvih thereinsisshewnrte sirugtig ot F 15 Seafterampyry by

t hrough t ISt stop pi:| I tighy i

| ayer 22, LRelapSdhibol BT RRagRbARkbeng. eI 8 DR b BEFRNE SRR, o
af t erior ermdathe birst diriloic tyiec ret cbivmgtoothet imétiadxqpgs &ges ¢ 6oftlisdstep dotmd the

| ayer 18 down to the first stop |layer. 16 _1? and th& first.dielectric |ayer

r14 down iftsTeoRaest g pRPNIRgLH) g Whish pregisehginipsecbPrEePREVEnt & PREHHE A0

| i ne openj i i3 i t : i i

openi s S e e R LR aRC AT ad e,
first di edeeatdrdiclcttaydayel4f ardxtttty ths saondndlis@f-alggnefic | ayer 18 are exactly

the sane and self-aligned. Referring .now to_ Fl 10, rein is sho t he
structure of PIESTGSIPVEP Fégcﬁ]ﬁﬁée%?' iy ﬁ}éowrlglefs’l%lg res?ftog;]%r §§‘r§tﬁ’ itéﬁlgﬁ\ggf}}?e
initigl sgQepsthaYSfer 18- anlilGe ShiGHl §6p WUyek NS, MRk letRingSéOMeliAYIAT stop AR is for
connection to other structures of %he integrated circuit such as

sen condushotctiondnsitlst strsctures oftthe integraisd ratis spefoes ssoanducRe fiensibtag efow
to FIG 11, . therein is,show the conpleted interconnect 10 in accordance
Wi th the(§P%§@ﬁwopﬂv%ﬂF¥g%®NWVth the via openings 26 and 28 and the

i nterconnect Referring now to FIG 11, therein is shown the completed interconnect 10 in
accordance with the present invention. With the via openings 26 and 28 and the interconnect
20  line openings 30 and 32 (of FIG. 10) being respectively filled by conductive metals 34 and
36, vias 38 and 40 form a borderless interconnection with interconnect lines 42 and 44,
respectively. It will be understood that various conductive metals may be used including

aluminum and copper. Copper will have a diffusion barrier deposited first.

Because the via level and the interconnect level are formed at the same time, this

25 method of formation would be described as a dual inlaid or dual damascene technique
borderless interconnect.

Referring now to FIG. 12, therein is shown an alternate embodiment of an
interconnect 50 in an intermediate stage of manufacture. In FIG. 12, the equivalent steps as
shown in FIGs 1 — 3 have been completed. A base 52 has an initial stop layer 53 and a first

30 dielectric layer 54 deposited thereon. A first stop layer 56 is deposited on the first dielectric
layer 54 and a second dielectric layer 58 is deposited on the first stop layer 56. A protective
dielectric layer 60 is optionally deposited on the second diclectric layer 58 when it is a low

diclectric constant dielectric material.




20 line openings 30 and 32 (of FIG 10) being respectively filled by
conductive netals 34 and 36, vias 38 and 40 form a borderl egs

i nterconnection with interconnect |lines 42 and 44, respect%ﬁ%%ﬂﬁ 2406w 1 1
be understood that various conductive netals may be used incl uding

al um num and CORP&Md s%o@?ér ¥9 hhs @&\ﬁ%eﬁogieﬁféﬁﬁ';ﬁﬂe%ﬂ h&% ﬂ%ﬂﬂ%&x&tﬂgyér' gast .
Because the via level and"the interconnect |evel are forned at the same
time, thilssb2s depokitadl cm‘ the seqpatl |St§m lowsn 68 ahe pawseseil be thabtheascehrdl stamlagérd2or
dual damas eFe Eechnl ?gr erl es |nterconne t. ef rring now to FLG

12 ¢ her aif (N PEFGRRIAIAT P HARGTE 1D SPTENER OF O55P TriT SonHELE B Fhan
inter medi ftiectsit agRr @h. R @&{ﬂghﬁatlohnth@pﬁiotol;@msttlgﬁl %qtb%ﬂh theSde@f2S 0@ $he
shown in FIGs | -~ 3 have been conpleted. A base 52 has an |n|t|al stop

| ayer 553 iawgcoangdt589t 30 diel ectric Iayer 54 dep05|ted thereon. A first stop
| ayer 56 is d ited on. t fiks I [ I S
dielectric | aﬁgéf}s%’ggl '%O“(':Ié%%gcl}t é%’ %lﬁ%t ?ﬁ st thset ?)%FC urg%fafgg} at,g( l’?&ﬁf?x?%b Ve
dielectr lafinéoﬁ‘)é@fcal@ﬁeﬂcﬁed)ﬂﬁ ld@@alrémheep@a«lrb@gh &N ithlaeieslﬁéﬁemhed |6elt1a©t1gm 69 lageyer
58 when it is low dielectric constant dielectrjc mterial. AUG
2006 A sexieisd tb’t%‘féh gy pretesbve diglasen ape g¥s ticegeamtdiske e s 5§namhthe first
phot or esi S5 kg%%% 64 has been deposited on the second stop |ayer 62 and
processedséﬁ idt” t he second stop layer 62 and the photoresist |ayer 64
coop€mmate to a&ﬁa$mgwmazmrFMEda ﬂmamchs&b@&ShesnmhmepﬁdﬂécﬂBm&eldmﬁheb®ﬁ|c

| ayer 60. In this confi gtlon t he phot o e5| gyer rlays the
canter oithe REOIOBSIShEE Shribe Pty VRIS G Hodw- B PPk Iy clehiug derpepend
shown th 1 Vi eep
trenches 58 Phraign SO oGS PERaREE @‘f%lﬁt e Pl o

t he protaheﬁhﬁ<ﬂmeﬁecﬂmmmSméweab@a1pﬁﬁanﬁﬁchnﬂ1dlékdhﬁ&ﬁcpMaye6658diwndlthe

first sto ayer. 56. 10 rrin ow, ta F

St ruct ur X0 R, TSR SHBGATErDr: tnf Rt Brsstotior g i ab IR Rt
prot egt i vigy diflo8sdeh irSmbaialy HsotRpit &kihORAIL Yo BIraNihBInteR8nS&RE BRE opsiiess

| ayer 62. A renoval process by anisotropic etching of the second dielectric

| ayer 58 #hand Thevhidhr pecidélplietetse¢iche a@%mctm deaw &chdwen 6per’s zmdn@?d6?iéwh thet t he
LSRN 555 R RORal Ul T ERREE S B BRSUSY
dielectric layer 58 are exactly the same and self-aligned.
Referring now to FIG. 15, therein is shown the structure of FIG. 14 after deposition of
20  conductor metals 74 and 76, which will form deep trenches 78-81 connected by shallow
trenches 82 and 84, respectively. The completed structure of the interconnect 50 will be a
dual inlaid or dual damascene technique borderless interconnect.
Referring now to FIG. 16, therein is shown a further alternate embodiment wherein
the structure of FIG. 3 has an additional layer of dielectric deposited thereon which is
25  patterned and processed in a conventional manner to form dielectric spacers 23, 25, 27, and
29. As would be evident to those skilled in the art, this would permit the manufacture of the
Aprevious structures described herein to result in bordered structures wherein the upper layers
of conductor metal are larger than the lower layers of conductor metal so that, while the self-
alignment characteristics are maintained, the interconnect lines will be wider than the width
30  of'the vias by the width of the spacers.
Referring now to FIG. 17, therein is shown a cross-section of a dual inlaid or dual
damascene technique borderless interconnect 100 taken along line 17-17 of FIG. 11 for

clarity with via 38 borderless with channel 34 and the via 40 borderless with the channel 36.




15 have al so been renoved by ani sotropic etching so as to formthe

i nterconnect |ine openings 70 and 72 which precisely inter ﬁgt%ﬁ[h?
respective deep trenches 66-67 and 68-69 such that the wd 4 W@

conti guous openi ngs between the first dielectric |ayer 54 and the second
dielectric |ayer 58 are exactly the sane and self- allg[med Referring now to
FIG 15, thgﬁéﬁﬁﬂg 8O¥ e iHCt A8, élfﬁfeefbfw@“@fam@ -sqetionfof ¢y dupd prgidk plofiadf 20

conduc I d tir.en 8 cted
o "Shof fheslBietnliGul rdehed MLEGIL 116 FaERCRER, HETENGS (P ainiAROEC S

t he i ntesiconmddG. 30 fud blaribewith thkkiala jmlsalmﬂeothaduaé cbtaalmalsﬁdalaﬁd tlecthiniaque
borderl es t erconne rring nowto FIG_ 1 therein i s shown .a

furt he%m%lfeféﬂ 031%%% 3@ {fﬁmgal%vﬁc SRATES A3y det g?’ea SEhye Becpawed in

addj t i QBgh, It@é/\%s 9%’ Qlcﬁil@%ﬂ'tﬁerﬂﬁﬁ(?&hb@&i UGS GRRnBE Bnd S6 a?éth@ﬁtck%'é@eg7and

processed Tn a conventional manner to formdielectric spacers 23 ,
and 29w1theut\xbmdléleb‘@w@pa@mm23 26, 2’h@Qé 28 kel prsgvidar b)h@elamtzdtht hi s woul d permit

t he nanufac&ﬁlf f. %h% %F é tures % sc% g L b t Je%ylt in
bor dered st r'dé J g}ﬁﬂé He ﬁﬁﬁ fra§rayEctgy ﬁﬁ%@fgf TEtArat'ds| ar ger
than tihebd QuBkstbay eif BinyCandhiives, MBdificatsdhs! At varitiohs villebes hfarerlth gnment
characteristics are nmi ntai ned, the interconnect lines will be wider than

t he wi Gepe siddedbin theeryindighhpt threalipragmegiesetnsionp abesoedinglus iy inigndsdvo t o

FI 1 [ c I

dafscEneRE R ol AP P BRI RAGRE AP Doy Wi B Fliha o WP g,

FI G L&koperf the aridll]i(k:delmmsw AH&&aﬂﬂm dethhze&sfom B ﬁ)hhrhwehnfm shodntihethwi a 40
borderless wth the .channel % 2006 Referrlng now to FIG 18,

t her ei #PEPERENRIEVERG A §’e‘?ﬁ Wﬁ’ip%‘ﬁe an a{a usprafi e pdarond ing sFRsEcene

techni que bordered interconnect 110 taken along line 18--18 of a conpleted
version of FIG 16 for clarity with the via 38 smaller than the channel 34
and the via 40" smaller than the channel 36. The dielectric spacers 23,

25, 27, and 29 have been used in 5 etching the vias 38 and 40" and then
are renoved. The channels 34 and 36 are then etched w thout the dielectric
spacers 23, 25, 27, and 29 and are wider by their wdth. Wile the

i nvention has been described in conjunction with a specific best node, it
is to be understood that many alternatives, nodifications, and variations
will be apparent to those skilled in the art in light of the aforegoing
description. Accordingly, it is intended to




10 enbrace all such alternatives, nodifications, and variations which fall
within the spirit and scope of the included clainms. Al natters
hither-to-fore set forth herein or shown in the accorrpa%y' n&jﬁdrawi ngs are
to be interpreted in an illustrative and non-liniting se séa. 2086 AUG 2006
THE I NVENTION CLAIMED I'S: 1. A nethod used in manufacturing an integrated
circuit conprising: providing a base; 5 depositing a first dielectric

| ayer overHE WS VIERSHONIShASVEING:a second dielectric |ayer over the first
dielectric |ayer; gﬁgzi ti ng.a thliﬁrc{ di el eciri G éa. er. gver.t he second
dielectric |ayer; CHOGRET RO HPE R & T F%%/uércotng)“gﬁl&h a first
trench portionyefidine weeond dielectric layer; 10 depositing a photoresi st

over the second and third dielectric layers; processing the photoresist to
open & second depesithg porst dighecsic kakier vier 8ye beg®nch portion to forma first

trench opening;. I Vi - £ 1 e i: 1ri.c.layers under the
second trenchgdﬁg?%%ﬁgo%é?%Okgg}einécg%#lla?%g)v?lr@%c Stgjﬁgh(ﬁﬁ%?dy% renovi ng the
phot or esi st; rappMiinga thel deleand [dicebeatihid s:cbad diclantidaydrhe first trench
portion to forma second trench opening; and defposi ting conduct ﬁr in the
first and secadrecessigdhe shighidigiects d%fﬁrgrg oen hBsicrfEcRortion of the sgetfod
used i n manuf act uri&;g aﬂc'%;eggrat ed circuit as clained in claiml 20
wher ei n: processing K phot dresi st includes opening a third trench portion
of the first tdepndting pphdtbamisobvdr e secahthddhet dedaecirte laggter ; renovi ng t he
first and second dielectric Iagers i ncl udes, renpvi ng thfﬁghgiﬁ:rSt and second

diel ectric | ayPEstinadhe PUOTENPY G QHeB Ayt Erish ROSTGLHP i el P

openi ng; 25 and depqgi.f i BgkttRRLORAUGE or i ncl udes depositing the conductor
inthe third trencﬁcgogﬂeni ng ¢ e,

removing the first and second dielectric layers under the second trench portion to
form a first trench opening;
15 removing the photoresist;
removing the second dielectric layer under the first trench portion to form a second
trench opening; and
depositing conductor in the first and second trench openings, forming an interconnect.
2. The method used in manufacturing an integrated circuit as claimed in claim |
20 wherein:
processing the photoresist includes opening a third trench portion of the first trench
portion of the second dielectric layer;
removing the first and second dielectric layers includes removing the first and second
dielectric layers under the third trench portion to form a third trench opening;
25 and
depositing the conductor includes depositing the conductor in the third trench opening

to form an interconnect connecting the first and third trench openings.

3. The method used in manufacturing an integrated circuit as claimed in claim |
wherein:
30 depositing the conductor includes processing a mask open to the first trench opening

and in which the conductor is deposited to form an interconnect connected to

the first trench opening.




to forman interconnect connecting the first and third trench openings. 3.
The nmethod used in manufacturing an integrated circuit as cfﬁm? claim
| wherein: 30 depositing the conductor includes processing a mask @%en to
the first trench opening and in which the conductor is deposited to form

an interconneq CONfRGH&HA Bsed iRanddurRturtdeenciQresi ﬂgeuit&lszcllefiﬁle&\li-@cﬁﬁﬁﬁ 4.

The method used in manufacturing an integrated Circuit as claimed in claim
| whereiwherelapositing a dielectric protection |ayer over the second

dielectric layer before , depositing.the photoresist. 5 5:.,The hod used
i manut actur ORGCRIE i At g R PRt TaBr M B s Bt R bR

depositing first anﬂ;gﬁﬁggdwﬁmggnﬁﬁyers over the first and second
dielectric |ayers. g. A nmet hod used in manufacturing an integrated circuit
conprPsi ng:  provi ditegnethpdyeed ingnayupesiingyy iatograted Cigud asclamed imglaim dver

t he basekmugggositing a first stop layer over the first dielectric |ayer;
depositing a second dielectric |ayer over the first dielectric |ayer;

deposi ting a skeotitnghigpahdyeondvep ldyke sectrdirstiaal eedont didleyes Jayprsocessi ng
the second stop | ayer to open. a fir;t trench portion of the second
dielectric 191 ayeh mepasrd imgaatipHsios &% erydoe T HecWREBHE di el ectri ¢

| ayer and sec : lers; processing the photoresist to expose a
second trenchqgg?g#%%i%'athe first trench portion of the second dielectric
| ayerl0 renmovi nigpbliang & fistt dehadtsehgad di dedats;i ¢ | ayers and the first stop

| ayer under the 2Q second trench porti.on.to forma first trench opening;
renovi ng the dﬁ@?%?%&? f?SV@ﬂ%W¥H§gﬂh%ﬁ§%éﬁ i 18¥Setric 1ayer under the

first trench pRLLLARe b SedoRl MABECRNE: over the first diclectric layer;
depositing a second stop layer over the second dielectric layer;
processing the second stop layer to open a first trench portion of the second dielectric
15 layer;
depositing a photoresist over the second diclectric layer and second stop layers;
processing the photoresist to expose a second trench portion of the first trench portion
of the second dielectric layer;
removing the first and second dielectric layers and the first stop layer under the
20 second trench portion to form a first trench opening;
removing the photoresist;
removing the second dielectric layer under the first trench portion to form a second
trench opening; and
depositing conductor in the first and second trench openings, forming a self-aligned
25 interconnect.
7. The method used in manufacturing an integrated circuit as claimed in claim 6
wherein:
processing the photoresist includes opening a third trench portion of the first trench
portion of the second dielectric layer;
30 removing the first and second dielectric layers includes removing the first and second
dielectric layers and the first stop layer under the third trench portion to form a

third trench opening; and




trench opening; and depositing conductor in the first and second trench
openings, formng a self-aligned 25 interconnect. 7. The qaﬁhggﬁqmﬁg in
manuf acturing an integrated circuit as clainmed in claim®6 ereiln:
processi ng the photoresist includes opening a third trench portion of the

first trench fpE&diHANHRICORNRIGEEQANEEsUFIEEGHT the chRURIor i the BB WA dRBinfl I St
and second dielectric layers includes renoving the first and secon

dielectric |ayers andowthesdlf-plégnedtimprebageast comgeting the firsijand thirdirhgsor t i on
to forma thiyd tregnch ninag. and.9.2.8 A 2006, .deposi ti.ng.the .
Lonductor i nolfodes TRBefOs eSn Rl AR ERSY fRRR il kl8aimg 1

form a selferghi gned i nterconnect connecting the first and third trenches.

8. The method used in manufacturing an integrated circuit as claimed in

cl ai m56  wher eleposiBngldsoyindi¢igr e condiuptosessed & opehigsthepiist BeEREBINgpen
to the first trenc penj ' ¥ tOr Sy [

forma self-alignegm?ﬁggp@gﬁggggnwggﬁgg%pgﬁgﬁgfgﬁgHﬁﬁ$§§¥?Pgﬁ%ﬁ§%%§%wﬁg. 9.
The net hod used i n granediaichulid figt aandhdpegingt ed circuit as clained in claim
6 wherein: 10 depqgsitin &he second dielectric |ayer deposits a.material
having a diel éktri SThegmeiash e reap desiring qEBEETE FIFGASRidINEE i1 Flaim 6
protectiqﬂF§8¥er over the second dielectric |ayer before depositing the
photoresist. 10. An integrated circuit conprising: 15 a base; a first

di el détric | aykpootieg tHehvecdaisdcleatris éoyen depis@th @eahatecalllmymg odielect weohstast
dielectric |ayer; hird dielectric |layer over the second dielectric |ayer
formed in spaced agﬁﬁqwét?? .

depositing a dielectric protection layer over the second dielectric layer before
depositing the photoresist,

10. An integrated circuit comprising:

i5 a base;

a first dielectric layer over the base;

a second dielectric layer over the first dielectric layer;

a third dielectric layer over the second dielectric layer formed in spaced apart strips;

a first trench opening vertically through the first and second dielectric layers between

20 the spaced apart strips of the third dielectric layer;

a second trench opening vertically through the first dielectric layer between the
spaced apart strips of the third dielectric layer and contiguous with the first
trench opening; and

a conductor in the first and second trench openings forming an interconnect having a

25 first and second self-aligned trench openings .

11.  The integrated circuit as claimed in claim 10 including:

a third trench opening vertically through the first and second dielectric layers between
the spaced apart strips of the third dielectric layer and contiguous with the
second trench opening;

30  and wherein:
the conductor in the first and second trench openings is in the third trench opening.
12.  The integrated circuit as claimed in claim 10 wherein:

the conductor includes a portion extending above the third dielectric layer.

10




a first trench opening vertically through the first and second dielectric

| ayers between 20 the spaced apart strips of the third dig (ﬁu'zlmayer; a
second trench opening vertically through the first dielectrit é@ Q bet ween
the spaced apart strips of the third dielectric |ayer and contiguous with

the first traench opgRhRGratcdnghcait 6PNEHHEIDR ddimt lewhdéiat and second trench
openi ngs form ng an interconnect haV|n§ﬁa 25 first and second sel f-aligned

trench openi ndlse firsi frenchhepeinitzagribe sepond dinlgctriakyed iailaveer than dleaicpenkotrench

including: a third tren openi.ng,vertically through the first and second
dielectric |af@?g“b&{&ﬁgﬂ“‘@ﬁgjggg%gﬁ apart strips of the third dielectric
| ayer and contjisguousewhichratdde:ircai a9 bidirhéEinGmiMP@Nhegding0 and wherein: the

conductor in the first and second trench openings is in the third trench
openi ig.  12. aThaedtrie prptentien lasicr digpescd over thp seegnd AicddcHiThIY: wherei n: t he
conduct or i ncl,ydes i i above.: thi.nd. dielectric |ayer.

10 2 B AUG 2006’ 1§ﬁ‘eﬁtﬁtré“’é‘=aﬁe{ae°§)rég§gghl@?‘r‘%@t"?aé‘ts“hl?l ‘g{a'ﬁ%‘ Ein clai m 10 wherei n:
the first trengh epesiond stop lafres dgeehel dieeltiectini ad sayerd dislettaic gefers han t he
second trench opening in the first dielectric |ayer. 14. The integrated
circuit as cl diomed AhNEgEERtEd COCUYFOMMISHE 5 a dielectric protection |ayer
di sposed over .the.second dielectric layer. 15. The integrated circuit as
clainmed in claim20 including: first and second stop | ayers deposited over
t he florst and asasodidedriellgct pva thayases. 16. An integrated circuit

conprising: a base;, 10 a first iéﬁectni | ayer over the base; a first stop
| ayer over th@igﬁ?%?PHW@VE@EFeé%F @Pﬁ“ﬁi§@&ond dielectric |ayer over the

first stop |aygleof GECORY 18/PBveANSTirPYBp 148 second dielectric layer;

a second stop layer over the second dielectric layer;

a third dielectric layer over the second stop layer;

15 a first trench opening vertically through the first and second dielectric layers and the
first stop layer between the spaced apart strips of the third dielectric layer;

a second trench opening vertically through the first dielectric layer between the
spaced apart strips of the second stop layer and contiguous with the first
trench opening; and

20 a conductor in the first and second trench openings forming an interconnect having a
first and second self-aligned trench openings .

17. The integrated circuit as claimed in claim 16 wherein:

a third trench opening vertically through the first and second dielectric layers and the
first stop layer between the spaced apart strips of the second stop layer and

25 contiguous with the second trench opening;
and wherein:

the conductor in the first and second trench openings is in the third trench opening.

18. The integrated circuit as claimed in claim 16 wherein:

the conductor includes a portion extending above the third dielectric layer to form an

30 interconnect line.
19.  The integrated circuit as claimed in claim 16 wherein:
the first trench opening in the second dielectric layer is larger than the second trench

opening in the first dielectric layer to form a bordered interconnect.

11




athird dielectric |layer over the second stop layer; 15 a first trench
opening vertically through the first and second dielectric |ayers and the
first stop |l ayer between the spaced apart strips of the thiz8 AUBI208ric

| ayer; a second trench opening vertically through the first dielectric

| ayer between the spaced apart strips of the second stop |ayer and
contiguous with the first trench opening; and 20 a conductor in the first
and second tr eHth Tosdniesgiediarckit ag clainsdipstdBnPevkerpiiving a first and
second sel f-aly r : i.n i r.ate ' i cl ai med
in claim16 mﬁégggﬁ?héﬁaﬁﬁqufgﬁﬁ%E‘%%é%?%%bﬁéf??§a°ﬁ§’%ﬁ@%ﬁgﬁ&%ﬁgﬁ iééﬁ
and secongcldid@gectric |layers and the first stop |ayer between the spaced
apart strips of the second stop |layer and 25 contiguous wth the second
trench openi ngt SEHGUIRIOECHOD tiixer Gy SFonchdictrstig lager whter di. 8efand e
openingslg%ﬂin the third trench opening. 18. The integrated circuit as
clainmed in'claim16 wherein: the conductor includes a portion extending
above the third dielectric layer to forman 30 interconnect line. 19. The
integrated circuit as clainmed in claim16 wherein: the first trench opening
in the second dielectric layer is larger than the second trench opening in
the first dielectric layer to forma bordered interconnect. 11 2 8 AUG 2006
20. The integrated circuit as clained in claim 16 wherein: the second
dielectric layer is a material having a dielectric constant below 3.9; and
including: 5 a dielectric protection |layer over the second dielectric |ayer
under the second stop layer. 12
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