s e3e@@t: F*p6TNm1 2 0 SEP 2004 A NEMEL METHOD TO FORM FUSE USI NG POLYMERI C
FI LMS BACKGROUND OF THE | NVENTION (1) Field of the Invention The g?ﬁeﬁﬁPoﬂm4
relates to the fabrication of integrated circuit devices, and nor
sparticularly, to a nethod of formng a fine as an electronic protection
circuit by usin%ﬁpolynerlc films. (2) Description of the Prior Art Many if
not nost of the “déiVEt AFETHMES &4y AORIFUSE i BSING BowerMERI@ ©f LMS

- sem conductors are directed at better nethods of design and materi al

applications related to major functions within the sem conductor devices.
Therefore not less inportant is an aspect of sem conductor circuit design

“that relates to fusing of dedeEE D d8YiGE: & 7 are prone to be
darmaged by surges v in voltage or current through these devices or-in their

imedi ate vicinity. Fuses are protective devices or device features that
have for sone tinme now been known under various names and in a wide variety

of appligati Ther r wn thermal fuses, nechanical fuses, spark gap
surge arrZstgggldvg?lgpgrgn%%% FWE i ke mhereby each of these devices is
~ desi gned tong terru t an uneﬁpected and undesired surge of power that is
prone to da §8 v n§l°nSE§ 2662 & dst feprdicatéompat ioftemradlesttri cal
circuit arran e Many of the known fuses are designed and used in very
speci fi sargﬁm ggf’ﬂ—&% rWRBFeBpref Paritisudmed va recmametalod usfe ficentiaredlay
t hought of as haV|n% any application in semiconductor devices. The latter
type of TR8&e&St 8AdS EEtBene cepred siot iarc oridande Wiyt luskmewpI8miegarduct or
processes for obvious reasons of cost and applicability. Not only is a fuse:
. requi refii®sbe readily integratable with its surrounding el ectrical
~environnent,. it nmust also provide protection agai nst power surges that can
- reasonabl y be expected for that environnent. As a result, the designer of .
semnm conduct or devices or other electronic conponents nust be well aware of
the curr@nt amdcvaptage e@ndhki @rs orhat-+t hese conponents can be exposed to
-and nust, based on this insight, select or design a-fusing capability that

i's best SUItEdn&OﬁfangtVﬁas%pBE|Qﬁ%‘@QSLgn and research activities in
the field of semiconductors are directed at better methods of
design and materialrapplications related to major functiens
within the semiconductor devices. Therefore not less important is
an aspect of semiconductor circuit design that relates to fusing
of devices or devicerareas that are prone to be‘damaged by surges
in voltage or current through these devices or 'in their immediate

~ Vicinity. Fuses are protective devicee or device features that

"have for some time now been known under various names and in a
wide variety of applications. There are known thermal fesés,
mechanical fuses, spark gap surge arrestors, varistors, and the

like whereby each of these devices is designed to interrupt an

unexpected and undesired surge of power that is prone to damage
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,Due.to the increased device mniaturization and the therefrom fol ldinWI ng
increase in device density, nore effort is being dedicated to fid rﬁderiﬂﬂq
i npl ementing optimum solutions for the fusing problem Hi gher device ‘
~densities in many cases result in significantly higher current densities,
whi ch gives the design of a fusing conponent a different dinension. Cost
and perfrodfeiceara; ]l far rant cofpFonesite dthatcaipkesdip Partrafgdoen i gy
- conpetitive electronics industry, prine considerations. In view 2 2 0 SEP
2004 ofoft lehepriessur efushal dihd d«oneld tdnee Iy renmRMy Jkatesiand in view
of the ever-increasing device packagi ng density, the challenge of providing
adequatiprdei e and id iy, PO ettdiomd ke L easad rdency, and poses
s of Key T ance 10 the :

an-increased chall enge. The paraneter that i npor

desi gn af £leetyd f ' he amaunt of heat. that the fuse can

" di ssi pat g‘%g} ore tiée%velcﬁ?acﬂa{‘f écpfﬁtlicgagcljtof tHat" FHES YSoWdecss:

i nterrupted. is ds particularly true fqor the electro thermal fuse where
t he culri?lgngattl-gﬁrsitsygqooﬁ 5t oUfif ® e MR &R tife Frrdanee | Wi as

_expectﬁ%ll and requl ar current flows through the fuse, the tenperature of the
fuse afd Wt H OHE THNIRE FR&T S Ak oo esa sarmiart redstt iamdy | ow,
-As soon as the current that flows through the fuse exceeds normal |evels,. .
t he t efFEHaGRRE 1ot % h&lFtusnlincreas ds1y erqual ted causiagrddwei fyse to open
thereby.interrupting the current flow through the fuse. The operational
ef fici efdpofatdiele hirtfalitfaselisodratige) yeldependennt ofritehedier Act€ringdd CS
of the nmetallic conductor that forns the conducting body of the fuse.  The -
~ pover o irraliissi pateddyidhedaisest Savap@dianal e o the, sauars, 98 ¢ he
current that flows through the fuse. Wth an increase of the current that
flows fHer eugledthal flitse, tidie <Hesiqatat Powera Wddy s gnidd catd ypd pegease
causing the nmetallic conductor of the fuse to rapidly increase in
t enper atetriesoreieiidldar s i g ddies i = ' 4 ct to
melt thereby opening the conductive %rgétlﬁ:‘ldtﬂhlgjtﬁlceacd%n%r outg Q{Rhsef?glueg&eﬁ IS

cl ear thaelreeld@aiiy e el i0m ofoltdeyd hesml . fyse re i dd erent
conditions of circuit applicati onos t!c\f;gc‘;pends on lst ri c‘%Hgadhte}}éesn%ec?ncl)p%rﬁlﬁ%al

desi gn par yEtBis Qg tihe S5 st b he design .of the nmetallic
conductor of the Tuse.t Far b s ’erbé{(}%)éc?hderyt el Uy, IR et 1 ¢

conductLQr. s i Qf _ sol der. .wher the term nation pads of the fuse are
nmade o%j%r?ét%giln% (S:élgsulglsq Anes Jv&% :tt}i%eq tihPpti mviied T st ably

hi gher .than the nelting point of solder. -Materials that are typically used
f or thé—’ptpgﬁﬁ 3%n pads are silver, ceranmic (or glass) and netal gl aze.
The solder that is used for the main conductive elenment of the fuse is
connected to the termnation pads by the application of heat or energy to
the interface between the solder and the term nation pad, causing the two
i nterfaces twef uge thegerterea skl siqprione sei it e 40006y ethdyetde use of
metallic solder power or a flux in the interface between the solder wre
and t héhegrafirvat ifarl Jpad.ngl i enhance sdhied W of - thed V@Iffc%t?r aces
while not affecting reflow of the solder wire of the fuse. Solder that is
appl i etbefion ieeliprted aid F10(dWH] AP Mirlg it S ' AR & St sons £or
environrental conditions. To reduce this - 1npact, the termnation pad s
f r equenby feQatRd pd) .t Hiyd Y Yo o A Ve S LI RAL S ST AL &, 1 10

in significantly higher current densitiés, which gives the design
of a fusing component a different dimension. Cost and performance

are, for any component that makes up part of the highly

competitive electronics industry, prime considerations. In view




.2 0.SEP 2004 attached. This approach provides a nethod of preventinﬂ arcing
or’ reconnection after the solder wire has been broken, a reconnectl haEP c2094
be caused by creating a relatively large opening at the tine that the
+solder wire of the fuse is interrupted. Oxidation of the solder wire can be
. prevented by coating the solder wire with a |ayer of deoxidant material.
The sol dér ther prefbsulre thae e¢ansf uohpertikever ehgsredmdy tercapswsatinan 1¢f
this wire including the deoxidant material thereby form ng a |arger tube

t hat suwieuwndg the %QEQE&nWE%%sthhdE%%c@eQéE%%gﬁn TE%H%QE&En%h%rOCESS of
- formng a fuse is conplex and ti mé consum ng an cgn requiré as many as in

excess N LRr LAg .S cl.uded in_these pr.qcessing steps are
st eps o?ﬁggégﬁégtPgngg§§§gﬁggr%§§ HSE% Fﬁ%§C§u8§§q&éﬁF |H£ﬁt8%tﬂﬁé sol der
paste, plLagceng tiggr%h%é%ofder fuse wire with a reflowto connect the wire
‘to the ternination pads. rirAgERGYt RES EPSER MBt eMCAIL2S&SpIYirAdRaEEI-ng
deoxidant in at -tines nore than one repeat cycle, applying an adhesive for
a cover for the fuse, placing of the cover of the fuse with a curing of the
adhesive-and finally encapsul ati on of the conpleted fuse. It is obvious
that this proBEsBarsmexgeEnsheé afdofi kevedmponitageandocand ersilgm afsem ous
yield detractor. A better nethod nust therefore be provided for the
creat | ofleftanceff Susevesf ahe. afbentr ofedeanl thhe itheeruisen RHOViGeSs psteh a
method. 5 'e2 0 SEP 2004 For applications where the levels of current
and vol bagerer eheekaticeeliyallowonttheuatly kastd ehg ¥sed RRAUCIdVE ol ymers
'to create fusing capability. Polynmers, such as for instance fluoropolyner,
‘are typinabkyupsed.ashdiseliechbice iRRLGk1Y ¢ AR ras %%%héﬁgégfd"qﬁg%m%ﬁne"
cclass of materials as-silicon dioxide ("oxide", doped or undoped) or
siliconfaber wlere" Rkl kd@rhntSithia¢0n sORRLL 1 ryl . Hal yinide,
tetra-ethyl-orthosilicate (%Ecg%a%aggd&%%kgg ’%hr%%g% The ﬂ%sé’heé%s the
bor o- phegphat g=shk Lhgate- PSG), o-silicate-~gl as PSG
boro-siIicate-glas?g(%%é%%gggFgg;gg%rF% %§§Pd5%56ﬁ5§,%Bgﬁghgjéﬁﬁﬁ%héﬁe
siliconggkbli (PSi oxynitride. Ot her .polyner materials are
poIyanigg%gpaggﬁeEghg%kﬁg??%n%%p% fcggﬁgng e Pﬁ%§;¥ﬁﬁwy éﬁ@“{PS}
pol yoxi . d_po pal ooxide (PPO), these materials can be used as
photoregggégg%gggcggig%?.%Pﬁesﬁgpﬁgnpﬁ%ﬁﬁﬁﬁv@ HpdSiti ofs SoaR éénttdien
siliconﬁu %ar?onﬁ, f%ﬁoride chl orides, and oxygens. It nust however be
noted t Aat - oPtel e TLeFm LOEPHED itheudage: sxgeess Borardnilesed st.hahehave
been deposited or accunul ated (for instance on the sidewalls of an etch
chanberg?mEFFBFP§eaP§ &hgo fpeengneadeses eyendiedtlyi calusdordutid feaspoloETer s
to connect a chip such as a flip chip or a Ball Gid Array chip to Printed
G r cui t °B8&r thbuebyhésseefriptingataesiculrirent Ehewbegirdlighl (Ha S e .6 Thed 0
- SEP 20U4 For applications where a polynmer is used in fusing functions, the
pol yneroperasibthelesseneeeabyt be hody tokrtle fSQ is largely dependent

on the characteristics of the metallic conducter that forms the
conducting body of the fuse.lThe power that is dissipated by fhe
'fuse is proportional to the square of the current that flows
through the fuse. With an increase of the current that flows
through the fuse, the dissipated power will significantly
increase causing the metallic conductor of the fuse to rapidly

increase in temperature, eventually causing the metallic




. while a conductive elenent is added to the basic pol ymer c_orrponent% reEp 2004
conductive el ement determines the current carrying capability of the fu
and-therefore the power |evel at which the fuse will be interrupted. The
:conductive polyner that is created in this manner has | ongitudi nal
el ectrodes enbedded info the body of the fuse; these el ectrodes serve to
connect comglufaiee tte suerlrtourdimepyCiapeuiitng .t iEhe-greRictiwe @ aimaitaofi dhes
fuse is typically surrounded with a protective sleeve that provides

el ectri calroug®l aticoruard aryiirOHRMAl HOtEHd A O ddia d Usie o T hge
conductive polyner device that is in this manner created can serve to

detect am@reRnt rrdscheaiasd Sl fad 00 'J%rgﬁréﬂcﬁ’}g Hr %Vfétﬁr}{rﬁ%gawae{ieobr}/s t he

fuse is interrupted at a point where t tenperatrre 8 R hus_e exceeds a
limt. 7,-540Q .( ert,.et. al.) 1998 .- .Encapsul.ate use having_a
‘conduct ild\%gégloéyr?glr %gng nor?—déﬁerreeglcde)eotx? dan tl-ca‘sa'_no 1?91} L%%ag’g‘?ﬁ&%r‘gi v’\frlieht )

- conduct i pol rs intercqonnects.. However, this reference differs fromthe
i nvent i g\ré%ewsné%émff%%(%%g}eef%ﬁﬁ}g& R MRt 1ol kG reqnduesee i yElg th
conductive polyners (pol yacetylene) as a connector. 7 2 0 SEP 2004 US -
5, 925, 278 5ERafiFWA IFE |0 “tdies dhsaa la TuiRtuctihe qeiladisic devidec it h a

fuse. US 5,725,995 (Leedy) shows sem conductor. probe pins conposed
' consists of solder whereby the termination pads of the fuse are

'V_ﬁade of metaliic substénces with a.melting point_that is
. ~ considerably higher than the melting point of solder. Materials

that are typically used for the termination pads are silver,
ceramic (ér glasé) and ﬁetql glaze. fhe solder that is used for
the main cbnducfive eleﬁent of tﬁe fuse is connecﬁed to the
tefmination pads by the application of heat or energy to the
interface between the solder and the termination pad, causing the

‘Vtwo interfaces to fuse together. This process may be improved by
the use of metallic solder power or a flux in the interface
between the solder wire and the termination pad. This enhances
the fusing of the two interfaces thle not affecting reflow of

the solder wire of the fuse.

Solder that is applied for the prior art formation of fuses
is susceptible to environmental conditions. To reduce this
impact, the termination pad is frequently coated with a thin

layer of solder or solder paste before the solder wire is
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,of various conductive polyners such as pol yacetyl ene, pol ythiophene or
pol ypyrrol e as exanples. US 5,962,815 (Lan) Antifuse i nt'er connect gatt%_p%mf
two conducting layers of a printed circuit board --shows a multil r
structure having via holes are filled with a second rrate_rlal havi ng a
breakdown voltage |less than a breakdown voltage of the first material

i ncl udedtitradived di T EctapErdayier pOvi @M aMmantdd L@@-pif@@e%fﬁ&daﬂ@iﬁ%' 8k
in the via holes can be, for exanple, a conductive epﬁéyckezln QLC?RPerner
| oaded widdbrannsiucsi vier fiar tid es 1@&1@’!\@& e AR PLd

obj ective of the invention is to provide a et hgdé oI_ %r?ﬁ;h?igr‘fﬁ%%n‘??];zgi .
polynmeri il t ial. Another, o ctjve o i

-!too Zreatﬂehgad f%% %’3‘3 féﬁ%%éla%ﬁbﬁ%fé%glnn%ea cte El‘tejﬁv }lfah %r%‘Fl?TB?VlE‘édﬁEeHhe
nunber . SEP 2004 processing steps there greatly reducing

manuf ac?gulrn?engt}gagtrr%%%(i?é‘g% W%%r?%d%&%s?u?%rl% hen st agt edncerbdation
accordance with the objectives of the invention-a new method is provided

f or the‘%fe'?(ﬁP%ﬁe%iW%E%.CQPI%@e@r%Tem§¢@JbYsc¢¢tsmgdepessobderthEréayer

of netal -is patterned and etched creating a netal strip that is irnt'errupted
by a gafitfhe fhaier dlrdednidint cneatethl n The gapdet heirot 6Fr upéeduget al
strip ' ' _ B

can further be pfotected by éﬁcapsulatidn of thié wife inéluding
the deoxidant material thereby forming a larger tube that
sﬁrrounds the solder wire with its deoxidant. Tﬁe currént proceés
6f forming a fuse is complex and time consuming and can.require
as many as in excess of a dozen Processing steps. Included in
‘these processing steps are steps of application of solder paste
with a subsequent reflow of the solder paste, placement of the
solder fuse wire with a reflow to connect the wiré to the
termination pads, rinsing the reflow material, applying/curing
deoxidant in at times more than one repeat cycle, épplying’an
adhesive for a cover for the fuse, placing of the cover of the
fuse with a curing of the adhesive and finaiiyhencapsulation of
the completed fuse. It is obvious that_this pProcess is expensive
‘and time consuming and can lead to a serious yield detractor. A
better method must therefore be providedrfor the creation of an

effective fuse. The process of the invention provides such a

method. -
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.serves as the connectors to the fuse. A |layer of conducting conjugated
polymer is deposited over the netal strip and the therein created gap,the
pol ynmer is etched back |eaving the deposited polyner in the gap b@tu\esgptzlg@z,
‘two netal strips. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 shows a cross
section of a sem conductor substrate on the surface of which has been
deposited a IFgyemrel ipattdlonsFinper? dihews ewedrsoss seotient eafnd heslstdisd rate
over which a layer of metal has been deposited, a |layer of photoresist has
been depesiatédredwerlawhe thay errtoharetanant dd RRINEEXROSRA Wi Y @

phot ol i t hographi ¢ mask. 9 2 0 SEP 1004 Fig. 3 shows a cross section of

the substricatte ahisamd RedaavarQf. RRALASES Stsias Leen, qlﬁcda dg. 4 shows
Tl A

a cross section of the substrate after t he Iayer of een etched

and t he matdey Ayery t t ved Fi

Cross sectlonﬁggt%édr a Iayer %S Sd ggin% (feposﬁérba %ejta%t%éar\gr?%ce
"of the- I of _net al WS a Cross section after the

| ayer of epg'rsglqu %gohfmesranﬁasclﬁgegn%eft (Wf'%(?rlals as silicon dioxide

(“oxide”, doped or undoped) or silicon nitride {(“nitride”),
siliaon oxynitride, parylene, polyimide; tetra—ethylwqrtho—
silicate (TEOS) based oxideé, boro~phosphate—siliaatefglass
{BPSG), phospho—siltcate~glassV(PSG}, boro~silicate-glass (BSG), -

. oxide;nitride—oxide (ONO), plasma enhanced silicon nitrida
(PSiNx)( and oxynitride. Other polymer materlals are polyamlde,
parylene'dr teflon, polycarbonate (PC), polysterene (PS),

. polyoxide (?O} and poly polooxide (PPO), these materials can be
used as photoresist apélications. In short, polymer compositions
can contain silicons, carbons, fluoride, chlorides, and oxygens.
It must however be noted that often the term polymer is usad to
describe chemicals that have beea deposited or accumulated (for
'instance on the sidewalls of an etch chambef).”Efforts are also
being made to use electrical cbnductive polymers to connect a

‘chip such as a flip chip or a Ball Grid Array chip_to Printed
Circuit Board but these efforts are still in the beginning

stages.




,Fig. 7 Shoms atop view of the created fuse. DESCRI PTION OF THE R ?Eﬁﬂi&ﬂ

EMBODI MENTS w I n the art of creating sem conductor devices, nater4
and the know edge of material properties is fundanental. One of the aspects

of this material study is to understand and to utilize material properties

that relate to material conductivity. Relating to material conductivity it

i's known t hatropolaparisdthiain shakvee 18 4Pdlleid Rl 6 L) supates R ecul ar
bondi ng structure constitute low resistivity, high conductivity naterials.

By 10 fu2ckiSER,2004 rRdusidly tdendmaliec Wl ale chaidy 'ﬁlgtﬂb&ﬁ &é“echtco%é%ate

bondi ng structure the resistivity of the polyner mn i ncrease

conduct it W Idordachenss o IHAaL, LONGNGL (] L O POLYTBIR LS, | 1 Lhe

range from bet ween about 10-8 to enen/neter ( Iexanple

‘polyaceg$k§ ehq§§ 58l ectri %Ftconqoctrvray in excess of 4 x 10 S2-W1

whi ch appr es 't he conduc DTN T e educt i on i n
t he bondr chai n | ength ther fore offers a neans to control. conductivity

of a | ay&r or ol RS A Ch&tfadits i'stig anshrther ek dihe movwew emvedn ato

create a_fuse of a particular conductivity. The nol ecul ar bonding structure .
of a pow@ﬁgp.&gelﬁyse will be 1nterrupted The conductive polymer that

is created in thlS manner has longltudlnal electrodes embedded
1nto the body of the fuse; these electrodes serve to connect the
fuse to surrounding circoitry. The‘resiStive.element of the fuee
is typlcally surrounded with a protective sleeve that prov1des
electrlcal isolation and envrronmental protectlon for the fuse.
rThe conductive polymer device that is in this manner created can
serve to detect end control heat dissipation in particular
environments whereby the fuse is interrupted et a point where the .

temperature of the fuse exceeds a limit.

Us 5,777,540 (Dedert et al.) 1998 - Encapsulated fuse having
a conductive polymer and non-cured deoxidanr'—”shows a fuse

‘Structure with conductive polymers interconnects. However, this

‘reference differs from the invention.

Us 5,583,321 (Distefano et al.) shows a circuit assembly

with conductive polymers (polyacetylene) as a connector.




,control lL.ed by exposing the polyner to a source of infrared enerqgy, @t él
certain frequency and a certain light intensity. These condi ti ond BfSEP 2004
~exposure can be optim zed for particular polynmers such that certain
frequencies and certain infrared light intensities are best suited for a
particul ar polymner. By continuing this exposure over tine, the conjugate
bondi ng strudiir®e 91512166 pbayeiwa sl 4 ust hel . r edusETbOs Shossgauaplesul ar
chain lengths thereby having a direct effect on the resistivity of the
pol ymer golymerd hdevieh cated £xpesalre does not only effect the resistivity
of the polynmer but also effects other dielectric 11 :Z 0 SEP 2aa4
" properties such as the dielectric constant k, dielectric breakdown
vol tages, and the like. For the process of the invention, of inportance is
t he reducti on,ofct o [ .chain length, and the therefromfoll ow ng
increase in s %e?’?%s‘i S fvﬁ%eﬁptﬂéoﬁ)lgﬁlﬁjrc‘??ﬁi%‘fﬂﬁtpﬁ%%rglﬂﬁr‘Fﬂ‘ﬁpo_sed
continquﬁe%gosure of %he olynmer filmto infrared light. Using this
princi pl & a& 2 Yif fEITHE e B CFRsTLER VAT yPOEYRCPBY YRRE, can be
controll ed and adjusted to a desired value, the value that is required by
‘the fus&VFYHEPRRRRNtGORORBEFFPhY Rovesperlescal ly to Fig. 1, there is
shown a cross section of a substrate 10, a layer 12 of netal, for instance
copper, is deposited over the surface of the substrate 10. Substrate 10 is
typically a single crystal, silicon substrate. The netal |ayer 12 does not-
need to be.l % tBd®§d, TNt tlam ngACoppese bkt €aBohAettd8e PbehStREt |i N ted
to Al, Ti, Ta,, W M, Cu or a conbination of these naterials. In addition,
 layer 1Zeamueo@i Tapgess | 6£ad eprantali 61 H8ui PObYash! LCOR,, @MY Phous
"silicon or any other sem conductor conpatible conductive ?ayer .- As an
exanpl e, mile 14§&F £ONEe talh 2t y L S akpm ;egntainin
bet ween about ??0 and §ﬁ%€?§%€&%%?$%%3v %tgg%%ga%%%tkgggggg%lggo@bE???ggn,
thi's metgldzati _ ] S| 5. rf sputtering at t enperature
bet ween abt%)u]iaié%L%E)}I1 %‘ﬁ%‘%o%sbdgﬁ%%’s&%%#%{%‘g? hII% %eé%a%e?ag’éﬁagﬁ?m? ﬁ@gﬁaﬁﬁd
11000 Angst ; ' h rocess of _the invention deposits
t he congﬁﬁtgﬁéyfégéﬁ ﬂé%%%§%¥}§9$a§%%gc %t%?%sdh%%%?tﬁﬁ?ngaX%ﬁvEﬂt BHE an
met hods - rf. sputtering at a tepperature between about 100 and. 400
degr ees %t{;%&d%f pr‘er:he%s%?%o%%t %%rh%%u%nglt%ﬁdviéohﬁ#%?rcﬁgi hg- aBoEource a
conductievxe erial at a flowrate of between about 10 and 400 sccmto a
t hi cknes€ B Werer? dBOHU B oFRONY 0695 1R g_¥ rdanPovger 21leaded withoss
-section of the substrate 10 after a | ayer 14 of photoresist has been
deposi t PHERTEHR RNtk ®%e | ayer 12 that is being exposed using nmask | 6.
Phot ol i thography is a conmon approach wherein patterned |ayers are forned
by spinning on a | ayer of photoresist, projecting light through a photomask
with the desired pattern onto the photoresist to expose the photoresist to
the pattern, devel oping the Ewmtoyresicet Ty@shivinefdyt he undevel oped
; photoresist, and plasma etching to clean out the areas where the
phot oresi st has been washed away. The exposed resi st may be rendered
i nsol ubl e (positive-working) and formthe pattern, or soluble (negative

wor ki ng) and dhe, mashgsh . . el t her s .remaining resist on the
surface forms tephe desi rﬁ\é&%jaﬁglr% etlg%t%é‘rr%ggﬁo%hﬁ? h%spﬁggﬁaﬁr@at ed in.

the | ayefe it Pf | S i e.pattern for. the body of the to be
created fuse. T%% p %’E%r%m s%ésnéa'?%srl%? ?%j;)fm?ﬁlﬁsgﬂ T3rafnhehesbase o sep

2004 material.

Another objective of the invention is to create a fusing

function that can be created with a sharply reduced number of




.formation of |ayer 14 can be any of the several photoresist materials that
are conventionally used in the art, including but not linited todp®sSER 2604
phot oresi st materials and negative photoresist materials. The preferred

‘thi ckness of |ayer 14 of photoresist of the invention is between about 1000
~and 10,000 Angstrom the formation of opening 17 in the |ayer of

phot or egirsicemaiosestdres siHd ey afrdayef Adialg g st daes {£9i ons of the
layer 12 that formthe bottom of openings 17. Fig. 3 shows a cross section
of the suwhgileatia wldRr e dauercdé of repd S b etched: The

| ayeY 14 of phot g?esi st can be etched Ob@%%l%%nl?%zhﬁgﬁéﬁ%'aski ng and then
wet stripping the photoresist by using a HzS04, HzOz and NHOOH sol ution. A
phot or esi st devel oper often used during devel opment of the photoresist is
tetramethyl an i droxide (TMAH).. O her devel apers such as sodi um

hydr oxi de, so |u%ér¢eryt&élbs§}3ﬁ i“&l:jce%}e p%%%%ﬁlu‘fﬁ% - 0X T et HE G ¥ b&ised.
However elalc f. the prope Eﬁ'esé%‘ TMAH rel ative to other devel opers is that
it is a metal-itoh e Vpere A FF e Bt - idnkaNe s uaf oretand |
contamnation in other parts of the IC. Fig. 4 shows a cross section of the -
substr até £3F sl EPatid9hydiha daser onfiueriade imtprtietried debrewtiohed and
after the 14 2 0 SEP W4 patterned |l ayer 14 of photoresist has been -
r enoved FEGHTTe 3 meftade Virithecmibsts atret ifupreat aslpr£sgaplsi Tige afuetcdhant
gas that. contains chlorine, such as boron trichlorine (Bds), carbon =~ -

t et r achlfewriate Al =a)cresidddam tigid apdp oriie (&G Alprad wdtLoriner{J z), can
be used to etch the netal layer 12. These etching gases are preferred _
because sklrereat chmtihpratind s d4s gener £ td+ e-ang, easily
punped fromthe etching chanber. The Igébo@é% gg:i(?'aétﬁgédgpé%c%ss o‘?@%rg%l ying Oz

pl asrme as-RE of phot oresi st_i eating
. the phot Oré@%ﬁ%%‘%ﬁﬂ?ﬁ#%%%él z%?'dee#]\a/ﬂy‘r?%xfmlé}] ,m%ﬁ TR X geh” pl asmm,

t her eby rti toresist to an easily r ved ash. The oxygen
pl asna ég%?%gpc%g%%ol gjvﬁeat Y pa“%‘?%&%x‘?'ﬁ%’%‘???@f WD n a

200. 1 did.ut ti.Qn of .hydr.ofl uoric acid. her methods for photoresist™
strippi r?&lbtoﬁagltse?r gj%lsgrdeurenjt %%%pqal‘%d[’%‘ée%‘hl? i ‘adret g Hz SRl Pand

m xtures of HzSOa with other oxidizing agents such as hydrogen peroxide
(HzOz). Wafers to be stripped can be imersed in the mxture at a
tenperature between about 100 degrees C. and about 150 degrees C. for 5 to
10 minutes and then subj@ttel PESERIRBFGUGAE cTBRNPRAWENER dei oni zed wat er
15

Fig. 1 shows a cross section of a semiconductor substrate on

the surface of which has been deposited a layer of metal.

Fig. 2 shows a cross section of the substrate over which a
‘layer of metal has been deposited, a layer of photoresist has

been deposited over the layer of metal and is being exposed using

a photolithographic mask.




.2 0.SEP 2004 and dried by dry nitrogen. Inorganic resist strippers, such as
the sulfuric acid mxtures, are very effective in the residual 7e§Epepjiya
of highly postbaked resist. They are nore effective than organic strippers
and the |longer the inmrersion tinme, the cleaner and nore residue free wafer
surface can be obtained. Fig. 5 shows a cross, section of the substrate |0

~after a layeFi20 &f spowWpner drassbeertdeposit athe\ribddie tsurdacs- ofnd he
conductive layer 12 thereby including the opening 19 that has been etched
in the layer bZ phocemdudlsityaamRieid@lstcHa pol ymer film can be spun onto
t he wafer and can contain pol ycarbonate (PC), polystyrene (PS), polyoxides
(PO, polynethyl nethacrylate (PPMA) and pol y-pol yoxides (PPO). It is
inmportant to use a material for the polyner filmthat can be applied by
Spi n coati nggar h n,, | at ey, .dat e easily renoved by di ppi ng
the coated s&%rsé?rgt %ﬁllogq%aas%%\?%ﬁt _as.e ol\?glntdsf t it sélfrgtﬂréﬁi?séotdtfeo‘%/ iis
pur pose,i u tone, THF and trichl oro-nethane. Fig. 6 shows a cross
sect i onlgggirhg’%s%%gtaﬁasgsagtegp ey N Fhsr BRditpRRehds wterP et ched
back. Thﬁ Etchin% of the deposited | ayer 20 of polyner used for the
i nvent i BRCGSEESASEIPEFCORRR &EERVESs i xture. The processing parameters for
the 16 2 0 SEP 200 etch of polynmer |ayer 20 are as follows: etchant: CaFs

‘at a tenperature of between about 50 and 70 degrees C. and a pressure.
bet ween .about 50 and 60 mforr and a flow rate of between about 12 and 16
sccm  The COFdas s spovsessentoats aeicartper alited of 1Relet thm.'c»}ﬁméo wd 70
degrees C. and a pressure of between about 50 and 60 nmflorr and a flow rate
of bet woernablepb s3@@dante40@ heC Gy FERR X 10f - 1 of

- between about 1/20 and 1/30. Fig. 7 shows a f%§§@§§§?§§¥?%§%€gﬁ% g#%:. use
whereby 12 are the conductive connect to the body-of the fuse and 20 is the
pol ymer containing body of the fuse. It nust be pointed out that the steps
of depositingia. | ay ol r bsequent .y etching this |ayer can be
repeated a ng‘rjft%er%01“%}htoi%frﬁnssQ vc\%{g%st %’%%o%]%encta%l\}{éarof%fcﬂiaé(\ﬁ é’%(ﬁﬁ? HRdity

of the surface abst Rechuse gnd the surrounding conductive interconnects.

This repeat cycle is optional "and depends on the |level of planarity that is
required for the conpleted fuse. Al though the invention has been descri bed
and illustrated with reference to specific illustrative enbodi nents

t hereof, it %s nog i nt ended that the invention be limted to those
_ ig. Shows a top view of the created fuse.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the art of creating semiconductor déﬁiées, material study
. and the knowledge of material properties is fundamental.VOne of
‘the aspects of this material. study is to uﬁderstand and to
utilize material properties that relate to material conductivity.
Relating to material conductivity it is known that polymers that
have an uninterrupted conjugate molecular bonding-structure

constitute low resistivity, high conductivity materials. By

10




.illustrative enbodi nents. Those skilled in the art will recognize 17 .2
SEP 2UU4 that variations and nodifications can be nade mﬁthout}adbéﬁfidaﬁ
fromthe spirit of the invention. It is therefore intended to-include

wi thin the invention all such variations and nodifications which fal
within the scope of the appended clainms and equival ents thereof. 18 .Z 0
. SEP zoomdifing sciod aidiRetulsir bhaA dretdiagtofo £raad | dsh fudAse b gy
characteristics of resistivity, conprising the steps of:” providing a

seni condueh@ftusuds i &AW Ne i S W agks glepasit g 2 {.y8 o 9f cgpductive
g

materi al - over the surface of said substrate; patterning and etchi ng said

| ayer OEdHHHH%Eiﬁg?Tﬁﬂfﬂi&Hc dlereby creating two conductive strips having

"sidewal | s over s surface of said substrate whereby said conductive
strips are separated by an opening; depositing a |ayer of polyner over a
surface of .said conductive strips thereby including said opening; and

et chi ng saidqggfosited | ayer of polynmer down to said conductive strips. 2.

The method of & &iHh SRS W P RriusissR Pat'erigie range from

' ' ﬁetween about 107% to 107 Siemen/meter (S/m}. As an example,
poiyacetylenerhas an electrical gondtctivity in.exceSS'of 4 X 10j
Qqnflwhich approaches the condﬁctivity of copper.qf 6 x 167 Q'm”
1.‘The reduction in the'bonding.chain length therefpré offers a

méans to céntrol conauctivity'of a layer of pOlyme:,va

characteristic that is used by the invention to create a fuse of

a particular conductivity.

The molecular bonding structure of a polymer can be
.controlled by exposing tﬁe polymer to a source of infrared energy
at a certain frequency and a certain light intensity. These
conditions of exposure can be optimiied for particular polymers
such that cextain frequéncies and certain infrared light
intensities are best suited for a éarticular polymer. By
'continuiﬁg this exposure over time, the conjugate bonding
Structure of the polymer is further reduced to shorter molecular
chain lengths thereby-having a direct effect on the resistivity
of the polymer film. The indicated exposure does not oni} effect

the resistivity of the polymer but also effects other dielectric

11
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.contains a netal. 3. The nethod of claim1l wherein said conductive strips

-bet ween abou

have a geometric profile and physical characteristics of an interdcnpeft2004
conductive |line whereby each of said two conductive strips are physically

| ocated in a direction of an extension of the other conductive strip such

t hat extensions of said sidewalls of said conductive strips coincide. 19

, 2 0 SERr2@@ntiss Euwehmethathefdicdlaidndi whesed thrsain, Roless+ S cont ai ns
controll'ed and .interrupted conjugated nol ecul ar bondi ng. whereby sai d

i nterr uptred keeRinigaiiet gy e G areRondi g, | soAadjsted,d 5535
5. The netho

f ehe
characteristics of resistivity of said fuse. 5. of ¢l aim 1

wher el 1 13&ichdeposidd Nufa: AfRle ofs G4 YE IB 614 Alp OYEH L0e Surdiace, of -
r o

said substrate is depositing a |aye et al o Usl ng nethoua BrU Rt a3 R

sputteri t about 100 and 400 degrees C.. and a
pPessurégﬁgﬁﬁkgﬁ&gggﬁ{q%ﬂgﬁﬁgﬁﬁ%fﬁﬁ¥%?wﬁﬁﬁrﬁf%ﬁ?%ﬁﬁw%% TOndiRt et vity

mat eri al fl aw_rat e..of t ween about. 10, and 400 sccmto a thickness
% ttht%_ &G aer%—’d%%d%g“e@%‘%s%%s ELUERY RRYAHoR WA @R PR ArSeF e

| ayer of polynmer over a surface of said conductive strfps

e ol
, fﬁler ebigﬁﬁr&rﬁ?&gﬁé%m IPEHHFES siHith diplg tines pdiyeirpld aaia pol ymer

1

to a thickness between about 7000 and 11000 Angstrom -7. The method of
cl ai m 1 SRRéIdiimsaitdieetdtfaty mre it Weposy tefl 4 ayelrymér podynes doverdDLsai d

conductive strips is using a CQFa/ CO Ar etch gas mixture at a tenperature

of betweas gsoustse! divd &7 Gladeigrese sval uandelee prEBSIrEhdet We ere Ao d 50, and
60 mTorr with etchant C9Fa at a flow rate of between about |2 and 16 'sccm

with et chanttuE@ atf aHd awmveaie f . bet ween about 300 and 400 sccm 20 - E2 0
- SEP 2004 8. The nethod of claim1l with additional processing steps, said

addi ti onal- steps to be perforned as one or nore cycles, each cycle of steps
to be perfornmed after said step of etching said deposited |ayer of polyner

domn_to Referring now specifically to Fig. 1, there is shown a Cross

section of a substrate 10, a 1a§er 12 of metal, for instance
copper, 1s deposited over the surface of the substfate 10.
Substrate 10 is typically a single crystal, silicon substrate.
The metal layer 12 doés not need to be limited to containing
copper but can include but is not limited to aAl, Ti, Ta, W, Mo,

Cu or a combination of these materials. In addition, layer 12 can

_ contain a silicate, a salicide, poly silicon, amorphous silicon

Or any other semiconductor compatible conductive layer. As an
‘example, the interconnect metalization layer 12 is aluminum,
-containing between about 1.0 and 3.0% copper, and between about
0.5 and 2.0% silicon, this metalization layer is deposited using
rf sputtering at a temperature between about 100 and 400 degfees

C. to a thickness between about 4000 and 11000 Angstrom.
12
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,said conductive strips, said steps conprising of: depositing a |ayer of

pol ymer over a surface of said conductive strips thereby incl ud% ggsﬁpi 2‘]0#
openi ng; and etching said deposited |ayer of polyner down to sa

conductive strips. 9. A nethod of creating a fuse having characteristics of
resistivity, conprising the steps of: providing a sem conductor substrate
havi ng a surface; depositing a |ayer of netal over the surface of said
substrate; patterning and etching said |ayer of netal, thereby creating two

TeLal Strips g sldennt kol sald auTdass ol daﬁgtg e LORE®)

sai d netal strlps are separat ed by an open S Al AT a
geonetrl f ysi cal. char cterlstlcs of interconnect conductive
l'i nes, er e% EHelaScﬂln%%eDés.‘a? F RS FARE S 1Y SE R @At e hededi n a
-directlgp of aq%exte sion of the other netal strip such that extensions of
"said si 3 & o RE PRl 2 5t7 | R i e b%&%@tqb@le 129 eanadf4 Pl ymer
‘over a surface of said netal strips, thereby including said opening
separ at (G Y TwrHbtRIPEI TIPS hitleredy aout 2 and 10 GERT QOO pihy nes
contalns controll ed and interrupted conjugated nolecul ar bondi ng,

source a conductive material at a flow rate of between about 10

and 400 sccm to a thickness between about 4000 and 11000

Angstrom.

Fig. 2 shows a cross section of the substrate 10 after a
layer 14 of photoresist has been deposited over Ehe,cenductive,
iayer 12-that is being exposed using mask-l6. Photolithography.is
a common approach wherein patterned layers are formed by epinning
on a layer of photoresist, projecting light through a photomask
with the desired pattern onto the photoresist to expose the

_photoresist to the pattern, developing the photoresist, washing
off the undeveloped photoresist, and plasma etching to clean out

- the areas where the photoresist has been washed away. The e#posed

.resist may be rendered inscluble {(positive-working} and form the
‘pattern, or soluble (negative working) and be washed away. In
either case, the remaining resist on the surface forms the
desired pattern. The pattern 17 that has been created in the
layer 14 of photoresist is the pattern for the body of the to be

created fuse. The photoresist material that is used for the

13




reby said interrupted conjugated nol ecul ar bonding is adjusted to said
’wgr ac%/eri stics of rgsi sti vi !tygof sai d fuse; and etching said dedoBi$igRl 2004
~ layer of polymer down to said-metal strips. 10. The nethod of claim?9
wherein said depositing a |ayer of netal is using nmethods of netal rf
sputtering at a tenperature between about 100 and 400 degrees C. and a

pressur e€cheiawaeh afoutaykand 06 MO YN 1AS SQHCE %rﬁ;g%%%ﬁness

material at a flow ratée of between abolut 10 and 400 see

bet ween rakeut; AQ0Q and ajxjeo%rﬁﬂéﬁéfoq{glfyl-usg {Tethod Sagr{tdclzai%%q%irkgw i ps

sai d depositing a layer of polynmer over "a surface © “oH

t her eby incliudi. id _openi.ng i s spin depositing a |layer of said polyner
to a tKin(?%nélsligdl&%td\igjeonpé%&lr}tl‘%oé%mg%oreﬂ]o%oHFh f .glrlicﬁ.nel??gt]rfé‘% Pod ofd
‘claim?9 rein.said etchi said deposited | ayer of polymer down to sai.
conduct FVE St @a&'ﬁrﬁﬁ‘r}% CAES ByHredieth Y saura atavex ehbherfit ure
of between about 50 and 70 degrees C. and a pressure between about 50 and
60 mTorP%\ﬁtth’r’eétksﬁ-ar‘Pcf 4SS IQver F G frathe biedsetatemrt A &R ahtl, AB0 seem
with etchant CO at a flow rate of between about 300 and 400 seem .22 2 0
SEP 2004ngstrom, the formation of opening 17 in the layer of photoresist

exposes the surface of layer 12 over the surface regioﬁs‘of the

layer 12 that form the bottom of openings 17.

Fig. 3 shows a cross section of the substrate éftér-the
layer 14 of pﬁotéresiét has been etcﬁed. The layer 14 bf
photoresist can be'etched by épplying 0Oz plasma ashing and then
weﬁ stripping the'photoresist by uéing a Ha2504, Hzoéand.Nﬂqu
solution. A photoresist developer often used during development
of the photoresist is tetramethyl ammonium hydroxide (TMAH).
Other developers such as sodium hydroxide, sodium metasillicide
Or potassium hydroxide may also ﬁe used. Howéver, one of the
préperties of TMAH relative to other develoééré is that it is a
metal-ion free developer, which reducés metal-ion diffusion and

‘contaminatien in other parts of the IC,.

Fig. 4 shows a cross section of the substrate 120 after the

layer 12 of conductive mdterial has been etched and after the

14




,13. .The nmethod of claim9 with additional p.r ocessing steps; said additional
steps to be perforned as one or nore cycles, each cycle of steps 28 BEP 7ul4

' Q}xsnld Z] ca] ca]calc"a]ca

.1t1110---

performed after said step of etching said deposited |ayer of polynmer down
to said conductive strips, said steps conprising of: depositing a |ayer of
pol ymer over a surface of said conductive strips thereby including said

openi ng;paatk eiedi Ngysai 1t Q@ﬁoﬁﬁ&@ré@/ﬂ }?és POLYTeL . HOW0 TP . Sal g
conductive strips. 23 .AY. A.

Ay AL ﬁ%ﬂe%%@l\g%,ﬁk@ h A A A<K. A AK AY. Ai . Al. Ak@@ 2SYNR
cajcaJcalc '

ajJ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢ a] ca] ca] ca] ca]ca]ca]ca]ca]c
a] ca! AFSVF"" #
H2H#RH W6 U %x ni d Z] ca] ca] ca] cal ca] ca] ca] ca] ca]ca] ca] ca] ca]ca]c
a]c a]ca]calc %é% ﬁ %ﬁ%ﬁﬁ(ﬁﬁ dﬁ}d%&%%ﬁ%%]%as that contains chlorlne,
a] ca] ca] Ca',] """ (B(TCL(L)]F****9+CH| ++++,

3R F A e eeal Bl va) @@]mm@ecraqmmnne (cC1a)
ajcal]ca] ca ca] ca] cal] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]c
a] ca] cal 1L conp/ 173 9inkar D061 131Q14/ 202220-631i3R33334044k%snbe_ a]sga] ga] cajc
a] c"a] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c"a] ca]ca
] ca] ca] cHj<en] = ARG5S 6UBE67 AUBBBINg s e | Ry | LILEEES EEHAE xsnid_Z] ¢
a] ca] ca] ca] ca]ca] ca] ca] ca]c"a]ca] ca] ca]c"a]ca] ca] ca] caj cai ca] cOa] ca] ca] ca] C

rea red tAl I
TXTTTOR Ut A xont 8. 2 53] oo ool cal ) £ Cof ol Chl'af o] 81 547 cBa) ca) o

: _ 2] ga?]cg?d\fmfg %&@Y%pﬁ%lzzzzz% &%}%Iﬁ A(;\I)@@l? At azaa} xsni d Z] caJc -

aJ ca] ca] ca]cal ca]ca]ca]calca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c. a] ca] ca] c"a] ca] cal! abYbbbb>ccc
cdadddNeeee’7f ff t%a thl | }xsnl d Z] ca] ca] ca) ca] ca] ca] ca] ca] ca]caJca]c
a] c"a] ca] ca] ca ¢ ‘%(:J ]I?:%‘]‘"c%f]%af] AR5} ¥ ¢ Qx &l lesmsa Jasdliingjhg | kM
kekkkxk ee?fffff ggg6hhth| | i }xsni d Z]ca]ca]ca]ca]ca] ca]ca]ca]ca]calc
a] calc" cea]‘i:‘%ﬁ cpoﬁ g%ﬁ T R Do rad Taf chd cadaalng] tiad ca@ w2gF
uhyI)lOW@/@L() 0%&() Yl\/[LO%&() v

0%& (RIRE fd%sg%f(t) 32‘(\5![(3%@3(}) -261d>Bd environment, such as an oxygen
10, :s10% & ()-+#10% & ()-"'H"'j*10%,& ()-D'|"'j*10%*, +, & ()-D
9%4.0% , &P(J)aW@@!qseb&mcqrwwtz]r@ao&h@ﬁ&@feﬂaﬂo%s&aﬁ)easﬂﬁfﬁBgerﬁaved
$10%3& ()-=94098& ()- 10, 10, NRJEK

10, f2$1@1}®& (DR (PRIDN & P8t LOMBR ¢ ) d VINYBES (Dowdd 09PES (Na el #:d 0YBR L ) -

dip for 90 seconds in a 200:1 diluted solution of hydrofluoric

acid,

Other methoda for photoresist stfipping that are frequently
“applied use sulfuric acid (H2804) and mixtures of H»S0s with other
oxidizing agents such as hydrogen peroxide (H202). Wafers to be
Stripped can be immersed in the mixture at a temperature between

about 100 degrees C.‘and about 150 degrees C. for 5 to 10 minutes

- and then subjected to a thorough cleaning with deionized water

15




|~ 9%40%& ()-&10%& ()-= 10B 10B 10B):t 109B& ()-f s6#109B& () -
.' ?%igb%&- ()-Y (~)_: 10, ! &(12)0/&' ()-& MLO9B&' ()-< 10 10 20 SEP 2004
10F: 109%& () - $10%& ()-! H@c(10% " & () - BQACDEFS}r g\ = 10, &le%B&O()_ 108 108-
108L) : t 109B& ()- 0 9%40%& ()-m 0 %40%B8& () - n 8109888 ()-()SVF;a.g\ =
10, ! - $109%0C& () - Z! R+UL0Y&' () - vp##10%G & () - $10%GE () - VS10%GE' () - } $10%& () -
FbC 10, |ddd%kt {9 yRIQE fi) £ Fod ok, 1@&rganic resist str1 R$ES ?uch as

10GLF: 109%& () -, 2" 109%6& () - O#109%6%' () - """"#?##~_@@10,| 10%&
10%& () &ﬂQQ@uifurlc acid mixtures, are very effective in the residual
free removal of highly postbaked resist. They are moré-effective

than organic strippers and the longer the immersion time, the

‘cleaner and more residue free wafer surface can be obtained.

Fig. 5 shows a cross_sectibn of the substrate 10.after a
.iayer 20 of polymer has been deposited over the surface of the
- . conductive layer 12 thereby including the opening 19 that has

‘been etched in the layer 12 of conductive material.

The polymer film cén be spun onto the wafer and can contaln
polycarbonate (PC), polystyrene (PS), polyoxides (PO},
polymethylmethécrylate (PPMA) and poly-polyoxides (PfO). It is
important to use a material for the polymer film that can be
applied by spin coating and that can, at a later date, be easily
removed by dipping the coated substrate iﬁ a solvent. Solvents

that can be used for this purpose include aéétbne, THF and

trichloro-methane.

Fig. 6 shows a cross section of the substrate after the
layer 20 of polymer has been etched back. The etching of the
deposited laver 20 of polymer used for the invention uses a

C4Fg/CO/Ar etch gas mixture. The processing parameters for the

le




10 10 10L:t10%& ()-11 =909\ & () - 3+###t $$904 [ <~ @ 10, @ $10%& () -

CLYS109Y&! () -"100& () -1 0%+ () - @#10%2& ()- < 20 SEP 2004
0 ()-=%s&&& U {' dE~_@ 10, . 109& ()- +#10%&' ()- )j! 10%& () - |
11008 () Zpi10%e () cZIA0VK () &L 0 (bE 10, F: 1094 & () - vig10%] & (-

10 10 10L):t 109%& () - PAvYL0%& ()- 1210%& ()-=(8(T(((()dBbC

0, 4l 1 L
151 el 0000 (9 B g o o <

. , @ ) % -J9+C+7+++++++xnb§g .
18/?!)/50%%1&5&%31{3&%% (QZLO% Led 08 o6 -5 Q) (19744 &egrees . and a pressure

0 ' Q ' )
104!|) %%ﬁg&%(gbcg '}%@"/@%&% --5410/41%‘& éﬁé&éﬁ{%ﬂ;g‘é)@w@%éﬁ’é’bc?ué‘bfz
(1)9&'0!%22' (r}o ABTDC 10, 196 109P€ () - Ll 109%°€ () - #@
109 ()% ébolr%%%{“() ¥ 195827 ) 121 RUREORS - atl2¢p¢¢m}l>$¢@lEU;ltelﬁPlbetween
- 10Pi): s /P&' -1 2109%P& () - &0$109P& ()-=. "109%P& ()- + 109%P& ()- ' -

1098 ()% tPTELX e 0Pe 1@%@@@(:} -IEF 409080 ) bELwdOHBAbYut 1666 £nd) -

60 mTorxy and a flow rate of between about 300 and 400 sccm. The

mix of C4Fa to CO has a ratio of between about 1/20 and 1/30.

~

Fig. 7 shows a top view of the completed fuse whereby 12 are
the conductive connect to the body.of the fuse and 20 is the-

polymer containing body of the fuse.

It must be pointed out that the steps of depositing a layer
of polymer and subsequently etching this layer can be repeated a
number of times with the objective of achieving good planarity of
the surface of the fuse and the surrounding conductive
interconnects. This repeat cycle is optionaiveed depends on the

level of planarity that is required for the completed fuse.

Although the invention has been described and illustrated
with reference to specific illustrative embodiments thereof, it
is not intended that the invention be limited to those

illustrative embodiments. Those skilled in the art will recognize
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10% & () -<%#10% & ()- 10PGL1111/202aB7/ 10P! +#10% & () - -
1 oHI ) *1098, S, & ()-) %40% & ()-L! 10% & () - #MLO%&’ () - J 20 SEP 2y
10% & () - 022- 3i 333333dYNC 10P! 10, 10, -
10, : 10% & () - V6! 10% & () - Z34! 10% & () - =0&10%0& ()- -
10% & () - Z33334044F5a?YNC
10P! | | Z9d0% & {)aiCldhd 09hd &gt £ HEAA 8 ) cfh 1080 o - wOLABYE &ubparting
%40% & ()- F55556J66aBYNC

10P11 PSB! (e AL (1 -10% Hrble SYR1ON 6 ) cRIPIEELD) 1hILRKA%:() 867

1,90 198 e VRTINS IR

&) 10%mg, %% %1 0% C>?L CCCCCClrg\ = 10P! -
‘ 1‘)’/6.0% 0&4((% LEiE @Bég‘vgﬁlchqf} f‘v(x:?.thln g‘hé)scopgo the a%{)gnded clalms -

and equlvalents thereof.
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l. A method of creating a fuse having characteristics of
resistivity, comprising the steps of:
providing a Semiconductoi substfate.having a surfaée;
depositing a layer of conductive‘material over the surfacé‘of
said substrate;
patterning and-etching said layér of condﬁctive.mate;ial thereby
ié;eéting two conductive strips_having sidewalls over_said surface
of said substrate whereby said cqnductive strips are separated by
an opening; | |
depositing a layer of polymer éﬁer a surface of said_cbndgctive
strips thereby inclﬁdihg said opéning; andr
efching said deposited layer of polymer down to said conductive

strips.

2. The method of claim 1 wherein said conductive material

contains a metal.

3. The method of claim 1 wherein said conductive strips have a
"geometric profile and physical characteristics of an interconnect
conductive line whereby each of said two conductive strips are
physically located in a direction of an extension of the other
conductive strip such that extensions of said sidewalls of said

conductive strips coincide.

18




81 = () - '()-= 10
. $10% & ()-~C Q+R R/ RORLR>R>S{\ = 10P! 100$10%& () - <%d0%&’ ()

10505?10&%&'()-!0"10%&'()-!s$10%55&'()->ss;TxTTTuZ[<{\:I10P! ]

$$10%& ()-Z"i!1109& ()-Z' 10983$& ()-! p#10%PP& ()-<L! 109&' ()-Z!' f vod o9& ()-f U\

UVI WWAB{\ = 10P! 7$10% ()-v410%& () - <2#10%& () - Z0J

| WAV : () e - ~ Tl> 102 102
1675 Ao 1 I SABME IO by b

controlled and interrupted conjugated molecular bonding whereby
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said interrupted conjugated molecular bonding is'adjusted to said

characteristics of resistivity of said fuse.

5. The method of claim 1 wherein said depositing a layer of

conductive material over the surface of said subéttate is
"depositing a layer of metdl using methods ofrmetai.rf sputtering
' at'a temperéture between about 100 and 400-degrees C. and. a

pressure between about 1 and 100 mTorr using as source a
conductive material at a flow rate of betweeh about 10 and 400

sccm to a thickness between about 4000 and liOOO Angstrom.

6. The method of claim 1 wherein said depositing a layer of
polymer over a surface of said conductive strips thereby
including said openingris spin depositing a layer of said polymer

to a thickness between about 7000 and 11000 Angstrom.

7. The method of claim 1 whereinrsaid etching said deposited
"layer of polymer down to said conductive strips is using a
C4Fg/CO/Axr etch gas mixture at a temperature of between about 50
énd 70 degrees C. and a pressure between about 50 and 60 mTorr

with etchant CuFs at a flow rate of between about 12 and 16 sccm

with etchant CO at a flow rate of between about 300 and 400 sccm.

20

et

N - S Ly s




1001 "10% & () -VvHO10% & ()-0Y 10% & ()- L10% & ()-=0

10% & () - @10% & ()-=Y/ YpYYZkZZaB~ TI> 1 120 SEP 2004
#10% & () - H#10%& ()-! F(10% _] _ &' ()- C0$10% & () -<099$10% & ()-010% & () -ZZZ
Z\J\™M _\ "\ o\ xmbCTI > 1%10% & ()- 10c 10c

ol s e el g e

LM 10% & () - YLO$10% & () -~ _f ai aj akal azaxmbCTI > &10%&' ()-= 10_ 10_
10_c: 109%t@pé fo be pespemeil-aseresranple eijes] 08¢hee(de ofzstapybbbddENDCTI >
i 109&' ()-i- 109& ()- i 10%&k ()-iv 10%& ()-

H10% () ; egfgjpr%@d QP35 %1%‘%319895%91%% Said deposited layer of polymer down to

said conductive strips, said steps comprising of:
depositing a layer of polymer over a surface of said conductive strips thereby
including said opening; and

etching said deposited layer of polyiner down to said conductive strips.

9. A method of creating a fuse having characteristics of resistivity, comprising

the steps of:

providing a semiconductor substrate having a surface;

depositing a layer of metal over the surface of said substrate;

patterning and etching said layer of metai, thereby creating two metal strips

having sidewalls over said surface of said substrate, whereby said metal strips

are separated by an opening, said metal strips having a geometric profile and

physical characteristics of interconnect conductive lines, whereby each of said
two métal strips are physically located in a direction of an extension of the

other metal strip such that extensions of said.sidewalls of said metal strips

cpincide;

depositing a layer of polymer over a surface of said metal strips, thereby

including said opening separating said two metal strips, whereby said
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etching said deposited layer of polymer down to said metal strips.

10. The method of claim 9 wherein said depositing a layer of metal is using
methods of metal rf sputtering at a temperature between about 100 and 400
degrees C. and a pressure between about 1 and 100 mTorr using as source a
conductive material at a flow rate of between about 10 and 400 scem to a

thickness between about 4000 and 11000 Angstrom.

11. The method of claim 9 wherein said depositing a layer of polymer over a
surface of said conductive strips thereby including said opening is spin
depositing a layer of said polymer to a thickness between about 7000 and

11000 Angstrom: .

12. The method of claim 9 wherein said etching said deposited layer of
polymer down to said cbnductive strips is using a Csl's/CO/Ar etch gas

- mixture at a temperature of between about 50 and 70 degrees C. and a
pressure between about 50 and 60 mTorr with etchant CsFs at a flow rate of
between about 12 and 16 sccm with etchant CO at a flow rate of between

about 300 and 400 sccm.
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cycle of steps to be performed after said step of etching.said
deposited layer éf.ﬁolymer downrto said conductive strips, said
steps comprising of: |
. depositing.a layer.of polymeryover a surface of.said conductive
strips thereby including séid opening; and
'étchihg said deposited layér of poifméf down to said condﬁctive

strips.
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