2 MAR 2006 WO 03/050858 PCT/ US02/39 482 CMOS PROCESS W TH AN INTE%%\I
H GH PERFORVANCE, SI LI Cl DE AGGLOVERATI ON FUSE It FIELD OF THE® | Al

The pres ion relates to integrated circuits and lar to
conpl eneﬁwgr%/mr{r@?&al oxi de sem conduct or (ClV%) i nt egr ate 8%’8352?9%
processes and devi ces. BACKGROUND OF THE | NVENT Some CMOS i nt egrated
circuit process&MGSRROGH %SM%%NWEWEQ’%%H?FBFOMS and one-tine
programmabl e el ements, cakliadmpatcgLOMBRATIONRUSEf Silicided polysilicon
(al so called polysilicide) on a polysilicon |ayer. These processes have
tried to use the phenonenon of silicide "aggloneration"” to program the

poly fuses. Wien a suffi ci enFIELDIORHHEINVENHIONs di ssi pated in or passed

through an Wﬂ@ﬁr@s@x{tmgn RELY to hldBRed LifdGitsLAITRGRAEW: G0 mplehntdry BBtIgRider i al
(silicided E ysilicon) rises above a certain critical tenperature, which

causes S{Hgen 4010{(8W§anﬁgﬁt§;%q1cha5?feﬁsﬁ HSHEFE phase. This phase change is
comonly called "aggloneration.” The silicified polysilicon transitions

from a |l ow r?5| st ance phaﬁﬁcfc&xxﬁuﬁb%f SNphase which is called
"progranmm n t he fuse. change is acconpani ed by
physi cal BHEWPOS mte“tar?é cisguitipecioppes hiyglaljesipted coferpenyisPr derepl enheetiest

EBIM% pwafama&eaéleMts A0 tRiynRsks PYuBotPiRlded mg@&ﬁ {alRg cﬂﬁﬁ%blﬁj‘%lhcnﬁﬁad |y5| sd

n C as Sl 11 Clde
2001 ong? TViegh et N P B eied B MR B LSE GeamrEtih APafR ' ange
of i nt dgrmlydubeci Vipniatsuffipipitly diehicarest is dissimtiin eappeistdcthtonghres univpranesied pplgw
requir gse rtﬁéjﬁﬁfe@t@hﬁg&y fuyeo%ﬁt@rﬁ?élhcl\ﬁy &t}élﬁéoﬁﬁtxs@§ aBolkEa %tﬁinrcﬁuéfap{em%rﬁﬁlrg h

perfornan fuse | ow vql t age process
with af™cht @xfede f‘ﬁiﬁd p?@]ry?‘]d‘i"ﬁatﬁc%’ang%lﬁhias& d &S PIPBEPUE | ‘6n°°'i“ﬂ‘§ Y i@l ovi ded
i N accCabanedni Thh sitidided polgslent transiten from A low Fesstadheephass toraddghursstanas poase

enbodi ggpf, lpiauédh%rd H}ﬁﬁ.ﬂ&*’ B4R MdOMh quﬁe R YR P BLARTIBREHpNed By h@ﬂcé{ ol tage

pr ogr amm ng ocess accor to one embodi nent” of € invention
oy PR STl PRRIcan Py dER P Bott PGP i I S oprbbic B

condi t ipeagsiny phgsicaltasdydar d  state-of -the-art 0.18, 0.13 CMOS process or ot her
CMOS processes. These conditions may include rapid thermal anneal (RTA)
processes, tenperatures and tine erlods for SI|ICI dation to form

transi stors. One enbodi me®UMMAREOFJHE ENTIQNS process of the invention
i ncl udes an cagdind ipRiRnnEBIO CRSEnt, onﬁptasmxlzoeietigglomaeﬁoﬁlommnmay ofe ased pol y
fuse’ %ﬁ%&mngfea em%mb% poéeyr%'l 'e' mt%'eata&%'c&fr%g@%%do% In SOMHE a ic&%&s' M@ori Phyw@ high

per f or marice ﬁg@ cid I on av oSt - gLr am ng
fuse r &spEE d(suzﬂbb\xﬁtaaqas é’h“’]i* Exshisy Bacieyre nforc A lmhgrﬁéﬁemtan@n ¥ that"can

pre- pr pghzanmd@a R voiRps. ogr anmed fuse resistance ("fresh fuse" resist ance)
The ratio of -pro nm .n sl stan ranmun

resi st ance m§ﬁ§§ pl% w1§1 1n%gr?te [gﬁ per cormance, %mcm% ap!%l?_lmcp :%tlog fuse lf (gldLin fuse
accor diaprgrdprse il the W@S@htnvwwre nifheofwse srmgpure froene egwodimgng of thy nrvention P‘i?fé‘?‘?st by at

| east  @pdmifet RFfordhncd Qith RwONRAze HREMmML! TIRXAHIE SocebslacdoRitngfth Bildletib&imdiesti t of a

the invention may advantageously include all features or comply with all process conditions of a standard

state-of-the-art 0.18, 0.13 CMOS process or other CMOS processes. These conditions may include rapid
thermal anneal (RTA) ‘processes, temperatures and time periods for silicidation to form transistors. One
embodiment of the proposed CMOS process of the invention includes an additional process to optimize the
performance of a “poly fuse” programmable by polysilicide agglomeration.

One objective for a high performance, polysilicide agglomeration fuse is to have a post-programming
fuse resistance (“blown fuse” resistance) much higher than a pre-programming or unprogrammed fuse
resistance (“fresh fuse” resistance). The ratio of post-programming fuse resistance to pre-programming fuse
resistance may be called the “figure of merit” of the fuse. The poly fuse according to the present invention
may increase this figure of merit by at least a factor of 10 to over 1000, for example. If the figure of merit of a
poly fuse is sufficiently large, a sense circuit connected to the poly fuse may read the fuse after programming

without any ambiguity.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates one embodiment of a structure comprising a silicon wafer with formed insulation
layers or elements.

Figure 2 illustrates the structure of Figure 1 at another stage of processing, which may be after
processing in Figure 1.

Figure 3 illustrates the structure of Figure 1 at another stage of processing, which may be after
processing in Figure 2.

Figure 4 illustrates the structure of Figure 1 at another stage of processing, which may be after

processing in Figure 3.
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DETAILED DESCRIPTION

Figure 1 illustrates one embodiment of a structure 100 comprising a silicon wafer 104 with formed

insulation layers or elements 106A-106C. The insulators 106A-106C may be formed of any suitable

insulation material, such as TEOS, and may be fabricated by either local oxidation of silicon (LOCOS) or

shallow trench isolation (STT) according to the design rules of the technology. The structure 100 in Figure 1

may be used to form a CMOS integrated circuit with transistors and fuses. The present invention may be

applied to any configuration and any number of transistors and fuses. Two transistors and a fuse are described

below with reference to.the Figures merely as an example. In addition, the sizes and thicknesses of the
elements and layers shown in the Figures are not drawn to scale and are not intended to be limitations.

Any state-of-the-art or future CMOS process, such as 0.18pum, 0.13pum or 0.10itm, may be used to
form the elements described below. One or more of the acts described below may be modified or performed
in a different sequence.

The surface of the silicon substrate 104 in Figure 1 may be cleaned with a pre-gate-oxide clean
process, and a gate oxide layer 102A, 102B may be formed. In one embodiment, the gate oxide layer is less
than 2nm thick. Then a polysilicon layer 108 may be deposited.

In one embodiment, the polysilicon layer 108 has a thickness T of about 100 nm to about 150 nm,

such as 120 nm or 130 nm. The thickness T is typically a compromise between (1) a desire for increased
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layer 304 and the polysilicon layer 108 in Figure 3 may be etched with a main etch process, a soft landing

process and an over-etch process, if desired, to form polysilicon gate areas 310A, 310B and a polysilicon fuse
area 312 shown in Figures 3 and 4. In one embodiment, the polysilicon gate areas 310A, 310B in Figure 4
may have widths W3, W4 of about 50nm to 100 nm, such as 60nm or 70nm, for current technologies.

In one embodiment, the gate etch process is designed to prevent any punctures of the gate oxide
layers 1024, 102B.

In one embodiment, gate etching is followed by a passivant clean process to remove eich polymer
residue, a critical dimension (CD) measurement, an inspection for resist scum, a short oxidation (grows about

2 nm on active region and about 4 nm on sides of gates, and removing the BARC layer 304. Because the
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process in the Co deposition recipe. In one embodiment, a cobalt deposition recipe 1ncludes a sputter clean
capable of removing about 3 nm of oxide, followed by the Co deposition, followed by a capping layer of about
5 nm of Ti or TiN.

After cleaning, a cobalt layer 404 may be deposited on all elements, as shown in Figure 4. In one
embodiment, the cobalt layer 404 is about 150A thick and the polysilicon layer 312 is about 1200-1500A
thick. Other thicknesses may be used in other embodiments. Instead of cobalt, other elements may be used,
such as titanium or nickel.

One or more rapid thermal anneal (RTA) processes then turn some of the cobalt layer 404 in co_ntact
with the silicon substrate 104 and the polysilicon gate areas 310A, 310B and the polysilicon fuse area 312 into
polysilicide areas 406A-406D, 408A-408B, 410 (also called silicided polysilicon). Any unreacted cobalt that
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Figure 7A illustrates the structure 100 of Figure 1 at another stage of processing, which may be after

processing in Figure 6. In Figure 7A, a first etch process may form polysilicon transistor gate structures 3104,

310B and delineate an approximate polysilicon fuse structure 312 in Figure 7A. The approximate polysilicon
fuse structure 312 is over-sized to provide some extra material to process an actual polysilicon fuse area 604,
as shown in Figures 6 and 7A.

There are two criteria for determining the width of the fuse mask 602 in Figure 6. First, the fuse
mask 602 should be sufficiently wide to enclose the actual “fusing” portion 604 of the fuse. In other words,
the fuse mask 602 should be wider than the electrically active portion of the fuse. Second, the fuse mask 602
should be enclosed by the poly fuse area 606 such that a poly etch process does not attack active Si. In other

words, the fuse mask 602 should be narrower than the outer edges of the poly fuse area 606.
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Figure 9A illustrates a programmed fuse 900A on the structure 100 of Figure 1 at another stage of

f\

processing, which may be after cobalt deposition, CoSi formation anneal and stripping unreacted cobalt after
processing in Figure 5 or Figures 6 and 7A. In Figures 5 and 7A, the polysilicon fuse layer is thinner than in
Figure 4 such that substantially all of the polysilicon in the fuse area in Figures 5 and 7A is consumed during
silicidation (see Figure 7B).

Figure 9B illustrates another programmed fuse 900B on the structure 100 of Figure 1 at another stage
of processing, which may be after cobalt deposition, CoSi formation anneal and stripping unreacted cobalt
after processing in Figure 5 or Figures 6 and 7A. In Figure 9B, an acceptable amount 910 of polysilicon is not

consumed during silicidation (see Figure 7C), possibly to accommodate other CMOS process conditions.




processing in Figure 5 or Figures 6 and 7A. Figure 7B shows a fresh or
unprogranmmed fuse area that directly contacts the insulator 106Cl MlﬁiRéWﬁe
7C il lust O%E)fsé hg structure of Figure 1 at another stage of ﬂ%rocessi ng,
whi ch may %P processing in Figure 5 or Figures 6 aR§TAURYYE48% e 7B
shows a fresh or unprogramed fuse area that is separated fromthe
i nsul at or 1AT6GrhyaraningGedpteadsioy), thtpragriranyed fusest 9086, 98B i1 Kigees 75014 RfF¥nt ages
of L N%wb BRLANA.EL 9600 1L R AINIAL ol RDALSVB HHARES LcbuaARRLIH:A04 1 1
Fi gure I'S renoved, the cobalt,” titani umor nickel Eﬁgl%sul i_Ci o(l)gm()%
si i cioiéhe ipsdagrdP4G. dbpswornglyliqidepesas W4y SHASIn Fisprg AP cRGeLPLTiER A 0T Fent  may
pass f4rpoyanen. end of the fuse layer 410 to the other end. The fuse may be
called a fresh or pre-proqgr use. The f nmed by
aggl oner at i ,tw°a%°1’§ﬂ18‘8$§rf%3§%%%%bn:lg’gu(r) }&%raé‘?%r%ﬂé?ﬁ b ?%gioggpr{dﬁ?%gr at ed
Ci I CUi 2068y 996R:S Thertgo @olysilicide arean@024n¥B B iareesertarated v ap agglomemsiea f989R e PHFE  at
about e]xg&gs a&‘a“r@&f‘?k%%ngﬁ@t‘oﬁb&éﬁOﬁE'ixgﬂgﬁe S ol bApodet AbBf Be PIRGEAMEH FguseB800 on
e 100 of Figure 1

the structu e at “anot her st age of rocessin Lhncg\@idclp may be
after proceBsiprgrammed-fugis 2804 S0qk, in Figurrs P anthbbr'e ﬁ@%St'B'gﬁa’f'Wmfoeé‘uT 8 as two
POl ySi thichingger @iz @ predidyPumnddeBsitcd (high Airey ofi theitio brcah yierag @ diperatepiregion 4+

pol ysi L1 gl %ﬁ%ﬁ%ﬁ? 33(?‘% Qﬁiéﬁégﬁ of'k %ﬂ%&y&ﬁgﬁﬁ&n b10A% BgubB CORAUChHuTenBO4A,

804B. FRE"% pol'ysiTici de areas ) are separated by an
aggl onivaisetbiorsh iedruigion 106Gk s shovanly desuels aery 1 Fagure He THSIBS POSHY A5 si 1 i con
layer b2 .in Bkt N BEksAHTRE opehSBoBQL:.,ibfokén bl Smbaly, therpid @ hegPgiblg areammiiofig

resi stance that_ is_highey t a, pre- proqra N0 i.st ance because of the
aggl on‘é‘F&"c‘gW‘P%‘&O%Q@g?P{a%{b%QS%&E B?1¥S§1 5 nq%’ief I H?El%‘\?\e? Bts'hr ough the
pol ysi | i conFipweyHris 808 viewsf shmpmostymedfese 4p00atrnother sEpef PECHSINGVHE BAYTA

il 'l[st’l LRt ?}%al@depgsﬁgﬁ, AIEEG i IAP Ma SiRipgidCunsehdiddCobulli@fidrGffocasbindinGlpue Slorat
anotner sta

i e of rocessi ng. whic y. be ter cobalt. .deposi.ti CoSi
f or mat F‘é‘ﬁesa%ﬁ@éi‘é"a 055 ept hgwlﬁ‘fli‘r&aag?él&f’%fﬂfgéf “af I?’Iél?m 18&0%%? ‘%ﬂhzg&]ﬁﬁ Fi gure
5 or Fhggtimsingat aner bRaged. (THECqueadugs 1094, 1904B onife cpmicyrsds 1060k 108 e~ rgfer is
thi nnef, J«:@@i&h& Ponnde| BHELe Sermdif foob ad po%dépéhﬁjpwlﬁéel, Yhigtl fnayode dsdaQo profryifitlei con i n
the fuse area In Figures 5 and 7A i's consuned during silicidation (see
Fi gur efo¥B)000-Fj gure 9B illustrates another progranmed fuse 900B on the
structure 108 aBivelbgtitied ehbaimaBal ke presheigentiaf arpmeade swint ¢ beifiisedivingy be
aft e GQRAkde ITRRR! LBl afidRbaidoRAPELLL A0 Gho R BarShY B0 U it LACC

cobal t er” processi q? ) I gure or Figures 6 an 5@ In.Fiag&Jre 9B, an
‘accept biokder wprereine apended clppp grepRRasssHCh cBangrsand RaHERRRy VP MR P € at i on
(see FpOmdigvedtloh, possibly to accommpdate ot her CMOS process conditions. 7 2
MAR 2006 WO 03/050858 PCT/ US02/ 39482 After programm ng (aggl oneration), the
programed fuses 900A, 900B in Figures 9A and 9B have two polysilicide
areas 902A, 902B. The two polysilicide areas 902A, 902B in Figure 9A
contact the surface of the insulator 106C. The two polysilicide areas
902A, 902B in Figure 9B contact the acceptable anbunt 910 of polysilicon.
The two polysilicide areas 902A, 902B in Figures 9A and 9B are coupled to
pl ugs or conductors 906A, 906B. The two polysilicide areas 902A, 902B are
separated by an aggl onerated regi on 904, which '




.expbses a part of -the tnsulator layer 106C in Figure 9A and exposes a part
“of the polysilicon 910 in Figure 9B. The. programed fuses 900A, 900B in
Fi gurés 9A, 9B have a post-programmng resistance that is nuch hi gtefARt20@n
a pre-progr @oseeg resistance (high figure of nerit) because the
aggl oner at ed regi on 904 exposes the insulator 106C in Figure 9A or a thin
| ayer of polysilicon 910 in Figure 9B. There is no current flow ng through
the insulator 106C, as shown by the single arrow in Figure 9A. Thus, the
progranmed fusemvi§00A in Figure 9A forns an ideal open circuit (i.e.,
broken circuit). Simlarly, there is a negligible anount of current
flowi ng through the insulator 106C and thin polysilicon |ayer 910 in Figure
9B. Figure 10 is,a_t Vi of. an unprogranmed fuse 1000 at anot her stage
of processihg, whi Bﬁ&ﬁgyoﬁg’mé‘?&é? @%B&%%d §Epk nclusing eqRilysilisidenfiisenttenneal
. and strippi ARtHHA"S Hgﬂgpobalt after processing in Figure 5 or Figures 6
and 7A. The fuse length™L, wdth Wand shape of the fuse el enent 1000 are
optim2ed for ppoyidmga siticat subetete; vol t ages. The contact pl ugs 1004A,
1004B on the contact ads . 1002A, 1002B are_used to electrically connect
the fuse el ement %ﬁg g Poly: r2EpPn ¢ efaca@é, thevsilicon mabstiage, uthe dsilicon
pr ogr am t hegfhugse HORA ; = i L pents. of th resent
o FAR EAONGr OFREA PRIk GEREEHER sich ik,

i nvention are nerel y meant ustrative an At> Vari ous

changes gnd mdiﬁﬁmmgimmm_?kdyydnwwgdge \p})ty_binu@n ueparthe %Skrlﬁr&'ﬁl&ﬁoéiﬂg’%ﬂgi on
inits broader.aspects. The appended clai ms enconpass such changes” an
nodi fi cati o%ga%{ﬁﬁ%ﬂg?ﬁ@o% Y ‘?‘%ég%e%ﬁ@f; of the invention. 2 MAR 2006
GO6661CLAI M5 1. ¢ g g ' i it including_.a '
mtﬁ%e efosé P bFBaeF tﬁgp'r?gfsﬁg&g;ag% gal for) dn Rqrgm%@ssﬁ ate:

pol ysi i cide fuse, met hod conpri si ng a si
form ng a pBIuFBIesi con | ayer on a surface of the silicon substrate, the

silicon substr V] a, fdrst insulator forned on the surf.ace of the
silicon subst ra?fg; ¢grémﬁ%§ dofiition Wﬁ%‘e?"%f@? apROxEEty disq stpirtprgy the fuspe
mask | ayer ,definjtioninmgk @Rposiigin Ata b theRPhyHithite Fkel sBYBfur@ver the insul ator;

10 etching the ex&gge area of the polysilicon layer to forman approxi mate
fuse structure;® CXposers aregett; the tapprexiraatk faseestruchure ap foon iandoeud us e

Structure, fubesthushite, WRELH th RJRa X IRL MR ALCR 0L LG A0pL gt €

fuse structure; etching the exposed area o e appro flﬁ‘&_turé
to forman %?@@Ffml&%i ptly structure, wherein the exposed area of the
approxi mate fus -] re ls..etched to redet er m ned dept h;_ depositing
a netal |ayer O\G/dgﬁ B%l'#éé gtlgﬁ%ghg‘%{p%‘éeé(ﬁlﬁr%cg‘e@?x? (58%3 81 thecelysiligem; and
anneal i ng taheeabipg de hetybhyérao ffomppREYsidti ci de. 20 2. The nethod of Caim
1, wherein annealing the netal |ayer |eaves a polysilicon

P

204 2. The method of Claim 1, wherein annealing the metal layer léavés a polysilicon
layer about 100 to 200 nanometers in thickness. '

3. The method of Claim 1, wherein annealing the metal layer leaves a polysilicon
layer about 10 to 50 nanometers in thickness.

25
4. A method of Claim 1, wherein at least a portion of the polysilicide directly
contacts the first insulator.
5. The method of Claim 1, wherein the metal layer comprises cobalt.

30

6. The method of Claim 1, wherein the metal layer comprises titanium.

HRW-Amended Claims es filed 07-11-03




| ayer about 100 to 200-nanoneters in thickness. 3. The nethod of Caim]l,
“wherein annealing the netal |ayer |eaves a polysilicon Ilayer about 10 to
50 manometers in thickness. 25 4. A nethod of Claim1, wherein atl MARMEE a
portion of {fhgepol ysilicide directly contacts the first insulator. 5. The
met hod of Claim1l, wherein the netal |ayer conprises cobalt. 30 6. The
met hod of Caim1l1, wherein the netal |ayer conprises titanium HRW Anrndod
clains as filed 07-11-03 9 EN,(r)ED ISHE T 2 MAR 2006 G0666 7. The net hod
of Claiml, wherein the netal |ayer. conprises nickel. 8. The nethod of
Claim1, wherein the deposited netal |ayer is about 150A in 5 thickness.
9. The nmethgd of TGk aiefoll ofISHE] NvERLH thOhRH #l LIl fa fyrther includes
a transistor, said nmethod further conpr?léf':ng: 5%1?%0\%%%#9&51(%@0%(1 i nsul at or
separate fromthe first insulator, the second 10 insulator overlying the
silicon subgtrate; wherein.a first regjon of the polysilicon |ayer is
directly ovg’r thzh? in;eglgod P%g tgr‘f"ﬁ%r%’éll %‘%‘k@@ﬁ@drl@gﬁ%h}’@ﬁ istahoupdiSP4i ini con
| ayer ps onthicksissf ace of the silicon substrate between the first insul ator
and the second insulator to forma gate area; formng a drain and source
area of the transistor in the silicon substrate. 15 Fi RMAnrended Ctei ns as
filed 07-1140] 1 IVE, HEET .

| 901 1g QN me%%?o? E%Jm 1, wherein said integrated circuit further includes a
transistor, said method further comprising:

providing a second insulator separate from the first insulator, the second
10 insulator overlying the silicon substrate;
wherein a first région of the polysilicon layer is directly over the first
insulator, and a second region of the polysilicon layer is on a surface of the silicon
substrate between the first insulator and the second insulator to form a gate area;

forming a drain and source area of the transistor in the silicon substrate. -
15
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