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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 0.18um, 0.13pm or 0.10pm, 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 Flgure 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 etch 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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capable of removing about 3 nm of oxide, followed by the Co deposition, followed by a capping layer of about
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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
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gate a'ifgﬂres 3 and 4), the structures 600A, 600B, 602 in Figure 6 protect the future polysilicon transistor gate and

fuse areas 310A, 310B, 312 for later etching.

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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and a fuse area. Figure 5 illustrates one nethod, and Figures 6 and 7A
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Figure 9A illusirates a programmed fuse 900A 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 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.
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WO 03/ 050858 PCT/ US02/ 39482 After progranm ng (aggloneration), the
programed fuses 900A, 900B in Figures 9A and 9B have two polysilicide
areas 902w 0902Bs8 The two pol ysilicide areas 902A, 902B i RCFUH02/8949A
contact the surface of the insulator 106C. The two polysilicide areas
902A, @Qﬁ?ﬁ@g}ﬂ@éﬁ@ 9B contact the acceptable anobunt 910 of polysilicon.
The t polysilTicide areas 902A, 902B in Figures 9A and 9B are coupled to
pl ugs or conductors 906A, 906B. The two polysilicide areas 902A, 902B are
separ at ed by an ageghainefoahiega pegilicide 8@4the pihadisomprispeses a part of the

i nsul ator layer 106C in..Fi )A and exposes a part of the polysilicon 910
in Figure 9B. Tﬁéovbﬁngﬁrsgﬁér%ggsﬁﬁtg’es 900A, 900B in Figures 9A, 9B have a

post - progr ammi ngprevediiesn ipsdaioronetying de sEgAR U her t han a pre- programi ng
resistance (hi gheofui@UrRlyaficon®iviton a ReRaLS e tilven aggtaonizealy eds thegiudrr04
exposes the insulator 106C in Fjgure.. i : I Msddeieon 910
in Figure 9B. ThQME"gaagslays ?‘Feélr?? pohfsfh?)% 1%&’ ?lﬁ%%%(gﬁla%%gs}nggaf%t or 106C, as
shown by t hglgilicgllgerarerdwiispatei:gur e 9A. Thus, the progranmed fuse 900A in
Figure 9A forns é&in%%%kpo%%asiitnecﬁéiygmc(omagem brakemieddgtt) . Sinlarly,
there is a negl igi blfe anount of cur ent fl%yg NGyt m%ggg,;n@e i nsul ator 106C
and thin pol ysi | fesHing 2! Ve elfltcéf?reépoéeg. EPgure 10 16 a top view of an
unprogr amed f usandGfihabetargtrheforspdgdicidd. processi ng, which may be after
cobalt deposition, CoSi formation anneal and stripping unreacted cobalt
after processing in Figure 5 or Figures 6 and 7 The fuse | L, width
W and shape2of tﬁ’@fﬁeH@gOféfl%ﬂén‘f’heimneélﬂ‘@ tl&?ﬁefaﬂ%a%e%a‘fe(s)? pobsiﬁlgognr@@m%%ﬂlé at

| ovner y@lid ADesomdiBeintaskhast pl ugs 1004A, 1004B on the contact pads 1002A,
1002B are used to electrically connect the fuse element 1000 to a power
supply vol tage, which ﬁrrgélﬁbe used to pr.ogramthe fuse éOﬁg 1Trelreabout

above- descrBbed Brasesdiofaiflgmds Weerrdn agpcalingite Bl BYT [°BYS APEYSHEY e TRant to be
i 11 ust {@b sy ganddibers iRBickhdsdi t1 ng. Various changes and nodificati ons may be
made wi thout departing fromthe invention in its broader aspects. The
appended cl ai n8 enconpass such changes and nodifications within the spirit
and scope 6f tha nethpépfGlom 1. Bhewd @gﬁ%mom%%?ﬁ%@%% coRgER*°| S CLAI MED
IS 1., Aigthod of formng a polysilicide fuse, the nethod conprising:
providing a silicon substrate; providing an insulator overlying the silicon
substrate; formng a polysilicon |ayer on a surface of the silicon
substrate disrect Ty matiexd of Gleim In wheren e metalfigyprepmpyises Rk | ayer over the
polysilicon |layer, the mask | ayer exposing a partial area of the

pol ysilicon |ayer over the insulator; etching th ed area of the

pol ysi | i con9 ayerTh‘iIBeﬂéPdﬁF@Ei‘E’t]e?’Vh?rﬁ‘é@é ﬁgggﬂfrcgﬂ%rﬁgsstﬁ%%&%g a metal |ayer over
the etched exposed area of the polysilicon; and

7. The method of Claim 1, wherein the metal layer comprises nickel.
8. The method of Claim 1, wherein the deposited metal layer is about 150A in thickness.
9. A method of forming a transistor and a polysilicide fuse, the method comprising:

providing a silicon substrate;

providing a first insulator overlying the silicon substrate;

providing a second insulator separate from the first insulator, the second insulator overlying
the silicon substrate;

forming a polysilicon layer on a surface of the silicon substrate wherein a first region 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;



annealing the netal layer to formpolysilicide. 2. The method of Cdaiml1,
wherein annealing the netal |ayer |eaves a polysilicon |ayer about 100 to
200 nanomwDeB®50888 t hi ckness. 3. The nethod of Caim1l, whecaiusozsmeal i ng
the netal |ayer |eaves a polysilicon |ayer about 10 to 50 nanoneters in
thickness. 4. Af&ﬁﬁPQQas@fIayg o MelpolyWiRh Bidds, @ik mbhsRGtr e@posiag & fisinaredbvet he
polysilicide directly contacts th%_ insulat05.£§VmI %aggﬁgg%wgmeIain1l,
wher ei n t heherfist sgpion efyhepolydhingh 12X a0 eappRg @ S8 ¥R et hod o aim1, wherein
the netal aygkcosryEprises titanium 7. The method of Claim 1, wherein the
nmetal |ayer conprj.ses nickel RN - f Ak Msdinsupefogl n t he

deposi t ed netale#a?%ie?%m%%%ﬁféiggﬁﬁﬁgg%ﬁﬁgﬁﬁgg§¥ 9. A nethod of fornming a
transi st or peedderminpdept8i | i ci de fuse, the nmethod conprising: providing a
silicon substr atg,osRQ\heth Rgr dvek ihe Sithell Biptedtivrared et thexpged siendirts ofon
substrate; providing a second insulator separate fromthe first insulator,

t he second FerPOlFELEr overlying the silicon substrate; formng a

pol ysi | i con | ayennealing the snetaf lagetodgrmiphkysikidide} 8én substrate wherein a first
region of the Yidlalala0Rd LoB¥Ehred o il kihuBfdod iy thOViBEonkiteuaid. r st i nsul ator, 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 forma
gate 1ar ea;A et DBLAEN) 8B P iUBORMSEABRicidd dresilysepiagts ihediest g™ over t he
polysilicon | ayers, the mask |ayer exposing a first area over the first
region of the polysilicon | ayer and exposing a second area over the second
region of the polysilicon layer; etching the exposed first area of the

pol ysilicon | ayer above the first insulator to a predeterm ned depth;
depositing a netal |ayer over the etched exposed first area and the exposed
second area of the polysilicon; annealing the netal layer to form
polysilicide; and formng a drain and source area of the transistor in the
silicon substrate. 10. A nethod of Claim9, wherein a portion of the
polysilicide directly contacts the first insulator. 10

10



