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PCT/ US97/ 21 | Cl DE AGGLOVERATI ON FUSE DEVI CE W TH NOT NCE
PROGRAMVABI ﬁﬁﬁéﬁ&TED APPLI CATONS This application is a %ﬁm-g%m%

continuation-in-part of U S. Patent Application Serial No. 081537, 283
entitled, "A Silicide Aggloneration Fuse Device," filed Septenber 29, 1995
(Attorney's Docket No. 42390.P3064). FIELD OF THE | NVENTI ON The i nventi on
relates to the field of integrated circuit devices and nore particularly,
to fusible link devices in sem conductor integrated circuits. BACKGROUND OF
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used to perform bherghisS R EDYcKe? NREAL3gUIPI0FagL | Oon of a fuse devr ce.
Sem conduct or process technologies continue to provide for snaller device

geonetries and operate at Iovver voI tages As the device geonetries are
reduced, so is tFEL] i QX oxi de | ayer. EEPROM nenory devi ces
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Q her fuse devices require an extra sem conductor processing step to form
or programthe di SCLet{on exanpl e, one type of fuse
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device i s "progr &aAres RS @0 i nk after the seniconductor

device is processed. Bhixﬁegtrataeclfn‘uué ﬂﬁ:m&bfgvcm&mtcgwéd/cmmﬁw it Boften extra
processing step 4€sirable to be able to permanently store information, or to form permanent
connections on the integrated circuit after it is manufactured. Fuses or devices
forming fusible links are frequently used for this purpose. Fuses can be used to
program redundant elements to replace identical defective elements, for example.
Fuses can also be used to store die identification or other such information, or to
adjust the speed of a circuit by adjusting the resistance of the current path.
In some cases, electrically erasable programmable read only memory
(EEPROM) devices are used to perform the discretionary connection function of a
fuse device. Semiconductor process technologies continue to provide for smaller
device geometries and operate at lower voltages. As the device geometries are
reduced, so is the thickness of the gate oxide layer. EEPROM memory devices
require a minimum gate oxide thickness to prevent high leakage currents and
sustain a charge on the floating node. Thus, EEPROM memory devices are not
viable for use on many of the latest semiconductor process technologies.
Other fuse devices require an extra semiconductor processing step to form
or program the discretionary connections. For example, one type of fuse device is
"programmed" using a laser to open a link after the semiconductor device is
processed. This type of fuse device not only requires an extra processing step to
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destroyi ng nei ghboring devices. This and other simlar approaches can
result in damage to the device passivation layer, and thus, lead to
reliability concerns. In sone approaches, the passivation |ayer nust
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the fuse material when the connection is destroyed. In other approaches,
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devices may also not be viable for use with many of the latest process

technologies.

The invention provides a small fuse device which can be manufactured
without additional processing steps, and which can be reliably used with lower
voltage, thinner gate oxide process technologies in use today and in development
for the future. Further, the fuse device of the invention can be programmed using
relatively low voltages without damage to overlying dielectric layers.
SUMMARY OF THE INVENTION

A fusible link device disposed on a semiconductor substrate for providing
discretionary changes in resistance is described. The fusible link device of the
invention includes a polysilicon layer having a first resistance and a silicide layer
formed on the polysilicon layer having a second, lower resistance. The silicide
layer includes a fuse region having a first notched region narrower than the center
of the fuse region, a first contact region coupled to one end of the fuse region, and
a second contact region coupled to an opposite end of the fuse region. The silicide



.of the fuse region, a first contact region coupled to one end of the fuse
region, a nd contact region coupled to an opposite epdy use
 egi on. iRl Sont At (e et soriifa7
PCT/ US97/ 21447 | ayer agglonerates to forman electrical discontinuity in
the fuse region in response to a first current greater than or equal to a
predeterm ned programm ng current flow ng through the fuse such that the
resi stance of the fusible |ink device can be selectively increased. BRI EF
DESCRI PTI ON OF THE DRAW NGS The invention will be understood nore fully
fromthe detail ed description given bel ow and fromthe acconpanyi ng

drawi ngs of enblasenagsiomesates lodorm ga plepsigal digcontinuityjpahestuse wEAN 1§ reROnsse

taklen tf- lim tdwhe%ﬂsﬂ&?&hi Q@at&ﬂthlhﬁ'ér @Q@ptbfai mebmmggﬁﬂeﬁtor f
ex anati on an unger andl.Nng. on . | qure. | S o . lgdge view O
thg fusibl e || nROVE; “8?“19 seeﬁ%‘bﬂlah@ﬁfc%s?“‘lcﬁé’fﬁ}ﬁféﬂi’ﬁm ‘f—'ﬁ"&&ﬁé“?’%

illustrates a tselectivelyindrease fusi ble |ink device of one embodi ment of the

i nvention. Figu PFRINCOTF F81E  SRAWINGS fusible ink device of
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fusible link despesificeimbudithéirs, bat dre foradxplapaimtindanmiderstantiing ondy.ent i on havi ng
tapered transition regions and notched regions at either end of the fuse

region. Figure 5 illustrates a top view of a fusible |ink device of another
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a notched regi of,BddiRes: &Rk Rledden. f use region.

Figure 1B illustrates a top view of the fusible link device of one
embodiment of the invention.

Figure 2A illustrates a side view of the fusible link device of one
embodiment of the invention after programming.

Figure 2B illustrates a side view of the fusible link device of an alternate
embodiment of the invention after programming.

Figure 3 illustrates a top view of a fusible link device of an alternate
embodiment of the invention having a notched region at one end of the fuse region.

Figure 4 illustrates a top view of a fusible link device of another alternate
embodiment of the invention having tapered transition regions and notched regions
at either end of the fuse region.

Figure 5 illustrates a top view of a fusible link device of another alternate
embodiment of the invention having tapered transition regions and a notched
region at one end of the fuse region.
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PCT/U897/21447 Flgure 6 is aflowdiagramillustrating the nethod of one
embodi nentW @3] nventi on. DETAI LED DESCRI PTI ON A silici dBCAGEPYMSAAL i on
fuse device for provi ding di scretionary changes in resistance is disclosed.
In the follow ng description, nunmerous specific details are set forth, such
as particular materials, dinensions, nunbers of contacts, progranmm ng

vol tages and currents, in order to provide a thorough understandi ng of the
i nvention. However, it will be appreciated by one of ordinary skill in the
art that the invention nmay be practiced without these specific details. In
ot her instances, well-known structures, and circuits have not been

described in detail r [tgg, f se
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alternately refe éﬁr?d to ﬁ ang %mas a fuse. The fuse device 100 is
di sposed on a B %ﬂ‘fﬂﬁ p gﬂ% ARYRIB7 whi ch may be part of a |l arger
integrated circuit dJddeifess.deVice of teiimentoingludesbsticide laysOfbrmeg onacl ude
various |ayers pofisilidth Riger6i 4 ¥énieSiliulfor substrate, wherein the polysilicon layer has a

first resistance. The silicide layer has a second, lower resistance (the

unprogrammed resistance of the fuse device) and includes a fuse region, a first
contact region coupled to one end of the fuse region and a second contact region
coupled to an opposite end of the fuse region. A current which is greater than or
equal to a predetermined programming current flowing through the fuse causes the
silicide layer to agglomerate and create an electrical discontinuity in the fuse region
such that the fuse has a significantly higher programmed resistance. Various
embodiments of the fuse device of the invention are described below in reference
to Figures 1-6.

Figure 1A illustrates a side view of one embodiment of the silicide
agglomeration fuse device 100 of the invention which is alternately referred to
herein simply as a fuse. The fuse device 100 is disposed on a semiconductor
substrate 107 which may be part of a larger integrated circuit device. The
semiconductor substrate 107 may include various layers including active and or
passive devices, metal layers, dielectric layers and other materials used in the
manufacture of integrated circuits. An oxide layer 106, has a thickness 112 of
about 3000 - 4000 A, and is formed between the fuse device 100 and the substrate
107. The fuse device 100 includes a polysilicon layer 105 which is formed on the



passive devices, nmetal layers, dielectric layers and other naterials used
in the man Integrated circuits. An oxide | ayer

t hi ckness Wﬁg I?kﬂ%out 3000 - 4000 A, and is forned between ?ﬁéhgése 3eV|ce
100 and the substrate 107. The fuse device 100 includes a polysilicon |ayer
105 which is forned on the 4 WD 98/ 27595

PCT/US97/ 21447 oxide |ayer 106 and a silicide |layer 104 formed on the
polysilicon layer 105. In one enbodinent, the silicide |ayer 104 and the
pol ysilicon | ayer 105 of the fuse device 100 are fornmed by the sane

processi ng steps used to produce the polysilicon and silicide gate |ayers
ﬁhl s nne

of other devices on_an |nfegrate Vi
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detail in reference to Figure he po sidicon |ayer, 105 may be
undoped. The shé%‘tlcerw‘gbﬂ\"ﬁééﬁﬁf’ Fﬂée 0y Igiegrated(ircnlt. gr eat er t han

500 ohm qu 0 about ThHE® &y@iﬁﬁ?ﬁ}l yet TOMaQﬁiaﬁﬁbstofiﬁiﬁa%(bOAl qﬁohayer 104
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tungsten, ti tanF’ﬁ‘h?&f‘% iﬁﬁﬂl %h&?xt‘ﬁwgﬁ?ﬁpeaa’e‘%? © AV YT HIFe used in
accordance wi t hembedimensnhaydinclud®ethsr types nfeddpa;ganclhﬁx&g nktype,astwellcdsitbss 110
f about 225-25 d
of Bbout 225- 250 e Gr PUSEIcrEe b Biyuffon 15105 ok Y Bugbeh flgonce
al so includes coetaihin wferencede Figurn2B, aribe pol yslh@onrhmr 198 mayebe wsloped.c Rheir e
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the fuse device 100 The kitivide dayer b@hisiamickehsilicide (INiSiy) filfh] althdughaotirdract s
silicides, such as tungsten, titanium, tantalum or platinum silicides, may also be
used in accordance with the invention. The silicide layer 104, has a thickness 110
of about 225-250 A. The sheet resistance of the silicide layer 104 depends on its
exact composition, but is about 1-10 ohm/sq.

The fuse device 100 also includes contacts 101 at either end of the fuse
device 100 which are substantially square in shape, but may be rectangular, round
or another shape in alternate embodiments. Multiple contacts 101 operating in
parallel may be used to ensure that the required programming current flows
through the fuse device 100 without overheating the contacts 101. The contacts
101 are formed on and electrically coupled to the silicide layer 104 to provide an
electrical connection between the fuse device and an external device or other

components in the same integrated circuit. In one embodiment, the contacts 101
are coupled to metal interconnect lines (not shown) such that the fuse device 100
may be accessed for programming, sensing or other uses. The contacts 101 are
tungsten plugs in one embodiment, but may be formed of other materials. In
alternate embodiments, metal interconnect lines of the integrated circuit in which
the fuse device 100 is formed are coupled directly to the silicide layer 104 to
provide the same functionality.



.101 are fornmed on and electrically coupled to the silicide layer 104 to
provi de an_el ectrical connection between the fuse device and an external
devi ce or M2 nponents in the sane integrated circuit. IBESHS7/21447
enbodi nent, the contacts 101 are coupled to netal interconnect |ines (not
shown) such that the fuse device 100 may be accessed for progranmm ng,
sensing or other uses. The contacts 101 are tungsten plugs in one

enbodi ment, but nmay be fornmed of other materials. In alternate enbodi nents,
metal interconnect lines of the integrated circuit in which the fuse device
100 is fornmed are coupled directly to the silicide |ayer 104 to provide the
sane functionality. FigudQBBRr&ea top view of one embodiment of the fuse device 100.

PCT/ US97/ 21447 & QM ' [ f adi.nment .of the
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processi ng technol ogi.es.._ S e.consid tions Qfher fuse.requirenents.
| n one enbodi nent, %Wa&ﬁﬁﬁﬁeﬁg‘{’%&éﬂﬁw ‘gﬁj‘r‘ ST PEOCE N from t he
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manuf acture and_n result in.a higher percentage of inperfect fuses. The
predet er m ned Mt ?‘ﬁiﬂr‘ﬁ&“&?ﬂ“’m on the particular process used to

manuf act ure the fuséelieviddesl Tnfithe eenteb ofithe fBsereginn 122 ismaineisdabovermnt .
U011 L1, e SR 6l B Gl RS el o e
can be difficult to reliably manufacture and may result in a higher percentage of
imperfect fuses. The predetermined minimum width depends on the particular
process used to manufacture the fuse devices but is about .3 microns in one
embodiment. While the center of the fuse device 100 is maintained above a
predetermined minimum width, notched regions 130 are provided at either end of
the fuse region 122 where the silicide layer typically agglomerates in response to a
programming current flowing between the contact regions 120 and 121. The
manner in which the silicide layer agglomerates is described in more detail below.
The notched regions 130 are narrower than the width 117 of the center of the fuse
region, about .24 microns in one embodiment, such that the silicide layer 104

-

agglomerates more easily in either of the notched regions 130 to provide for ease
of programming. In this manner, the programming voltage of the fuse device 100
is low, about 2 volts in one embodiment, while maintaining the manufacturability
of the fuse device in order to achieve a high yield. The notched regions 130 are
provided at either end of the fuse region 122 in this embodiment such that the fuse
can be programmed with an equally low programming voltage regardless of the
direction of current flow through the fuse device 100 during programming.
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and 121. The nner in which the silicide |ayer agglonmerates is descri

in nore detail below. The notched regions 130 are narrower than the width
117 of the center of the fuse region, about .24 mcrons in one enbodi nent,
such that the silicide |ayer 104 agglonerates nore easily in either of the
not ched regions 130 to provide for ease of programring. In this nmanner, the
progranmm ng vol tage of the fuse device 100 is | ow, about 2 volts in one
enbodi nent, while maintaining the manufacturability of the fuse device in
order to achieve a high yield. The notched regions 130 are ,provided at
either end of the fuJheconerregions 120 ang 121 arpreglanewlar B SEaPIRACt he fuse can
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Al t hough ni ne cggﬁé&%zqa%,giso%s?@%%%zziwhﬁigﬁqgﬁggoﬁ he fuse device 100
in Figure 1 B, 0 tacts nay al so be used in
accordance with the ilnepatiion thd fusegevict 1¥hbastafgstresistanpe\tiefere iU8 has a

first resistanc I L e h G \ cofdfisRuantdfvdyd cantly

hi gher second rgjg‘lp anqeogfi)lg’r ?%S?Agrﬁﬁﬁ%ﬂézé%\regsﬁcﬁe {féaste, devitce 100 is
progranned, i ts Premamming cBeforefibe fussidsuire 100 isprogragmads HE ESISIaNCR IS si | i ci de

llayer 104. Duri pigiephfid dythé@sistinét saBatilicide layet $04. dDwriih progialenisig] 4 ci de

layer 104 such t 'S%E)nt?rlnjuritryeig I’onqluea 1-in Ihle%}%cide layer 104 such that current must flow
through the underlying polysilicon layer. The resistance of the fuse device thus
increases significantly with the amount of the increase being determined by the
ratio of the resistance of the polysilicon layer 105 to that of the silicide layer 104.

The effects of programming the fuse device 100 are described in more

detail in reference to Figures 2A and 2B. Figure 2A illustrates a side view of the
fuse device 100 of the invention after being programmed. A potential applied
across the contact regions 120 and 121 causes current to flow from one end of the
fuse device 100 to the other, through the silicide film layer 104. The current
causes the silicide layer 104 to heat up, and, if the current is greater than or equal
to a predetermined minimum programming current, causes the silicide itself to
agglomerate as indicated by silicide agglomeration region 204. A discontinuity
206 is thus formed in the silicide layer 104 capping the polysilicon layer 105.
Although the discontinuity 206 is illustrated in Figure 2A and also in Figure 2B
below as being located midway between the contact regions including the contacts
101, it will be appreciated by those of skill in the art that the discontinuity 206 (and
226 in Figure 2B) usually occurs in silicide layer 104 at the notched region 130

(shown in Figure 1B).
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, Figure 2A and algo.in Fiqure.2B %e ow as being | ocated md bet ween { he
contact regions ‘?%‘fcdaﬁ’rﬁ ©3 #de45 P Sopes aftgnp P%“W”IHS' g%s%epé“@g PERS PP hose

of skill in the awthe tinhodiment désearibed withunefeyere o Figurt 28,8hé incfeaspingedfance

usual |y occurs {/%r@%}x'f%)ag@ TR Chandd4dn Msistdtte MOhENELelt&PbPR sensthe (ML | 1

Fi gure 1B). A . ]
PCT/ US97/ 21447 Biletermiee wheharithe fuseidevieg )0 hag begmmprogramipgd. | A REQETAEIIRG ance

than the polysi |¢ii=‘d&!tvhﬁa}ﬁhaylgéuseﬁh@pﬁ%%rﬁﬁﬁiﬁﬁcdﬁv_iéchﬂtlﬁdﬁ%@e&ﬁi{x; &3 4 00

i ncreases accordi nglﬂé Usi nﬁ% t he arrgefgt sheet  resi %ﬁgecfgs ‘Erowcﬂ_gﬁi above
(1- 10 ohms/sq f oi°PEHE TR ¥ G‘é“iaé{?r’&“ @ SEPRF thedrate 788 $ce Fdhe

pol ysi | i con | ayeanyentioheare descritiedrin eopdndingd) Supaentapplicationcsesdiabmanlxr | east
ten tines after ] | ¢ ' ] | rent
described with re g%%é?gké}gleﬁ %?%ﬁ%g@sggﬁ#&ﬁ%& lggzg’ﬁggéﬁggpenuch
greater. This ch%ﬂﬂg@githﬁ$té§i0§@%ﬁéﬂaD¢\§°Q,ﬁ§}PddéQ°§mbé%ﬂ%9985 Goremeyys Blockeli t to
det er mi ne whet heNo! E3dousi19RYyi ce 100 has been programmed. A progranmi ng

circuit which may be 1%sed (o} Ero ram.t he fuse device ff th jn}ﬁﬁ@ti on, and
a sensing circuit whiCEUGAD HHSTRES R sidp Gew Of aprograpmed fuse deyice2Ndn oy ce
of the inventi oraceordantesxith inether embodierdi ofgthtinSentixat dite fagepdevicatd300n, seri al

nurber includes contacts 201, a silicide layer 234, an oxide layer 236 and a substrate 237
which are similar in composition, placement and functionality to identically named
components of the fuse device 100 described above. The polysilicon layer 205 of
the fuse device 200, however, differs from the polysilicon layer 105 of the fuse
device 100. The polysilicon layer 205 of the fuse device 200 is doped n-type and
includes one or more regions 208 which are doped p-type. The regions 208 which
are doped p-type form p-n junctions, such as p-n junction 210, with the n-type
regions of the polysilicon layer.

_ The fuse device 200 is programmed in the same manner as the fuse device
100 using a low programming voltage and current. Programming the fuse causes
the silicide layer 234 to agglomerate (as illustrated by silicide agglomeration 224)
to form a discontinuity 226. If the discontinuity 226 is formed over a p-n junction
such as the p-n junction 210, current flow between the contacts 201 is diverted
from the silicide layer 234 at the discontinuity 226, through the polysilicon layer
205, and in this case, through the p-n junction 210. In this manner, the ratio of the
resistance of the programmed fuse 200 to an unprogrammed fuse identical to fuse




S N

-08/ 580,839, entitled, "A Static, Low Current, Low Voltage Sensing Crcuit

for Sensing te of a Fuse Device," filed Decenber 29, !18.9
(At torney' g’%@s‘am. 42390. P3411X). Figure 2B illustrates a s’?l 9e7/%/1|4¢é'</v of

a programred fuse device 200 in accordance w th anot her enbodi ment of the

I nvention. The fuse device 200 includes contacts 201, a silicide |ayer 234,
an oxi de layer 236 and a substrate 237 which are simlar in conposition,

pl acenent and functionality to identically naned conponents of the fuse
devi ce 100 descri bed above. The polysilicon |ayer 205 of the fuse device
200, however, differs fromthe polysilicon |layer 105 of the fuse device
100. The polysilicon | ayer 205 of the fuse device 200 is doped n-type and

\iAE'Cl lﬁdes oge 03 2@?@siéﬂfﬁbﬁﬁl§r iﬁ&%@é&hiirfi_he&a& wiwgze chettiscppeinuith 226 ie foransl 20t8h
ich are doped p-type.for.m psH.junctions. .syc - Wi
the n-type regi 8€E ad?“ ﬂ‘ﬂ’é’uB’b? &‘2?4"?’%5’5?5‘?‘3&%&%‘&@&%@5? ﬁ% E@‘S‘bgf(gis
progranmmed i n .t iimssatedimBigare2Baas being lbcated ahout balfwayObegweanthe contacts 201, it
programm ng vol ' : Ll icide
ayer 234 Lo agihgs Aiecibied 6P jhosC bERIPIT OB Il y5F 1BlaF 210 By By | 01 98
form a di scont i lagnteg apywhere in the polysilicomlayeid®y 226 is formed over a p-n
junction such as theTRe Brogriifitnintusrkt, afdithus,the {oleiye bejuired fo phgrantiact s

201 is diverted.froqm.th Jlici.%n: ayer. 234 at. the.di scontinuit 2
Chr ough t he. pol ¢ Ation 10Gisavisststy I 6 infiégief abavts 26t B BE bdbrihea il e
junction 210. | fustdesicetdOizrefetrod to ladreia fof purpeses efillastaativn. @therrsimianfpsanmed
fuse 200 to an ynprag f ' |
PCT/ US97/ 21447 ‘g_%‘g_é,gesr wieily ﬂﬁ@%ﬁ‘%ﬂ%ﬁ%@g’a‘{ﬁ&?’Sgnsggggead\?ﬂi{é’r?%é?ﬁae
di sconti nui ty 2sieilag nfapneredn oveembodimens, thedseodeviced 0Qumayne Plewgrusing g,
Al t hough the p- grd&zﬂ?ﬁhh%rbuﬁ%ﬁ dfabbit 10814 adrRdpbrding @ porctiiaPgiffeednes of ocat ed
about hal fway between the cont %(ét s 201, it wll be a_Pr%tr ggd‘at ed by those of
skill in the ar2bqusa{0 yali agross fhefuse; dsyics fyring programmps eh LRy ¢ he
pol ysi | i con | ayRivedfifiereftyropfan@iingoimngnts whick dependrut théthickneksofithe sidigide
required to propdramth . .
yer and other geometries of the fuse device 100.
Figure 3 illustrates an alternate embodiment of the fuse device of the

invention. The fuse 300 shown in Figure 3 is similar to the fuse_: 100 illustrated

and described in reference to Figures 1A, 1B and 2. The fuse device 300 of

Figure 3 includes only one notched region 305 at one end of the fuse region 310.

In this manner, the fuse 300 is somewhat more easily programmed since with only

one notched region, more of the thermal energy is concentrated at that notched

region.

Figure 4 illustrates another embodiment of the fuse of the invention. The
fuse device 400 includes transition regions 405 and 410 between the fuse region
415 and the contact regions 420 and 425. In this embodiment, each of the
transition regions 405 and 410 forms approximately a 45° angle between the
respective contact region 420 or 425 and the fuse region 415. Similar to the fuse
device 100 illustrated in Figure 1B, the fuse device 400 includes notched regions
430 at either end of the fuse region 415 providing the same advantages as
discussed in reference to Figure 1B. However, under similar currents, in this
embodiment, the temperature gradient at the notch is reduced due to the existence
of the tapered region while the magnitude of temperature at the notched region is
increased.



.fuse device 100 is relatively low as indicated above. It is to be

under st ood fuse device 100 is referred to herein for purposes of
illustrati (ykagéfﬁgf simlar fuse devices, such as the fuse dBGi G@gm'élre

programmed, sensed, and operate in a simlar manner. In one enbodi nent, the
fuse device 100 may be bl own using a progranm ng current of about 10mA
corresponding to a potential difference of about 2.0 volts across the fuse
devi ce during programm ng. O her enbodi mnents have different programmi ng
currents which depend on the thickness of the silicide | ayer and ot her

eonetries of the fu deyi.ce 100. Figure Lllustrates an alternate
gnbodi rr{ent of the fu?&‘ﬂ%éi‘ﬁ‘é‘“ﬁpsﬁﬁ@"%’éﬁspémacFﬁ’('Q*‘P‘EFs%‘“@G’GP‘BWovm in
Figure 3 is si mehbodingent bE%xém?enﬁ&Q Thd fusé daﬁmb(?‘iﬁlsidﬁhgtd the?iusgrueméletoence
to Figures 1A, A WL C . 0 i qure In es y_one
not chgd regi on §EE@EC§%°° ﬁt&atgﬁgf%g dP‘Gg%?&&j’che%%y OPﬁn?'ﬁﬁéjmﬂﬁ,s % he
fuse 300 is somonkend ofthe fusasegion 51& gFenfuseldsvicec¥0nhetefare hys mose emstgyhed

i oure 4T | ust Conenked ihe BERSekibn GRRERP 8 BEoRlod bifer RELACH ki 00

Figure 4 illustrates another enbodi I I nve he
fuse device 400 Thisds sigrilar to the pmparisop apads bstwiss fuseclexices BRQ ord200: he f use

regi on 415 and deeribedimeferémgitd Fipufe?d) and 425. In this enbodi nent, each of
the transition regio 409 an 10. for ns _approxi at el 45l er ] .angl e

bet ween the respecti Vv ‘hSBg’l%”e'ch‘f’%' P%%&A’Eﬁcgﬁﬁﬁ%ﬂ%{ﬁg'%@@éém ®n 415.
Similar to the faferencictoiFiguraOl5| it wilk be appreciated By those of &ill imthefartakatdeheirce
400 i ncl udes nog&mg[ \ A3 i : | 415

provi ding the sane a vffa%%tgggﬁe;g aso _|g‘g&g%%t}ﬁﬁﬂ}cgcgéégﬁfc%gﬁg'cﬁ%iu%hrlB.
However, under S¥ampleyinaligrnatecmbogimeants, theshiskarssesand othes diraensionaofithe

gradi ent at thevadushayess mepbe Relgop sﬁmﬂllérf‘ﬂ:dﬁ’é%ﬁ;h? §ich a3'thd CindcRRic " egi on

while the magni }n%g%c%;xal}cg %?Jrgrgtwtgana tthe tcgr(latzicr:]torE:,<(;:ior(xasddersgx‘%I)e(cjinanId?lhlxsrt]rg.tredEiix? ?h%' ?

WD 98/ 27595

PCT/ US97/ 21447 Figytese Farthérl thetshexdt essisarfce o€ thtqpol ysilicofl Gnd siliekiedaytneay bkt h

anot her larger or smaller although the resistance of the silicide layer in all embodiments is
significantly lower than the resistance of the polysilicon layer.

Each of the fuse embodiments described above provides several advantages
over existing fuses. The low programming current and thus, voltage, of the fuse
device of the invention makes it ideal for use in integrated circuit devices
manufactured on the latest process technologies having thin gate oxides, and thus,
low junction breakdown voltages. The fuse device of the invention provides the
additional advantage of being small and thus, inexpensive in terms of silicon
space. Further, the formation of fuse devices in accordance with the invention,
does not require additional processing steps. The fuse device of the invention may
be formed using standard processing steps already performed to create other
features of an integrated circuit device on which the silicide agglomeration fuse
device is embodied contributing to a low cost of manufacturing.

In addition to being inexpensivé to implement and viable for use on low
voltage process technologies, the silicide agglomeration fuse device of the
invention can be programmed without damaging overlying dielectric layers.

Further, the fuse device of the invention does not have to be exposed to the air to
be programmed, and the programming step itself does not create holes in the
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.enbodi nent of the invention. The fuse device 500 is simlar to the fuse
devi ce 400_: i e 4 except that the fuse device 500 inclu e
not ched re&p%#:dggg at one end of the fuse region 510. The fuisjg'f e%’%’lgggoo
therefore has nore energy concentrated at the notched region than the fuse
devi ce 400 under identical current This is simlar to the conpari son nade
bet ween fuse devices 300 and 200 described in reference to Figure 3.

Al t hough particul ar fuse device configurations have been described in
reference to Figures 1-5, it will be appreciated by those of skill in the
art that other configurations and variations are also within the scope of
the invention. -For exanple, in alternate enbodi nents, the thicknesses and
ot her di mensi ongaQvatidh of dihePlagers sxeaEndifithd usediegiee apwithisbinerior anduse

regi ons such as’the contact regions may be shaped differently than the
contact regi ons 9§86} bed and illustrated in the Figures. Further, the
sheet resistance of tOme embodirnéntobtheamsthed ofithe twentionds desetibedin referense tor
smal | er al t hough.. reshsts RPN i ik f&radigents is
si gnificantly P Bigte 150 bpRAC St 600 In Step ?E?B@?i‘??‘i‘?‘é&ﬁj‘%éyer. o of
the fuse enbodi semiconductorsubsstate anstep 1Oy sidisids dayer i formehen Higelysilicon

exi Sting fuses. e FRNGIREABIAEO e fEN RN indlldestd RaSe resdnl aiPa oditadthe fuse
devi ce of the invention malk

es’It ideal for use in |nt6ggrated cirﬁuit .
devi ces manuf acTegier cepledie eithe Oglﬂﬁcg@é%retg&‘h%lsl‘}gi » ORACH TS Formeddn o
oxi des, and thushe édntack tbgfdﬂswmersﬂitmdng‘er.vstepaﬁgéﬁso;iimal‘assakodmal’ ce of the
i nvention provides the additional.. i I :
i nexpensive in PB?WQS?S?HQ%B‘{@QH%%Y@&B%@J}CF%%@P%% Ton o"% El%ee
devi ces i n accoriniemtion withoutthe pressnse of eentactp cEherfyse fosgatioremgted of theal

processi ng Stepsinve-BBSnEH&seatQFc}Si&Q. of the invention may be formed using
standard processing steps already erforrpad 0, cre

p [ te other.features .qf an
integrated circuit delhusa ssicidgRegiomeration;tpse °a@e&5€rft%¥’ me%aes"ﬁga ce
i s enbodi ed contaggbm&@ntmsﬁmgm%fﬁedgmm&wﬂy@mdﬁmam tion to
bei ng i nexpensive .0 | epent and vi e [ US cess
tec hgol ogi gs, t %@ﬁ%ﬁﬂgpﬁawvgﬂ%%?’?%ﬂc@ﬁgoem eﬁo@&én%x&%@h%éﬁ fgft%n can
be programred wihavingtreaibtiva firegping descriptiap, itietodetundersiopdahay thepartiedar  t he
fuse device of tH }gﬂ&ﬂ& §lﬁ@vn%ﬂ%e§t§fbe@ﬁy%¥a§§)f MusEi RGP A€ i Ro W&? iftehdddxobe

rogramed, and t rogrammng step 1tsel oes. n reagte holfes in the 10
Prog be cons%dergd limitingg.] Therefore, rc?erences to detéﬁs o vagous embod?ments
are not intended to Limit the scope of the claims which in themselves recite only

those features regarded as essential to the invention.
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-WD 98/ 7595

PCT/ US97/ 2 '44Ma$si vati(#) l’ uﬂimmws surroundi ng the fuse device as
with sone éfq A} fuse odi nent of the met WoeI/GEoH21¢s7

i nvention is described in referencde t% Figure 6 and begins at step 600. In
step 605, a polysilicon layer is forned on a sem conductor substrate. In
step 610, a silicide layer is fornmed on the polysilicon |layer. The silicide
| ayer of the invention includes a fuse region, and a contact region coupled
to either end of the fuse region. In step 615, contacts are forned in the
contact regions of the silicide layer. Step 615 is optional as electrical
connections canCicAIMIE: directly to the contact regions of the fuse device
of the invention W tReoutaine presence of contacts. The fuse formation

met hod of the invention ends at step 620. Thus a silicide aggl oneration
fuse device and nethod for formng a silicide aggloneration fuse device are

described. \Wereas nany alA fifsitlé Rilsdevict dissbséd 6h sanoductd? 8ubdiafi¥ol 0N may
occur to one of ord .nargé skil | Iff}d‘t&he‘ art, after ?‘?Vt’}ggipkgad t he for.egoi ng
description, it PFYIHBE HSCTTHONATY FRAnges indesigtanee, hedpy 68 PPREPRENE hown
and descri bed by way agolysilicos layat havinga first resismnugyand nt ended to be
considered limting. f forheh : |l ; | QusS .

enbodi ments are_not iﬁ‘-rllékjl fec%c%el%;eﬁém. um%gl %ag%g%égle%?érﬁﬁ%&[:l?%?Er}}ssgﬁﬁlglh in

t hensel ves r eci havingr{irstmotched mgianras one enchofibe fuse regiomthe first notchddregion

i nvention. V6L 8 hdrf&@er than the center of the fuse region, a first contact_re%io electricall

PCT/ US97/ 21447 CLA ﬁl‘r\@ W\ céa*:m 1. . A fam le |1nk devic %I sposed on a

semi conduct or sERERTLOPNE SR B e fuse Teeian.ang aseepnd contantrrgion elestrically st ance,

the fusible |inkoupded wancpppsiiesnd of the fpsd region] the Bilichiedsyen Axvifig adedond st
 resi stance; and

-

resistance lower than the first resistance, the silicide layer agglomerating to form an
electrical discontinuity in the fuse region in response to a first current greater than
or equal to a predetermined programming current flowing between the contact
regions, such that the resistance of the fusible link device can be selectively
increased.

2. The fusible link device as set forth in claim 1 further including a
contact formed on and electrically coupled to each of the first and second contact
regions to receive a potential.

3. The fusible link device as set forth in claim 1 further including nine
contacts formed on and electrically coupled to each of the first and second contact

regions to receive a potential.

4. The fusible link device as set forth in claim 1 wherein the
predetermined programming current is approximately 10maA.

5. The fusible link device as set forth in claim 1 wherein the silicide
layer comprises nickel silicide (NiSi2).

12



-a silicide Iayer f or med o silicon |layer including a fuse region
having a fi hed re ﬂﬂﬂ)jm f the fuse region, '
not ched reg‘fvg’; |§ng nar r oselc ter of the fuse regﬁ‘gﬁpg%ﬁah-'st
contact region electrically coupled to one end of the fuse region, and a
second contact region electrically coupled to an opposite end of the fuse
region, the silicide |ayer having a second resistance |ower than the first
resi stance, the silicide |layer agglonerating to forman el ectrical
discontinuity in the fuse region in response to a first current greater
than or equal to a predeterm ned programmng current flow ng between the
contact regions;, such that the resistance of the fusible |ink device can be
sel ectively increasedé. 2. The fsiblerlink dsivice|as set fouh inelaim 1 sdereimasheetn cl ai m
1 further inclu t h of
g é&lﬁ@f&lﬁlﬁéd}ﬁg @ils BReP 61500 Gl el Rl dnd @ st

the first and secon conta eglons, to _receive a oten
fusible |ink devcsistapee afthe Ni?lflﬁ aygT 81151 yohms persquare; ne| udi ng ni ne contacts
formed on and electrically coupled to each of the fi rst and second cont act

noclaim 2 whor el n ChE pr ol ol ik g% A R in 0 | ey B AR anecl

10mA. 5. The deasndxtomtdct regione arecsabstantiadly récsangularin shapem 1 wherein the
silicide layer conprises nickel silicide (N Si2). 12 WO 98/ 27595
PCT/ US97/ 21447 6. The fusi bI_e | ink device as set forth in_claim1l

wherein a sheet resi s8-ancell fusifle link deyioeias ¢t toetly & claign | wheredn thefuse 500
ohns_per squar e, rogiof il adAQsochinploBa feglin i cPpbie! i of Fusc eglon) o s

er square. 7. Th i,bl e clai.m T wherein
Pre FIal® g s ceonmt aashedrsion e Sokoucrit e cendl ottt Bisk xiitiha, T
shape. 8. The fusible link device as set forth in claim7 wherein the

fuse region includes g seopfd gl Relalteutonth ARRPP hirheP Iibing 4 TUse
tapered transition region coupled between each rectangular contact region and the
fuse region, the tapered transition region tapering from each rectangular contact
region to the fuse region.

10.  The fusible link device as set forth in claim 9 wherein the fuse
region includes a second notched region at an opposite end of the fuse region, the
second notched region being narrower than the center of the fuse region.

11.  The fusible link device as set forth in claim 1 further including a
~ tapered transition region coupled between each contact region and the fuse region,

the tapered transition region tapering from each contact region to the fuse region.

12.  The fusible link device as set forth in claim 1 wherein the fuse
region has a length four to 25 times as long as a width of the fuse region.

13.  The fusible link device as set forth in claim 1 wherein the width of
the fuse region is approximately .3 microns in the center of the fuse region.
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-second notched regi on bei nmnarrower than the center of the fuse region. 9.
The fusi bl g, Ll vice a im7 further including a tapered
transiti onevyie)gleé-rl]ggoupl edsl A ﬂ!wuﬂ'Mﬂmumfangul ar contact ré’&TH%S‘%H“ he
fuse region, the tapered transitfon"reygion tapering from each rectangul ar
contact region to the fuse region. 10. The fusible |link device as set
forth in claim9 wherein the fuse region includes a second notched region
at an opposite end of the fuse region, the second notched regi on being
narrower than the center of the fuse region. 11. The fusible Iink device
as set forth in claim2l further including a tapered transition region

coupl ed bet ween each bbnt athe fusipledinkglesricelas sétferth incgiaion] whereirt thper ed

transition regi QpsaRSh 1A i & ts%% ' t Eon. 12,
The fusible i n%ba%vi ce g@rsgfmfeg?t | cﬁ?ﬁmgﬁfﬁ_lﬁéﬁgﬁ gcl%gn has
a length four tdloped pityesstoderm atlgash engp-pijurgtiopdn thepolysilicondayiesn. 13.  The
fusible link device as set forth in claim1 wherein the width of the fuse

ooy oragaPProxi mt ey - 3y P Bidsid on K SeriRBh o subskapind tyinea B

The fusi bl e | i nkingrogrammead resistance,rthdifuse camprising: wherei n t he pol ysilicon
| ayer includes a fir ' n-type and at | east a second region
Lpd R e

doped p-type to format_ 1 -n junction in the polysilicon |ayer.
15. A fuse di sposed Skride laperfonned on be polysiticemiayer ineluding wifnse ragionr st

unprogr ammed r e$iaéingAGHst idiéhel Y&for; WPfitsBhdtShede Pidh beink naRBwkPNEh thedNd a .
silicide layer for me(gfifgn thg?ggol ﬁg.ll | icon | agigr &nc] U(ill ng fuse region
having a first KSPE ¢ BI5P Srgion, pirsticogiact fgion gleciricaily fo ong erdokiet han
the center of t Hesefrogion andja sstond contact regiamelactticalygioupledeai oppoitt enderup! ed
to one end of t Oj1Qn; C [ el ectricall
coupl ed To an of e Rediiinaie 1hed BEDieARRE REforkiaH Ryl Gignbiuyf
aggl omer ati ng t & thefuseegion i respense teis Srsb awrrent igreater thantes efiual¢o regi on i n

response to a fipredetefivined MinBhfia pRigrdimthg QunAtMdwihg thirough the silicide layer,

such that the resistance of the fuse can be selectively increased to a second
programmed resistance. :

16.  The fuse as set foxih in claim 15 further including a contact formed
on and electrically coupled to each of the first and second contact regions to receive
a potential.

17.  The fuse as set forth in claim 15 further including nine contacts
formed on and electrically coupled to each of the first and second contact regions to
receive a potential.

18.  The fuse as set forth in claim 15 wherein the predetermined
minimum programming current is approximately 10maA.

19.  The fuse as set forth in claim 15 wherein the silicide layer
comprises nickel silicide (NiSi2).
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. .predeterni ned mni mum programming current flow ng through the silicide

| ayer, suc e rjﬂ,ﬂm f use can be sel ective ' dto
a second pﬁ’é AHied redit "m‘ym"m{"e fuse as set forth #’%T}g?gf’%q%
further including a contact fbrntd son+*and el ectrically coupled to each of
the first and second contact regions to receive a potential. 17. The fuse
as set forth in claim15 further including nine contacts fornmed on and

el ectrically coupled to each of the first and second contact regions to
receive a potential. 18. The fuse as set forth in claim15 wherein the
predeterm ned m ni num progranm ng current is approxi mately 10mA. 19. The
fuse as set forth in claim15 wherein the silicide |layer conprises nickel
silicide (NiSi2). 1420. WPhe&iseas9& forth in claim 15 wherein the second programmed -

PCT/ US97/ 21447 | LdtelReBer ei n the second
programed resi S%gsﬁagggg?g#?ﬁ@és%ge??{%@pﬁogﬂﬁst unpr ogr anmed

resi stance. 21. The fuse as set forth in claim15 wherein the polysilicon

LlayegI i ntcl udets af firsy, rF%@?us@QB@&fﬂnﬁﬁpﬁtaiﬁMS Whe{eﬁﬁﬁnbp?ly@_ﬂ'fé_@ﬂ!hyélﬁgi on

oped p-type to,form at. | eas ne ,p-Nn _jungti.on in ol ysili,con er.

22, The fuse HENEEt A Figt o achedinne ang et lgsth e second vt domt B 0Re BY e
pol ysilicon | ayfdrm & leaseaiegy-n junetion @0the polysilieon fayemr e, and a sheet

resi stance of the silicide layer is 1-10 ohnms per square. 23. The fuse as
set forth in claim15 wherein the first and second contact regions are
substantial ly square22n sMhpdusersd seitfouh irsclaing 13 whetpin Ssheetresisneqofthee. 24,
The fuse as set phgE#iBod ﬁggﬂiitélgfeg%gtmﬁﬂejo@dmﬁsf}ﬁr&;{ﬁ?e,@ﬁ&h@neew&imﬁéoﬁm%econd

not ched regi on g_t. an _oppt of the fuse region, the second notched
regi on being nafiligigedayer inl-1 @ ehmg RELIAUaTe- t he fuse regi on.

23.  The fuse as set forth in claim 15 wherein the first and second
contact regions are substantially square in shape and about 5 microns by 5 microns
in size. .

24.  The fuse as set forth in claim 23 wherein the fuse region includes a
second notched region at an opposite end of the fuse region, the second notched
region being narrower than the center of the fuse region.

_ 25.  The fuse as set forth in claim 23 further including a tapered
transition region coupled between each contact region and the fuse region, the
tapered transition region tapering from each rectangular contact region to the fuse
region.

26.  The fusible link device as set forth in claim 25 wherein the fuse
region includes a second notched region at an opposite end of the fuse region, the
second notched region being narrower than the center of the fuse region.

27.  The fuse as set forth in claim 16 wherein the fuse region has a
length four to 25 times as long as a width of the fuse region.
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25. The fuse as set forth in claim23 further including a tapered

.tranS|t|on regi o coupllﬂ! II uﬁﬂt Ilcontact region and the fuse region,
t he tapereavqgké?ﬁ?ﬁl on from each rectangul ar PEBISEYR442gi on

to the fuse region. he' fu5|ble | ink device as set forth in claim25
wherein the fuse reglon i ncl udes a second notched region at an opposite end
of the fuse region, the second notched regi on being narrower than the
center of the fuse region. 27. The fuse as set forth in claim 16 wherein
the fuse region has a length four to 25 tinmes as long as a width of the
fuse region. 15 WD 98/ 27595

PCT/ US97/ 21447 . 28. The fuse as set forth in claim15 wherein the wi dth of

the fuse 3 e\gvlh on is ?Lmr OX]['Iiﬁztighé’ass'étf&&rxﬁﬁﬁxmﬂstMr&ﬁmceﬁnd@foﬁﬂh@fﬁdése

regi on an erein the notched r on is pI‘OXI Wi

2o O A et hod FE6IoR draRPHSEAlod Fighops FuR GeA e e felon i igel the

pol ysilicon | ayaotohed segianisapprbnirhatelys2baticrahewideor mi ng a silicide [ayer on
the polysilicon |ayer, the silicide layer including a fuse region having a

first notched region, the notched regi on being narrower than the center of
the fuse region, a fi3%5t chmethad forfarminga fuse Eomarisipg thestepeoft o one end of

the fuse region and %ﬁﬁﬁgraqkog@nicaﬁlayeﬁ&aQaexﬁicsﬁddct&%&sﬁa&oupl ed to an
opposite end of the fuse regLon m con acts in.e Iga(yf tg‘%{flrst
and second contact r mga'tlwéeéwaet?@@?W% @@f'rq’%%ﬂ’?‘a GhIPEAng ¢ he
silicide | ayer afafe ﬂegmnfhasmglafmmﬂm@ionMuMcaclwdrregon beihg alaroweithan or
equal to a predel ke o A AHhWaRHESRR rdet N EedBlall§ $BupiBE of bdena

second contacts.
the fusc region and a second contact region electrically coupled to an opposite end

of the fuse region; and

forming contacts in each of the first and second contact regions, the
contacts being electrically coupled to the silicide layer such the fuse is programmed
when a current greater than or equal to a predetermined programming current flows
between the first and second contacts.
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