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WD 2004/ 100271 PCT/ US2003/ 013392 Pr ogr anmabl e
Sem conduct or Device Technical Field 5 The present
wonvennion rel ates to programmabl e senm conduct BCT/US2003/013392
devi ces and, nore particularly, to such devices
usabl e as sem conductor electronic (E) fuses. 10
Background Art Sem conductor E-fuses in general are
known. See, for exanple, U S. Patent No. 5, 334, 880,
Low Vol t age Programmabl e Storage El enent, issued
August 2, 1994 Pregrapunable Semigonduetor Davice
i ncorporated herein inits entirety. 15 However, known
sem conduct or E-fuses have not proven to be entirely
satisfactory. Progranming in silicon-based
seni conduct or devices (e.g., fuses) can result in post
Techhicat iekl damage of the neighboring structures. This
result typically forces a fuse pitch, or fuse cavity,
set of rules that do not scale well with the

tec I f. I s neratiqn to.the 20

o (e PR EAHOR (ibef | LM A SRR el En Trore
partieplaily, torsegH deddee Dbabldds sehsdondil i@t dlEroniA(E) isdk t ed.

Typi cal ly, such damage is caused by particulates from

fuse blow. In addition, standard electrical

progranmm ng of a conductive fuse is to change its

resi stance, either froman unprogramred state having
Bagkgowndesitst ance to a programmed state having a high

resi stance, or from an unprogramed state having a

hi gh resi stance to a programmed state having a | ow 25

resi : £ le, USP &, 3 880. . S
oo SR PE R B bk 2 BB UER e v
5, 337330 210® 4/ dlRgt PieaEmalie StdPiid ElbfehtS skt Av¥BRt 2 N894, by Abadeer
causes fuse read i1nstability because this parameter
et alg vetih is dncomerated herginin éfs entiretyvar i ati ons that cause
the RO and Rp distributions to approach each other
cause practical limtations in interrogating a

pr ooweved khows séicortaitto? FEARAIANE nEM S veRilY é?ﬁrei]% ?atisfactory.

circuit. To overcome these limtations, 30 the pr
Pregramming in siticortbased gaiicondustorfdevices @ rfafas) eacresult in post collateral

daﬁ%geewuléc' ne':ighb%rrl%g rstrtuc(:)tugels.S Wsrpesrl]l?tttgpically forces a fuse pitch, or fuse cavity,

set of rules that do not scale well with the technology feature rules from one generation to the

next. Thus, fuse density and effectiveness of fuse repair, replacement, or customization are
limited. Typically, such damage is caused by particulates from fuse blow. In addition,
standard electrical programming of a conductive fuse is to change its resistance, either from an
unprogrammed state having a low resistance to a programmed state having a high resistance,
or from an unprogrammed state having a high resistance to a programmed state having a low
resistance. See, for example, USP 5,334,880. Such fuses contain an initial resistance, RO &+
ARO, and a programmed resistance, Rp + ARp. It is the = ARp that causes fuse read
instability because this parameter is statistical in nature. The variations that cause the RO and
Rp distributions to approach each other cause practical limitations in interrogating a
programmed fuse through a standard CMOS latching circuit. To overcome these limitations,

the prior art has included additional fuses as reference elements in order to discriminate
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1 WD 2004/ 100271 PCT/ US2003/ 013392 between a

programmed and unprogramred fuse. Such practices
woesu1027n unwant ed growth in the fuse bank aPeausS03/013392

Di scl osure of Invention The present invention

e A1 £GP S5 B R My o

thefugrbahlearedur i ng a programm ng event The rraterl al
that mgrates (e.g., W5 2) changes state, and does not
cause col |l ateral danmage during its 10 mgration or
material reformati on, and has a programed state where
ARp is preferably equal to zero. This allows for

Disclvdinie siuavedtigies to di scri m nate anong thensel ves and
to elimnate unwanted reference fuse el enents, as
well as the circuitry used to bias and conpare

A0S brek i i b P oS B BB raf RS G M Sbide device or
fusé sdedtiiRicE a(daﬂl)pos@dlnaﬂeﬂﬂtthﬁtrﬁlgra(éb:ii\lrlﬁ%‘ ?P@gr&ﬂﬁﬁ{g@kﬁb The material

an el ongated sem conductor nateri al on the
that prgratgs 63 g., Wid,) changes strted andbdnes @ﬁﬁwswolhmrelrdamage during its

. havin d second, £nds, and sur ce S:
gty haep ) B Ee S5 By R “SraBPinat g8 ShpRit ARR Gy peeorably
equal® %06 Orfs ﬁl@ﬁvs(f&?ﬁ&hvuﬁﬁﬂﬁl@es%tdi’dchinﬁlaf@érﬁéﬂgqlhemﬁéﬁ& aff to

t he upper surface, said netallic material being
ehrplhyt@utmananﬁyd mfglreaceﬁllse elaments, astvecllag pleg cirpitgumsed ée bias and compare

ia@ % g’lan el ectrical current | flowable through

agquie e &leMeBduct or  material and the metallic

mat eri al . A nmet hod of programm ng a device includes

flowing an electrical current | through a device
hav iAng)rdingemtlwdnthiDu,ra prlolgraymnniably devicepochedes (arsubstdmm(elxﬂ)' an

inshlgtet (L) gBriRs BHpstsPict MR %&ﬁft%g??g\'f&%a\‘étla% AR @2, R0 insulator, the
eloflga%ﬁ ?enixé&ﬁlhct%? thatHaPhavil %d%@%’dn‘&eenhg ea?/lfl g.g ﬁﬁ}k%r%ﬁlﬂtce S; the

oximate to a second en

ﬁrsﬁench(lda))f)elﬁ@hrhsfaatlallygwﬂelpﬁhﬁg tirnseeshdeadi(T2h)duel Ometallic material
devi ce i ncl udes providing a, sem conductor substrate
(40) pytheeRnes guracenwidhaetallivauateriab peipg Bhysically p@mﬁaeleaﬂpng the upper

sufleB0HEDGRive B 38 bR G Bhe IR A b Rohlifed semiconductor

material and the metallic material.

A method of programming a device includes flowing an electrical current I through a
device having a semiconductor alloy (40) disposed on a doped semiconductor line (12), for a
time period such that a portion of the semiconductor alloy migrates from a first end (12a) of

the device to a location L proximate to a second end (12b) of the device.

A method of fabricating a programmed semiconductor device, includes providing a
semiconductor substrate (10) having a thermal insulator (13); disposing an elongated
semiconductor material (12) on the insulator, the semiconductor material having an upper
surface S, a first resistivity, and two ends; disposing a metallic material (40) on the upper

surface; the metallic material having a second resistivity much less than the first resistivity of
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surface S, a first resistivity, and two ends;

di sposing a netallic material (40) on the upper
weund4aoez71t he netallic nmaterial having a secon#CT/US2003/013392

resistivity much less than the first resistivity of 2

/100271. PCT/.US2003/ 013392 i conduct. .
the M e DA r AR il e g R et b LR Folef P SefPrgror material
(125 St eRNEHa R imdig i (40 for £ b Péﬁksh §uRB thR adokidh (%Fﬁcg@ﬁi'e@dllic

(40) for a time period such that a portion of
maten ratesfiaome ona endr(1@ax bEthe Servicpaduetarmobt¢ri &) thefothdrend (12b) and

em conductor material .,to the other, (12b) and
me]?ﬁs'ihf §er{1ﬁ8m£'\§¥ﬁré’6ﬂﬁrﬂ?é o foriAnAnen clrpyit @Bgm an open
circuit (90). 51t is a principal object of the
present invention to provide a progranmabl e
senit¢onpudipal obhevt afahevpiesdnt dvestionab pravidea paigrahmatde
da e tq adjacent. devices or_oth el enments dyri.ng
semyCogiRfAndce waoh gopsnoy S eRlAerghasmagedp adgenp Aedeor other

eleﬁ&%?ﬁﬁﬂ#%%r}c)gramﬁ}ﬁ%de a met hod of fabricating a

progra sem tonduct or device, which nethod is
readily conpatible with various standard MOS

manuf act ur.i ng, processes. |t is, an additional qbject. of

t ettt @ﬁw Ohib At e press b ingeaios ta PFRstidfopmsthod of _?a ricating 2
BRI corbhcty BB SIS0 E R, GO B arins
staigtardiMQS manufketotingproeegdesti | | ot her objects of the

present invention will becone nore readily apparent
when the follow ng detailed description is taken in

Con g . a .| | .

oot e} ddflict ikchor B BERAHOHHoR% L ANPReER of programming
a ptogemnmible sgpiiogidustor e dics ahich eatiides @llatte idamagedao meighBoring

to one enbodi nent of the present invention. Figs. 2-4
SUUCHE®#-t op pl an vi ew phot ogr aphs of devi ces according to

the present invention when inconpletely programed

(Fig. 2), conpletely programred (Fig. 3) and

Further and still other objects of the present invention will become more readily

apparent when the following detailed description is taken in conjunction with the

accompanying drawings.

Brief Description of Drawings

Fig. 1 is a side schematic view of a programmable semiconductor device according to

one embodiment of the present invention.

Figs. 2-4 show top plan view photographs of devices according to the present
invention when incompletely programmed (Fig. 2), completely programmed (Fig. 3) and

overprogrammed (Figs. 4a, 4b, 4c).

Fig. 5a shows a top plan view photograph and Fig. 5b a side sectional view photograph
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30 overprogrammed (Figs. 4a, 4b, 4c). Fig. 5a shows a
top plan view photograph and Fig. 5b a side sectional
wWoOi2e0s/106001 ogr aph 3 WO 2004/ 100271 PCT/ US2003/ 8aB382003/013392
of a conpletely programed device according to the
of h @?fﬁgﬁefeﬁgprogfa%m devid au:o(m{ng QAN ol OF steps to
calibrat’e pdraneters tor progranmng a device (1) of
the invention. 5 Figs. 7-10 show preferred salient
process steps for fabricating an unprogramed device
ac c 518 Prigya flgwidiagram b majos stepiiqcalibrmteparametsrsfor pipgpamaming a
b vl of the preferred enbodi nent of the
de‘ag%]/ﬁggﬂl‘%dx‘fe %ccor di ng to the invention, and Fig. |
| b shows the device (1) connected to an energy source
for _progranmng. Figs. 12-15 are top schematic
cr o§igss 9isbmiIpererﬁ@deiﬁl@mIprmemep&fgbfabﬁeatwgrammpmgrmmed
|.] . t d approximately 90 for easier
degé@pfcgﬁ%xq%t‘éth&ﬁk%é@n. Mode for Carrying Qut the
Invention Figure 1 shows a preferred programuable
(un-prograrmed) sem conductor device (1) 20 (e.

f us &g il ha shayes opalancwhermmtis vierseof(thy pteﬁarrqdmoglnne'nt of the device
3P0 BT RN S i Ehobaf ol Bhiontlionterfrdioangnersy

so&h@fdi@i@grhﬁhﬁr(gﬂ) is disposed on/ over an isolation
region (13) in a silicon substrate (10). Preferably,

t he unprogramed fuse includes N+ polysilicon (90nm

hei ght / 1.hi ckness TI 12) and W5i.2 (55nm . . .
1 3 H 40558 sl B3I LSS v o rsion o
line AaTBliSrotdtéd hifoXiattly?90l 135 sl @kpidi#idnas an oxi de.
The 25 region (13) is, for exanple, a known shall ow
trench isolation (STlI) region. The device (1)
includes a first end (12a), a second end (12b) and a
central portion or link (12c) connecting the first

Be§SiMWolid #6) ChRviIREOREAR GvERod 12D) . Preferably, the

M nk (IZ2c) and the second end

Figure 1 shows a preferred programmable (un-programmed) semiconductor device (1)
(e.g. fuse) in cross section. The fuse (1) includes an elongated semiconductor material (12)
having a metallic material (40) disposed on an upper surface S. The material (12) is disposed
on/ over an isolation region (13) in a silicon substrate (10). Preferably, the unprogrammed |
fuse includes N+ polysilicon (90nm height/thickness T1) (12) and WSi, (55nm height/thickness
T2) (40). The region (13) is, for example, filled with an insulator such as an oxide. The
region (13) is, for example, a known shallow trench isolation (STT) region. The device (1)
includes a first end (12a), a second end (12b) and a central portion or link (12¢) connecting
the first end (12a) to the second end (12b). Preferably, the link (12¢) and the second end
(12b), together, form a “T”-shaped member (Fig. 2, and Figs. 11a, 11b).

According to an important feature of the present invention, the resistivity of the
metallic material (40) is much less than the resistivity of the semiconductor line (12).

Preferably, the resistivity of the material (40) is in a range of approximately (x10%) 15 ohms
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(12b), together, forma "T"-shaped nenber (Fig. 2, and

Figs. 1 la, | 1b). 30 According to an inportant
woeatsmwe7of t he present invention, the resisti vCrusefo3/013392

the netallic materi al (40) is much less than the

r i 1 Vi .of . .
per S by So SE G MMERYuld B reekiliy o fing ()i ina
range oSappeoxdfnateypl 0o Hi el yqt(aﬁiﬁ%ppﬂ&lmhlmy 200\0Bms per square.

2004/ 100271 PCT/ US2003/ 013392 per square to

approxi mately 30 ohns per square, while the

I es " [ . .

oy AT 4 ety b\ ekl @0y Bpine B0 00 Rbmbingd iy
apmbﬂmamr 1'BoluAg per stiet €6 afpryximately 226hEs potisgiarel t he

material (40) and the line (12) conbined is 5

apprOX| mately 17 ohms per square to approxi mately 25

cur PufTEPRAH PR Ut PRGESAAE B, viibe mnd B opuaicons, he

maféﬁh O)ﬁmgrét% frighOtha fifss eﬁd (%) E\rﬁi thie lifik (E28) 6 hdadatieN €L proximate
the |nkm§j12c to a location "L" proximate to the

to the senvnd endi (12b21ip, acmmd@fwndu ulieately Heailand meltéhe semdeanductor
tor 10 rmate 2
mafefaL 3t hy EochSoh G TIPARN é%ﬂpu”q%a{tt(%és &g L) fifhin or at the

locdion @t hin or at the |location "L". Figures 2 through
4 show an initial calibration used in determning the
programﬂ' ng current and tinme required to rule out

e cess vari.ations when blishin
' FeateS S e B T g BTSSR Py O TR OR P premming
curtéh@ Qﬁ@tnﬁ% %@ﬁﬂa& rtél?ﬁmz Bgt Watb gy #g(r\ées%aﬁeﬁs vohstt esfabBHirs the initial
erred co

shows a typical pre ete programm ng event
programtnﬁy cofdilordiso rFigidd @Show annimeomplietecprografiipg weisg 4.5V, SmA for

T T T KN e
258N iy RS0, AR SRt 84 hond end 120

Th@pmramnmtgtwmdaoxs evak Gounidttt be bempglkhnt bethroh 0801 S &k 360@S for this
affording an electrical fuse that is reusable at nano

giver tacRnqledh s e jurtss determiped;ihatthe fese noweR and g gealqwih the
tecﬁﬁdlg@’éa&?es Whth i % arpagqtﬁéa? ﬁ{sgﬁmt E’sngUSagﬁdat 515&? ?Cﬁfquéhngfogy nodes.

ava Igures
Figatsawaf hendy Bididatedgiriandiesgltsaif oberpyogramithing cimd ieffotBof tungsten

available volume.

These figures 4a, b, c show the over programming at 4.7V, 5mA from 1mS, 28, 4S.
The tungsten silicide (40) continues to migrate until it is depleted. The polysilicon line (12)
still melts at the hottest spot, similar to Figure 3, but in the case of overprogramming the
tungsten silicide (40) forms a bridge over the program location, as well as causing stress and
damage in the nearby isolation trench. Although the line resistivity has significantly changed
due to the migration of the tungsten silicide, and the inventors believe also the dopant, this is
not considered a realizable fuse. However, this places a design guideline for a volume of the
fuse metallic silicide as compared to a volume of the fuse neck at the programming location to

avoid this overprogramming situation. This guideline can be used to size the area of the
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25 The tungsten silicide (40) continues to mgrate
until it is depleted. The polysilicon line (12) still
worbddsioer71t he hottest spot, simlar to Figure BCThSR200BM13392
the case of overprogramrmng the tungsten silicide
[ e I
m1g§a 9% a‘cglg@% ;%td ?é Sag ﬂg%lgﬁﬁﬁege ttﬁ% coﬁﬁﬁ} gh %gk%c%gﬁ%nétgﬂc s?l%ltd%’e These

coridrtﬂms bre tdtlinotogyhiepéreleht, amd d:anSJeaatstabhsthy&d Bathe onset of technology
significantly chan ed due to the mgration, of th
maw%a%% ‘Lhip jraplies a Tagedest pad pyaluation Psoases flawy is ag aéiéltuon@l feature of
t se
thi Velfion. ‘Htﬂhfsrdc% s?g)ggﬁ asefg%ﬁ?lhrga%rgr%aﬁ JI sﬁlé%%f??i %rJ
of the fuse matallic SI|ICI de as conpared to a voI ume
of the fuse neck at thelﬁ ranmn | ocation to avaid

t hi SI88Le8 PB28E PR AW ghediesuli pé?grammagbrgmra@m A adearEhse of the
i 2 0027
i 8 80 bR R b AP Y BRUIA0RE oy i asd rom

the@hihatle &3 thetahed€RRtinkls he W SiSp0P sfigrafek Bbtween Hid thvdl téBninals, and is
These conditions are technol ogy dependent, and can be

heagagk tamppEtyémataly (EhE oA CofTheémh beaigg of thernndadying pelysilicon line

0 2 5 B B RS L o

the m@§@1§§héd Fyb Bath %sﬁh@i’hﬂh@ﬂmﬂ%ﬂﬁﬂﬁ llhesop%ﬂﬁ#@bﬁas shown in
Fi gure 6. lSIl]gures 5a and 5b show the resu of

F 1gp5b) gmdaFmgc h$ i saquet_lt@nalasw effttio Bx-flis¢ stnmtwt indicated the WSi, as
cesieyed HapstiimedoEY i Vernd ol Pl wlncamseryed | ABO SalRbred damage s
elichifatbd € TROBF& &ikultial @ﬁo%vn 8 08 ?a 4t5p SHoGied 8 cQﬁEI‘éfe@rfeedback

the two termnals, is heated to approximately
req(u:te):%l thd Gﬂrbratibmqarbgramhnﬂge;a“ev1ngplyoﬂesbhbew rderitporignt to have a

B o At S 2o
o ol s i o gl s

and:thg migratioBobs hqmﬁ‘actanahgtsll assisth irt the fibalflinkepsting ahdip@®gramming,
di cated .t he Wb ned transforped into, pure
withgut, gapsing fieh?gtsar'%}vda %@egéﬁ ight Capssgmbiegpenreliagiity failure,
damage is elimnated. The open circuit as shown in
Fi gures 5a and 5b provides the correl ated feedback 15
r eqBorr the piefemétbﬁlsaﬂﬁmabﬁmfepémgd ﬂﬂﬁgﬂﬂ@ lpa &hé Gpﬁlhum fuse
descrj bed. ' ortant to _have a shun

rOBEAREINE CHER 15V B BT T4 Vi TA. TRHOASONS ¥ 1908Sudhe heating
of th@mer b GHGAE (1{0) Wpfp%)ﬁﬂlately (+10%) 2160 degrees C. Under an electron wind,

the metallic silicide (40) migrates as depicted in the following figures (12-15), resulting in the

final fuse programming, i.e., the opening of polysilicon line (21) as physically shown in Figure
15. Nothing happens to the surrounding isolation oxide (13). Locations 70, 71 represent the
proposed physical model of the redistribution of the metallic silicide (40) while it is heated and

migrated by the voltage source (Fig. 11) and current flow L.

GC = polysilicon,
cCG = electrical contact to the polysilicon,
MO = metal zero (first metal to pad connections), and
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heating of the entire polysilicon line, wthout the

requi renent of |arge progranmm ng devices; and the
woiganion of a hot refractory nmetal assists i RCTHS2003/013392
.final link opening and progranm ng, w thout causing

debgg di ng=t he cause

subgggzll}z(ﬁ {léhépl ability %&% bx{r@SIIEE(?gE%? the preferred

fuse di mensions referenced in Figure 11 a, the optinmm

fuse programming cycle is: Voltage Source = 4.5V, | =

SmA, i rre = 250S 100S. The heating of the netallic

S ERURE 7 hovPprRRRR SRS o itbricel 3 Y ;glgfefx}g)gmbodimem of

therfugrshben imFigdapl.ct ed inthe following figures (12-15),
resulting in the 25 final fuse programmng, i.e., the
opening of polysilicon line (21) as physically shown

2o s B AR ) A A UGB s it
in the anas edwdithé msdantdistbdsucd t he redi stribution of the
nmetallic suicide (40) while it is heated and m grated

by t he vol tage source (Fi g. 11) and current flowl. 30
l?}g ?ﬁ+\>grg r{“’l% ’_prg&:'il Slzbgér%o k(?@ \gl% f ellgcogag licon-on-insulator

or mrmﬁ@tmamﬁé subfiflte. Méé@aﬂ@%%ﬂﬁ%ﬁtr&@ﬁ/lééﬁ&%%@éﬁ €3 (ST, fill

Not ch (optional) = notch in polysilicon pad. Figures
trerechi@ s weshvap oside n(l%dplpmtze@sgsﬂéfﬂé) tbartop & p@matrfang (megrow gate

ol OB S s oS D B e
DefigesBlate, ¥ord&ambRONIGY dé\h&‘?,%u%slﬂ]?fjs in the art in

view of the instant disclosure. 10 As shown in Fig. 7,
provide a substrate (10) which is bulk silicon,

A el A
Pa e?ﬁ Iv)lth d bt toreglﬁterﬂgéll (}‘.(i)%%;tcﬂ”ah@ d %’ngfgg% 2d fu@é eﬁzgréeégns See,

I con surrtace

for(exardple( ux. Phtmt Nb@ mw;ﬁoacahd% 09@2149&4510@ aifbhlheckrporated herein by

typically would be formed with the fuse (1).
reference in theéir entireties.

In Fig. 9, form sidewall spacers (30) with a conventional dielectric material.

In Fig. 10, suitably implant (41) into proposed FETs D and into the polysilicon (21) - if
not in-situ doped polysilicon. Form metallic silicide region (40) by conventional techniques
such as deposition (thermal evaporation of WSi,, sputter deposition, etc.). The metallic silicide
(40) preferably is WSi,, but can be CoSi,, TiSi,, NiSi, and others with like electrical and
thermal properties. The fuse region is shown between the vertical dashed lines of Fig. 10.
Suitable annealing steps can also be performed, and the spacers can be removed. See, for
example, the book VLSI Technology, by Sze et al., (1988, 2™ edition, McGraw Hill) for

discussions of various process steps, which book is hereby incorporated by reference.

Figure 11 shows top views of the fuse, showing the fuse link width equal to 0.196um,
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Devices D are, for exanple, MOS devices such as FETs.

15 In Fig. 8, dispose (e.qg., deposit) polysilicon (22,
wazpo4(ideged N or P, or undoped). Pattern w thPar/us2003/013392

phot oresi st mask (20), etch and define active (22) and
o0 ¥ 30s B Ko e 1% of RRORNEND! Surig, PP GMDTn be <<
0.2pym, ireg fleneackbelaw.t Tds impointant thbi atisof tROpdlp (FZ, @1) 8its dvef the isolation

e
B EARREELET LA, BRI G b i ouce

flows go die f{oblive byurco v anteicatioh Wikt hI'heQ{% Hive So1rYé€ Bre@ nust be << than the
deposition (thermal evaporation of sputter
negptivg $pyrce Area de allow thpwélq@tmrﬁqrzst@lwq mtlu@ the(mxd)erlymg poly, and to heat

T ER N T IR N T

hedtlig. f use region i s shown betvveen the vertical dashed
lines of Fig. 10. Suitable annealing steps can al so
be perforned, and the spacers can be renoved. See, for

I k, VL hnol
(1omiRes, i7" Ex PR iol et Sy hpsopyi wips 35 b Sadebrandipe the
protRimmity RHEES §§th§ bheddent 1M\¢Hnﬁ5n bepk s111<§d@ﬁf0? derlven from the negative
i ncorporated by reference. gure 11 s Vi ews

ter@nnad h@d pilpsap at H@\mm@we tmfmitwtwhenenke mlyhllicoaawhﬂatetdcand subsequently

foqrﬁsag peﬂ ﬁlr?%/t\g Al%[%o(f 7% ﬁsz)cs:g/éU 2&% /wslt ggéms% zatlon of the silicide
neéi((FfoS(ﬁnatfe}Jt?lg p%)ir{[lg gfr‘ ;%Yog%aﬂmlgg Qex@ﬁs fﬁ? orlgrélglg‘g*q v ?lllgld(]: %}@pélﬂ) over the
negdtive teyminal.t Ne damegeaof the surfdididingsaxide it bvitler. Tthe am:rhportant criterion

di ted t d eating the netallic silicid
"ha? ﬂ%f)felﬂgﬂ"“:ééj’ ghee #t3 \f/*\g{li‘ﬁ’i%ﬁ 24(B\P@n < thamthat of the slnqiquyilrwepqhsmllcon (12,

21¥n ﬁﬁ%@t@rﬁlﬁﬁ@cﬁﬂ@d {UGEm gﬁgﬁ{eef’ﬁ’ns i q'ﬁal source and 5
lows to the

ositive urce via an ectron wind. The
positive source area nmust be << than the negative
source ar to.allowthe silicide to recrystallize

wi t K mhtallic itcide (ViR 0Py as examples) walkneactiim @epﬁgmy manner as the
tun(\’r,g"ﬂggl gfhg?gg lcfyddﬁlg Taé(%le\%&%g 15% &ﬁ eoc':artlltdrllve 3% He a?ong/cﬁ)wn the line and

force it to melt/annihilate the polysilicon layer (12, 21) underneath it due to the increased

temperature of the “piled” metallic layer (71).

Figure 12 shows a top view in cross section through the fuse prior to programming,

showing isolation oxide (13), doped polysilicon (21), and homogeneous silicide layer (40) as

formed.

As shown in Figure 13, during programming, current I is driven through the fuse at a
given voltage V. Current conducts primarily through the low resistance silicide layer, and the
electron wind produced by the current migrates the silicide (40) towards the end of the link as
shown by the absence of the silicide on one end of the line (70) and the buildup of the silicide at

the far end of the line (71). The total volume of silicide is conserved within the line. Silicide
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heating. 10 Figures 12-15 show top schematic

conceptual views useful for understanding the
wonrogriamming process of the present invention. PTNAIS2003/013392

silicide (40) is driven fromthe negative term nal
corﬁﬁlﬁe@ﬂol r@fct YWRththe bglte‘ysﬂ?&ﬁi dtitNECeddesrihd e, Wher e the

polysilicon is he and subsequently forns an open

ci rCU|t where ARp=0O A cross section shows the

recrys i.zatipon of th ilicide r r oxi.mat e

{ heFlB a4 B0 B8t BRI Gug reemiing 318 b sBRp 7D that
co. gfrrrf‘sgié}fég)ee 1@621@845?1% %&yﬁﬁgh% gigel,:%gﬂtg%dri’ nﬁﬁlﬁrﬂoﬂéﬁwom heated
beyomg dits trespectoeinedtingopointt Girrenheontmaesstoi flovt mndﬁlhbllde contmues to

netallic silicide (40) be << than that of the
migfaler | yi ng pol ysilicon (12, 21). The material s

descri bed as exanples neet this criterion. Any

metallic silicide (NiSi2 CoSi 2 as exanples) wll

r eadn Figoret e pﬁ@mnmmigne acoamphkled 29 rémm\gﬁg tie e@phecbvolﬁge and
cl addi ngel ayer. we des can driv

curgent; gndche Hise BB 1e) iivled Bpckaniorihe perated silicide (71),
k n |ayer (12, 21)
forﬂﬁlégérrﬁgeigétcﬂ i’félgpth&? OB ?#é%luﬁ ased tenperature of the
"piled" netallic layer (71). Figure 12 shows a top
view in cross section through the fuse prior to

pr o§ pasmgze aziewgnmwm layeo (4 idiractlyxin @gnt@g_tg))r chropieadly reacted
wilfCe BFi R eyt T e £ CERGER Bt e P Rgpaenty o

R4 doftlicbn lifle @1) YED10cRERH@D) SR tidS®rdlprégradl &
mevo I{oz%elcvn 1Cu(r:ﬂ; gnt conduc s) pr| mari | {/ tﬁ?go%gha hmmllent antifuse.

resi stance silicide |ayer, and the 30 electron w nd
P O e S e e RS & rasp el agpeted
emBBdim%{dﬂ (chchéi Fre@éht ARSI 1tC{I71lltb@ ‘?ee{d 1? ﬁn&ezgz)o?ﬁg ﬁﬁcﬂ? skllled in the art

he silicidé at ar en
thag Var)ousfhmgeland mdiﬁuaimmﬁaﬁbd madedbenem witha e ldem‘tmg frhmrthe spirit

he | | Sl licide 8 00271 PCT/ US2003/ 013392
an %ﬁﬁ’PFﬁ PE%S@P@&‘&?HW%M%& Yaoited erli by fhe seepenkthe claims.
the line. Figure 14 shows, just prior to final
progranm ng, the mgrated silicide (71) that consunes

IndubiziabApplicabilityd of the polysilicon |ine where the
surroundi ng polysilicon is heated

The present invention has applicability as E-fuses that may be employed during chip
production, or within a deployed system to repair failing circuitry, or to customize a hardware

or software application.
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5 beyond its respective nelting point. Current
continues to flow, and silicide continues to mgrate.

woOnodEiger7e 15, progranm ng i s acconplished by Pemm$i9g/013392

the applied voltage and current, and the fuse link

WRRy8hieaen (12, 12c) is pulled back into the m grated

silicide (71), 10 formng, in effect, an electrical
open circuit (90). To sumarize: a | ow r esi st ance

Iayﬁ{ %fo dire tI in contact, or chem cally reacted

Qg ?:V > PRSI 1) under a current | drive
cathode to anode is used subsequently to nelt a
polysilicon line (21) at a location (90) and, thus,
f or mispbsigtea(hOy per manent antifuse. 15 Wiile there has
been shown and descri bed what is at present considered
a preferred enbodinent of the present invention, it
Wil | by those skilled in the art
thaﬁn?%P%%%thmgﬁ%gg&gﬁ%ﬁgod|f|cat|on may be nade
therein without departing fromthe spirit and scope

of the present jnvention which shall be |imted only
by @R&losgysd semiconductar material tA3) o saigtinsulgtor, said elongated

serﬁféB@ 'rhét alﬁ%n%ﬁﬁs% Sﬁ‘& selc?r)] ntcfagapn Eaglsug%?tgsllf ace b’s' Ity

miglatablgsaleng said upper surface responsive to an electrical current I flowable through said

uses
production, or within a deployed systemto repair
failing circuitry, or to custom ze a hardware 25 or

S of 4l est#pfh K1 2 briog sulstnGalipvizisotin sgd Becond end (12b), and
PCT/ US2003/ 013392 What is clainmed is: 1. A
progranmabl e device, conprising: 5 a substrate (10);

an ianedthlaé BatdrihBon §ild SFfed sPrRe! daftf BetaBid n%{té}w &R physically
sem conductor material (12) on said insulator, SaIJI

semiconductor material and through said metallic material..

2.

The programmable device as claimed in claim 1,

further comprising an energy source connected to said elongated semiconductor

material, for causing an electrical current to flow through said elongated semiconductor

material and through said metallic material, and for causing said metallic material to migrate

along said upper surface.

3.

The programmable device as claimed in claim 1, wherein said elongated semiconductor

material comprises a doped polysilicon.

4.

The programmable device as claimed in claim 1, wherein said metallic material

comprises a metallic silicide.

10
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10 sem conductor material having first and second
ends, and an upper surface S, said first end (12a)
woebngoeabst antially wi der than said second en#C{ARp)03/013392
and a netallic material on said upper surface, said
metallic material being physically 15 m gratabl e al ong
sai d upper surface responsive to an electrical current
5.1 f IThsabpgrammableglevise psiclaiswediin daigu & oheren said inmdtalioohaterial is a

. h i,d [ 1. terial.. . The. Bbl
4802 S P R o e it BH AR e
an energy source connected to said el ongated

sem conductor material, for causing an electrical
current to flow through said el ongated sem conduct or

mat eri al _and t ugh sai.d tallic terial, .and for
6. caugﬁ'r‘%’?é”%%{ﬁlaﬂiff@?g’ﬁ%ﬁ% ACSIRIBIT 4 ClpT i hcaeia Said fE 6nd Gogprises a
plU#BIRG lof ﬁi#ég‘rﬁ(%ﬁang%ﬁrséhap-gti?oﬁf&g.r ammabl e device as

claimed in claim1l1, wherein said el ongated

sem conductor material conprises a doped polysilicon.
30 4. The progranmabl e device as clained in claim1,
wherein said netallic material conprises a netallic

7.5 | im%o%%ﬁmme 48G4d é&&%ﬁéd E’r?&ﬁéluﬁﬁ%%réh} ?ﬁgﬁ%crogld EI!T Comprises an

E};ograrrma e device as clained In claim
obapdhapedgloriien. mat erial is a netallic silicide
selected fromthe group consisting of W6 2, N Si2 and
CoSi 2. 5 6. The programmabl e device as clained in
claim1, wherein said first end conprises a plurality
of integral triangul ar-shaped portions. 10 7. The
8. pr oJihepregrhmmdble idedcass cdhimediitlclaim T, vhemeid saidetlidmaterial is

'Sai% second, end conprises an. obl gng- shaped portion.
disposed on the entire upper surface of said elongated semiconductor material.

9. The programmable device as claimed in claim 1, wherein said metallic material is a

semiconductor alloy.

10.  The programmable device as claimed in claim 1, wherein said elongated semiconductor

material is N+ polysilicon and said metallic material is WSi,.

11.  The programmable device as claimed in claim 1, wherein said elongated semiconductor

material includes a central portion connecting said first end to said second end.

12. The device as claimed in claim 11, wherein said central portion has a maximum

substantially uniform width of less than approximately one micron.

11
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8. The programmabl e device as clained in claim1,

wherein said netallic material is 15 di sposed on the
wenvirieoapper surface of said el ongated sem coRAUAIS2I03/013392

material. 9. The programmabl e device as clained in
13¢c| aiTheldeviobas Elhitnedah € | WhereillR4i8 chital

sem conduct or al | oy. aggﬁgg’.Mhregeelﬁgélgg?lgmgpgn&g\slfl(l:eenggls()fless than
approximasely itwo etieions.1, wherei n sai d el ongat ed

sem conductor material is N+ polysilicon and said

metallic material is Wai 2. 25 11. The progranmmabl e

device as clained in claim1l, wherein said el ongated

sem conductor material includes a central portion
l4¢ onridetdievige snélainfed is tlam i1, twhesein caid earnru penidn a3 s#d second end

vice as, claimed in claim1ll, wherein said

fo‘lﬁggﬁ%ﬁp?ﬁm?fﬂ&?{‘ has a maxi num substantially uniform

wi dth of |ess than approximately one mcron. 11 WO

2004/ 100271 PCT/ US2003/ 013392 13. The device as

claimed in claim1l, wherein said central portion has

a | engt f .l ess than roximately two mcrons. 5
B34, %Tﬁlsglag\?f%ogégn@l“gi%‘%?IPCFﬂC%‘i‘pé}Sngll, wherein said

central portion and said second end forma T-shaped

menber. 15. A method of progranm ng a device,

comBlowéngag electifical barneni gt amoledge througlah dewlee BiVingdd seticonductor alloy

. vol t.age through. a devi ce having a sem conductor allo
dishPe 8 erd S adiclarine Rt ens peniph o et mpartineof the

| j 1cqnductor al |l o
AT Dy RGeS SRR HAT ol of B8 g PR T S oh g to a second
en(bﬁgbhbldaviee.to a second end of the device. 15 16. The

met hod as clainmed in claim15, wherein said step of
fl om ng causes heating of the

16, The method as claimed in claim 15, wherein said step of flowing causes heating of the

semiconductor alloy.

17. The method as claimed in claim 15, wherein said step of flowing further comprises
migrating an amount of the semiconductor alloy to the location sufficient to melt the doped

semiconductor line and to cause an open circuit.

18.  The method as claimed in claim 15, wherein the time period is a time period within a

range of approximately 150uS to approximately 350uS, and the electrical current is

approximately five mA.

19. The method as claimed in claim 16, wherein said step of flowing causes heating of the

semiconductor alloy to a temperature of approximately 2160°C.

12
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sem conductor alloy. 20 17. The nethod as clained in
claim15, wherein said step of flow ng further
woan@rioexs nigrating an anmount of the sem con#dTiuse003/013392
alloy to the location sufficient to nelt the doped
sem conductor line and to cause an open circuit. 25
18. The nmethod as clained in claim15, wherein the
20¢ j melhsenstbed assclaimedl fneclgior 155 avhaiditsaid voltagafye 7 @blts, said current is
praoxi.mtely 150S. 10 approxi mately 3509gS, and the
ong ea@ﬁrsf“g%mec%”rogﬁﬁ 2éoélsaappr oxi mtely five mA. 30 19.
The nmethod as clainmed in claim16, wherein said step
of flow ng causes heating of the seniconductor alloy
to a tenperature of approxi mately 2160'C. 12 WO
2004y 100271 RCT/ US2003/ 01339 20. The nethod, as
cl ai"{r{%’&%"ﬂ of fafricating a pireragmedssgmicapdnetapdevice, incindes:
volts, said current is 5mA, and said tinme period is
2509gS. 5 21. A nethod of fabricating a progranmred
presading e seuisooductiensubsraté (16) haldsg a thermaliisbubgora(13);
sem conduct or substrate (10) having a thernal
i nsulator (13); 10 di sposing an el ongat ed
i ' el : LS I the.
P el atd S EaRtok Fler B2 BB o dicogductor
maftériad havisg arstipperr syrfacaiSa fivdd rexiisity, ding PRG lefds; a netal lic
mat eri al (40) on the upper surface; the netallic
material having a second resistivity much |ess than

dishting b Rtalf RSl UbYortihe WFer ARG RS Rhc FRIHal Raving a second
resistinity audh &dso thafraliefirisresiftivily ok dehfcomBh@bl nteriglt er i al

(40) for a tinme period such that a portion of the
metallic material mgrates from one

21

flowing an electrical current I through the semiconductor material (12) and the metallic
material (40) for a time period such that a portion of the metallic material migrates from one
end (12a) of the semiconductor material to the other end (12b) and melts the semiconductor

material to form an open circuit (90).

22.  The method as claimed in claim 21, wherein the first resistivity is approximately equal to

10 times the second resistivity.

23.  The method as claimed in claim 21, wherein the first resistivity is a substantially uniform
resistivity in a range of approximately 100 ohms per square to approximately 200 ohms per
square, and wherein the second resistivity is a substantially uniform resistivity in a range of

approximately 15 ohms per square to approximately 30 ohms per square.

13



end (12a) of the sem conductor material to the other

end (12b) and nelts the sem conductor material to
woaomwias7open circuit (90). 20 22. The net hod &6T/US2003/013392

claimed in claim2l, wherein the first resistivity is
24apprigg

resi st |n\li/iﬁ{u§/& %Z%ﬁ%g& mtT(gae}mlrr%t h}g g}%gls& Eﬁ?ﬁ%ﬁ%gﬁm@ Y, c?fr%hezgf’ongated
semisendickontrhaerfial asd thegwdtsilic wiateyial is asubsdsinlythifdrinyresistivity in a range

unlforn1 t|V|t in a range of appyroxi mately 100
d%gia‘@SPﬂ' ﬁ?éﬁ?Wﬂpgmymﬁbégehﬁ§pﬁéﬂum§quare,
and wherein the second resistivity is a substantially
uniformresistivity in a range of approximtely 15
ohnms per square to approxi mately 30 ohns per square.
30 13 WD 2004/100271 PCT/ US2003/013392 24. The net hod
as clained in claim 21, wherein a conbined resistivity
of the elongated sem conductor material and the
metallic material is a substantially uniform
resistivity in a range of approximately 17 ohns per
square to approximately 25 ohns per square. 5 14

14



