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programuabl e el ectrical connections between circuit nod

connections can be inplenented by use of an antlfuse Ilnmmmmmwm‘mmmm
programebl e to interconnect electrodes. For

used in nenory cell arrays such as dynam c randon1access nen®t?es in mhlch
failing cell addresses are remapped to functional cell addresses by

sel ectivg programm ng of antifuses. 20 Generally, antifuses are fabricated
wi th conductive electrlcal termnals separated by a dielectric layer. In
an "off' state, . stance between its termnals.
The antifuse can @&%’ﬂm%ﬁ %ﬂﬁe@fEEBN@lI{ EAPALTEANGE: s st ance)

by breaking down the -1

BACKGROUND OF THE INVENTION

10 Technical Field of the Invention

The present invention relates to the field of semiconductors and, more particularly, to

programmable antifuse elements in semiconductor memory devices,

Description of the Related Art

15 Integrated circuits often require selectively programmable electrical connections between
circuit nodes. Such connections can be implemented by use of an antifuse link which is
programmable to interconnect electrodes. For example, antifuses are often used in memory cell
arrays such as dynamic random access memories in which failing cell addresses are remapped to
functional cell addresses by selective programming of antifuses.

20

Generally, antifuses are fabricated with conductive electrical terminals separated by a
dielectric layer. In an "off" state, the anti-fuse has a high resistance between its terminals. The

antifuse can be programmed to an "on" state (i.e., a low resistance) by breaking down the
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Ainoviullhillhillhillhilli iilull *rnnnm* AUG 2006 WO 03/075346
PCT/ EP03/ 02243 5 interposed dielectric to forma conductive l0iénk/GotBlbreen

‘the antifuswa®romsael s as described in United States Pat eg T8 Ahs 222,
entitled "Antifuse Progranm ng By Transistor Snap-Back". %er currently
applied antifuse types are structures based on a conventional MOS
transistor. Here the MOS transistor is not used in the conventional sense,
either as an anplifier or 10 as a switching elenent, but as a
configuration for realizing a dielectric layer ('Gate - oxide') interposed
bet ween the gate, source and drain. Such a transistor antifuse is
programmed or "blown" by applying a sufficient field or "blow' voltage
across the gate oxide of the MOS transistor. The bl ow process results in a

damageddi ¢ ri whi.ch reduces, the el ectrica resi stance across the
di el ect i C?At%ﬁ{’ﬁgg‘é%eclt% © t%f"bﬁlce'bq”f’gbeel”}Jff’%“fw"reéééﬁa'ﬁﬁ.‘mﬁ%’%ﬁﬁ'ﬁa&ﬁ&ﬁ@é’eﬂ(m any
15 breakage, to occur in the dielectric, the final resistance resulting from
this br eakg’gs'&e‘? gtaﬁeﬁrfi%‘r“étdjﬁzﬁr?é&eﬂ"%@r d\ntifuse Rpagraraming Byt FransisteriSnep-Back”.
dielectric. Evaluation circuits attached to the anti-fuse are used to
differentiate between the high resistance of the intact oxide (R ff) and
the | owered resjstance of the damaged oxide (& ,). The 20 larger the
resistance of aOpebgurentypPalied aniifese]tipes ave sovopures based lva s asrventidnkl PEINES
to determne the status of the antifuse (blown versus unblown). Typical
val ues f or tragsistasr Hetethe MOSttangjstorit ndi@se! inthesonvehtomabsege, €¥hesas ah angietier or
depends on the parameters during the bl ow process, Hi gh blow voltage and
hi gh bll@w aua switchingeslemait) but headonfiguration for realizing a dielectric layer (‘Gate - oxide’)
interposed between the gate, source and drain. Such a transistor antifuse is programmed or
“blown” by applying a sufficient field or “blow” voltage across the gate oxide of the MOS
transistor. The blow process results in a damaged dielectric, which reduces the electrical
resistance across the dielectric. Although this blow voltage must reach a threshold value for any

15 breakage to occur in the dielectric, the final resistance resulting from this breakage is lowered if

more energy is applied to the antifuse dielectric.

Evaluation circuits attached to the anti-fuse are used to differentiate between the high
resistance of the intact oxide (Ro) and the lowered resistance of the damaged oxide (Ro;). The
20  larger the resistance of a programmed antifuse in a memory cell the harder it becomes to

determine the status of the antifuse (blown versus unblown).

Typical values for Rogare in the range of 10'2 ohms. The range of Ry, largely depends on

the parameters during the blow process: High blow voltage and high blow current generally lead
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-2 0 4 AUG 2096 WO 03/075346 PCT/ EP03/02243 5 to |ower R, ,, rﬂérm@h nces.
However, it is desired to mnimze those two paraneters in orde reduce
the size of wim/assaeci ated circuits (e.g. blow voltage genq;calyﬁ;om%l“pw
transistor, wiring, etc.). In current designs, a conpromse is nade to
bal ance the m ninum current needed to reliably blow the antifuse and the
area requirenents of the blow transistor device to handle that current.
From that perspective, values of RO, in the range of 105 ohms to 108 ohns
are comon. 10 However, with this range of R,,,, comonly used eval uation
circuits are not able to accurately distinguish an unblown anti-fuse and a
bl own anti-fuse exhibiting the relatively high R, values. Thus, an
antifuse may erroneously be detected as un-prggranmﬁd if the bl O\c/imf anti fuse
resi st apce is.sufficiently.l.arge. ;15 Thus, there is a need for an
i mprove a;t)op}rggﬁl&ﬁ"“trSS‘%?'bcﬁ?'%WeH 5‘)’/ étgs ?%ﬂrle? Ef’s'%‘"wt‘)?:‘z@ r'ih°sg F‘gﬂ’/ P?Fég‘etﬁf Sn'E PS‘T‘%; é?f)trjz En
el ectrical connection.which js readi verifiable and distinguishabl e
an un- pr ogf%@?‘ﬁ?ga s'&ﬁf’f&@§§?‘)°‘ﬁ?d Glfau'még-z@% Vome@F@?‘QBWVPEWS@FBWUMAS 5
SUMVARY OF THE | NVENTI ON The present invention achi eves technica o
advant ages %3 A CWEeM dssigns, a compromissig made o dalage the oyrimwm ogreahneeded taise
conprising of a dielectric interposed between two conductive

reliably blow the antifuse and the area requirements of the blow transistor device to handle that

current. From that perspective, values of Ron in the range of 10° ohms to 10® ohms are common,
10 However, with this range of Ry, commonly used evaluation circuits are not able to accurately
distinguish an unblown anti-fuse and a blown anti-fuse exhibiting the relatively high R, values.
Thus, an antifuse may erroneously be detected as un-programmed if the blown antifuse resistance

Ron is sufficiently large.

15 Thus, there is a need for an improved approach to programming an antifuse which
provides a more robust electrical connection which is readily verifiable and distinguishable from

an un-programmed antiftise.



‘el ements. One of the conductive elenents is attached to a capﬂaLci ﬁ@gﬂﬂb hat is
precharged to a set 10 voltage. The antifuse is programmed to aA n- state
_by breaki ngWo0a97534€ i nt er posed dielectric to forma conduygitmnm®shieK
between the antifuse termnals fromthe application of a progranm ng

vol tage across the conductive el enents. Responsive to the applied

programm ng voltage, a field appears on the dielectric which |leads to
formati on of conductive links across it. Electrical energy stored in the
capacitor, in response to the formati on of these conductive links, is

i mredi ately 15 di scharged through the |inks causing a nore robust

el ectrical connection between the conductive elenents. A particular
antifuse can be selected for programm ng, within an array of such devices,

by appl yin ) only to the conductive el enents of the
4 oSpMAR AR BT VIR 1roAC

sel ected an € Capacitor can be common to a plurality of
antifuses in which the capacitor's stored energy is applied to a sel ect
one of the plurality of antifuses, rendered operable by the application 20

f h i . . i |

anti Tuse. -4 0 PRE SRRiSRch SRS e e et Wb Do
. 4y ' - : . o di el ect ri

i sposed b ioBmedfs i AN PR O AR HGPREY BhOEe g50 Solibelne
Caid  conctERryE LoeBineRdae SRS i RlBfllar Separliot B prpterech Sagel
furthes one  of 3lj1ied conductive el enents, rel easi ng said stored

an | ) ed
el ect r i & al VQl{ags- gineiantdfiise 6 Rrogranunsd to an'of” staterbyibregking dewa the infgipased dielectric

to form a conductive link between the antifuse terminals from the application of a programming
voltage across the conductive elements. Responsive to the applied programming voltage; a field
appears on the dielectric which leads to formation of conductive links across it. Electrical energy
stored in the capacitor, in response to the formation of these conductive links, is immediately
15  discharged through the links causing a more robust electrical connection between the conductive
elements. A particular antifuse can be selected for programming, within an array of such devices,
by applying the programming voltage only to the conductive elements of the selected antifuse.
Further, the capacitor can be common to a plurality of antifuses in which the capacitor’s stored
energy is applied to a select one of the plurality of antifuses, rendered operable by the application

20 of the programming voltage to the conducting elements of the selected antifuse.



-dielectric via said one and said further one conductive el enents responsive
to said applied programmng voltage (Vbl,,,,) According to a further
aspect of the invention there is provided an apparatus conpri §ingg 708
‘antiftise having a dielectric disposed between a plurality of conductive

el enments; an input coupled to one of said plurality of conductive el enents
and adapted to permt application of a programm ng voltage (Vbloll); and a

st orage devic t h [ lurality. of conductiyve
el ema%ts and g%%g%%?got gnét%Pée&e eé??ﬁgg%m%ﬁegxﬁye, I%h%f%’\éf‘ir?z@ﬁt?’? Phat
sai d st oreegratienig en iastifiise eambsising ardielearlc dispssddobdtwesdesndabEvecElBabEL Ve

el enent of.saig antifuse in order for the electrical energy stored in said
st orage cfg\?li%eét ?%C(ngrlﬁl%t ant aneously rel eased to said antifuse responsive

to appl i G&ringneledtrisai éheBsyo @ %rrgf'bx;a%g rdé@icba&%g( _\ﬁ}bﬁly ):orﬁfe%%dd’fongné Qrdayti !

further aspect, of the invention e is provided a systemfor use wWith a
pl ural i thMUC&M@P]@%GEI e nmenory cells, said systemconprising: a plurality

of appar | erable to ovi,de re i ng of menory

cel | adar e 4B aitig Va8 adeferse Bk s 5y B ety ook

DESCRI PTirélbasistg Fhid E¥SAMY M(SStrical energy instantaneously to said antifuse across said
dielectric via said one and said further one conductive elements responsive to said applied

programming voltage (Vpiow).

According to a further aspect of the invention there is provided an apparatus
comprising:
an antifuse having a dielectric disposed between a plurality of conductive elements;
an input coupled to one of said plurality of conductive elements and adapted to permit
application of a programming voltage (Vpiow); and
a storage device coupled to a further one of said plurality of conductive elements and
operable to store electrical energy, characterized in that
said storage device is directly connected to said further one conductive element of said
antifuse in order for the electrical energy stored in said storage device to be
instantaneously released to said antifuse responsive to application of said programming

VOItage (Vblow)'

According to a still further aspect of the invention there is provided a system for
use with a plurality of addressable memory cells, said system comprising:
a plurality of apparatuses as described above operable to provide remapping of a memory

cell address.
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‘For a nore conpl ete understandi ng of the present invention, rEfEUG,\,ﬂlﬁﬁ
made to the follow ng detailed description taken in conj unctlito t he

_acconpanyi nyodBamM3rgs wherein: Figure | illustrates a fielg1@dhs6ias
transi stor antifuse and el ectrical connections, for applying a progranmm ng
vol tage across the oxide dielectric; 10 Figure 2A illustrates the formation

of a filanment after a progranm ng voltage is applied across the
dielectric; Figure 2B shows a graph of oxide current versus tinme during the
application of a 15 progranm ng voltage; Figure 3 illustrates a field
effect transistor with associated circuitry for applying a progranmm ng

vol tage across the dielectric in accordance with an exenpl ary enbodi nent of
the present invention; and 20 Figure 4 illustrates an arrangenent for

appl yi ng a | e?ggbp? E&NWT @rﬁéwm%dl electric of a select one of a

plurality o trans cordance with an exenplary

enbodi nent of t ntion 2006 WD 03/ 075346

PCT/ EP03/ 02243 lﬁgr %ﬁiﬁ@%& Eﬁﬁ”ﬁﬂd&@ %‘ﬁ PEESSITYRAT Qpreferende isrmtadeto the

i nnovat i ve 4 achi Ras %f t he .present EB' ication will be described with

owmg ailed description taken in cohjunction with the accompanying drawings wherein:
Figure | illustrates a field effect transistor antifuse and electrical connections for applying
a programming voltage across the oxide dielectric;
10

Figure 2A illustrates the formation of a filament after a programming voltage is applied

across the dielectric;

Figure 2B shows a graph of oxide current versus time during the application of a

15 programming voltage;

Figure 3 illustrates a field effect transistor with associated circuitry for applying a
programming voltage across the dielectric in accordance with an exemplary embodiment of the
present invention; and

20

Figure 4 illustrates an arrangement for applying a programming voltage across the

dielectric of a select one of a plurality of field effect transistors in accordance with an exemplary

embodiment of the present invention.



-particular reference to the presently preferred exenplary enbodi nents.
However, it should be understood that this class of enbodi mBhtAGMBlvi des
only a few woxsphssaé of the nmany 10 advant ageous uses and i 43
teachings herein. In general, statenments nade in the specification of the
present application do not necessarily delimt any of the various clained
i nventions. Moreover, sone statenents may apply to sone inventive features,
but not to others. Throughout the drawings, it is noted that the sane
reference nunerals or letters will be 15 used to designate |ike or
equi val ent el enents having the sane function. A detailed description of
known functions and constructions unnecessarily obscuring the subject
matter of the present invention have been onmitted for clarity, Referring

now to ki g t P LRSI arrangenment for a MOS

transi s?or%%AEF\@PE?QMHIF}#g@mQX%@@% an exenpl ary enbodi nent of
the present invention. In this enbodinent, the antifuse is a transistor
anti fuse where j I t is.forned by th source 14, drain 12
and body 13- vii HE AEBBRHE b FackleRReL St Eeri Ao cafiom aILbF Bescebebnih

el enent is fa rrrled F%/ thg ®ate 1(% w th the %a e oxide form ng the interposed
di el ect ri c.PAHRIAT efelence Iq e prasently peferred exp P{ﬂ%ﬁ?b&ﬁiﬂ’éﬂ‘%rH@‘ﬁV@WShwd be
applying a syfficjent field or, "b] ow voltage 25 across the gate oxide via
the body 13® 9{80?41313@.&@@ o#ss of.embadiments provides randyja; W axamplesnafjdhe masy 9 4
AUG 200% V\g) 03/ 075346 PCT/ EP03/ 02243 5 gate-oxide or dielectric, which

r educed Ut h@dwantagequs cuses aad jinnoyative teashings heseindi kol ganeral, cstataents megaiin utie of

the voltage needed to programthe antifuse depends on several factors anong
whi ch specification of the present application do not necessarily delimit any of the various claimed

inventions. Moreover, some statements may apply to some inventive features, but not to others.

Throughout the drawings, it is noted that the same reference numerals or letters will be
15 used to designate like or equivalent elements having the same function. A detailed description of
known functions and constructions unnecessarily obscuring the subject matter of the present

invention have been omitted for clarity.

Referring now to Figure 1 there is illustrated a biasing arrangement for a MOS transistor

20  antifuse 11 in accordance with an exemplary embodiment of the present invention. In this
embodiment, the antifuse is a transistor antifuse where one conductive element is formed by the
source 14, drain 12 and body 13 which are electrically connected and a second conductive
element is formed by the gate 16 with the gate oxide forming the interposed dielectric. The
transistor antifuse 11 is programmed or “blown” by applying a sufficient field or “blow” voltage

25  across the gate oxide via the body 13 and the gate 16. The blow process results in a damaged
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-the thickness of the gate oxide should be considered. As the bl qug 60kt age
is applied, quasi breakdown events are initiated in the gate oxide 0

_resulting i wgdmrée¢ mati on of local charge centers or 'tragpeyEdsohipure
2A). When a sufficient nunber of traps are created they tend to join

together, due to the applied field as a conductive filament 21, as
exenplified in Figure 2A. This conductive filanment enables current to fl ow
thus drawi ng energy into the systemfromthe power source. Sonetinmes this
filament may di sappear due to this energy dissipation but only to reappear
at a different |location. After a number of such 15 events, there is a
catastrophic event (illustrated as a plot diagramin Figure 213) that
causes the formation of a stable filanment resulting in the final |ow

(oSS e R Bl S B RS T

spikes in the gcurrent are due,to the appear.anc a{;éj 20 subsequent .
dl sappear arende ot heyd|agrieded toraerpiiihs antilksg denepison Seyoehl BEVESmORg which
catastrophi ¢ event caused by the formation of a stable filanment. After
pr ogr ammi ndhg Bickngss of the gateoxjdeshopid beeangideisd. t he gate 16 and body 13 is
reduced froma typical starting resistance of 10, 2 ohns (un- programed or
unbl own). However, the conductive filanent 22 between the antifuse
termnals is -7 0 4 AUG 2006 WD 03/075346 PCT/ EP03/ 02243 5 sonetinmes only
mar gi nal | y conddstthe/elowl vadtageniy applied| quasilrbakdbwg leventsars tirditiated invthe ghte ioRide
difficult to detect by evaluation circuits. Referring nowto Figure 3
there il i Irbsultingdh €@ fornidtiohdf édchleghiarge caiiteds b arrapt FE2T(Figuié 2A) SRherQsufficient
number of traps are created they tend to join together, due to the applied field as a conductive
fitament 21, as exemplified in Figure 2A. This conductive filament enables current to flow thus
drawing energy into the system from the power source. Sometimes this filament may disappear
due to this energy dissipation but only to reappear at a different location. After a number of such

15  events, there is a catastrophic event (illustrated as a plot diagram in Figure 2B) that causes the

formation of a stable filament resulting in the final low resistance state,

Figure 2B shows the cl>xide current over a period of time with a blow voltage applied

across the gate and the body. The several spikes in the current are due to the appearance and

20  subsequent disappearance of the filaments. The final large spike indicates the catastrophic event
caused by the formation of a stable filament. After programming (blown), the resistance between

the gate 16 and body 13 is reduced from a typical starting resistance of 10> ohms (un-

programmed or unblown). However, the conductive filament 22 between the antifuse terminals is

-



Wi th associated circuitry for applying a programm ng vol tage[ﬁc S he
dielectric in accordance 10 with an exenpl ary enbodi nent of "t P ent

_invention. Wo@hossms circuitry couples the body 370, drain pgdipasighaidre
source 340 to a power supply. In addition, a capacitor 350 or other simlar
el ectric energy storage device is included external to the FET antifuse 300
and serially coupled to the drain 320, body 370 and the source 340. The
body 370 of the FET antifuse 300 can be connected to an integrated

capaci tor nade on the sane substrate. Further, the body 370 is 15
electrically isolated fromthe substrate or other circuitry on the sane
chip by an isolation layer 380. In this enbodi nent of the invention, the
FET antifuse 300 is progranmed by the application of a positive voltage on

t he gate 36 ha field ears, across.the gate-oxi de 310.. he
capacit o I8pomkT i Ragul sORPEAS P TheT Ftd Sy B Teg TS el s afeuttt
i ncreases t%f {)i el d a grﬁériﬂg across the gate-oxide 3 10 in addition to
being a res Y tfyreva*ua s rgy prior to the blow operation. Wen the
gate voltage is applied, the generation of the first Iinks across the gate-
oxide 3 10 provides a path for the i medi ate di scharge, of the energy
stored in the capacitor 350, across the oxide 3 10. This additional energy
enabl es the f or W&ferang aaw teckigure dihare isiilinegatad afigld effegs tansista EETD ai@ifusa300
03/ 075346 PCT/ EP03/ 02243 5 increases the dianmeter of the first links that
are forned witasspsiatadeirgyitrg dorapplyinglagrogsymiingdeltage acrobsshadidiettrioirdccendarcgy i s
related to the capacitance and the pre-charge voltage as: E = Y2 C vdd'.
10 with an exemplary embodiment of the present invention. As shown, circuitry couples the body

370, drain 320 and the source 340 to a power supply. In addition, a capacitor 350 or other similar

electric energy storage device is included external to the FET antifuse 300 and serially coupled to

the drain 320, body 370 and the source 340. The body 370 of the FET antifuse 300 can be

connected to an integrated capacitor made on the same substrate. Further, the body 370 is

I5  electrically isolated from the substrate or other circuitry on the same chip by an isolation layer

380.

In this embodiment of the invention, the FET antifuse 300 is programmed by the

application of a positive voltage on the gate 360 so that a field appears across the gate-oxide 310.

20  The capacitor 350, which has been pre-charged to a set negative voltage, increases the field
appearing across the gate-oxide 310 in addition to being a reservoir of some energy prior to the

blow operation. When the gate voltage is applied, the generation of the first links across the gate-

oxide 310 provides a path for the immediate discharge, of the energy stored in the capacitor 350,

across the oxide 310. This additional energy enables the formation of additional links and/or

-8-



-Where Eis the total energy available, Cis the capacitance g@gwgqg is the
pre-charge voltage. The nmagnitude of the pre-charge voltage u %ould be
~such that iwodsessmet damage the 10 dielectric of an unselpgairrdsbises.
Further, it is constrained by the nature of the isolation |ayer 380,

Typi cal val ues coul d range between -1.5V and -2.5V. The magni tude of the
capaci tance achievabl e depends on the area and the type of capacitor used.
Typi cal val ues ranges between | nanoFarad and 300 nanoFarads. 15 In
addition, the capacitor 350 can be adapted to be common to an array of
antifuses (further discussed herein) thus decreasing the total area
occupi ed by the antifuses. Further, the capacitor 350 can be integrated
with the FET antifuse in a standard CMOS process used for the manufacture

of i nt eqy atigllessks b fathetefo Bk R lifk RN al;e(}"?l}nﬁgg%tg{]og§ fhe %x@@@?&.! 'gr%{rﬂgn%detq{e

necessary capacity wthin close proximt antituse’i

f devi : | ¢ 20 it M MCAP
Decp Tr enciiq Bina el i ftactd 5 HeXaBic B g briRBRES 1hEe i i < hppl i eal

to capacitor 35%4\4}&?@, Q;recharges it to a predeterm ned voltage |evel. The
maxi mum desi r abl'e a ug of Vdd is limted by the thickness of the gate

oxi de, as excessively | arge yqltage coul d danage the gate oxi de even

prior to 38}‘%6 Elﬁfs%fd@%y e'\%’%@’ﬁ%i‘%s pisiianes 2ad Vdg 'ﬁa'\@g%f%tﬁhﬁrgﬂfﬁtﬁae-by

the type of_.isol ati nﬂé%g of the transistor. In this enbodinment, Vdd is in

the range K Hagnity the | Bre-charge yojtage used\shanld hensuchhas ibsdoasenot damegs the

bet ween 20 angstrons to 35 angstroms. Further, a bias voltage (hereinafter

referreld tdlieestrignfgnynselected fitsecBurther, ithiecogstrained®y themature of the isolation layer 380,
Typical values could range between —1.5V and -2.5V. The magnitude of the capacitance
achievable depends on the area and the type of capacitor used. Typical values ranges between 1

nanoFarad and 300 nanoFarads.

15 In addition, the capacitor 350 can be adapted to be common to an array of antifuses
(further discussed herein) thus decreasing the total area occupied by the antifuses. Further, the
capacitor 350 can be integrated with the FET antifuse in a standard CMOS process used for the
manufacture of integrated circuits. A suitable way to integrate a capacitor of necessary capacity
within close proximity to the antifuse is the by the use of devices such as Metal Insulator Metal

20  Capacitors (MIMCAP) or Deep Trench (DT) capacitors.

For the programming operation , Vdd is applied to capacitor 350 which precharges it to a
predetermined voltage level. The maximum desirable value of Vdd is limited by the thickness of

the gate oxide, as an excessively large voltage could damage the gate oxide even prior to

9-



-which Vblowis preferably in the range of 5V to 8V. Although tUQe Lﬁaﬁﬁﬁfi eld
in the oxide can be obtained by using the sane vol tages but of @ e
~opposite powerdgs4ét is believed that the 10 programming ljd"mﬁiﬁﬂﬁé}?’ﬁd with
this particular choice of the polarity. Follow ng the application of Vbl ow,
the first conductive links are forned in the gate- oxide 3 10. It is
inportant to note that the voltage Vdd in itself, w thout Vblow, is not
hi gh enough to start this process, for in such a case the ability to
select a specific antifuse to be 15 programed woul d be | ost. The stored
energy in the capacitor 350 is instantaneously discharged across the
damaged gate-oxide 3 10, which forns additional conductive |inks and/or
causes the increase of the dianmeter of the first fornmed conductive |inks.
Wth thi%s pprogramfihddhd ; i e antifuse Q0.is
| owered to % ?gnge gg?\ ?ggﬁ%gﬁsgyaggagggd%&%%gﬁ%#rr@'s\m%g'me\m’t\/ﬁgtﬁ'"fh?e
capaci tor tppd } Si r e om, 106 t 08 aohns. The

YT onpioR 7S] 3 U PN el BT WParschebecari mastomase 35

addi tional 20 conductive s and/or i nc

formed condycli j j oye the . reliahility and consistency of

the bl ow ope?ako?ﬁ%hkuzﬁlg%’za?@%sﬁé"%&ﬂ?%m#%mf reflt A% @W"i'sial’ll"l.?gttqtéﬁéﬂie in

arrangenent, f. Y] r ogr amm val tage across the dielectric of a

sel ect one %lilagvgipgjr'a#’ 1{3%5&; m?l%erﬁ%geé)? 38&? &r@ﬁwgl@@fesm field incthe pxide canbe AUG

2006 WO 03& %56346 PCT/ EP03/ 02243 5 Sccor dance with an exenpl ary enbodi nent
e e A%

of the pr e 1 §me Xplaghs bytyof the qpppsitsdpalarityc buiplbelieved thatr the! el |

a plurality of FET antifuses with a common capacitor 350. Vblow and Vdd
are chosen PEEHMMINgs eiphaycedivytethispeiticulsechoics ofittiegolavit. ow i s applied are
programed. Vdd is

Following the application of Vblow, the first conductive links are formed in the gate-
oxide 310. It is important to note that the voltage Vdd in itself, without Vblow, is not high
enough to start this process, for in such a case the ability to select a specific antifuse to be

15 programmed would be lost. The stored energy in the capacitor 350 is instantaneously discharged
across the damaged gate-oxide 310, which forms additional conductive links and/or causes the
increase of the diameter of the first formed conductive links. With this programming approach,
the resistance of the antifuse 300 is lowered to a range of approximately 10 to 10* ohms while
without the capacitor typical final resistances range from 10° to 10® ohms. The additional

20 conductive links and/or increased diameter of the first formed conductive links also improve the

reliability and consistency of the blow operation.

Referring now to Figure 4 there is illustrated an arrangement for applying a programming

voltage across the dielectric of a select one of a plurality of field effect transistor antifuses in
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-applied to the body 370 of all the antifuses and al so serves to precharge
the capacitor 350. vdd can be applied through a switch 410. U‘@M@vﬁ“@ﬁan be
sel ectivel ywanploreds to different ones of the 10 FET gates 3RQmsmhadY
suitable logic circuitry ) so that only those antifuses that are selected
are blown. Note that only two antifuses are explicitly shown, however,
many ot her antifuses can be included, as indicated in Figure 4. In the
programmed antifuse, conductive filanents are forned, while in the

remai ning antifuses they are not, as the field across their gate oxides is
| ower. 15 The above descri bed capacitor arrangenents can be easily
integrated into the standard process used in the manufacture of CMOS
menory devi ces. Cenerally, such nmenory devices are made of individual

menory cel | &c@ﬂdnéeﬂﬁiﬂ%%xérﬁgfdﬂd@rmod%nt&tﬂ@ére{/eﬁyiln%/ntigﬁ. lirlélciitgﬁjgrlﬁds adapted to

replacenent. A test program can |locate faulty nmenory ce _
Bl onn S0t o PP PAEiRl pHRRY B T Mlsheck W B HRY Ry B0, VhooRa o
read only Newersref s ol o Rbbe B RerPoRis imied Bimpadommen qvad s -
Pr ogr ammabl [ 7 AUG, 2006 WO 03/ 075346 PCT/ EP03/ 02243 5 |t
Chool d be it B boid%???{g 86?11}%“?’1 E&Hﬁﬁé andt alsqsspies iciecharpshe wpegitonailk Vdded
in terns of rogramm ng a FET transistor antifuse, the present invention
can be inpl ﬁﬁgﬂ'%rﬁg%’t%wtcht%eé’bw i toe seleasivelyrappligdan diffedént beestof the i s
i nter posed ween conductive el ements. Although a preferred enbodi nent of
t he met Hod, PELEAEsA00 £e-8.Dysuifghle logicsircditie ) py thatemly thog antifusestthatareeiecled are
illustrated in the acconpani ed drawi ngs and described in the foregoing
blown. Note that only two antifuses are explicitly shown, however, many other antifuses can be
included, as indicated in Figure 4. In the programmed antifuse, conductive filaments are formed,

while in the remaining antifuses they are not, as the field across their gate oxides is lower.

15 The above described capacitor arrangements can be easily integrated into the standard
process used in the manufacture of CMOS memory devices. Generall ¥y, such memory devices are
made of individual memory cells and include redundant cells for faulty memory cell replacement.
A test program can locate faulty memory cells and subsequently appropriately coupled antifuses,
such as described above, are blown so that they enable the replacement of the faulty cells with the

20 redundant cells. A collection of antifuses can also be used as Programmable Read Only Memory

elements (PROM) or for customizable chips (Field Programmable Gate Arrays).
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-Detail ed Description, it is understood that the invention is ﬂ Qﬂ@ﬂﬁ@tEd to
t he enbodi nents disclosed, but is capable of nunerous rearra 3

~nodi ficati ow® o3AMsscUbstitutions without departing fromt %T’ﬁﬁioﬁ/bizﬂ)f t he
invention as set forth and defined by the follow ng claims. -12

2006 What is clained is: | A nethod of programm ng an antifuse (3 00)
conprising a dielectric (3 10) di sposed between conductive el enents (360,
370), said method conprising: 5 storing electrical energy in a storage
device (350) being directly connected to one of said conductive elenents
(370); applying a programm ng voltage (VWbl,,,,) to a further one of said
conductive elenents (360); and releasing said stored electrical energy
instantaneously to said antifuse (300) across said 10 dielectric (3 10)

vi a sai dsone andygigjuth gé”oﬁéﬁ%atg nﬁ}ﬁ’ﬁl@‘ﬂ% @f@m%ﬁ@%{i}g ,ﬁa}\{e%e escﬂl?gc? e?é?rﬁ'ﬁ af of

responsive to said applied progra

: ol d t fi 1)  th
S of PR ARRY PLCERBE R, IR Hic B i S
é?’giﬁ ri E:al éﬁgsr%fw ses lﬂﬁ&lilcé'leasdlge lfé" st /bf“’(f‘*%?f’d\a@%%n;n%gd st or ed

capaci tance C ranges bet ween | nF and 300nF

Although a preferred embodiment of the method, apparatus, and system of the present

10 invention has been illustrated in the accompanied drawings and described in the foregoing
Detailed Description, it is understood that the invention is not limited to the embédiments
disclosed, but is capable of numerous rearrangements, modifications, and substitutions without

departing from the spirit of the invention as set forth and defined by the following claims.
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-and the voltage Vdd between -1,5V and -2.5V resulting in a reduced

resi stance between said one and said further one conductive ql (360,
- 370) of said antifuse (300) to a 20 range of 103 to 104 ohn&. §m$QMi

met hod of any of Clains 1 to 3, wherein said programm ng voltage (Vbl,,,)
isin arange of 5to 8 volts. 25 5. The nethod of any of Clains | to 4,
wherein said antifuse (300) is a field effect transistor antifuse, said
dielectriggég.lgr Q%igate oxide of said field effect transistor antifuse,
sai d one enment (360) is a gate of said field effect transistor
?nti;usea and said further one conductive elenent is a drain (320), source

340) and,  body (370), of said field effect transistor antjf erejn
said draih, sobieth DERRF9MINRL af gl r'?ecéb?vomfr&f dig Ct-“fﬁgo)ﬁ%@ 006
6. The meiddebritonFh@iveehemeMie380 BRI didhethadeosipNéiag (350) is a capacitor
precharged to a predeterm ned voltage by applying a power Supply (Vdd) to
sai d bodystgrdpneleatfical ghergp iim b gtoragefderice (3/5&& gfv‘i@g directly qonnpgied fpenecafisaid

conpri sing: .an.antifuse .00) having a dielectric (3 10) disposed between
a plurali%§@8&“@5%ﬁﬂ%ﬁ?ggglelenents (360, 370): an input coupPed to one of
sai d pl urgplyiiNg & bropedifmidg Wtagt EViRR) o 4 BEOEr erectbfadidpioadudtive efugionts (360);

applicati or(1i of a progranm ng voltage (Vblow); and
an

=3

releasing said stored electrical energy instantaneously to said antifuse (300) across said
10 dielectric (310) via said one and said further one conductive elements (360, 370)

responsive to said applied programming voltage (Vyiow).

2. The method of Claim 1 further comprising forming a conductive filament (21)
through said dielectric (300) responsive to said applied programming voltage (Voiow).
15
3. The method of any of Claims 1 or 2, wherein said stored electrical energy
comprises a value E= % C V4d®, where the capacitance C ranges between 1nF and 300nF
and the voltage V4q between -1,5V and -2.5V resulting in a reduced resistance between
said one and said further one conductive elements (360, 370) of said antifuse (300) to a
20 range of 10 to 10* ohms.

4, The method of any of Claims 1 to 3, wherein said programming voltage (Vyiow) is in

arange of 5 to 8 volts.

25 5. The method of any of Claims 1 to 4, wherein said antifuse (300) is a field effect
transistor antifuse, said dielectric (310) is gate oxide of said field effect transistor antifuse,
said one conductive element (360) is a gate of said field effect transistor antifuse, and said
further one conductive element is a drain (320), source (340) and body (370) of said field
effect transistor antifuse, wherein said drain, source and body are electrically coupled.

30
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-10 a storage device (3 5 0) coupled to a further one of said plurality of
conductive elenents (370) and operable to store electrical energy 9
_characterized in that said storage device (350) is directly conneceg%lm%
said further one conductive element (370) of said antifuse (300) in order
for the electrical energy stored in said storage device (350) to be

I nst ant aneously rel eased to said antifuse (300) responsive to application

of said 1 ) t '

wher oi n 58 o R Glh sOdferblfibeid sdrafl oI ABBR A cBachor bePhbctn
wher e t hea prdeteirhined Gol@ge&ﬁg@plyﬁh@ u\p@xnerl supplydWey) 3O i badyd(370kofvaid figd Vdd
ranges between -1,5V and -2.5V resulting in a reduced resistance between
sai d one &lieft ORSINGL. 4 furt her one conductive el ements (360, 370) of said
antifuse (300) to a range of 103 to 104 ohns. 9. The apparatus of Cains 7
or 8, wherein said antifuse (300) is a field effect transistor, said one
conducs i v& el eAsnappara@syomprisinggat e of said field effect transi stor sai d

25 di el d d
22, & el kb B PRI P Al S L BBl TR, 20
of a drai glem@r@)3606990Kxe (340) and body (370) of sai d flel d effect

transistor. 30 -14 0 4 AUG 2006 10. The apparatus of Clains, 9 further
i ncl udi ngalatnpllb%lpledﬁ@ opgpf spad phuradity obeandetive elements (360) and adapted to

permit application of a programming voltage (Vyiow); and

10  astorage device (350) coupled to a further one of said plurality of conductive elements
(370) and operable to store electrical energy, characterized in that
said storage device (350) is directly connected to said further one conductive element (370)
of said antifuse (300) in order for the electrical energy stored in said storage device (350)
to be instantaneously released to said antifuse (300) responsive to application of said

15  programming voltage (Vopiow).

8. The apparatus of Claim 7, wherein said stored electrical energy comprises a value E
=»C Vddz, where the capacitance C ranges between 1nF and 300nF and the voltage Vqq
ranges between -1,5V and -2.5V resulting in a reduced resistance between said one and

20  said further one conductive elements (360, 370) of said antifuse (300) to a range of 10° to
10* ohms.

9. The apparatus of Claims 7 or 8, wherein said antifuse (300) is a field effect

transistor, said one conductive element (360) is a gate of said field effect transistor, said
25  dielectric (310) is gate oxide of said field effect transistor, and said further one conductive

element is an electrically coupled arrangement of a drain (320), source (340) and body

(370) of said field effect transistor.

30
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-transistor antifuse, and wherein said storage device (350) is coupled to a
body (370) of each of said field effect transistor antifuses and operabl e
to release said stored electrical energy to a selected one oersTEUG;Z@' el d
effect transistor antifuses. 5 11. The apparatus of any of d ai 10,
wherein selection of said field effect transistor antifuse is operable by
application of said progranmm ng voltage (Vblo,) 12. The apparatus of Claim

10 or 11, erein d st hCe i i pr echar ged

to a pr edgqtr n:igtheead)%\%‘{(')aquSaogt(eE lgl%%a%%}({)l/llgﬁ& g%d%g%%éa&%gﬁ@ﬂ%&fﬁ& ?f(l)t&éai d body

(7 370) 120f %&ﬁ;is@brfahﬁfu_ig,einﬂeﬂieréiﬁ_aﬁiﬂis&iriig’eSdevib(B.(35|ﬂ’)és equpladatd asbody (270) o6t Cl ai s
to : erein sai rogr anm ng \yol tage o, , is ip.a rapge, o

appr oxi nmagashf said field effact ‘?‘ns_i%orﬂ‘.“%-}ﬁe%?‘& ‘é?ﬂ\éf%é‘f f"t})§‘§’a§ﬁ StaH{]%{o‘_ﬁfil‘}pegchlaL of

addr essabé&rwccorﬁl&@d'&e of hifl FRUPLRY e RIGRSH stiRges.2 plural ity of

appar at uses Ing to any of clains 7 to 13 operable to provide
remappi ng of a nenory cell address. 20 25 30 -15

11. The apparatus of any of Claims 7 to 10, wherein selection of said field effect transistor

antifuse is operable by application of said programming voltage (Vpiow).

12.  The apparatus of Claim 10 or 11, wherein said storage device (350) is a capacitor
10  precharged to a predetermined voltage by applying a power supply (V4q) to said body (370)

of said field effect transistors.

13.  The apparatus of any of Claims 7 to 12, wherein said programming voltage (Vbiow)

is in a range of approximately 5 to 8 volts.

15
14. A system for use with a plurality of addressable memory cells, said system
comprising:
a plurality of apparatuses according to any of claims 7 to 13 operable to provide remapping
of a memory cell address.

20

25

30
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