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The antifuse can be 'on” | ow resistance)
by breaki ng down B AL ANTIFUSE WITH EXTERNA CAPACITANCE

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



-1 WD 03/ 075346 PCT/ EP03/ 02243 5 interposed dielectric to forma conductive
link between the antifuse termnals as described in United States Patent
US5, 257, 28D,03mi3iué | ed "Anti fuse Progranm ng By Transi st or PER&PoBeazks .

O her 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 el enent,
but as a configuration for realizing a dielectric layer ('Gate - oxide')

i nterposed between the gate, source and drain. Such a transistor antifuse
is progranmed 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
darmaged di el ectric, which reduces the electrical resistance across the

dielectric. Al thoygh.this bl ow yoltage nust reach .a threshold val ye for any
15 br Sak ipessd althiris 10 BRB ccHBtGayF fiak DPREeR ME-Antfie ST RHb S ESUTReR . 11 orn
this breakage is lowered if nore energy is applied to the antjfuse.

di el ect r UnitedHigies Ratephl %fr,?-5c7u22c2serattkegcﬁééfwé%moa@rrawvs ByJsansigier Snardpacls’-
differentiate between the high resistance of the intact oxide (Ro ff) and
the | owered resistance of the danaged oxide (Ron). The 20 |arger the

resi stance of a programed antifuse in a nenory cell the harder it becones
to determ neOthee catraitiisamgiied haatifund it¥pes arq kthoiuress bassd ©nun bdbrorwntjonal MOS

transistor. Here the MOS transistor is not used in the conventional sense, either as an amplifier or
10  as a switching element, but as a configuration 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 (Rog) 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 R,y largely depends on

the parameters during the blow process: High blow voltage and high blow current generally lead



Typi cal values for Roffare in the range of 1012 ohns. The range of Ran
| argely depends on the paraneters during the bl ow process, H gh bl ow
vol t age awo obiogds4bl ow current generally lead -2 WO 03/ 07P846:P03/02243
PCT/ EPO3/ 02243 5 to | ower Ron resistances. However, it is desired to
m nimze those two paraneters in order to reduce the size of the
associated circuits (e.g. blow voltage generator, blow transistor, wring,
etc.). In current designs, a conprom se is made to bal ance the m ni num
current needed to reliably blow the antifuse and the area requirenents of
the bl ow transi stor device to handle that current. Fromthat perspective,
val ues of Ron in the range of 105 ohns to 108 ohns are common. 10 However,
with this range of Ron, conmonly used evaluation circuits are not able to
accurately diﬁtinguish unblomnc@nti-fuse.andﬂg b{omn antgffused ¢
exhi b t i Ky oVRERpePSEPREF YN GRTROR aFes. MINFREE 1SR MR PIATEErS g, Prder
erroneously be detected as_ un-programred if the bl own ?tifuse resi st ance
Ron is stedieecihesize ot therageociajas cgyils (e by veltage rgé'é"datf’bg Oph UPRBSE Sy W INg,
approach to programm ng an antifuse which rovi des a nore robust
el ect ri cefc.)cdnmectitalesighd, @hcompremisdils gageid Ealameéh%mmmum PuiERnE seRsisidof r om
an un-programed antifuse. -3

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

current. From that perspective, values of Roq in the range of 10° ohms to 10® ohms are common.
10 However, with this range of Ron, commonly used evaluation circuits are not able to accurately
distinguish an unblown anti-fuse and a blown anti-fuse exhibiting the relatively high Rq, 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 antifuse.



WO 03/ 075346 PCT/ EP03/ 02243 5 SUMVARY OF THE | NVENTI ON The present

i nvention achi eves technical advantages as an apparatus, system and net hod
of progr awpiong7ame anti fuse conprising of a dielectric int@cpaEpesiotzes ween
two conductive elenents. One of the conductive elenments is attached to a
capacitor that is precharged to a set 10 voltage. The antifuse is
programmed to an "on" state by breaking down the interposed dielectric to
forma conductive link between the antifuse termnals fromthe application
of a programmi ng voltage across the conductive el enents. Responsive to the
applied progranm ng voltage, a field appears on the dielectric which |eads
to formation 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 schar I the |links causing a nore robust
eIect@iC%WNQQAﬁQEPﬁBWHggg“éQﬁ? conductive elenents. A particular

anti fuse can be selected for progranm ng, within an array of such devices,
by applying the programm ng voltage only to the conductive el enents of the

selected antifuse. Further, the capacit be commn to a y of
St Tuses | n W rEsrertEv<sgh s GobcH atyerigs pnrabung s BrehEbedY,
one of the plurality of antifuses, rendered operable by the application 20
of the pelopearemintge \is| anHse CoMpPHeing dﬁomélleleﬁ@wem@ﬁ%ﬁ@% bfveph dve SPREtCEYe
antifuse. -4

elements. One of the conductive elements is attached to a capacitor that is precharged to a set

10  voltage. The antifuse is programmed to an “on” state by breaking down the interposed 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.



WO 03/ 075346 PCT/ EP03/ 02243 5 BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore
conpl ete understandi ng of the present invention, reference is made to the
fol | ow ngwoaBarized description taken in conjunction wth tPea/ERoy@p&Enyi ng

drawi ngs wherein: Figure 1 illustrates a field effect transistor antifuse
and el ectrical connections for applying a progranmm ng voltage across the
oxide dielectric; 10 Figure 2A illustrates the formation of a fil anent

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
progranmm ng voltage; Figure 3 illustrates a field effect transistor with
associated circuitry for applying a progranm ng voltage across the
dielectric in accordance with an exenplary enbodi nent of the present

i nventi on; @g i 4 'hl r at arrangenent for applying a
progrénnﬂﬂﬁﬁﬁgp §£&§!ﬁ§§§0# JHEE¥§$§@F?$% of a select one of a plurality
of field effect transistors in accordance with an exenplary .
For a more complete understanding of the present invention, refereiice is made to the
following detailed description taken in conjunction with the accompanying drawings wherein:
Figure 1 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.



enbodi mrent of the present invention. -5 WO 03/075346 PCT/ EP03/ 02243 5
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The nunerous innovative teachi ngs of
t he presewD oappisicati on will be described with particul aPCragfPes/eare to the
presently preferred exenplary enbodi nents. However, it should be

understood that this class of enbodinents provides only a few exanpl es of
the many 10 advant ageous uses and i nnovative teachings herein. In general,
statenents made in the specification of the present application do not
necessarily delimt any of the various clainmed inventions. 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 |like or equival ent el enments having

t he sane i il iRLJ known functions and

const ucﬁﬁgﬁghdﬁﬁ£E§§§§&ﬁh§ﬁg8@?@&ﬁ&§hﬁﬂgr ject matter of the present

i nvention have been omtted for clarity. Referring nowto Figure 1 there is
illustrated a_piasing arrangenent for MOS transi stor antif.use 11 in
hccor dance. w THe BHTERURINTY N BRRHTAS AR B PiehaT pPRban WD BRAFSHOSS Hifini <
enbodi nent, the antifuse is a transistor antifuse where one conductive

el enent iparticelapgederpreetio the presently preferred exemplary embodiments. However, it should be

understood that this class of embodiments provides only a few examples of the many
10  advantageous uses and innovative teachings herein. In general, statements made in the
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  usedto 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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source 14, drain 12 and body 13 which are electrically connected and a
second conductive elenent is fornmed by the gate 16 with the gate oxide
form ng twe odntsiposed dielectric. The transistor antifuPETEP0S/B2243
programed or "blown" by applying a sufficient field or "blow' voltage 25
across the gate oxide via the body 13 and the gate 16. The bl ow process
results in a danaged -6 WO 03/075346 PCT/ EP03/ 02243 5 gat e-oxi de or
dielectric, which reduces the electrical resistance across the dielectric.
The magnitude of the voltage needed to programthe antifuse depends on
several factors anong which the thickness of the gate oxide should be
considered. As the blow voltage is applied, quasi breakdown events are
initiated in the gate oxide 10 resulting in the formation of |ocal charge

centers or ff t.raps are
croatad ehEpHENT ferSin MigeEmiies et s R auti BF gt Phe
conductive fllanent 21, as exenplifi d i n, Figure 2A Th conductive

fi 1 ament magatwdest ervplage regdad o ROt ea?faﬁwf‘frf%p%iépwvw %th’ﬁé"sog?gt”é‘fﬁhf rom
t he power source. Sonetinmes this filanent may di sappear due to this energy

di ssi pat ithsrihiskness nf hetgateraxigssbarld de cansiferdder ent | ocation. After a nunber of
such 15 events, there is a catastrophic event (illustrated as a plot
diagramin Figure 2B) that causes the formation of a stable fil anent
resulting in the final |ow resistance state.
As the blow voltage is applied, quasi breakdown events are initiated in the gate oxide
10 resulting in the formation of local charge centers or ‘traps’ 22 (Figure 2A). When a sufficient
number of traps are created they tend to join together, due to the applied field as a conductive
filament 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 oxide 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



Figure 2B shows the oxide current over a period of tine with a bl ow voltage
applied across the gate and the body. The several spikes in the current
are due twothe7sppear ance and 20 subsequent di sappear anc®CofEPDII€2243
filaments. The final |arge spike indicates the catastrophic event caused by
the formation of a stable filanment. After programm ng (bl own), the
resi stance between the gate 16 and body 13 is reduced froma typical
starting resistance of 1012 ohns (un- programed or unbl own). However, the
conductive filanment 22 between the antifuse termnals is -7 WO 03/075346
PCT/ EPO3/ 02243 5 sonetines only marginally conductive, |leaving a relatively
hi gh resistance, which is difficult to detect by evaluation circuits.
Referring now to Figure 3 there is illustrated a field effect transistor
(FET) .antifuse 300 wth associated circuiiry for applying a pr anmj ng
Vol t nde. 2erLBey iy bt ORPat I derbinachi iV Rigp FRudoBbufg i A etiTLo
enbodi nent of the present .invention. As shown, circuitry couples the body
370, draidstesly aitiatinRciédiffce 340 to a power supply. In addition, a
capacitor 350 or other simlar 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
connect ed t o Reférrbggowtebige@EBabeteds ilnstcednfi¢ih effscmenssths{FERD) entiffse 300er |
the body 370 is

with associated circuitry for applying a programming voltage across the dielectric in accordance

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

15  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-



15 electrically isolated fromthe substrate or other circuitry on the sanme
chip by an isolation layer 380. In this enbodi nent of the invention, the
FET anti fwee38@346é s progranmed by the application of a p®€TtEPIZ022¢3 t age on
the gate 360 so that a field appears across the gate-oxide 310. 20 The
capaci tor 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 sone energy prior to the blow operation. Wen the
gate voltage is applied, the generation of the first links across the gate-
oxi de 310 provides a path for the i medi ate di scharge, of the energy stored
in the capacitor 350, across the oxide 310. This additional energy enables
the formation of additional links and/or -8 WD 03/075346 PCT/ EP03/02243 5

i ncre Sesmér@aese%d u J%}%Eer%ﬁthqu Ch 1tn[<§5 Eha% are osrmte %rggsrtg? 8}{1@%? ﬁ)oafr}?ggaigggh fX | de

310. The magni i"onal —energy 'ance

and the pre vol t.a ' cw Were Eis the total energy
avallabléﬁeﬁf fgﬁ%wgavaggﬁaiE&E%W@av&wC? ‘ﬂﬁ%p 1EHHOYAZS Y t age.  The

magni t ude of the pre charge vol tage used should be such that it does not
damage the 1&® d¥eF&ddric of an unsel ected fuse. Further, it is constrained

by the nature of the isolation | ayer 380.
Where E is the total energy available, C is the capacitance and Vdd is the pre-charge voltage.

The magnitude of the pre-charge voltage used should be such that it does not damage the
10 dielectric of an unselected fuse. Further, it is constrained by the nature 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 IMIMCAP) 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-



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 wibwe®713ages between 1 nanoFarad and 300 nanoFaPe@gEPOIER2IN
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 integrated circuits. A suitable way to integrate a capacitor of
necessary capacity wthin close proximty to the antifuse is the by the
use of devices such as Metal Insulator Metal 20 Capacitors (M MCAP) or
Deep Trench (DT) capacitors. For the programmi ng operation Vdd is applied

rax i cRSPPI vﬁ&lt% FRRATid2eh B ef‘jﬁﬁﬂ&‘ frhlcﬁn 9%54' e
t
o or 1o FhG GBI Tss | BT RB0S OSSR i %@%%@%ﬂ?@ﬁv‘%ﬁ@% o8 of

isolation 380 of th tranS|stor In this enbodlne is in the range
of appr oxdeifans, fu ﬁg # bias voligeg hgrrinafigeredeaied toss %@OWW@E@W&@? theente360 in

angstrons to 35 angstroms. Further, a bias voltage (hereinafter referred
to as Vbl wb\y}:h Vblog{\plp prederably in the ragge gf%‘é@ §\h Although the same field in the oxide can be

obtained by using the same voltages but of the opposite polarity, it is believed that the

10 programming is enhanced with this particular choice of the polarity.

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

-10-



which Vblowis preferably in the range of 5V to 8V. Although the sane field
in the oxide can be obtained by using the sane voltages but of the .
opposi te woloaorye it is believed that the 10 programm n@CrEresiaated with
this particular choice of the polarity. Followi ng the application of Vblow,
the first conductive links are forned in the gate- oxide 310. 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 gat e-oxi de 310, which forms additional conductive Iinks and/or
causes the increase of the dianmeter of the first fornmed conductive |inks.

Wth tdi SaoQBthgﬁ@érquQu SRR ?)Qaﬁgzanbocﬁrggntro?%eg)tr@sgﬁtehﬁefntl&beT tnch QS g’c%% eﬁi

| owered to a range of app oxXimately 103 t

f 106 t
coir s onei 4B EoklT AR GRU nclrtheagar"aza;n i?r:zg@ {%w Haas
h I nsi stency o
the bt ow Bpehesel Shen Beroal ey ABURED 'Gish /o f Pl SR roemimea Val is

arrangenent f p in rogrann1ng vol tage across the dielectric of a
sel ec? on%PpB’F‘? to tE? E?%ﬁﬁybfa? 1 thejapfifises and @sorserygs foqarepharga thef qapasitor 350.- Ydd WO

03/ 075346 PCT/ EPO3/ 02243 .
can be applied through a switch 410. Vblow can be selectively applied to different ones of the

10 FET gates 360 (e.g. by suitable logic circuitry ) so that only those antifuses that are selected are
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. Generally, 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).

-11-



5 accordance wth an exenpl ary enbodi nent of the present invention. The
circuitry is adapted to couple, in parallel, a plurality of FET antifuses
wi th a cowpwmaotspaci t or 350. Vbl ow and Vdd are chosen suelTiEPat/oxm y t hose
antifuses to which Vblowis applied are programmed. Vdd is 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. Vbl ow can be sel ectively
applied to different ones of the 10 FET gates 360 (e.g. by suitable |ogic
circuitry) so that only those antifuses that are selected are blown. Note
that only two antifuses are explicitly shown, however, many other antifuses
can be included, as indicated in Figure 4. In the programred antifuse,
conductive filaments are formed, while in the renmaining antifuses they are

not, as the fig E}‘Ejou"l’&lgé)rﬁeottnﬁiafth l?hé%ﬂas@ﬁtsenillﬁ)dhg%(}ﬁ{ l})av%ﬁee]; s@ibay %tgrgnfs%réiaggd

capacitor arrangenments can be easily integrate e standar
used int t f. . devi.ces. .Generally, such nepor
devi ces ap§ggﬁg§éggﬁ%ﬁﬁgg§#§%gﬁnﬁ§%39§pg@?ﬁéngﬂﬂoqﬁ%ﬁ%ﬁ@¥¥ﬁﬂﬁﬁﬁ5WFggg%Fs
for faulty memory_.cell replacepent. . A tes rogram can |l ocate faulty
menory ce%??”gﬁﬁxgﬁ8§@dﬂﬁﬁ17§w B%?d%FW%P?Féb B eRndyiveriets. such’ as
descri bed above, are blown so that they enable the repl acenent of the
faulty cells with the 20 redundant cells. A collection of antifuses can
al so be used as Programmabl e Read Only Menory elenents (PROM or for
cust omi zabl e Cih]tl’[!islgg Ri psefdrr ¥ ey bedimay] o tiGamethdd rappsptus.-abdl 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 embodiments

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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WO 03/ 075346 PCT/ EP03/02243 5 It should be noted that although the present
enbodi nents have been described in terns of programmng a FET transistor
ant i f use,wohg/opi3ecent i nvention can be inplenented w th oPhe@rEPIY/yes of
antifuses in which a dielectric is interposed between conductive el enents.
Al t hough a preferred enbodi nent of the nethod, apparatus, and system of the
present 10 invention has been illustrated in the acconpani ed drawi ngs and
described in the foregoing Detailed Description, it is understood that the
invention is not limted to the enbodi nents disclosed, but is capable of
nuner ous rearrangenents, nodifications, and substitutions w thout

departing fromthe spirit of the invention as set forth and defined by the
following clains. -12 WD 03/075346 PCT/ EP03/02243 5 WHAT IS CLAIMED IS 1
A nmet hgd of progranmm ng an antifuse conprising a dielectric disposed

bet ween conductive el enents, said nethod conprising: 10 storing electrical

ener gy inV@Hg&ngggAﬂﬁﬁhH%:coupled to one of said conductive elenents; and

1. A method of programming an antifuse comprising a dielectric disposed between |
conductive elements, said method comprising:
10 storing electrical energy in a storage device coupled to one of said conductive elements;
and
applying a programming voltage to a further one of said conductive elements;
releasing said stored electrical energy across said dielectric via said one and said further
one conductive elements responsive to said applied programming voltage.
15
2. The method of Claim 1 further comprising forming a conductive filament through

said dielectric responsive to said applied programming voltage.

3. The method of Claim 2, wherein said releasing step further comprises passing a

20 current through one of said conductive filament and a further conductive filament.

4, The method of Claim 1 further comprising reducing a resistance between said one
and said further one conductive elements of said antifuse to a range of approximately 10° to 10*

ohms.
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applying a programmng voltage to a further one of said conductive

el enments; releasing said stored electrical energy across said dielectric
via sai d woasandscai d further one conductive el ements rePodrEPove22td sai d
applied progranm ng voltage. 15 2. The nethod of Caiml further conprising
form ng a conductive filament through said dielectric responsive to said
applied progranm ng voltage. 3. The nethod of Claim2, wherein said

rel easing step further conprises passing a 20 current through one of said
conductive filanment and a further conductive filament. 4. The nethod of
Claim1 further conprising reducing a resistance between said one and said
further one conductive elenents of said antifuse to a range of
approximately 103 to 104 ohnms. -13 WO 03/ 075346 PCT/ EP03/02243 5 5. The
met hodks of Claim 1, wherein said programmng voltage is in a range of
approximately 5 to 8 volts. 6. The nethod of Claim1, wherein said antifuse

Is afield effgct tFANSERLOLf ¥ Mk YSEherein said programming voltage is in a range of

approximately 5 to 8 volts.

6. The method of Claim 1, wherein said antifuse is a field effect transistor antifuse,

10 said dielectric is gate oxide of said field effect transistor antifuse, said one conductive element is
a gate of said field effect transistor antifuse, and said further one conductive element is a drain,
source and body of said field effect transistor antifuse, wherein said drain, source and body are

electrically coupled.

15 7. The method of Claim 6, wherein said storage device is a capacitor precharged to a

predetermined voltage by applying a power supply to said body of said field effect transistor.
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10 said dielectric is gate oxide of said field effect transistor antifuse,
said one conductive elenent is a gate of said field effect transistor

anti f use,ward/ossie further one conductive elenent is a dr @Ca/EPoyaiEe and
body of said field effect transistor antifuse, wherein said drain, source
and body are electrically coupled. 15 7. The nmethod of Caim®6, wherein
said storage device is a capacitor precharged to a predeterm ned voltage
by applying a power supply to said body of said field effect transistor.
-14 WO 03/075346 PCT/ EP03/02243 5 S. An apparatus conprising: an antifuse
having a dielectric disposed between a plurality of conductive el enents; an
i nput coupled to one of said plurality of conductive el enents and adapted
to permit application of a progranmm ng voltage; and a storage device

coupled to a f&rthe&ngﬂﬁnﬁuséﬁmpﬁﬁﬂ urality of conductive elenents and 10
operable to store electric energy, said storage device further operable to

rel ease said Satnod'nﬁﬂjse ahAGE b fel RBRS éi)oE&i @%\k'gefhafeﬁlhlfaﬂ CoflORAR 15%/13@%&@

application of said programmng vo tage app ratus o
wherein said s}gf %@ tor 0. The a tus of C aim
8, wherein salsﬁ(tjn ﬁg %P gdi ?OsOdreeosf%%lcrd; ght?’ § fgg?‘g' é %EJF’HFHW adipted 1 permit
application of a programming voltage; and
a storage device coupled to a further one of said plurality of conductive elements and

10 operable to store electric energy, said storage device further operable to release said stored

electric energy to said antifuse responsive to application of said programming voltage.
9. The apparatus of Claim 8, wherein said storage device is a capacitor.

15 10.  The apparatus of Claim 8, wherein said antifuse is responsive to said programming
voltage for forming a conductive link through said dielectric, and wherein said storage device is

operable to pass a current through one of said conductive link and a further conductive link.

11. The apparatus of Claim 10, wherein a resistance between said one and said further
20  one conductive elements is reduced to a range of approximately 10% to 10* ohms responsive to

said storage device passing a current through one of said conductive link and said further

conductive link.
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voltage for formng a conductive link through said dielectric, and wherein
said storage device is operable to pass a current through one of said
conduct i vwolodfkssamd a further conductive link. 11. The apparatPoyon2ii3 Cl ai m
10, wherein a resistance between said one and said further 20 one
conductive elenents is reduced to a range of approximtely 103 to 104 ohns
responsive to said storage device passing a current through one of said
conductive link and said further conductive link. -15 WD 03/075346

PCT/ EP03/ 02243 5 12. The apparatus of Caim8, wherein said antifuse is a
field effect transistor, said one conductive elenment is a gate of said
field effect transistor, said dielectric is gate oxide of said field
effect transistor, and said further one conductive elenent is an

el ectsically gpupl ?H’eﬁf b ARGRTENm 80WhereidlsaidantiHedis € Geld Bfedd aasistdr, st dhef 1 €l d
effect transistor. f3 The apparatus of Claim 12 further incl udi ng at

| east on oﬁdﬁ%&%erﬁé&ksda ggtefo%éld g@@%@ﬁbﬁ&%w@%mufefectrmdgamr@owsas@ﬁad

storage device 1s coupled to a each of said field

transt st Qe ARbnlidse and RRELAR. §?ﬁo%cﬁ§4 S8RG FATbIhRLAY ShAE Ak GBmaReT OY

to a SE|§ sal ect ransistor anti

:ﬁfla; 3;g%fg];ira% %é)unrqcelgnd gggi?%? Sald% fd e%elctqcpangfcsto%al dfield ef f ect transistor

10 13.  The apparatus of Claim 12 further including at least one further field effect
transistor antifuse, and wherein said storage device is coupled to a body of each of said field
effect transistor antifuses and operable to release said stored electrical energy to a select one of

said field effect transistor antifuses.

15 14, The apparatus of Claim 13, wherein selection of said field effect transistor antifuse

is operable by application of said programming voltage.
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is operable by application of said programm ng voltage. -16 WD 03/075346
PCT/ EP03/ 02243 5 15. A systemfor use with a plurality of addressable
menory cewbD3/0%Bie system conprising: a plurality of progcampabir43
antifuses each having a dielectric disposed between a plurality of
conductive el ements and operable to provide remapping of a nenory cel
address; an input structure coupled to one of said plurality of conductive
el enents for each antifuse 10 and adapted to permt a progranm ng of any
sel ected one of said progranmable antifuses by application of a
progranm ng vol tage thereto; and a storage device coupled to a further one
of said plurality of conductive elenents for each antifuse and operable to
store electric energy, said storage device further operable to rel ease said

stored el ectrils. eney gysté® for 6! Witk @dpIRF06) BMARRERARO hidk C\F cEfS F%Qi"dsé XRni
said applied 15 programm ng voltage. 16. The system of ai m 15, ere|

sai d antidonpeisingf € responsive to said programmng voltage for formng a
conductive link through said dielectric, and wherein said storage device

; Er ?Eg; abl e tQ PRASSinPof PdefMmidl %H%sé)sngacﬁfha§%igda Ganduct gil\s/;?os!ié %létvx?egg &
plurality of conductive elements and operable to provide remapping of a memory cell address;
an input structure coupled to one of said plurality of conductive elements for each antifuse
10 and adapted to permit a programming of any selected one of said programmable antifuses by
application of a programming voltage thereto; and
a storage device coupled to a further one of said plurality of conductive elements for each
antifuse and operable to store electric energy, said storage device further operable to release said

stored electric energy to a selected programmable antifuse responsive to said applied

15 programming voltage.

16.  The system of Claim 15, wherein said antifuses are responsive to said
programming voltage for forming a conductive link through said dielectric, and wherein said
storage device is operable to pass a current through one of said conductive link and a further

20  conductive link.
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20 conductive link. -17 WO 03/075346 PCT/ EP03/02243 5 17. The system of

Cl aim 15, wherein a resistance between said one and said further one
conduct i weOoaBenBme s i s reduced to a range of approxi mat el PyCIOEPoy/@21904 ohns
responsive to said storage device passing a current through one of said
conductive link and said further conductive |ink. 10 18. The system of
Claim 15, wherein said antifuse is a field effect transistor, said one
conductive elenent is a gate of said field effect transistor, said
dielectric is gate oxide of said field effect transistor, and said further
one conductive element is an electrically coupled arrangenent of a drain,
source and body of said field effect transistor. 15 19. The system of C aim
18, wherein said storage device is a capacitor precharged to a

pr edetser mi ned ol t age IﬁBPbYd 045, FhBSNES regibt '
field effect tran5|stg?§e 1T he systen1%f gﬁ%%ﬁ?&mﬁgagé@g?%jgﬁlgﬁﬁgr

programm g Y4 kAeE ek ekt 1&65@0@9% 2 ianggep 5&%&%&%’1% 10° t§ P0Boni responszl(\)/e 68

said storage device passing a current through one of said conductive link and said further

conductive link.

10 18. The system of Claim 15, wherein said antifuse is a field effect transistor, said one
conductive element is a gate of said field effect transistor, said dielectric is gate oxide of said field
effect transistor, and said further one conductive element is an electrically coupled arrangement

of a drain, source and body of said field effect transistor.

15 19.  The system of Claim 18, wherein said storage device is a capacitor precharged to a

predetermined voltage by applying.a power supply to said body of said field effect transistors.
20.  The system of Claim 15, wherein said programming voltage is in a range of

approximately 5 to 8 volts.

20
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