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BACKGROUND OF THE | NVENTI ON Technical Field of the Invention The present

i nvent i onwoai3atsss generally to the field of integrated ci PcaiEps2/adsd) nore
10 particularly, to evaluating a state condition of an anti-fuse.
Description of the Related Art Integrated circuits often require
programmabl e el ectrical connections between circuit nodes. Such
connections can be inplenented by use of an anti-fuse link. Anti-fuses are
fabricated with a structure simlar to that of a capacitor in which two
conductive electrical 15 termnals are separated by a insulating | ayer,
like silicon oxide. In an "off' state, the anti- fuse has a high resistance
between its termnals. The anti-fuse can be programmed to an "on" state

(i..e., alowresistanc V. [ ' ayer to forma
conductive link bet m@#@h‘égﬁgﬂ &ggg:%rﬁrﬂnaﬁa‘{xg@@%ﬁ%%al anti-fuses
have been introduced into sem conductor products and are, in 20 nmany
applications, replacing the commonly used | aser fuses. One of the currently
applied anti-fuse types is a structure based on a conventional MOS
transistor. Such an anti-fuse is blown by applying a bl ow voltage

(gener al BAGKGROUNDOFSFHEINGENTRONyat e- oxi de of the

Technical Field of the Invention

The present invention relates generally to the field of integrated circuits and, more

10 particularly, to evaluating a state condition of an anti-fuse.

Description of the Related Art

Integrated circuits often require programmable electrical connections between circuit
nodes. Such connections can be implemented by use of an anti-fuse link. Anti-fuses are
fabricated with a structure similar to that of a capacitor in which two conductive electrical

15 terminals are separated by a insulating layer, like silicon oxide. In an "off" state, the anti-
fuse has a high resistance between its terminals. The anti-fuse can be programmed to an "on"

state (i.e., a low resistance) by breaking down the interposed layer to form a conductive link

between the anti-fuse terminals.

Electrical anti-fuses have been introduced into semiconductor products and are, in
20 many applications, replacing the commonly used laser fuses. One of the currently applied
anti-fuse types is a structure based on a conventional MOS transistor. Such an anti-fuse is
blown by applying a blow voltage (generally about 7 Volts) across the gate-oxide of the
MOS transistor. The blow process results in a damaged gate-oxide which reduces the

electrical resistance across the oxide. An evaluation circuit attached to the anti-fuse must be
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MOS transi stor. The bl ow process results in a damaged gate-oxi de which
reduces the electrical resistance across the oxide. An evaluation circuit
attached wo oBloss7emt i - f use nmust be -1 WO 03/ 058705 PCT/ EPO2CTIA®ID1H67@bI € t O
differenti ate between the high resistance of the intact oxide (Rn) and the
| owered resistance of the damaged oxide (R ,,). Typical values for Roy are
in the range of 1012 ohns. The range of Ron l|argely depends on the
parameters during the bl ow process. Hi gh bl ow voltage and hi gh bl ow current
generally lead to | ower Ron resistances. However, it is desired to mnimze
those two 10 paraneters in order to reduce the size of the associated
circuits (e.g. blow voltage generator, blow transistor, wring, etc.).
From that perspective, practical values of Ron are in the range of 105

h to 10 h F I i QN .Ci it . f I f
and® ol ectriecaRTeset s Pt b ebien b e LR o R aR Sl Bt G

anti-fuse and a blown anti-fuse exhibiting the relatively high practical
Ran val uegesisiancriof therdameaget REids (Re)-a need for a method and circuit for
evaluating the state of a MOS transistor anti-fuse, including a bl own

anti-fuse exhi l%iybicggvzﬂuései}o?mf\f/ Sle¥n HeGan 288 €1 PXoHdRs. The $are¥TRE; largely depends
on the parameters during the blow process. High blow voltage and high blow current
generally lead to lower R,, resistances. However, it is desired to minimize those two
10 parameters in order to reduce the size of the associated circuits (e.g. blow voltage éenerator,
blow transistor, wiring, etc.). From that perspective, practical values of Ry, are in the range
of 10° ohms to 10% ohms. Fuse evaluation circuits commonly used for laser fuses and
electrical fuses are not be able to accurately distinguish an unblown anti-fuse and a blown

anti-fuse exhibiting the relatively high practical Ro, values.

15 Therefore, there is a need for a method and circuit for evaluating the state of a MOS
transistor anti-fuse, including a blown anti-fuse exhibiting a relatively high gate oxide

resistance.



WD 03/ 058705 PCT/ EPO2/ 14670 5 SUMVARY OF THE | NVENTI ON The present

i nvention achi eves techni cal advantages as an apparatus, system and nethod
of eval uawpDrg/os87ps ogr ammabl e anti-fuse el ement. For a progcamprabi«s70
transistor anti- fuse element, the gate of the anti-fuse is precharged with
a predeterm ned voltage and/or current and the anti-fuse is subsequently
eval uated. In one enbodi nent, a precharge 10 sufficient to provide an
operating threshold voltage is applied to the gate. Here, an intact

(unbl own) transistor remains ON over a period of tine and a damaged (bl own)
transi stor dissipates the ON voltage and turns OFF. The status of the
transistor is subsequently determ ned by evaluating the resistance between
the drain and source. A high resistance indicates a blown condition and a

|l ow_resis indi N condition. In another 15 enbodi nent, a
smaf | cur$€ﬂﬁﬁﬁ§ggf§€ﬁ§§%ﬁggﬁ?ﬁé gate in which the small current is greater
than a | eakage current.for. an intact traQ%{stor and is Iegs th@n a | eakage

current for a HamRIGERN! IFveRHeR aghigves fGrhnicaladvapRErRIsAnAPPRRLF S YL oN

state over a period of tinme but a damaged transistor does not because it's
| eakage cmethediof pealyatieg aprograammatieantiviise etamaenénFoi prpgERsmatie rapRstorAnd-
Again, the status of the transistor is subsequently determ ned by

eval uat i nfirsé blemeht, tigsgaaé anhe ahetfureds ptachargedimithanpedgemuiaed v@tage and/or

current and the anti-fuse is subsequently evaluated. In one embodiment, a precharge

10 sufficient to provide an operating threshold voltage is applied to the gate. Here, an intact
(unblown) transistor remains ON over a period of time and a damaged (blown) transistor
dissipates the ON voltage and turns OFF. The status of the transistor is subsequently
determined by evaluating the resistance between the drain and source. A high resistance
indicates a blown condition and a low resistance indicates an unblown condition. In another

15 embodiment, a small current is provided to the gate in which the small current is greater than
a leakage current for an intact transistor and is less than a leakage current for a damaged
transistor. An intact transistor charges to an ON state over a period of time but a damaged
transistor does not because it's leakage current is greater than the small current provided to
the gate. Again, the status of the transistor is subsequently determined by evaluating the

20 resistance between the drain and source.



WO 03/ 058705 PCT/ EP02/ 14670 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 ngwoaBasd7etl description taken in conjunction wth tPea/ERorosspanyi ng
drawings wherein: Figure 1 illustrates a schematic diagram of an anti-fuse
read circuit; 10 Figure 2 illustrates a schematic diagram of an anti-fuse
evaluation circuit in accordance with an exenpl ary enbodi nent of the
present invention; Figure 3Aillustrates an alternative enbodi nent of the
anti-fuse evaluation circuit and, nore particularly, the control device
210 illustrated in Figure 2; Figure 3B illustrates a timng di agram show ng
the timng relationships 15 corresponding to the anti-fuse eval uation
circuit illustrated in Figure 3A; Figure 4A illustrates an alternative

enmbodi nent. _of - [ LLcuit and, nore particularly, the
coftrol H@J§585€§6§3?h5§#¢§F3§3##%%ﬁSgV§5 ; Figure 4B illustrates a timng
di agram showi ng the timng rel ationships correspondin ﬂlo the anti-fuse
eval uati on ci Fewa morg sqepleigtusdessianging @‘eﬂ?se&hﬂ‘vﬁﬁt“ﬁi’g prenge 15madede s o
schematic di agram of an anti-fuse evaluation circuit in accordance with an
al t er nat follewendde ribedesafiptidnetakeneinennjunetiamwyith the accompanying drawings

wherein:
Figure 1 illustrates a schematic diagram of an anti-fuse read circuit;

10 Figure 2 illustrates a schematic diagram of an anti-fuse evaluation circuit in

accordance with an exemplary embodiment of the present invention;

Figure 3A illustrates an alternative embodiment of the anti-fuse evaluation circuit

and, more particularly, the control device 210 illustrated in Figure 2;

Figure 3B illustrates a timing diagram showing the timing relationships

15 corresponding to the anti-fuse evaluation circuit illustrated in Figure 3A;

Figure 4A illustrates an alternative embodiment of the anti-fuse evaluation circuit

and, more particularly, the control device 210 illustrated in Figure 2;

Figure 4B illustrates a timing diagram showing the timing relationships

corresponding to the anti-fuse evaluation circuit illustrated in Figure 4A; and

20 Figure 5 illustrates a schematic diagram of an anti-fuse evaluation circuit in

accordance with an alternative embodiment of the present invention.



-4 WD 03/058705 PCT/EP02/ 14670 5 DETAILED DESCRI PTI ON OF THE | NVENTI ON The
nunerous innovative teachings of the present application will be described
with parwbDmloss7os ef erence to the presently preferred exempraPy2/14670

enbodi ments. However, it should be understood that this class of

enbodi ments provides only a few exanples of the many advantageous uses and
innovative teachings herein. In general, statenents made in the 10
specification of the present application do not necessarily delinmt any of
the various clainmed inventions. Mreover, sone statenents may apply to
some inventive features, but not to others. One aspect of the present
invention advantageously utilizes the anplifying characteristics of a MXS
transistor to assist in detection of the state of the MOS transistor's 15

gate-oxig [ % = OX| f t.i e anti-fuse), particularly
fopgog?? E{ﬁﬁﬁdil§&%&?F@ﬁhgﬁFéH@ﬁ&hﬁg§3i§g§h Only a very small current is
neede o control the gate-source voltage of the anti-fu transistor,
since the | eakBYBUBEONE HNOXAY Yslgackings of 4ia Prgsint ARR | @HOR & lﬁﬁe d?ﬁ‘fggf&fﬁﬁp of
| pA. However, a change in the gate-source voltage (e.g. fromOV to 2
si gni fi cpartitylacicémges to e presintly pocfered empearrErRodIRPR(S, BOFEYHntt éh%ﬂ\%nge
can be detected 20 with an evaluation circuit herein described. As a
resul t, pouRisRsSBMEEhY dliksT eabpéidtened profees only a few examples of the many
advantageous uses and innovative teachings herein. In general, statements made in the
10 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.

One aspect of the present invention advantageously utilizes the amplifying

characteristics of a MOS transistor to assist in detection of the state of the MOS transistor’s

15 gate-oxide (which gate-oxide functions as the anti-fuse), particularly following the
application of a blow process. Only a very small current is needed to control the gate-source
voltage of the anti-fuse transistor, since the leakage current across an intact gate-oxide is in
the order of 1pA. However, a change in the gate-source voltage (e.g. from 0V to 2V)
significantly changes the drain-source resistance. This resistance change can be detected

20 with an evaluation circuit herein described. As a result, in accordance with an aspect of the
present invention, a relatively high gate-oxide resistance, in the order of 10%hms, can be
accurately interpreted as a blown anti-fuse. Tht;s, assets associated with blowing the anti-

fuse 200 can be advantageously reduced and/or minimized.



present invention, a relatively high gate-oxide resistance, in the order of
10 8ohns, can be accurately interpreted as a blown anti-fuse. Thus, assets
associ at ewowsibs7bs owi ng the anti- fuse 200 can be advant agedrEPhyi4ceduced
and/or mnimzed. -5 WO 03/058705 PCT/ EP02/ 14670 5 Sone comonly used
anti-fuse evaluation circuits are shown and described in US Patent No
5,706, 238, 5,801,574, and 5,831,923. Al three patents evaluate the state
of the anti-fuse by connecting a sensing circuit to one termnal of the
anti-fuse while the other termnal of the anti-fuse is connected to a
power supply line. Therefore, the resistance of the insulator material is
used as an imredi ate indicator of the state of the anti-fuse. Applying 10
these patents to a MOS transi stor gate-oxide anti-fuse would require the

drain and source node of the transistor. be.connected together, form one
tePm nal wher 889CCRE %”%e?] ‘Y’h' usg PYANqUof §rClils 1 ﬁ%‘gn \‘}\g‘ﬁﬁ%fg?%?“?ﬁ“;@ és]gcond
termnal. The state of the anti-fuse would then be determned b e

r esi st anBatepelQSePoi238s280 Wo 74 dnfidrals)23r b HIEPS PRy BV A 1S g’f’éﬁé%"%get he
insulator material. Figure 1 depicts the essentials of this configuration
conbi nedanti-fisedypaineclifg afsensins siraniol and tenminaltafitlee andi-Aise whde thy athercui t
(fuse latch). As shown in this figure, the state of the anti-fuse (bl own
vs. unbl gRlnadl 8f @éahtiahadsbynidiedito agovak stippMaéine.t Mirere foad] ol resisianediof the

cl osed (conducting). The fuse latch flips into a high or |ow state
dependi nglsgﬂt(}rr}r?atérgﬁ i SERAGE an immediate indicator of the state of the anti-fuse. Applying
10 these patents to a MOS transistor gate-oxide anti-fuse would require the drain and source
node of the transistor be connected together forming one terminal whereas the gate of the
transistor anti-fuse would form a second terminal. The state of the anti-fuse would then be
determined by the resistance between those two terminals, resembling the resistance of the
insulator material. Figure ' depicts the essentials of this configuration combined with a pair
15 of Cross coupled inverters as a sensing circuit (fuse latch). As shown in this figure, the state
of the anti-fuse (blown vs. unblown) is evaluated by the fuse latch when the readout switch is

closed (conducting). The fuse latch flips into a high or low state depending on the resistance

of the gate-oxide of the MOS transistor anti-fuse.

In the configuration of Figure J, the amplifying function of the MOS transistor of the
20 anti-fuse is not being used, since the resistance of the insulator material is measured-directly
by the connected sensing circuit. However, as outlined above, R, of the insulator material

can be so high that this approach is not able to consistently indicate the fuse status accurately.

Referring now to Figure 2 there is illustrated a schematic diagram of an anti-fuse

evaluation circuit in accordance with an exemplary embodiment of the present invention. A
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of the gate-oxide of the MOS transistor anti-fuse. In the configuration of
Figure |/, the anplifying function of the MOS transistor of the 20

anti - f usewpD3/088709ei ng used, since the resistance of the iPaTHPar/ofe70Mat eri al
is neasured- directly by the connected sensing circuit. However, as
outlined above, Rr, of the insulator material can be so high that this
approach is not able to consistently indicate the fuse status accurately.
Referring now to Figure 2 there is illustrated a schematic di agram of an
anti-fuse evaluation circuit in accordance with an exenpl ary enbodi nent of
the present invention. A -6 WO 03/058705 PCT/ EP02/ 14670 5 readout sw tch
202, such as an NMOS transistor, couples to the drain of the anti-fuse 200
and to a fuse latch 204 at node 203. The fuse latch 204 is adapted to

e P S B b e R B st e

200 and,™?} ne ‘erbodi I"ncl U pair of cross-couple
inverters. A gate 220 of t ti-fuse 1S, C | ed, t,0 vi ce
210 adape adusedaceads ol nedseOandmerieash 208 feisaid o3 Red SRRM SnCEY (e
anti-fuse 200 is 10 connected to the power supply (e.qg, ground %&ﬁé. The
state ofstathéblewn vs.funblowa0of the angiefuse AYhans, By atlpest pug eMPafigKn i A the
readout switch 202 is closed (conducting). The fuse latch 204 flips into a
hi gh or Japwfsicdt-eodsipeiiengsorh piie 22@nflthetantiifuse A0 is heupledion emtiot device
connection of the MOS transistor anti-fuse 200. Also, a switch 206 adapted
to prechgplfafth®to control the anti-fuse via the gate 220. A source 240 of the anti-fuse 200 is
10 connected to the power supply (e.g. ground 208). The state of the anti-fuse 200 is

determined by the fuse latch 204 when the readout switch 202 is closed (conducting). The

fuse latch 204 flips into a high or low state depending on the conductivity of the drain-source

connection of the MOS transistor anti-fuse 200. Also, a switch 206 adapted to precharge the

fuse latch 204 with a power supply voltage Vcc in response to an input signal

15 (PRECHARGE), is coupled to the fuse latch 204 at node 205. A PRECHARGE signal

couples Ve to the fuse latch, which is precharged to a known (high) state.

A fuse gate controller 210 is coupled to a gate 220 of the anti-fuse 200 and is adapted
to apply a precharge voltage and/or current to the gate 220. The precharge presets the gate
such that the state of the gate-oxide (damaged vs. intact) can subsequently be determined by

20 the drain-source resistance of the anti-fuse transistor. A low resistance between the drain 230
and the source 240 indicates the anti-fuse 200 is intact (unblown), a high resistance indicates

the anti-fuse 200 has been blown.

Referring now to Figure 3A there is illustrated an alternative embodiment of the anti-

fuse evaluation circuit and, more particularly, the fuse gate controller 210 illustrated in
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fuse latch 204 with a power supply voltage Vcc in response to an input
signal 15 (PRECHARCE), is coupled to the fuse latch 204 at node 205. A
PRECHARGEVSI0g058705 coupl es Vcc to the fuse latch, which ispor@Ephziged to a
known (high) state. A fuse gate controller 210 is coupled to a gate 220 of
the anti-fuse 200 and is adapted to apply a precharge voltage and/or
current to the gate 220. The precharge presets the gate such that the
state of the gate-oxide (danaged vs. intact) can subsequently be determ ned
by 20 the drain-source resistance of the anti-fuse transistor. A |ow

resi stance between the drain 230 and the source 240 indicates the
anti-fuse 200 is intact (unblown), a high resistance indicates the
arfl-fuse 300 haf been bl own. Referring nowto Figure 3A there is
illustrated apn alternative enbodi of the anti. se .eval {on circuit
and- or s &1 Bt e st puc Fou FRAL RS e PRI IR R EET RS, T Mo
03/ 058705 PCT/ EP02/ 14670 5 Figure 2. Here, the fuse gate control|er 210

i ncl udes transistpt, 66 @DBectingdhe gate 22Ppfibeantifysestrto amowves SERML RPHYMRE gat e
220 of the anti-fuse 200 to a power supply node (Vcc) during an initial
pr echar gauipseinitial praharke phascperatidagn operastephtsholdtvalfege. With thhgatgat e
node 220 bei ng precharged, the anti-fuse transistor 200 exhibits a | ow

dr ai n- SoYp&E2 0 55 ShRBRA ge 1 INEMRI- fust fraidiodBilexdibitte asdraiarsaged during a
fuse bl ow operation, the charge
resistance, however, if the gate-oxide was damaged during a fuse blow operation, the charge

10 on the gate 220 will diminish over a period of time and the transistor will turn OFF,

subsequently exhibiting a high drain-source resistance.

Referring now to Figure 3B there is illustrated a timing diagram showing the timing
relationships corresponding to the anti-fuse evaluation circuit illustrated in Figure 3A. The
STATE signal indicates the state of the anti-fuse 200 in which a low signal (i.e., low drain-
15 source resistance) represents an unblown fuse and a high signal (i.e., high drain-source
resistance) represents a blown fuse. Subsequent to a precharge phase, the signal on the gate
node 220 (GATE) increases to a level approximately equal to Vce and the transistor turns
ON. If the gate-oxide of the anti-fuse 200 is not damaged, the GATE signal stays at a
voltage around Vcc, so the anti-fuse transistor 200 remains ON and results in the indication
20 of a low drain-source resistance or unblown fuse at read-out (i.e. STATE goes low). If the
gate-oxide is damaged, from a fuse blow operation, the GATE signal diminishes and the anti-
fuse transistor 200 turns OFF resulting in the indication of a high drain-source resistance or

blown fuse at read-out (i.e. STATE remains high).



10 on the gate 220 will dim nish over a period of tine and the transistor
w il turn OFF, subsequently exhibiting a high drain-source resistance.
Ref er ri ngwoma0s870%i gure 3B there is illustrated a timng @cagramshow ng
the timng relationships corresponding to the anti-fuse evaluation circuit
illustrated in Figure 3A. The STATE signal indicates the state of the
anti-fuse 200 in which a low signal (i.e., lowdrain 15 source resistance)
represents an unbl own fuse and a high signal (i.e., high drain-source

resi stance) represents a bl own fuse. Subsequent to a precharge phase, the
signal on the gate node 220 (GATE) increases to a |l evel approximately
equal to Vcc and the transistor turns ON If the gate-oxide of the
anti-fuse 200 is not danaged, the GATE signal stays at a voltage around

Vee, gso t he ant RéffaHﬁf‘g ﬁd’v@[bsﬁi%hféu.@%ré ﬁffﬁ&éﬂété@é@ﬂf&n’ia‘%@@ lebiboliitndnd 81 the anti-
indication 20 of a | ow drai n-source resi stance or unblown fuse at reaépout

i.e. STAT, I |4 - OX]| ' f - |
oper at i on, Ere B el b e AR RIB R e Ty ROl PGB P D

turns OFF resulti in the indicatjon of. a high drain- rce.resistance or
bl own { us o 1881 % Ay e FiscegatecepntinlIproai iné Hiregay Circhi 4 iFb seepyled o the

PCT/ EPO2/ 14670 5 Referring now to Figure 4A there is illustrated an
al t er nat i vgate2dbeli antinfuso20Q ard weonfigyrad to prpyidsa Yasy seipl ewrentaa the gaie 220.

particularly, the fuse gate controller 210 illustrated in
More specifically, the bleeder circuit 405 is adapted to provide a current of less than the

10 typical leakage current through a blown gate-oxide and higher than the typical leakage
current through an intact gate-oxide (e.g. in the order of 100pA). If the gate 220 is intact
(unblown fuse), the gate 220 charges up to the operating threshold of the anti-fuse transistor
200 and turns ON over a period of time corresponding to the bleeder circuit applied current,
and the drain-source resistance drops as the transistor 200 is in turned ON. On the other

15 hand, if the anti-fuse 200 has been blown, the gate 220 cannot be charged by the applied
current since it is less than the leakage current and, thus, the transistor anti-fuse 200 does not

turn ON, which results in a high drain-source resistance.

The MOS transistor 410 illustrates a specific implementation of the bleeder circuit
405. With the MOS transistor 410, the current results from the subthreshold drain-source
20 current of the MOS transistor 410. This subthreshold current is well suited since it is
significantly higher than the typical leakage current through an intact gate-oxide and is also
significantly lower than a typical leakage current through a blown gate-oxide. Also, as
shown in Figure 4A, the gate of the MOS transistor 410 can be connected to an input signal
(CURRENT CONTROL) instead of tying it to a constant power supply voltage. The input

25 signal then can be used to control the subthreshold leakage. This enables the current applied
9.



Figure 2. Here, the fuse gate controller 210 is a bleeder circuit 405 which
is coupled to the gate 220 of anti-fuse 200 and is configured to provide a
very snalwooansseni to the gate 220. Mre specifically, tireTHPeBU®IO Circuit
405 is adapted to provide a current of |less than the 10 typical |eakage
current through a bl own gate-oxide and higher than the typical |eakage
current through an intact gate-oxide (e.g. in the order of | OOA). If the
gate 220 is intact (unblown fuse), the gate 220 charges up to the
operating threshold of the anti-fuse transistor 200 and turns ON over a
period of tinme corresponding to the bleeder circuit applied current, and
the drai n-source resistance drops as the transistor 200 is in turned ON. On
the other 15 hand, if the anti-fuse 200 has been blown, the gate 220 cannot

ghar geg, gh@@mglb'eeﬂjus&wtﬁ o |UE 1 Effkcstlvle o@@ﬁt@ trtlﬁﬁmln?ﬁ%%gﬁ wn

current and, the transi st antr-fuse 200 s not urn ON,
results in ur ce resr e, NCS transs, stor 410
illustrat é(SrS%;S %‘g" 81”? (Pfaﬁrt?f]er‘?e]r?t aelrra ?aPIﬁh dﬁgate dEre rfclzﬁfl >¢ df%d‘c*\}t”?h t he
MOS transi stor 410, the current results fro e subt.hreshol d draj n-source

20 cur r en® biva satugrfes ighes gater Gride msistapaess ﬂteeg’ﬁdméf“ét&"ra POVIIES fel |
suited since it is significantly higher than the typical |eakage current

t hr ough ameithndeotseithe eestptange vakhd Whiclaseparatasi agbipwné%m py unleen anhdusea If
typi cal | eakage current through a bl own gate-oxide. Also, as shown in

Fi gur e 4Amdréithag@ne anfi- fidecciilb ekisanai sienticdidicvachipethednmeacigad] baneficiallpput
signal (CURRENT CONTROL) instead of tying it to a constant power supply
volfpage. Th&wé RP4ust the trip point of all anti-fuse circuits simultaneously without changing the

implementation of the circuits themselves.

Figure 4B illustrates a timing diagram showing the timing relationships
corresponding to the anti-fuse evaluation circuit illustrated in Figure 4A. The STATE signal
indicates the state of the anti-fuse 200 in which a low signal (i.e., low drain-source

15 resistance) represents an unblown fuse and a high signal (i.e., high drain-source resistance)
represents a blown fuse. For an unblown fuse, with the small bleeder circuit current, the
GATE signal gradually increases up to the operating threshold ‘and the drain-source
resistance of the transistor anti-fuse 200 drops as the transistor turns ON, resulting in a low
STATE signal at read-out. If the anti-fuse 200 has been blown, the GATE signal on node
- 20 220 remains low because the bleeder circuit current is lower than the leakage current and,
thus, the transistor anti-fuse 200 does not turn ON, which results in a high STATE signal

during read-out.

Further, the trip point, which defines the separation between a blown and an unblown

fuse, can also be adjusted by the timing of the READ signal (as shown in Figure 3B). When

-10-



25 signal then can be used to control the subthreshold | eakage. This
enabl es the current applied -9 WO 03/058705 PCT/ EP02/ 14670 5 to the gate
220 to bewadpst7esl hi gher or |ower to effectively nove thecuripp2/psint for a
bl own versus unbl own indication. A |lower adjusted applied gate current

wi |l cause an indication of a blown status for higher gate-oxide

resi stances. Therefore, the input signal provides a nethod to set the
resi stance val ue whi ch separates a blown from an unbl own anti-fuse. If
nore than one anti-fuse circuit exists on a sem conductor chip, the input
signal beneficially 10 allows to adjust the trip point of all anti-fuse
circuits sinultaneously w thout changing the inplenentation of the
circuits thenselves. Figure 4B illustrates a timng diagram show ng the

timng r i LIRS ; : [ he : i Lrcuit
1 Ustr at g A P oy s GRICGRRAITIRR aBIOFraRhys HIRCURR WRHPR: Bl
anti-fuse_200,kKn ich alowsignal (i.e.. |ow drain-squrce 15 resistance)
Fepr esenc 20 IHGeRote e R Bl Oy st Rnancy 1era B BH OERgop 0200
resi stance) resents bl own fuse. For an _unblown fuse, with the smal

bl eeder cY"’r”cttﬁrit?‘Q@aWij éma,b?qvwéamt;&vs dnegrile sgieddians heanthscharsed apd thep 1 he

operating threshold and the drain-source resistance of the transistor
ant i - f uselr@Bta26pss QEFt howavan sf the REAI) prkse G\epplied airdienip time,a Hlown ASEATE
signal at read-out. If the anti-fuse 200 has been bl own, the GATE signal on
node has less time to discharge the gate 220, translating into to a relatively low trip point
10 resistance. Therefore, the trip point of the anti-fuse circuit can be adjusted by modifying the
timing of the READ pulse. Similar to the input signal CURRENT CONTROL described

earlier, this behavior is beneficial since it allows to adjust the trip point of the anti-fuse

circuit without changing its implementation.

Referring now to Figure 5 there is illustrated a schematic diagram of an alternative
15 anti-fuse evaluation circuit in accordance with an exemplary embodiment of the present
invention. Conventionally, the application of an anti-fuse means that a blown fuse is
detected by a low fuse resistance. However, this behavior makes it difficult to combine an
anti-fuse with a regular fuse (e.g. a laser fuse, fuse link, or similar fuse used in the art) since
those fuses exhibit the opposite behavior, i.e. a blown fuse is detected by its high resistance.
20 In accordance with an embodiment of the present invention, the logic of the anti-fuse is
reversed. As described herein, a blown fuse is represented by a high drain-source resistance
which means the present logic of the anti-fuse behaves identical to a regular fuse (blown =
high resistance). With this identical detection logic, advantageous sharing of evaluation
circuit-assets for different fuse types can be achieved. As shown in Figure 5, in addition to

25 the anti-fuse 200, a regular fuse 505 is serially connected to the source 240 of the gate-oxide
-11-



20 220 remai ns | ow because the bl eeder circuit current is |ower than the

| eakage current and, thus, the transistor anti-fuse 200 does not turn ON,
whi ch r eswbtos/osstom hi gh STATE signal during read-out. Furch@pro2/adseotrip
poi nt, which defines the separation between a bl own and an unbl owmn fuse,
can al so be adjusted by the timng of the READ signal (as shown in Figure
3B). Wen -10 WO 03/058705 PCT/ EP02/ 14670 5 the READ pul se is applied
later in tine, a blown fuse has nore tinme to discharge the gate node 220.
Therefore, even a relatively high resistance across the gate oxi de of
anti-fuse 200 will be indicated as a blown anti-fuse, since the gate 220
has been di scharged and the transistor 200 is OFF. However, if the READ
pulse is applied earlier in time, a blown fuse has less tinme to discharge
the gate 22Q, translating into tqo. a.relatjvel (] !

resi st an&'ét?'g‘lsﬁép@f Eﬂﬁgz,, tqe%eevai]uraﬁﬁn %%?“r%{ ﬁgf&%{eﬁg bgonwmshs%%g E%?!:é&%tt&ggrfl tht?e
adjusted by nodifying the tim f the ulse. Simlar to the input
si gnal CURRENT 2@@]%@28]9 rgglar ‘Luﬁ%ggs g’if’ F?@P‘,ts? 135 TBUNAY%r i s benefici al
since it allows to adjust the trip point of the anti-fuse circuit wthout

changing its k’l‘&t&%ﬁ;?%’f&?ﬁ erI bR RO ph AT, Syt ParkdifiétBod 6f thk bistntat ed

a schematic diagra an alternative 15 anti -fuse evaluation circuit in
accor dan ?n%emiénhhaas%egr)l( ﬁf{glrg{eg ir? H\be%(cj:&onrlr?lg]:}nie%f drg\\t}ﬁlgrs’ 68 @B¢cribed in the foregoing

Detailed Description, it is understood that the invention is not limited to the embodiments
10 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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i nvention. Conventionally, the application of an anti-fuse nmeans that a
blowmn fuse is detected by a | ow fuse resi stance. However, this behavior
makes it wDfoBiosgtThs t o conbine an anti-fuse with a regul arPChriEre2/(#79. a

| aser fuse, fuse link, or simlar fuse used in the art) since those fuses
exhi bit the opposite behavior, i.e. a blown fuse is detected by its high
resi stance. 20 In accordance with an enbodi nent of the present invention,
the logic of the anti-fuse is reversed. As described herein, a blown fuse
is represented by a high drain-source resistance which neans the present

| ogic of the anti-fuse behaves identical to a regular fuse (blown = high
resistance). Wth this identical detection |ogic, advantageous sharing of
evaluation circuit assets for different fuse types can be achi eved. As

sho in Figur % p% 0 25 the anti-fuse 200, a regular fuse 505
IS évr(;l’l ally co Yar s eedr E)BIS ce 240 of the gate-oxide -11 WO 03/058705
PCT/ EPO2/ 14670 5 anti-fuse 200 Here, the evaluation circuit indicates a
bl own fuse wheh aAn igasituofoe evdluating a ga¢ pxidesetiXoe piedided by pddUP dranfigos 505
fuse exhibits a high resistance. Al though a preferred enbodi nent of the
appar at Usgopgysdi@n and nethod of the present invention has been
illustrated in the acconpani ed drawi ngs and described in the foregoing
Detailed Description, it is understood that the inventjon is not limted to
the enmbodi ments 20 csipstiferqwavidinga sentiokpgptldo greain pferlM QSEmsEiienent s,
nmodi fications, and substitutions

an input for receiving from said MOS transistor a further signal indicative of a

10 resistance that occurs between a source and a drain of said MOS transistor in response to said
control signal; and
circuitry coupled to said input and responsive to said further signal indicating a
first resistance for determining that said anti-fuse is blown, and responsive to said further
signal indicating a second resistance for determining that said anti-fuse is not blown, wherein

15 said first resistance is greater than said second resistance.

2. The apparatus of Claim 1 further comprising a current supply coupled to said

output and operable to provide a current sufficient to charge said MOS transistor to an

operating threshold.

20

3. The apparatus of Claim 2, wherein said further signal is responsive to a read

signal applied following a period of time subsequent to application of said charge current.

-13-



wi t hout departing fromthe spirit of the invention as set forth and defined
by the following clains. -12 WO 03/058705 PCT/ EP02/ 14670 5 WHAT IS

CLAI MED 180 0%/058305 appar at us for evaluating a gate oxi de amCT/HPO%et6po ovi ded
by a MOS transistor, conprising: an output for providing a control signal
to a gate of said MOS transistor; an input for receiving fromsaid MOS
transistor a further signal indicative of a 10 resistance that occurs

bet ween a source and a drain of said MOS transistor in response to said
control signal; and circuitry coupled to said input and responsive to said
further signal indicating a first resistance for determ ning that said
anti-fuse is blown, and responsive to said further signal indicating a
second resistance for determning that said anti-fuse is not blown, wherein
15 said first resistance is ?reater t han sai d second resistance. 2. The
appa? atus of C4i rhh¢ apparatye pf Ciawprd, stheteia sad crapnt is grspley theo witakage ourserit of
out put and operable to provide a current sufficient to charge said MOS

t r ansi st orantiataanMQfpesraistorcant lesssha alleakage current of a damaged MOS transistor.

5. The apparatus of Claim 2, wherein said current is approximately a subthreshold

drain-source current of a MOS transistor.

10
6. The apparatus of Claim 1 further comprising a switch coupling said output and a
power supply and operable to provide said control signal as an operating threshold voltage
of a MOS transistor.
15 7. The apparatus of Claim 1 further comprising a switch coupling said output and a

power supply and operable to provide said control signal as a variable current to said MOS

transistor gate.
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20 3. The apparatus of Claim2, wherein said further signal is responsive
to a read signal applied follow ng a period of tine subsequent to

appl i cat iwo oofossas d charge current. -13 WO 03/ 058705 PCT/PERGPVLAGTO 5 4.
The apparatus of Claim?2, wherein said current is greater than a | eakage
current of an intact MOS transistor and | ess than a | eakage current of a
damaged MOS transistor. 5. The apparatus of Caim2, wherein said current
is approxi mtely a subthreshold drain-source current of a MOS transistor.
10 6. The apparatus of Claim1l further conprising a switch coupling said
output and a power supply and operable to provide said control signal as
an operating threshold voltage of a MOS transistor. 15 7. The apparat us of
Claim1 further conprising a switch coupling said output and a power
supply and operable to. provide said control signal as a variable current to

sai d® MOS  t r anst-st'dr 2L fUse aPRAANND GBIPHSEEDS PCT/ EP02/ 14670
a MOS transistor having a gate, a source and a drain, wherein said MOS transistor

provides a gate oxide anti-fuse;

an input coupled to said gate for receiving from an anti-fuse evaluator a control

signal for said gate; and

10 an output coupled to one of said source and said drain for providing to said anti-
fuse evaluator a further signal indicative of a resistance that occurs between said source and
said drain in response to said control signal, wherein said further signal indicates a first
resistance if said anti-fuse is blown and a second resistance if said anti-fuse is not blown, and

wherein said first resistance is greater than said second resistance.

15
9. The apparatus of Claim 8, wherein said control signal is a current sufficient to
charge said MOS transistor to an operating threshold over a period of time.
10. The apparatus of Claim 9, wherein said current is greater than a leakage current of
20 an intact MOS transistor and less than a leakage current of a damaged MOS transistor.

11. The apparatus of Claim 9, wherein said current is approximately a subthreshold

drain-source current of a MOS transistor.

-15-



5 8. An anti-fuse apparatus, conprising: a MXS transistor having a gate, a
source and a drain, wherein said MOS transi stor provides a gate oxide
anti - f usewoan/058Tpuit coupl ed to said gate for receiving frecraroanere f use
eval uator a control signal for said gate; and 10 an out put coupled to one
of said source and said drain for providing to said anti- fuse evaluator a
further signal indicative of a resistance that occurs between said source
and said drain in response to said control signal, wherein said further
signal indicates a first resistance if said anti-fuse is blowm and a
second resistance if said anti-fuse is not blown, and wherein said first
resistance is greater than said second resistance. 15 9. The apparatus of
Claim 8, wherein said control signal is a current sufficient to charge
said MOS transistor to an operating threshold over a period of tine. 10.
The‘%pparatus of Claim9, wherein said current is greater than a | eakage
current of 20 an intact MOS transistor and | ess than a | eakage current of
a damaged MOS tipamgé §hAkatud df CIbNE saRRSiR! $48d @bntkdIdidhaPis éi‘ﬂgj'eﬁitﬂl $Riehold
current is approximately a subthreshold drain-source current og a MOS

transist Orv'oltégleSof a MOS transistor.

13. The apparatus of Claim 8 further comprising a programmable fuse element

10 coupled in series with said drain and said source.

14. The apparatus of Claim 8 further including a read circuit coupled to said output

and operable to apply a read signal following a period of time subsequent to receiving said

control signal.
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WO 03/ 058705 PCT/ EP02/ 14670 5 12. The apparatus of Claim8, wherein said
control signal is an operating threshold voltage of a MOS transistor. 13.
The apparwbDuws/osd70 ai m 8 further conprising a progranmabl echrepez2/eleeorent 10
coupled in series with said drain and said source. 14. The apparatus of
Claim8 further including a read circuit coupled to said output and
operable to apply a read signal followng a period of tinme subsequent to
receiving said control signal. -16 WO 03/058705 PCT/EP02/14670 5 15. A
met hod of operating an anti-fuse, conprising: using a MOS transistor to
provi de a gate oxide anti-fuse; applying a control signal to a gate of
said MOS transistor; and determ ning a resistance that occurs between a
source and a drain of said MOS transistor in response to application of
said contral signal, wherein a first resistance indicates 10 that said

ant - f use 1PsABNGHRH ahRpesrtiiecmntr e, SOBRESINENdi cates that said anti-fuse is
not bl own, and wherein said first resistance is greater than said second

resistance. using a MOS transistor to provide a gate oxide anti-fuse;

applying a control signal to a gate of said MOS transistor; and

determining a resistance that occurs between a source and a drain of said MOS
transistor in response to application of said control signal, wherein a first resistance indicates
10 that said anti-fuse is blown and a second resistance indicates that said anti-fuse is not blown,

and wherein said first resistance is greater than said second resistance.

16. The method of Claim 15, wherein said control signal is a current sufficient to

charge said MOS transistor to an operating threshold.

15
17. The method of Claim 16, wherein said current is greater than a leakage current for
an intact MOS transistor and less than a leakage current for a damaged MOS transistor.
18. The method of Claim 16, wherein said current is approximately a subthreshold
20 drain-source current of a MOS transistor.

19. The method of Claim 15, wherein said control signal is an operating threshold

voltage of a MOS transistor.
-17-



16. The method of C aim 15, wherein said control signal is a current
sufficient to charge said MOS transistor to an operating threshold. 15 17.
The net howooB/osd7es m 16, wherein said current is greater tran/ERot/esk@age
current for an intact MOS transistor and | ess than a | eakage current for a
damaged MOS transistor. 18. The nethod of C aim 16, wherein said current is
approxi mately a subthreshold 20 drain-source current of a MOS transistor.
19. The method of C aim 15, wherein said control signal is an operating
threshold voltage of a MOS transistor. -17 WO 03/ 058705 PCT/ EP02/ 14670 5
20. The nethod of C aim 15, wherein said determning step includes

determ ning said resistance only if a programmable fuse el enment coupled in
series with said drain and said source is not blown. -18

5

20. The method of Claim 15, wherein said determining step includes determining said

resistance only if a programmable fuse element coupled in series with said drain and said

source is not blown.
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