1 INTEGRATED CIRCUIT MEMORY HAVING A FUSE DETECT CIRCUIT AND METHOD
THEREFOR Field of the Invention 5 This invention relates generally to integrated circuit memories and
more particularly to an integrated circuit memory having a fuse detect circuit and method therefor. 10
Background of the Invention For many years fuses have been used in semiconductor circuits for a
variety of purposes. For example, memory circuits typically use fuses to implement memory
redundancy. Row and column redundancy hardware 15 exists to replace inoperable bit cells or word
lines at manufacturing test. The effect of using memory redundancy is to increase yield. The
improvement in yIBIAESARASRBIISHRE WY TuMBAQEIN bethY B¥Err ity & EfffddeCdefeirGd Idlements of
the memory array. The fuses are used as NONMBRHIE 'EMBERERCKOre redundancy related
information. 20 Another common use of fuse technology in semiconductors is to implement electronic

chip identification. Chip identification is accompllshed bé unlﬂuely identifying the source of each chip
including a lot, a wafer, and an X/Y coordin r so that a manufacturer can easily

25 retrieve and report process data for a given integrated circuit. Fuses are used to accomplish this

purpose in the same mﬁﬂ@‘?ﬁ\?&ﬁ%’&%é&%&%&ﬂ}‘?fﬁqméﬁ%ﬁaaﬁ%|Fﬁ’fe‘??f§ﬁé§eariéle”“f'ca“0”
fuses may be im Iement[f lgﬁPanks of fuses on an mtegéate circuit. To |Eent|g§ rticular
integrated circ %r%rﬂa EPER P RERTIaIeR &liddh ﬁH‘8{P{ FUSEE B AT e&g«%HC% Such an
identifying patteﬁﬁ"d)m@é\@@meéﬁf@éd or conductive fuses creates a fingerprint or identifier for the
integrated circuit. Upon assertion of a control signal, the conductivity of such fuses may be readily

read out o%he integrated circuit and st %i A8S ﬂ rl}%/@hmﬁ scanned information may then
be read using any conventional scan te(;%qu@prrrerﬁ.ﬂgg—

For many years fuses have been used in semiconductor circuits for a
variety of purposes. For example, memory circuits typically use fuses to
implement memory redundancy. Row and column redundancy hardware

15  exists to replace inoperable bit cells or word lines at manufacturing test. The
effect of using memory redundancy is to increase yield. The improvement in
yield is accomplished by using redundant elements to replace defective
elements of the memory array. The fuses are used as non-volatile memory
to store redundancy related information.

20

Another common use of fuse technology in semiconductors is to
implement electronic chip identification. Chip identification is accomplished
by uniquely identifying the source of each chip including a lot, a wafer, and
an X/Y coordinate location on a wafer so that a manufacturer can easily

25 retrieve and report process data for a given integrated circuit. Fuses are
used to accomplish this purpose in the same manner as fuses are used in
memory redundancy. For example, identification fuses may be implemented
in banks of fuses on an integrated circuit. To identify a particular integrated
circuit a unique pattern of fuses is left closed and other fuses are made open.

30 Such an identifying pattern of open and closed or conductive fuses creates a
fingerprint or identifier for the integrated circuit. Upon assertion of a control
signal, the conductivity of such fuses may be readily read out of the
integrated circuit and stored in a scanned chain. The scanned information
may then be read using any conventional scan test equipment.

35



2 Fuses have commonly been implemented in semiconductors with either polysilicon or metal. Metals
which have been used in the past include aluminum and tungsten. Regardless of the material used to
implement the fuse, programming circuitry is required in order to control whether or not the 5 fuse has
been blown and to indicate the status of the fuses conductivity. Such an example of a fuse circuit

which is programmable is taught by Frederick Smith i U.S. Patent 4,446,534 entitled "Programmable
Fuse Circuit". Semiconductor fuses are typically made non-conductive, or blown, either by application
of a large voltage (relative to Bower supply voltage 10 magnitude) or by use of laser light. A blown fuse

is essentially an open EHSHE BAYEFPMEGYSERBIRIeIeatat IR SRAUSRNEMEIITVL is required to
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such circuits it is, oM é%cﬁ’?u%ts?e\ﬁo'té%ﬁa%ﬁ@ég'ﬁfath@ fﬂ’&%r%ﬁtu‘j‘é%ed‘tﬁ‘ Fri¥ErfiAR iRl of the

non-conductive fuse 15 after the flse has been blown or made non- con?uctlv@he output of the fuse

circuit will indicdHSHHEPHAR R BrIG AR IR HE 6 H PRI B R O Ry QLRI 1t has
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FIG. 1 depictsab a memor%/ ses an tect CIrc in‘accordance with the
present inventicfPE RS, D@EH1EEA T AMOB Loreh- of@i@thﬁe%vgﬁ‘& detieriife JrREUS IR trated in FIG.

1; and indicate the existing status of whether or not the fuse has successfully been
made non-conductive. In such circuits it is common to permit a voltage
differential to exist between the two terminals of the non-conductive fuse

15  after the fuse has been blown or made non-conductive. The output of the
fuse circuit will indicate whether or not the programming operation to blow a
fuse was successful.

It has been recently discovered that copper can be used as

20  conductors on integrated circuits, and as such, can also be used as fuses.
However, there is a problem with using copper fuses in circuits that allow a
voltage drop to be present across a blown fuse. Over time, common
phenomenon such as electro-migration or dielectric breakdown may cause a
conductive path to be reformed across a blown copper fuse that has a

25 voltage drop across it. Therefore, a need exists for a circuit to detect
whether or not a copper fuse is blown without causing a voltage drop across
the fuse that is high enough to cause electro-migration or a dielectric
breakdown.

30 Brief Description of the Drawings

FIG. 1 depicts a block diagram of a memory having fuses and detect
circuits in accordance with the present invention;
FIG. 2 depicts a circuit diagram of the fuses and detect circuits
35 llustrated in FIG. 1; and
FIG. 3 depicts a circuit diagram of the fuse control circuit illustrated in
FIG. 1.



FIG. 3 depicts a circuit diagram of the fuse control circuit illustrated in FIG. 1. 3 Detailed Description of
the Drawings FIG. 1 depicts a block diagram of a memory 100 having fuses and 5 detect circuits 124
in accordance with the present invention. Fuses and detect circuits 124 detect the logic states of
redundancy fuses (See FIG. 2) upon the application of power to memory 100. These redundancy
fuses may be used to indicate inoperable rows or col@mns within memory 100, may be used to
otherwise adjust the operation of memory 100, may be used to 10 identify memory 100, etc. Fuses
and detect circuits 124 are able to sense stored logic states by applying a very low voltage to the
fuses for a short duration of time. This sensing strategy has several advantages. First, the
combination of low voltage and shorDetaidtdrDestrqstotheflifteliDvadioban open or "blown” fuse from
regrowing to a closed state. This phenomenon is 15 especially important if the fuses are manufactured
using a copper process. Second, the short duration of time reduces the power consumed by fuses

and detect circuits 1247 BowleleBITE MBIRIFK AHRYER P4 A AR R ING M565 G rtability, heat
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open or “blown” fuse from regrowing to a closed state. This phenomenon is

15  especially important if the fuses are manufactured using a copper process.

Second, the short duration of time reduces the power consumed by fuses

and detect circuits 124. Power consumption affects a variety of parameters,

including portability, heat dissipation, and reliability.

20 Returning to FIG. 1, memory 100 contains a memory array 102.
Memory array 102 comprises an N x M matrix of bit cells, each able to store
a single bit of information. A specific bit within memory array 102 is specified
by a particular address. A first portion of the address, a ROW ADDRESS, is
input to a row decoding circuit 104. Row decoding circuit 104 partially

25 decodes the ROW ADDRESS to select a single row within memory array
102. The output of row decoding circuit 104 is input to a row select circuit
106 which generates a final one-of-N decoding. Similarly, a second portion
of the address, a COLUMN ADDRESS, is input to a column decoding circuit
108. Column decoding circuit 108 partially decodes the COLUMN

30 ADDRESS to select a column within memory array 102. The output of
column decoding circuit 108 is input to a column select circuit 110 which
generates a final one-of-M decoding. The data bit identified by the input
address, DATA, is output through or input from input/out (1/O) circuits 116.

35 Memory 100 also contains a set of redundant rows 112 and a set of
redundant columns 114. As known in the art, the use of redundant columns
and redundant rows improves the manufacturing yield of memory 100. One



35 Memory 100 also contains a set of redundant rows 112 and a set of redundant columns 114. As
known in the art, the use of redundant columns and redundant rows improves the manufacturing yield
of memory 100. One 4 of redundant rows 112 is selected by the output of fuses and detect circuits
124. Fuses and detect circuits 124 enable one of redundant rows 112 when an input row matches a
row previously identified as faulty. Similarly, one of redlundant columns 114 is selected by the output
of fuses and detect circuits 5 124. Fuses and detect circuits 124 enable one of redundant columns 114
when an input column matches a column previously identified as faulty. Fuses and detect circuits 124

are described beldRIHNGHHSEBH WithisrelectechBmthg gl 9 kisas anrelstetest /@reiliss a voltage
supply VDD 1okt gersyat@scdestotisiyigl PXalkenmaliisece i ot dundiad2dwectiesiiencontrol
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described below in connection with FIG..3 H and DRIVE are In ses and detect circuits
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memory 100 is used lamfialfyn@ gwang sy sreeiterls réreives Bugeiageed gphevabevn. 25 During
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Immediately afteari$ J3HEAVECAre input to fuses and detect circuits 124.

15 The operation of memory 100 may be conveniently described with
reference to a power on sequence mode and a normal operating mode.
However, prior to either mode of operation, memory 100 will be inspected
after manufacture to determine if any columns or rows are faulty. If memory
100 contains faulty columns or rows, then the manufacturer will blow one or

20 more fuses within fuses and detect circuits 124. In one embodiment of the
present invention, copper fuses are blown by the selective application of a
laser beam. These fuses identify the failing rows and/or columns when
memory 100 is used later. If no columns or rows are faulty, then no fuses
need to be blown.

25

During the power on sequence mode, fuses and detect circuits 124
sense the logic states of the various redundancy fuses. After a short delay,
power up clear circuit 118 will determine that enough time has elapsed for
this sensing and will asset POK. Fuse control circuit 120, receiving POK,

30 forces fuses and detect circuits 124 to save the various logic states by
asserting the control signal LATCH. Immediately afterwards, fuse control
circuit 120 disables the sensing function of fuses and detect circuits 124 by
de-asserting the control signal DRIVE.

35 During the normal operating mode, data is either read from or written
to a particular memory cell identified by the intersection of row and column
address. If the input row address matches a row address stored in fuse and



circuit 120 disables the sensing function of fuses and detect circuits 124 by de-asserting the control
signal DRIVE. 35 During the normal operating mode, data is either read from or written to a particular
memory cell identified by the intersection of row and column address. If the input row address
matches a row address stored in fuse and 5 detect circuits 124, then I/O circuit 116 will output the data
stored at the intersection of a redundant row and the 5elected column. Similarly, if the input column
address matches a column address stored in fuse and detect circuits 124, then I/O circuit 116 will
output the data stored at the intersection 5 of a redundant column and the selected row. Finally, if both

the input row ad8t88t G tiselidputhendifhdigariedd enwit P aiddedaip iarprraédend detect
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in FIG. 1. FIG. 2 depijcts a single fuse and the corriqpon In el gtec circujt. One skilled in the art will
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Continuing with fuse state detect stage 202, Node 1 and Node 2 output a differential voltage level

oo e SR SRR, el he e iz o o
n-type metal oxileSEHREOAITIGorLfictd @fé dapiFisidGINUB BISE Angiihe Q‘é@%?@%nﬂi@and 214 are
connected in sedetebetiveein. Node Skiled tinetfiesarcwiterdaeldy tapihecad dtertbistan @ trchivde 1 is
coupled to a firs§ CHiERNT RIGGECILIOLAMBIRL XAMDIRIYr 2R ASESABY fildEent flgstqgs of transistor
detect circuits 124 contain three stages for each fuse: a fuse state detect
15  stage 202, an amplifier stage 204 and a latch stage 206. Generally, fuse
state detect stage 202 senses whether a fuse 208 is blown (zero logic state)
or is intact (one logic state) and generates a differential voltage level
indicative of the fuse state. Amplifier stage 204 amplifies the differential
voltage level to a full rail voltage potential. Latch stage 206 stores the state,
20 enabling the first two stages to be disabled.

Continuing with fuse state detect stage 202, Node 1 and Node 2
output a differential voltage level based upon a current sunk through two
circuit paths. The first circuit path contains a fuse in parallel with two series

25 resistors. Fuse 208 is coupled between Node 1 and a first current electrode
of an n-type metal oxide semiconductor field effect transistor (MOSFET) 210.
Resistors 212 and 214 are connected in series between Node 1 and the first
current electrode of transistor 210. Node 1 is coupled to a first current
electrode of a p-type transistor 216. A second current electrode of transistor

30 216 is coupled to the voltage supply VDD. The second path within fuse state
detect stage 202 contains a single resistor. Resistor 218 is connected to
Node 2 and to the first current electrode of transistor 210. Node 2 is coupled
to a first current electrode of a p-type transistor 220. A second current
electrode of transistor 220 is coupled to the voltage supply VDD. Node 1 is

35 also coupled to the control electrode of transistors 216 and 220. The control
electrode and second current electrode of transistor 210 are coupled to the
control signal DRIVE and to a first current electrode of an n-type transistor



30 216 is coupled to the voltage supply VDD. The second path within fuse state detect stage 202
contains a single resistor. Resistor 218 is connected to Node 2 and to the first current electrode of
transistor 210. Node 2 is coupled to a first current electrode of a p-type transistor 220. A second
current electrode of transistor 220 is coupled to the voltage supply VDD. Node 1 is 35 also coupled to
the control electrode of transistors 216 and 220. The @ntrol electrode and second current electrode
of transistor 210 are coupled to the control signal DRIVE and to a first current electrode of an n-type
transistor 6 222, respectively. A control electrode and second current electrode of transistor 222 are

coupled to the a2 vEERREIMALY BASORKPL &8 Cibnag e BBRPIL SUHKIBRIBGEINAT I sum of the
resistance of resiatwistdt 22ndre tbipireatethidbidbes odisigtamebBrassiodd ioliagdepicted 5

embodiment, thEWQﬁé@? F8§Eé€qggcli$f PRSI DF AR R SR AW IS A 98ISR £18. Finally, a

first current elect , a contrc&lfl %rlrg@lﬁ e, and a second current electrode of a p-type transistor 224

€ de of
receives the volfade! e RH VESIHENSHRbISRSAl BRIV A %B&fdﬁ&d to Node 1,
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de-a_sserted. SWFF@%%%HQ&@@W&?IW &fi‘?&%ﬁriﬂﬁ? éé&%d&@é@ﬁY@ﬁ@&t@@@}/ﬁfﬁ?b{’ transistor
224 is placed into a copductiv ?Té%%ﬁ h?n traﬁlst r 224 Erlrkz]conductmg state, transistors 216 and
t

220 15 are placdd iR & WSRO ReP WREN BRI 1 bl STl 52 dNS 139G 1946 is in a
non-conductive ¥k, ie6eivragegetitRl signaldpR Mroso dis s qugedrteehistitd 212, 214, and 218.
Fuse state detegéspag@Rd is enabled when the control signal DRIVE is asserted. Transistor 222 is
biased with a specific voltage to sink a small current from Node 1 and Node 2. 20 Because the control
electrodes of transistors 216 and 220 are coupled, this  sunk current is equally divided between the

two nodes. The differe e VR EeIRMPEREE BYNSHISARIGE NGOG SNRiFRIFRIRIAKYEN the relative
resistance of th®RIY Eiisulbpadbertedrasgietifi iR, Tiaasalrinzle sgttened ofttha tvoocircuit paths, in

turn, depends upgRqpgiResitse EhiRReWN Pansistor 224 is placed into a conductive
state. When transistor 224 is in a conducting state, transistors 216 and 220

15  are placed into a non-conducting state. When each of transistors 210, 216,
and 220 is in a non-conductive state, no voltage potential develops across
fuse 208, or resistors 212, 214, and 218. Fuse state detect stage 202 is
enabled when the control signal DRIVE is asserted. Transistor 222 is biased
with a specific voltage to sink a small current from Node 1 and Node 2.

20 Because the control electrodes of transistors 216 and 220 are coupled, this
sunk current is equally divided between the two nodes. The differential
voltage generated by Node 1 and Node 2 will depend upon the relative
resistance of the two circuit paths to transistor 222. The relative resistance
of the two circuit paths, in turn, depends upon whether fuse 208 is blown or

25 isintact. If fuse 208 is intact, then the resistance of the first path is
approximately zero. The resistance of the second path remains constant. If
fuse 208 is blown, then the resistance of the first path is the sum of the
resistance of resistors 212 and 214. As described above, the sum of the
resistance of resistors 212 and 214 is twice that of resistor 218. Therefore,

30 the integrity of fuse 208 can be detected by the magnitude of the differential
voltage. If fuse 208 is intact, then the voltage level at Node 1 will be less
than the voltage level at Node 2. Conversely, if fuse 208 is blown, then the
voltage level at Node 1 will be higher than the voltage level at Node 2.

35 Continuing with amplifier stage 204, a first current electrode and a
control electrode of a p-type transistor 226 receives the voltage level VDD
and is coupled to the control signal DRIVE. A first current electrode, a



25 is intact. If fuse 208 is intact, then the resistance of the first path is approximately zero. The
resistance of the second path remains constant. If fuse 208 is blown, then the resistance of the first
path is the sum of the resistance of resistors 212 and 214. As described above, the sum of the
resistance of resistors 212 and 214 is twice that of resistor 218. Therefore, 30 the integrity of fuse 208
can be detected by the magnitude of the differential v@ltage. If fuse 208 is intact, then the voltage level
at Node 1 will be less than the voltage level at Node 2. Conversely, if fuse 208 is blown, then the
voltage level at Node 1 will be higher than the voltage level at Node 2. 35 Continuing with amplifier
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and to a first current electrode of a p-type 20 transistor 242, respectively. A second current electrode
and a control @ first current eﬂactrgdlg%f an n-type transistor 258, res;y ctlveeiy. A contrtgl

15  electrode and a second current electrode of transistor 238 are coupled to the
first current electrode thereof and to the voltage level VSS, respectively. A
first current electrode, a control electrode, and a second current electrode of
an n-type transistor 240 are coupled to the voltage supply VSS, to the control
electrode of transistor 238, and to a first current electrode of a p-type

20 transistor 242, respectively. A second current electrode and a control
electrode of transistor 242 are coupled to the voltage supply VDD and to
Node 1, respectively.

A first current electrode and a second current electrode of a p-type

25 transistor 244 are coupled to the voltage supply VDD and to a first current
electrode of an n-type transistor 246, respectively. A control electrode of
transistor 244 is coupled to the second current electrode thereof. A control
electrode and a second current electrode of transistor 246 are coupled to
second current electrode of transistor 232 and to the voltage supply VSS,

30 respectively. A first current electrode, a control electrode, and a second
current electrode of a p-type transistor 248 are coupled to the voltage supply
VDD, to the control electrode of transistor 244, and to a first current
electrode of an n-type transistor 250, respectively. A control electrode and a
second current electrode of transistor 250 are coupled to second current

35 electrode of transistor 240 and to the voltage supply VSS, respectively. The
first current electrodes of each of n-type transistors 252 and 254 are coupled
to the voltage supply VSS. The control electrodes of each of transistors 252



electrode of transistor 242 are coupled to the voltage supply VDD and to Node 1, respectively. A first
current electrode and a second current electrode of a p-type 25 transistor 244 are coupled to the
voltage supply VDD and to a first current electrode of an n-type transistor 246, respectively. A control
electrode of transistor 244 is coupled to the second current electrode thereof. A control electrode and
a second current electrode of transistor 246 are coupl8d to second current electrode of transistor 232
and to the voltage supply VSS, 30 respectively. A first current electrode, a control electrode, and a
second current electrode of a p-type transistor 248 are coupled to the voltage supply VDD, to the
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256. An inpait ofdhtransisB¥6246ceives the control signal DRIVE. A second current electrode of
transistor 252 is coupled to the second current electrode of transistor 232. A second current electrode

of transistor 254 is cou Ied the se current of trapsistor 2 lifier, stage 204 is
Cisabloctwhan the conbT LSRR A0 B SRS ED A0 Ay o b RV Sy piace &
low logic value @ssﬁéte@bnﬁ@e@mwé@awwfﬁ%zsmm%@ eipEdagihyaihe mwhegic 10
value on the cogiatielesisede ®ddrangistisiérs fonmeamingh legipiarlan. theecrW@dtectrode of

transistor U f C pedance
state. Amp |f|erU%§g% %Ei[ﬁléa %Bnaggf 4?%88%(38 f’:%% r%F%?ﬁ?eH@lﬁV% g%wq@g&@gggglbed above,
when fuse 208 @ﬁf&ﬂtm’é@@ft@%@é BapgipiErdaR;, WH@F?fQé% SEnsisters g4 aRedeq > Node 2.
Fuse Intact, Nodmelbpﬂhodea&&rtkmndllaged_@rdhlgh Maogledane destatbariiinglifietatege2eldis Node 2,
then transistor 228, Will FAMMCIHBYSHEGNWHal DRIVE is asserted. As described above,

when fuse 208 is intact Node 1< Node 2. Conversely, when fuse 208 is
15  blown, Node 1 > Node 2.

Fuse Intact, Node 1 < Node 2 If the voltage level on Node 1 is less than the
voltage level on Node 2, then transistor 228 will conduct more than will
transistor 234. The current sourced by transistor 228 is mirrored by

20 transistors 230 and 232. Transistor 232 will pull the control electrode of
transistor 246 towards VSS, thereby placing it into a non-conductive state.
When transistor 246 is in a non-conducting state it also places transistor 248
into a non-conducting state or high impedance. Simultaneously, transistor
242 will conduct more than will transistor 236. The current sourced by

25  transistor 242 will pull the control electrode of transistor 250 towards VDD,
thereby placing it into a conductive state. When transistor 246 is in a
conducting state, it pulls the output of amplifier stage 204 to a low logic level.

Fuse Blown, Node 1 > Node 2 If the voltage level on Node 2 is less than the
30 voltage level on Node 1, then transistor 234 will conduct more than will
transistor 228. The current sourced by transistor 234 will pull the control
electrode of transistor 246 towards VDD, thereby placing it into a conductive
state. When transistor 246 is in a conductive state, it pulls the control
electrode of transistor 248 low. A low voltage level on the control electrode
35 of transistor 248 places it into a conductive state. When transistor 248 is in a
conductive state, it pulls the output of amplifier stage 204 to a high logic
level. Simultaneously, transistor 236 will conduct more than will transistor




transistor 234. The current sourced by transistor 228 is mirrored by 20 transistors 230 and 232.
Transistor 232 will pull the control electrode of transistor 246 towards VSS, thereby placing it into a
non-conductive state. When transistor 246 is in a hon-conducting state it also places transistor 248
into a non-conducting state or high impedance. Simultaneously, transistor 242 will conduct more than
will transistor 236. The current sourced by 25 transist® 242 will pull the control electrode of transistor
250 towards VDD, thereby placing it into a conductive state. When transistor 246 is in a conducting

state, it pulls the output of amplifier stage 204 to a low |0%].|9Ve.|- Fuse Blown, Node 1 > Node 2 If the
voltage level ondM8deTPesqeEE Bt S9 WheedbY Hipsssioel ¢h IR BHE Arefh Y Hansister338yill conduct

more than will trangigud. 22faidistoup£n i e cheycoatsisite dtiddeibinvdribistooasal electrode of
transistor 246 tcl%&?ﬁsv‘\?gsF*Eﬁé?@%ﬂﬂ&&?%geti{WFRoaaCHBH%W&uéﬁ@I@oWﬁ&H HASSIRIREE46 1s In a

conductive state, it pulls the control electrode of transistor 248 low. A low voltage level on the control
electrode 35 of #@8istor 248 places it into a conductive state. When transistor 248 is in a conductive
state, it pulls the output of amplifier stage 204 to a high logic level. Simultaneously, transistor 236 will

conduct more than Wi”@&ﬂﬁﬁlﬂg%ﬁ?l-a]&]?s% 6@66?‘&6@%@% Hﬁ&?i%ﬂr@%@t!ﬁ pyjgored by
%ol electrodg é)ﬂ.tranals} _E%S.O towards VSS,

transistors 238 and.240. Transistqr 240 will.pull the ¢

thoraby pincing ERRES 06 BULRHILS, AP HIGh SAE Ao AR-H B LS EHE VASE IR h otage 206,
an input of a firtOHXSELIREB IRRCRIOES SRCONEHIRVET Wi Bfifler AthgEtROBORADIMYRILRT ABkerter 258 is
coupled to an ingeit@fASLERNGUPIRTtETE60s ARPUEIBEDEROUIYater RESPSTEAIES theeoutput of

coupled 10 an inguteice . N put of
ivertor 258 via ool Teges 2pent G R R e o D B A

LATCH. The p-8fife ddifcB-MRsads YariR62ss ERipIeBaseatiep RS ranHrhsinateA 2641 -An input of
inverter 264 alsd hegeitygzetdedoatimpsign gatd PeHisiéoWdied thacanitplsofrekhifd Giider

de-asserted, pasg alg2Bd iR BPMverter 264 also receives the control signal LATCH.

15 When the control signal LATCH is de-asserted, pass gate 262 is non-
conducting and latch stage 206 passes its input to its output. When the
control signal LATCH is asserted, pass gate 262 is conducting, thereby
coupling the output of latch stage 206 to its input.

20 FIG. 3 depicts a circuit diagram of the fuse control circuit 120
illustrated in FIG. 1. Fuse control circuit 120 includes inverters 302, 304,
306, 308, 312, 314,318, 320, 322, 326, 334, 336, 338, 342, 346, 348, 350,
and 352, N-channel transistor 316, NAND logic gates 310 and 330, and
capacitors 324, 328, 340, and 344. Fuse control circuit 120 receives a power

25 up clear signal labeled “POK” at an input terminal of inverter 314. N-channel
transistor 316 and inverter 312 form a buffer with a certain amount of
hysteresis. This hysteresis tends to regularize the response of fuse control
120 in the event that the external power supply rises irregularly. Otherwise,
this irregular power supply behavior could cause multiple transitions on POK.

30 The output of inverter 312 is provided to input terminals of inverter 332 and
NAND logic gate 310. The series-connected inverters 352, 350, 348, and
346 provide a buffered control signal labeled “LATCH” which is routed to
control the latches 206 of all of the fuses and detect circuits 124. Likewise,
the series-connected inverters 308, 306, 304, and 302 provide a buffered

35 control signal labeled “DRIVE” to all of the fuses and detect circuits 124. The
series-connected inverters 326, 322, 320, and 318 along with capacitors 328
and 324 receive the output of NAND gate 330, add a predetermined delay to



conducting and latch stage 206 passes its input to its output. When the control signal LATCH is
asserted, pass gate 262 is conducting, thereby coupling the output of latch stage 206 to its input. 20
FIG. 3 depicts a circuit diagram of the fuse control circuit 120 illustrated in FIG. 1. Fuse control circuit
120 includes inverters 302, 304, 306, 308, 312, 314,318, 320, 322, 326, 334, 336, 338, 342, 346, 348,
350, and 352, N-channel transistor 316, NAND logic yates 310 and 330, and capacitors 324, 328,
340, and 344. Fuse control circuit 120 receives a power 25 up clear signal labeled "POK" at an input
terminal of inverter 314. N-channel transistor 316 and inverter 312 form a buffer with a certain amount

of hysteresis. THRUIRKIRIIE RO ELERINS (BSUIRFERERIAYBH AU ISarbinPat ADYANRBIRNt that
the external pov@diosuply dispsiiroé werher Qli&isvise) plbistorag iy @i siAaupdydiehawor could

cause multiple tapsitipns 9&#8950§HeEYI§‘dQH¥FMé}E'§Y@ t%ééléé% péﬂ\ér%%%t& gyminals of
inverter 332 and NAND logic gate 310. Th eserlﬁs -connécted'inverters 352, 350, 348, and 346

provide a bufferEaRAHREF Sif zﬂr?gb%‘fgor SCRYE BRUSALDAYN IR #oPt R Rhes 206 of all of
the fuses aAd detectatrovitzetide lbikéovtbal obiEpskriascconmeletdeinesrtitirg38aged, stddaland 302
provide a buffergd3pigpniref RigRahlghriessPRIVE" to all of the fuses and detect circuits 124. The
series-connected inverters 326, 322, 320, and 318 along with capacitors 328 and 324 receive the
output of NAND gate 330, add a predetermined delay to 10 that output, and couple the resulting
delayed signal to an inmmmrgm@fémtﬁgrﬁtedlﬁiﬁwibmmwyr BB iHesiysiply iodageput of

NAND logic gatgs Baw he/aftiesvedRERl) e rewset4d SR%r 3iha R4l witbgrapacitors
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couple thet el dH U e AR B B R AR o
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to go to a logic lviener3e2aepetatbmnecdgicigwihatemivel aitpopt NIMERULHgiANGhgate 310 to
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on control signal DRIVE tg
stage 204 to etec and amplify an output signal corresponding to the state

15  of fuse 208. The output of NAND logic gate 310 will propagate through
series-connected inverters 342, 338, 336 and 334, causing inverter 334 to
provide a logic high to an input of NAND logic gate 330. Logic high levels
from both inverter 334 and 332 are then present at NAND gate 330, causing
it to generate a logic low. This logic low level is provided to inverters 352,

20 350, 348, and 346. Inverter 346 generates a logic low on control signal
LATCH. The logic low control signal LATCH prevents latch stage 206 from
latching the output of sense amplifier stage 204. The logic low from NAND
logic gate 330 will also propagate through inverters 326, 322, 320 and 318
and cause a logic low to be provided to the input of NAND logic gate 310

25 after a delay determined by the capacitance of capacitors 328 and 324.

When power up clear signal POK becomes a logic high value,
indicating that the power supply voltage is sufficient to allow reliable
operation of integrated circuit memory 100, then the output of inverter 312

30 becomes a logic high. NAND logic gate 330 receives a logic low from
inverter 332, causing the output of NAND logic gate 330 to change to a logic
high voltage, resulting in control signal LATCH becoming a logic high. A
logic high LATCH signal causes the output signal from amplifier stage 204 to
be latched in latch stage 206. After a delay determined by inverters 326,

35 322, 320, and 318, and capacitors 328 and 324, a logic high voltage is
provided to the input of NAND logic gate 310, causing the output of NAND
logic gate 310 to change to a logic low. The logic low is provided to the input



DRIVE signal then enables fuse state detect stage 202 and sense amplifier stage 204 to detect and
amplify an output signal corresponding to the state 15 of fuse 208. The output of NAND logic gate 310
will propagate through series-connected inverters 342, 338, 336 and 334, causing inverter 334 to
provide a logic high to an input of NAND logic gate 330. Logic high levels from both inverter 334 and
332 are then present at NAND gate 330, causing it td §ienerate a logic low. This logic low level is
provided to inverters 352, 20 350, 348, and 346. Inverter 346 generates a logic low on control signal
LATCH. The logic low control signal LATCH prevents latch stage 206 from latching the output of

sense amplifier 3tdg¥esies 3% fGyieiACRBIPNGNS! BRIVEaie Baeome adedirdpuga¥hafough
inverters 326, 3RRy 37@ anatddiSigndl (aRbemRdagiblEsato biéipr et 204 envh fugeob N D logic gate
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logic high voltadedis &w\/r@é@@@w@lmpurt%ﬁrgm[5’@5.@9@@@@@@ tegisiythe output of NAND logic
gate 310 to change to a logic low. The logic low is provided to the input 11 of inverter 308, causing

control sigial DRIVE “Z\Rﬁgﬂg?é é‘?&ggﬁf Srec}ﬁWaé“Se%WHé’ééﬂ%%l @Oho YErdigaplep,aqplifier

stage 204 and fuse stat cing power consum mtegrated circuit

memory 100. InSBREFIC £5BbadMeny f'dHBeél@%ﬂHmj‘U\ﬂﬂ?@dﬁ%&ﬁ&(@%@&?ﬂ@ﬁﬁ%me that the
output of amplifimosEgkiRid iis thtched Befoegachpdd|itig alisplbssdiagenddd mag hese state detect

stage 202. The IHS&@@@%EPQH&!%Q%%&E&H 384, RR1Y brodbeerial? aifpeicdipiapnd a logic
low, resloectlve%rocesso Also the ggead ?L?SI% gnd detection circuit may be
15  incorporated into a device separate from the memory array. In such an
application, the fuse and detection circuit would contain data other than faulty
row and column information. For instance, a bank of fuses could identify a
serial number, batch processing number, or revision number of an integrated
circuit. Furthermore, many of the specific circuits embodiments depicted
20 may be modified by one skilled in the art, in combination with the present
teaching, to perform the same function. Therefore, it is intended that this
invention encompass all such variations and modifications as fall within the
scope of the appended claims.



10 Although the present invention has been described with reference to a specific embodiment,
further modifications and improvements will occur to those skilled in the art. For example, the
disclosed memory may be incorporated into another device such as a data processor or digital signal
processor. Also, the disclosed fuse and detection circuit may be 15 incorporated into a device
separate from the memory array. In such an applicatith, the fuse and detection circuit would contain
data other than faulty row and column information. For instance, a bank of fuses could identify a
serial number, batch processing number, or revision number of an integrated circuit. Furthermore,
many of the specific circuits embodiments depicted 20 may be modified by one skilled in the art, in
combination with the present teaching, to perform the same function. Therefore, it is intended that this
invention encompass all such variations and modifidafitvi§ as fall within the scope of the appended
claims. 12 CLAIMS 1. A fuse detect circuit, comprising: 5 a fuse state detect stage (202) for providing
an output signal of a first logic state in response to detecting a fuse is an open circuit, and for
providing the output signal of a second logic state in response to detecting the fuse is a short circuit,

wherein the fusg statexigigstfiaa biritiacstipagidger across the fuse to 10 an absolute value
independent of a power supply voltage value applied to the fuse detect circuit; and a latch stage

(206), coupéed to the f%ﬁﬁgé?ﬁqt%tg%{@p%igggﬁ llra}g edgl%ﬁégt%e F@ﬁugs Igfg*’g\ﬁl&. The fuse

detect circuit of claim 1, w use sta ect sta tects 1 S an open circuit or a

short circuit during a power ufP8EgRERdLISPMER RS SRIN iAdHRAAS BLA08E QBEML circuit. 3.
The fuse detect circuit of clairarit] feh@rewvdireyftise cidpe detptlstbgeses alisbloigid aftdedetecting that

the fuse is an open circuit or @Wﬁs@@ge@ﬁna H‘?ef'ﬂ%‘qutﬁcgr%??léiﬁ&ﬁiE'@\i/ﬁb??einﬂﬁéei” the fuse
state detect stage -
fuse state detect stage limits a voltage drop across the fuse to
10 an absolute value independent of a power supply voltage value
applied to the fuse detect circuit; and

a latch stage (206), coupled to the fuse state detect stage, for latching
a logic state of the output signal.

2. The fuse detect circuit of claim 1, wherein the fuse state detect stage
15 detects the fuse is an open circuit or a short circuit during a power up
sequence of an integrated circuit including the fuse detect circuit.

3. The fuse detect circuit of claim 2, wherein the fuse state detect stage
is disabled after detecting that the fuse is an open circuit or a short
circuit.

20 4. The fuse detect circuit of claim 3, wherein the fuse state detect stage

is disabled in response to receiving a control signal indicating that the
power supply voltage value is sufficient for reliable operation of the
integrated circuit.

5. The fuse detect circuit of claim 4, wherein the logic state of the output
25 signal is latched before the fuse state detect stage is disabled.

6. The fuse detect circuit of claim 1, wherein the fuse comprises copper.

7. The fuse state detect circuit of claim 1, wherein the fuse detect stage

comprises:



is disabled in response to receiving a control signal indicating that the power supply voltage value is
sufficient for reliable operation of the integrated circuit. 5. The fuse detect circuit of claim 4, wherein
the logic state of the output 25 signal is latched before the fuse state detect stage is disabled. 6. The
fuse detect circuit of claim 1, wherein the fuse comprises copper. 7. The fuse state detect circuit of
claim 1, wherein the fuse detect stage comprises: 1318 first transistor (216) having a first current
electrode coupled to a first power supply voltage terminal, a second current electrode, and a control
electrode coupled to the second current electrode of the first transistor; 5 a second transistor (220)

having a first current eR&FJEESIFRII 23 OhbaogR ST SUHBRD I@&&@‘P@rﬁﬁ#ﬁﬂeﬂ séofi$turrent
electrode, and a control electpmlescaupply teoltegecieinolingle ctresteontitberfissit bsisioe, Bhe first

resistor (212, 214) having a f'?&ﬁ%ﬂ@e@%@%&ﬁ?@o‘sﬁfﬂ{@sEEUﬁ@%ﬁWSﬂPQ%@&HH’efHFt transistor,

and a second terminal, the first resistor having first resistance value; the fuse (208) having a first
terminal coupled to the first tdfHiH5S I AS'StR resistor and a second terminal coupled to the second
terminal of the first resistor; 15 a second resistor (218) having a first terminal coupled to the second

current elecrode of thé SEEsS traRSISSY, 7Pk vBE®R fEEhaveremceleesPrde - 6sidpbethiing a second
resistance value different frogndtterdirporesistappdy vadltagandrdfirathudgensisterr(@dO) having a first

current electrode coupled to tQ%C%eo%lda}%rgleglﬁ @%gtpgd?ecg[ﬁ; g&%sgsl:é)ggrgﬁastors a control

electrode for receiving a bias voltage, and a secon current ectro e coupled to a second power
supply voltage electrode of the first transistor,

a first resistor (212, 214) having a first terminal coupled to the second
10 current electrode of the first transistor, and a second terminal,
the first resistor having first resistance value;

the fuse (208) having a first terminal coupled to the first terminal of the
first resistor and a second terminal coupled to the second
terminal of the first resistor;

15 a second resistor (218) having a first terminal coupled to the second
current electrode of the second transistor, and a second
terminal, the second resistor having a second resistance value
different from the first resistance value; and

a third transistor (210) having a first current electrode coupled to the
20 second terminals of both of the first and second resistors, a
control electrode for receiving a bias voltage, and a second
current electrode coupled to a second power supply voltage

terminal.
8. The fuse detect circuit claim 7, wherein the first resistance value is
25 larger than the second resistance value.
9. The fuse detect circuit of claim 1, wherein the fuse detect circuit is one

of a plurality of fuse detect circuits used to store redundant element
repair information in an integrated circuit memory.

30 10. Anintegrated circuit memory (100), comprising:



terminal. 8. The fuse detect circuit claim 7, wherein the first resistance value is 25 larger than the
second resistance value. 9. The fuse detect circuit of claim 1, wherein the fuse detect circuit is one of
a plurality of fuse detect circuits used to store redundant element repair information in an integrated
circuit memory. 30 10. An integrated circuit memory (100), comprising: 14 a plurality of memory cells
(102); a plurality of redundant memory cells (112, 114)45 10 address decoding circuits (104, 108),
coupled to the plurality of memory cells and to the plurality of redundant memory cells, for selecting a
memory cell in response to receiving an address; and a plurality of fuse detect circuits (124), coupled
to the plurality of menRIWalkYPlne e vieRlft{1O2edundant memory cells, for identifying a
defective memory cell, and for identifying which of the plurality of redundant memory cells replaces
the defective memory @iyl oidedgndrotimentiosypdetiditt b2 fddd etect circuits comprising: a
fuse (208) having an open circuit state and a short circuit state; and 15 20 a circuit (202, 204) for
detecting the open circaiidstaie oetbeirmialitaiicuit ote @8 heolysiedandthergiteslitingfa corresponding

output signal, wherein during fhe (ecifg: e FWTINLR Plags om ARARSEdSa o an

absolute value independent of a power supply voltgﬁ, value appli 1€ integrated circuit memory.
11. The intégrated circuit mefBSCENEIAMEBRNERNNFRSPPERE ded&asiving an address;

and

a plurality of fuse detect circuits (124), coupled to the plurality of
memory cells and to the plurality of redundant memory cells, for
identifying a defective memory cell, and for identifying which of

10 the plurality of redundant memory cells replaces the defective
memory cell, a fuse detect circuit of the plurality of fuse detect
circuits comprising:

a fuse (208) having an open circuit state and a short circuit
state; and

15 a circuit (202, 204) for detecting the open circuit state or the
short circuit state of the fuse, and for providing a
corresponding output signal, wherein during the
detecting, the circuit limits a voltage drop across the fuse
to an absolute value independent of a power supply

20 voltage value applied to the integrated circuit memory.

11. The integrated circuit memory of claim 10, wherein the circuit detects
a state of the fuse during a power up sequence of the integrated
circuit memory.

12.  The integrated circuit memory of claim 10, wherein the circuit is
25 disabled in response to receiving a control signal indicating that the
power supply voltage value is sufficient for reliable operation of the
integrated circuit memory.

13.  The integrated circuit memory of claim 10, further comprising an
amplifier stage, coupled to the circuit, for amplifying the output signal
30 to produce an amplified output signal.



a state of the fuse during a power up sequence of the integrated circuit memory. 12. The integrated
circuit memory of claim 10, wherein the circuit is 25 disabled in response to receiving a control signal
indicating that the power supply voltage value is sufficient for reliable operation of the integrated
circuit memory. 13. The integrated circuit memory of claim 10, further comprising an amplifier stage,
coupled to the circuit, for amplifying the output signal B9 to produce an amplified output signal. 15 14.
The integrated circuit memory of claim 13, further comprising a latch, coupled to the circuit, for
latching a state of the amplified output signal. 15. The integrated circuit memory of claim 14, further
comprising a cohfrol SThRINtCORSESHEUHNSDGEY fof elriab iy tehanprieprisie alBledietermined
time after the state of tbeuptelifeetheutpotitigorlaschitighedtdte. dittherdegysified autpitmemory of claim
10, wherein the fuse cg‘pﬁgﬁes copper. 10 17. The integrated circuit memory of claim 10, wherein the
circuit comprises: 15 a first transistor having a first current electrode coupled to a first power supply

voltage terminal, a second cyrrent electrode, and a control electrode coupled to the second current
elecirode of thefrst o SLTIRLER AT WL h g vce SUTSR SRRRKRDG .57 o the frs

power supply voltage tEtigifaceLpied e e @rrulletarstisablinp theontplibricstage oupled to the
control electrode of thepfissle teamsiriariie afiesttresittae aving anfipifiterwinplLiesigriadito the second
current electrode of th&f&rl,?éaransistor, and a second terminal, the first resistor having first resistance
value; '

16.  The integrated circuit memory of claim 10, wherein the fuse comprises

copper.

10 17. The integrated circuit memory of claim 10, wherein the circuit
comprises:

a first transistor having a first current electrode coupled to a first
power supply voltage terminal, a second current electrode, and
a control electrode coupled to the second current electrode of
15 the first transistor;

a second transistor having a first current electrode coupled to the first
power supply voltage terminal, a second current electrode, and
a control electrode coupled to the control electrode of the first
transistor,

20 a first resistor having a first terminal coupled to the second current
electrode of the first transistor, and a second terminal, the first
resistor having first resistance value;

the fuse having a first terminal coupled to the first terminal of the first
resistor and a second terminal coupled to the second terminal
25 of the first resistor;

a second resistor having a first terminal coupled to the second current
electrode of the second transistor, and a second terminal, the
second resistor having a second resistance value different from
the first resistance value; and

30



25 the fuse having a first terminal coupled to the first terminal of the first resistor and a second
terminal coupled to the second terminal of the first resistor; a second resistor having a first terminal
coupled to the second current electrode of the second transistor, and a second terminal, the second
resistor having a second resistance value different from the first resistance value; and 30 16 a third
transistor having a first current electrode coupled to thi® second terminals of both of the first and
second resistors, a control electrode for receiving a bias voltage, and a second current electrode
coupled to a second power supply voltage terminal. 5 18. The integrated circuit memory of claim 17,

wherein the first resistantdrd HreSisterhaving il seesratelgstiode cannried 4o e saaeifated
circuit memory, a method for temphémaéntinhpcthiusfetheolingtr sinpsideosie pesiftdr@, 1% ¢wntroling a fuse

comprising copper, wherein g6, {5} ar%teeRfﬁ%\ﬁdaeﬁuéé oo rgéc sRieAa BRI EgRelilown,

provides a second logic state; detec if the fuse’is blown or intact using a fuse detect cjrcuit; limiting
a voltage drop across the fusE GHEN A@,EQHQ@Q B&neeead %%ﬁtﬁlé%}{ﬂé%ﬂl@%éﬁﬁ@w a power

supply voltage applied to the integrated circuit memory; storing a logic state of the fuse; and disabling
the fuse defect difeuit ihhedpHatestBEGEBEBINNIPT GhNayd hatpeeifithentiret ﬁ@ﬁi§bﬁ’é\@ﬁ)eration of
the integrated circuit pamery 120520 tAke thethasbaticlesistdce/hvalew the step of detecting occurs
during a power up sequence of the integrated circuit memory.

19. In anintegrated circuit memory, a method for implementing a fuse
comprising the steps of:

providing a fuse comprising copper, wherein the fuse, if intact,
10 provides a first logic state and the fuse, if blown, provides a
second logic state;

detecting if the fuse is blown or intact using a fuse detect circuit;

limiting a voltage drop across the fuse when the fuse is blown to an
absolute value independent of a power supply voltage applied
15 to the integrated circuit memory;

storing a logic state of the fuse; and

disabling the fuse detect circuit in response to the power supply
voltage being sufficient for reliable operation of the integrated
circuit memory.

20 20. The method of claim 19, wherein the step of detecting occurs during a
power up sequence of the integrated circuit memory.



INTEGRATED CIRCUIT MEMORY HAVING A FUSE DETECT CIRCUIT AND METHOD THEREFOR
Abstract of the Disclosure Fuses and detect circuits (124) in an integrated circuit memory (100)
include a copper fuse (208) and a fuse state detect stage (202) for detecting the open circuit state or
the closed circuit state of the fuse (208). The fuse detect circuit (124) provides an output signal
corresponding to the state of the fuse and during det&éting, limits a voltage drop across the fuse to an
absolute value independent of a power supply voltage applied to the integrated circuit memory. The
fuse detect circuit (124) operates at power up of the integrated circuit memory (100) and is disabled
after the state of the fuse is detected and latched, and the power supply is sufficient for reliable
operation of the INKNTEGRATEDtOIROMY (UEM R YiIrHINNNIG AVBILRE DEPECTOSSRAUNTN copper
fuse (208), a potential electro-migration @@Imﬁ;@ﬁ:@%dﬂg@g 2 to accompany abstract.

Abstract of the Disclosure

Fuses and detect circuits (124) in an integrated circuit memory (100)
include a copper fuse (208) and a fuse state detect stage (202) for detecting
10  the open circuit state or the closed circuit state of the fuse (208). The fuse
detect circuit (124) provides an output signal corresponding to the state of
the fuse and during detecting, limits a voltage drop across the fuse to an
absolute value independent of a power supply voltage applied to the
integrated circuit memory. The fuse detect circuit (124) operates at power
15  up of the integrated circuit memory (100) and is disabled after the state of
the fuse is detected and latched, and the power supply is sufficient for
reliable operation of the integrated circuit memory (100). By limiting the
voltage drop across a blown copper fuse (208), a potential electro-migration
problem is reduced.
20
Figure 2 to accompany abstract.



