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
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integrated circuit. Upon assertion of a control signal, the conductivity of such fuses may be readily
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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.
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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 in U.S. Patent
4,446,534 entitled "Programmable Fuse Circuit". Senficonductor fuses are typically made
non-conductive, or blown, either by application of a large voltage (relative to power supply voltage 10
magnitude) or by use of laser light. A blown fuse is essentially an open circuit and an intact fuse is a
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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. 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 columns within memory 100, may be used to otherwise adjust the
operation of memory 100, may be used to 10 identify @iemory 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 short
duration reduces the likelihood of an open or "blown" fuse from regrowing to a closed state. This

phenomenon is 15 especially importBetiltu Desesiptio mafinthiaGvaedngsing a copper process.
Second, the short duration of time reduces the power consumed by fuses and detect circuits 124.
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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



an input row matches a row previously identified as faulty. Similarly, one of redundant 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 below in connection with FIG. 2. Finally, a power up clear
circuit 118 receives a voltage supply VDD 10 and gererates a control signal POK. A fuse control
circuit 120 receives the control signal POK and generates two control signals, LATCH and DRIVE.
Fuse control circuit 120 is described below in connection with FIG. 3. LATCH and DRIVE are input to
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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



input column address matches a column address stored in fuse and detect circuits 124, then 1/0
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 address and the input column address match addresses stored in fuse
and detect circuits 124, then I/O circuit 116 will output the data stored at the intersection of a
redundant row and a redundant column. 10 FIG. 2 depicts a circuit diagram of the fuses and detect
circuits 124 illustrated in FIG. 1. FIG 2 depicts a single fuse and the corresponding detect circuit.
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and second currgent electrode of transistor 2510 are cou Je to t1e contral s nal D%IVE and to a first
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electrode 66  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



transistor 222 are coupled to the bias voltage level BIAS and to a voltage supply VSS, respectively.
The sum of the resistance of resistors 212 and 214 is greater that the resistance of resistor 218. In the
depicted 5 embodiment, the sum of the resistance of resistors 212 and 214 is twice that of resistor
218. Finally, a first current electrode, a control electrode, and a second current electrode of a p-type
transistor 224 receives the voltage level VDD, receivés the control signal DRIVE, and is coupled to
Node 1, respectively. 10 Fuse state detect stage 202 is disabled when the control signal DRIVE is
de-asserted. Specifically, transistor 210 is placed into a non- conductive state. Conversely, transistor
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electrode of a p-type transistor 226 receives the voltage level V d is coupled to the control signal
DRIVE. A first Cﬁﬁ?ﬂ gy@lﬁ%g@ngstor 224 1s 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



7 control electrode, and a second current electrode of a p-type transistor 228 are coupled to the
voltage supply VDD, to Node 1, and to a first current electrode of an n-type transistor 230,
respectively. A control electrode and a second current electrode of transistor 230 are coupled to the
first current 5 electrode thereof and to the voltage level VSS, respectively. A first current electrode, a
control electrode, and a second current electrode of aii n-type transistor 232 are coupled to the
voltage supply VSS, to the control electrode of transistor 230, and to a first current electrode of a

p-type transistor 234, respectively. A second current electrode of a transistor 234 is coupled to the 10
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electrode of an n-type transistor 250, respectively. A control electrode and a° second current electrode
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VSS, respéstivedjedthede 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



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 8 and 254 are coupled to an output of an
inverter 256. An input of inverter 256 receives 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 coupled to the second current elec8ode 5 of transistor 240. Amplifier stage 204 is
disabled when the control signal DRIVE is de- asserted. Specifically, transistors 252 and 254 place a
low logic value on the control electrodes of transistors 246 and 250, respectively. The low logic 10
value on the coRifel 2RAcBSIBS IR st QM@%@%%WHY@“RI@@Q&V@%W% oYRSIRIRRRde of
transistor 248. TbeedferctlraosistolSRBDR RAD. A &sdabthdncamentedactuotigendtrhigtistopedance
state. Amplifier 5@9%%%%8%9!%%%8%%ﬁ%’h‘t’%‘léé%%l@ﬁ't\%@ﬁé?%%d Asdesggbed above,

when fuse 208 is intact Node 1 < Node 2, Conversely, when fus 8 is 15 blown, Node 1 > Node 2.
Fuse Intact, NoG&{eONRRE thet U@I@&!ﬁ%@%‘ﬁ RBW?:‘IG:’L i{ad § ﬁ?aW CVHEQ@@ IREPER Node 2,
then transisior 2#8maiibsind@éOmore 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 mtoa n .condu When tr n5|stor

non-conducting Stategﬁig@b Sﬁ%@%&g@ ng%ﬁ%g@%%hﬁggg%ﬁgg& %9&%6% ﬁﬂ?eglance
Simultaneously 288 r plpniiaosisiors n £ZBEW HOtUVRIHESYuEeed by 25
trangistor 242 wibptibteecearodekaie otspds &irt Pag a0 2HDiceasds iRy, thaseby mhaging it into a
conductive stat en.t st ier stage 204
to a low Io%?c Ie%/a\{vguds}?a ownmh;%qé% t%@e&?%ﬁ%ﬁﬁ%ﬂ% fk?ref?\:/%% ?H@ %@%ﬁam the 30
voltage level ontR@8eNLreheleEAdR Rf sl tA8uct ies ﬁrmﬂ%%%% @f@. 39 current
sourced by transigdyo2B4rval inomt dbrdranivel oelkigihotepeidaansi staite4 &\ topldisisswdge, 204rsby placing
1 into a conductiyeySiaevMERARAaOAtRUR Sl DR A EoRifR AalR S HBULAIG cpriye) electiode of

transistor 248 low. A low volta e level on the contro electrode 35 of tran5|stor 248 8 aces itinto a

conductive stated'VFRdHIRAY ﬂér"}%%\' Node 2. Conversely, when fuse 2051s

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



conductive state, it pulls the output of amplifier stage 204 to a high logic level. Simultaneously,
transistor 236 will conduct more than will transistor 9 242. The current sourced by transistor 236 is
mirrored by transistors 238 and 240. Transistor 240 will pull the control electrode of transistor 250
towards VSS, thereby placing it into a non-conductive or high impedance state. 5 Continuing with
latch stage 206, an input of a first inverter 258 receiveés the output of amplifier stage 204. An output of
inverter 258 is coupled to an input of a second inverter 260. An output of an inverter 260 generates
the output of fuses and detect circuits 124, FUSE STATE. The 10 output of inverter 260 is coupled to
the input of inveftt?- 258 aUA BRESYHEEDBY ANSISIR RGeS FRIFPRE PY HRNSENELER%s the control
signal LATCH. ding p40ypa dméizton 246svijbpeR G2eisontpleddoranieutpubnéativirzboverter 264. An

input of inverter, 664, ASQ /e8e YRS IBG Eg{}‘fa FaW S DEdotaltiRNIPRIGANHIIGRRELATCH s

de-asserted, pass ?ate 262 Is non- co INg and latch stage 206 passes Its input to its output. When

the control sign%ﬂaL%&TCH 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 aHHWAG I0EHIEREHBHE P00 2n3PhutiSta 3RSt idlerdl464.8, 320, 322, 326,
334, 336, 338, 342, 346, 348, 350 dezj"r N- hanrﬁ%ra sistor 316 NAN[iIo g ates 310 and
330, and_ capad EoRVEATS AR & ADITeE SOEF04 T ATLOVESE SLUNGEELIRE: 25 up clear
signal labeled "RoKied & afpiPidafidaseronveinseden 2R0chARraItRiE i stoipestend Gverter 312
]torm a buffer wiepdeti@dnrenaupuebisiesasisl a@ﬂédwltemsiaMMEesmlfaﬁEe thegresponse <|3f
use contrgl. 120 i ! [ ' e I is irregular
power sunbly bolbiAe A 208 e B e R

provided to inpuR@&rmiRaNIVRR/ERY¥ICEIN RAGS FAIRE fegietrive s e FRBLERRIGNA HSESd inverters
352, 350, 348, artie paypraledea inufessdyatmnz6lagynalijsibdlénl dh AT ofecthisdriviedeo control

the latches 206 g5 all afthe,(seSNs e Bss Aisy e ddde L Hieht IS i§REGEAPRAECled inverters
308, 306, 304, and 302 provide a buffered

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



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 10 that output, and couple the resulting delayed signal to an input
of NAND gate 310. The output of inverter 318 is coupled to an input of NAND logic gate 310. The
series-connected inverters 342, 338, 336, and 334 alddg with capacitors 344 and 340 receive the
output of NAND gate 310, add a 5 predetermined delay to that output, and couple the resulting

delayed signal to an input of NAND ?ate 330. During power up of integrated circuit memory 100, the
supply voltage 8¥<mwpatvand evuplednsirgstinshbdriryptrianaldnaroruiPhDAHNRISGE 10 low.

The output of ingeéaerdi2omipatsof hevartegyid16vis caupied M NDIrgateoBANANIployidgatégic high

voltage to invertey 34,308 é&%oﬂﬂ%&% |H0<¥FEGF’§ $R2 GeneTaiRs é‘r’ﬂ%‘éi‘ iRy KRRl signal
DRIVE. A logic high DRIVE signal then enables fuse state detect sta%&é‘@91 and Sense amplifier

he
stage 204 to def@cﬂ%ﬁﬂ@%%ﬁ 3&&)&?%\‘%&%9&%% 95244 Re 208. The output
of NAND logic gatedeiermihedopelgsttotiraugutsdriancconnpledbanmesttingdela3sd, 8g6and 334,

causing inverter@3h iapREdeaiogiatigte 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 LAITTE . PRVEIoERc Wb eatia s jFRiILATECIANyrd0ento gastivRbAye ! EE from

latching the 0uthb@fcﬁﬁr@seamm[&mr abam@meTm\b@ligdqmeﬁomgNélNﬂ)wmww 386hweill also
propagate throygfy,in éﬁtﬁﬁ? o?’ﬁ?Ye?F?gqe 309 3if daf)é?) tRCeaHﬁ‘Bg?é?&ﬁ '8¥¥1 Orsi%% g the input

of NAND Ioglc ate termine € capacitance 0 and 324.
When power up%l@épﬁé‘h\éfjﬁékoﬂ&ﬂﬁegﬂ lagR WQVPIV%‘%S 39@103%9%9& ﬂﬁ@ﬁ&ﬁer supply voltage
is sufficient to alloverelisdie geecaiias of ingig MtddaircartroesignallDR|YEen Akgictpighof inverter 312

30 becomes a logig\AoB;N éi'\!Pe'r‘?%'ﬁaﬂﬂé% %?&reg%f%%&%mfé%n@\é%ﬁ%% ffising the
output of NAND Io ic %ate BB%to change to voltage, resultin contr nal LATCH
becoming  logRePHHOR! BLEIRGhANI RSP L A CAUBUS S B RO SIS F A FE R tage 204 to
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



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 11 of
inverter 308, causing control signal DRIVE to become a logic low. When low, the control signal DRIVE
disables amplifier stage 204 and fuse state detect stdde 202, thus reducing power consumption of
integrated circuit memory 100. Inverters 326, 322, 320, and 318 along with capacitors 328 5 and 324
ensure that the output of amplifier stage 204 is latched before disabling amplifier stage 204 and fuse

state detect sta§é IPYeIteh8(8yicadBiECONEEN PR RIMY A T resAm B RIVEIGAWe YRR logic high
and a logic low|oesplestdaiyolistdsad Tk REKd Batdesesnaghiiiie Kagd Qgdthnddhdbatatesent invention
has been descr@&%&'ﬁ?d&é%@@?%sare%‘?ﬁ:‘ﬂg’ Uit omAeFaians g improvements
will occur to those skilled’in the art. For example, the disclosed memory may be _incorporated into
another device UeMAY 89ta! BYSERISH R F ﬁa@&anﬁpq)&;c%%?gﬁﬂ}(é@, ?ﬁi@%‘f&a@sé Guse and
detection ciscuitand\3Béd &Bsnoethatdtez dntput o dcwibpastagdrdtvtislatemorpeliony. In such an
?pp“Cat'Pm the &@&bﬂﬂ@ ﬁﬁﬁﬁﬁﬁ@ﬂs‘iﬁ@@'@‘d@l&ﬁéﬁﬁé'@tﬁﬁi%@_f@@f %@Q@W T w(golumn
information. For |g§tan§F a gar?kiof flﬁsqféﬁoﬂg Id?:ﬁ%& erllﬁnl number, batlc Lf)rocesimg number, or
revision numbePST R THEGPHELS SRR AUHA AN l%‘% R AUl A Stiments
depicted 20 majPBE eydifiesRac drRisKindd siote RO Knhesemiaawloitiawe present teaching, to
perform the same function. Therefore, it is intended that this invention encompass all such variations

Comprands e S sreta R et RE O RELNT A i e e
response to det8BAREIa ?un%qg'EH?BbéHrHﬁ%ruFﬂoé)ﬁ@@HPB?o@WdE‘H{B‘fﬁmﬁﬁt&lﬂﬁh%%@@cond logic
state in responseosedskitieiihi the fade Soa shan sies e witiesethendusergtataydetect stage limits a
voltage drop aciqsgAls s %o 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
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 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, wh&gein 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 SLAHMS 1, wherein the fuse comprises copper. 7.
The fuse state detect circuit of claim 1, wherein the fuse detect stage comprises: 13 a 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 sgcond fangistab(AQikaMNEGHIESEFigrent 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, 19 mggg{g@%&é&l&ﬁﬁg@@f@hﬁJgﬂ?ﬁﬁe@gﬂ%ﬁ@w | ﬁgltggéﬂp&nd current

electrode of the first transistor, and a secon istor having first resistance value;

e )
the fuse (208) having a first tdP9ImSISURIEBSRAPREHCRIGRING 6 Re i &NERSH YA second
terminal coupled to the seconanhdeionipiad\odihg timstoegistaignal of a second logic state in

response to detecting the fuse is a short circuit, wherein the
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:



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 20 a third transistor (210) having a first current electrode
coupled to the second terminals of both of the first and second resistors, a control electrode for
receiving a bias voltage, and a second current electr@8e 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 dete& WRidRNSEIAIBIdavinmhadiBbreient elgsaipifapvied 1A ardifstegrated

circuit memory. 30 10. An inte@yatadscippiyt votauedifiabensecsind cldramletadtyodiremdory cells
(102); a plurality of redundant,agmory éﬁ%@r&’d’ezcddﬁﬂé&téqﬁé’%%%%ﬂ%‘iﬂpé?@ SIEHIERELQF 108),

coupled to the plurality of memory cells and to the plurality of redundant memory cells, for selecting a
memory cell in response to ret@&\ﬁlfﬁ Hﬁréfdﬁ‘i%rés; 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 nfemory cell,%ﬁ@%ﬁ%ﬁﬂ%@r\&%ﬁ bR\ @ity reat lrmrdaaaeplesel® replaces

the defective memory cell, q1fu§_efimtg@v\,@'r@uppfyh@mg@hjgrmfrfgﬁei(w@@hd:&gumpomprising: a
fuse (208) having an open cirgpitstate aneha SO e S FEYE ABIRA tthe control

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:



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 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 id#¢grated 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 RitEgriyeef el b bPélaim 10, further comprising an amplifier stage,
coupled to the circuit, for amplifying the output signal 30 to produce an amplified output signal. 15 14.
The integrated circuit ragphuoafitf elaidud]doitheeroompiiadg bl ktddd)oupled to the circuit, for
latching a state of the amplified output signal. 15. The integrated circuit memory of claim 14, further
comprising a control Sacitreits arudihtpdineutisolio o1 diakbing i artmdifigusiigeod predetermined

time after the state of the amp“@%gglek%lissm(ﬁﬂg Rﬁgn ofTﬂéﬁﬂfﬁtﬁgﬁ%‘érﬁBTgiEE‘h%%Ly of claim

6
10, wherein the fuse comprises copper. 10 17. The In egrat§7d circuit memory of claim 10, wherein the
circuit comprises: 15 a first trSFHSSIOOHA RSN i SR SRERRNSROIRESENIEW BLafdtesBwer supply
voltage terminal, a second cuaraht electrode, and a control electrode coupled to the second current
electrode of the first transistor; a second transistor having a first current electrode coupled to the first

power supply voltage tgrpninalitp SERgRddeEentirlart@de4nnsbupled 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 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; 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 thésecond 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 the

second terminalé of ba_th%m%W%HH%WMS%%&%%M&”E%&R{H@rf§mgeé'e|mﬁ@ »a bias
voltage, and a second courgat! tlebadecabuigethtoingeaanaipaitiesanmyificitageigrminal. 5 18. The
integrated circuit memgfgrpd[ |claim 17, wherein the first resistance value is larger than the second
resistance value. 19. In an integrated circuit memory, a method for implementing a fuse comprising
the steps of: 10f55 proxfﬁlln%afus e8om lrjlI in (? er herejr tl?ur{Hse |f|ntacthb&l|)rowd SEiIfII’St logic

state and the fuseg, if blown te(%a &8 §"SEEIN Ia(ié'i”(]i'e ecting ne{h RSN O Mtact using

a fuse detebt circuit; Ilrﬁlfﬁwtaqmlﬁig@ H}éb%@%s&tltﬁ@rf@%bhﬁ@ﬁmn@ém@bﬁﬂﬂ?t@ an absolute
value independent of gopsuetesvplY voleagappliedidretbetiegraiiiedcouipmesigeay; istoring a logic
state of the fuse; and digapling the fuse detect circuit in response to the power supply voltage being
sufficient for reliable operation of the integrated

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



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 closedl@rcuit 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 integrat8dhin¢dipRsstRiarimdidadeest aactiods speriesktatpeseFoRchf the

integrated circuit memory (10f8ramnnas disbbtadohittes fhietsiate sfctimel frusdso stactedtesid latched, and
e B D I e aRecIRIALIB RN WadUGREgIE LN Lavamati IO - B Imiing
the voltage drop across a blown copgoer fus? 8208 , a potential electro-migration problem is reduced.
Figure 2 to accompany abstr&iectrode coupled to a second power supply voltage terminal.

5 18. The integrated circuit memory of claim 17, wherein the first resistance
value is larger than the second resistance value.

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.





