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A fuse circuit comprises ?rst and second electric fuses, a 
differential ampli?er and a sWitch circuit. The ?rst and 
second electric fuses have their respective current charac 
teristics changed When a voltage of a predetermined level or 
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FUSE CIRCUIT USING ANTI-FUSE AND METHOD 
FOR SEARCHING FOR FAILED ADDRESS IN 

SEMICONDUCTOR MEMORY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Applica 
tions No. 2000-247700, ?led Aug. 17, 2000; and No. 2001 
163171, ?led May 30, 2001, the entire contents of both of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a redundancy cir 
cuit using an anti-fuse and a method for searching for a 
failed address in a semiconductor memory, and more par 
ticularly to a method of this type employed in an integrated 
circuit such as a semiconductor memory having the redun 
dancy circuit. 

[0004] 2. Description of the Related Art 

[0005] When manufacturing semiconductor memories, a 
redundancy system for replacing failed cells With spare cells 
is indispensable in order to increase the yield of good 
products. Along conventional manufacture lines, program 
ming is executed to replace failed cells, if found in the last 
stage of a semiconductor chip manufacturing process, With 
spare cells using a laser. The resultant semiconductor chips 
are packaged and subjected to a ?nal test, and good semi 
conductor memory products are shipped. 

[0006] HoWever, it is still possible that one- or tWo-bit 
failed cells may be found in the ?nal test executed after 
packaging. The in?uence of these failed cells upon the 
product yield cannot be ignored. In light of this, there is a 
demand for a programming method for replacing failed 
cells, found after packaging, With spare cells. 

[0007] Further, in the ?eld of semiconductor memories 
With various speci?cations concerning high-speed opera 
tion, it has become dif?cult to manufacture all the memories 
so that they can operate normally, irrespective of variations 
in signal transmission timing, due to variations in the 
precision of the elements. Therefore, timing adjustment is 
executed after each memory is packaged. In light of this, it 
is demanded to adjust the signal transmission timings of 
each packaged semiconductor memory by programming 
from the outside, and then to ?x them permanently. 

[0008] To meet the demands, there is a method for per 
manently changing the state of the circuit of each semicon 
ductor memory, using an electric fuse system instead of a 
laser. The electric fuse system includes a method of using a 
usual fuse and a method of using an anti-fuse. In the former 
method, a high voltage is applied to the fuse to thereby break 
it and hence the Wiring pattern of a semiconductor memory. 
In the latter method, a high voltage is applied to the anti-fuse 
to create a dielectric breakdoWn state of an insulating ?lm 
betWeen Wires, i.e. make it conductive. 

[0009] A description Will noW be given of a redundancy 
circuit using the anti-fuse. 

[0010] FIG. 1 is a circuit diagram illustrating a redun 
dancy circuit using an anti-fuse that consists of a capacitor. 
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[0011] This redundancy circuit creates a programmed 
state, using a difference betWeen a capacitor in Which a high 
voltage is applied thereto to create its dielectric breakdoWn 
state, ie make its resistance close to 0, and a capacitor in 
Which no dielectric breakdoWn occurs Whose resistance is 
almost in?nitely great. 

[0012] As shoWn in FIG. 1, a poWer voltage VDD is 
connected to an end of a capacitor C11 via transistor TR11. 
The other end of the capacitor C11 is connected to a 
reference potential (ground potential) GND via transistor 
TR12. A latch circuit LH11 is connected to a node of the 
capacitor C11 and the transistor TR11. 

[0013] In the circuit shoWn in FIG. 1, if the capacitor C11 
as an anti-fuse is dielectrically broken doWn, its resistance is 
close to 0, and hence the potential of the node as the input 
terminal of the latch circuit LH11 is close to the ground 
level. On the other hand, if the capacitor C11 is not dielec 
trically broken doWn, its resistance is almost in?nitely great, 
Which means that the node potential of the latch circuit LH11 
is close to the poWer voltage level. Thus, the latching state 
of the latch circuit LH11 differs depending upon Whether or 
not the capacitor C11 is dielectrically broken doWn. This 
example concerns a method of directly determining the input 
of the latch circuit LH11 on the basis of a difference in 
voltage level due to a difference in the resistance of the fuse 
elements. 

[0014] In this method, hoWever, unless the difference in 
the resistance of the anti-fuse betWeen its breakdoWn state 
and non-breakdoWn state is not suf?ciently large, binary data 
“1” and “0” to be latched by the latch circuit LH11 cannot 
be created reliably. In other Words, in the redundancy circuit 
using the electric fuse system, since the breakdoWn state of 
each fuse employed in the fuse system differs depending 
upon the high voltage applied thereto, the programmed state 
of each fuse cannot be determined accurately. 

BRIEF SUMMARY OF THE INVENTION 

[0015] The present invention has been developed in light 
of the above problem and aims to provide a fuse circuit 
capable of accurately determining the fuse-programmed 
state irrespective of the breakdoWn state of a fuse. 

[0016] The present invention also aims to provide a failed 
address searching method for efficiently executing the deter 
mination of a failed address, necessary for storing the 
fuse-programmed state in the fuse circuit. 

[0017] To satisfy the aims, according to a ?rst aspect of the 
present invention, there is provided a fuse circuit compris 
ing: ?rst and second electric fuses having respective current 
characteristics changed When a voltage of a predetermined 
level or more is applied thereto; a differential ampli?er for 
receiving tWo voltage signals based on the current charac 
teristics of the ?rst and second electric fuses, and outputting 
a predetermined voltage on the basis of a difference in 
voltage betWeen the tWo voltage signals; a memory circuit 
for storing an output from the differential ampli?er; and a 
sWitch circuit for connecting and disconnecting the differ 
ential ampli?er to and from the memory circuit. 

[0018] To satisfy the aims, according to a second aspect of 
the present invention, there is provided a fuse circuit com 
prising: ?rst and second electric anti-fuses having respective 
leak current characteristics changed When a voltage of a 
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predetermined level or more is applied thereto; a differential 
ampli?er for receiving tWo voltage signals based on the leak 
current characteristics of the ?rst and second electric anti 
fuses, and outputting a predetermined voltage on the basis of 
a difference in voltage betWeen the tWo voltage signals; a 
memory circuit for storing an output from the differential 
ampli?er; and a sWitch circuit for connecting and discon 
necting the differential ampli?er to and from the memory 
circuit. 

[0019] To satisfy the aims, according to a third aspect of 
the present invention, there is provided a fuse circuit com 
prising: a fuse bit storing circuit having a pair of electric 
fuses for storing bit information used to determine a circuit 
operation state, the pair of electric fuses having a ?rst and 
second electric fuses; a programming control circuit for 
applying a voltage of a predetermined level or more to one 
of the electric fuses to thereby make current characteristic 
states of the electric fuses unbalanced, thereby program 
ming, in the fuse bit storing circuit, the bit information for 
determining the circuit operation state; a differential ampli 
?er for receiving outputs of the electric fuses and amplifying 
the unbalanced current characteristic; a memory circuit for 
storing an output of the differential ampli?er; a sWitch circuit 
for connecting and disconnecting the differential ampli?er to 
and from the memory circuit; and a detection control circuit 
for detecting the bit information for determining the circuit 
operation state programmed in the fuse bit storing circuit. 

[0020] In the fuse circuit constructed as above, a voltage 
of a predetermined level or more is applied to one of the 
electric fuses to thereby make the current characteristic 
states of the electric fuses unbalanced, and the unbalanced 
current characteristic states are detected by the differential 
ampli?er. As a result, the programmed states of the ?rst and 
second electric fuses can be determined accurately irrespec 
tive of their breakdoWn states. 

[0021] Further, to satisfy the aims, according to a fourth 
aspect of the present invention, there is provided a failed 
address searching method for use in a semiconductor 
memory that includes a plurality of banks each having a 
plurality of memory cells provided common address among 
the plurality of banks, and a plurality of I/O terminals 
provided for each of the banks for inputting and outputting 
data to and from the memory cells of the each bank, 
comprising: reading a plurality of data on the basis of the 
common address among the banks and the I/O terminals, 
thereby detecting a failed address of a memory cell storing 
failed data; and inputting the detected failed address and 
reading data corresponding to the failed address from each 
memory cell of the banks, thereby determining that one of 
the banks Which contains the memory cell storing failed 
data, and that one of the I/O terminals Which inputs and 
outputs data to and from the memory cell storing failed data. 

[0022] In the above-described failed-address searching 
method, a plurality of data items are read on the basis of the 
common address of a plurality of banks and I/O terminals, 
and subjected to a computing operation, thereby detecting a 
failed address from the computing operation result and 
determining the bank including a failed cell and the I/O 
terminal connected thereto. As a result, a failed address 
necessary for storing a fuse-programmed state in the fuse 
circuit can be determined ef?ciently. 
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BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0023] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
embodiments of the invention, and together With the general 
description given above and the detailed description of the 
embodiments given beloW, serve to explain the principles of 
the invention. 

[0024] FIG. 1 is a circuit diagram illustrating a conven 
tional anti-fuse structure using a capacitor; 

[0025] FIG. 2 is a circuit diagram illustrating a circuit 
including basic anti-fuses and used for detecting the states of 
the fuses, according to a ?rst embodiment of the invention; 

[0026] FIG. 3 is a block diagram illustrating a fuse unit 
having the state detecting circuit; 

[0027] FIG. 4 is a circuit diagram shoWing an anti-fuse 
circuit, a comparator and a latch circuit incorporated in the 
fuse unit shoWn in FIG. 3; 

[0028] FIGS. 5A, 5B and 5C are circuit diagrams shoWing 
a fuse-enable-control circuit incorporated in the fuse unit of 
FIG. 3; 

[0029] FIG. 6 is a block diagram shoWing a fuse system 
having the fuse unit of FIG. 3; 

[0030] FIG. 7 is a circuit diagram that includes blocks 
e-fuse 0 and e-fuse 1 appearing in FIG. 4 and used as cell 
arrays; 

[0031] FIGS. 8A and 8B are circuit diagrams illustrating 
a program control circuit for programming the anti-fuse 
circuit shoWn in FIG. 3; 

[0032] FIG. 9 is a timing chart useful in explaining the 
signal states of the anti-fuse circuit assumed at the time of 
programming; 

[0033] FIG. 10 is a vieW useful in explaining a process 
executed in a good product acquiring/inspecting system, in 
Which a data-reducing failed-cell-address-searching method 
according to a second embodiment is used; 

[0034] FIG. 11 is a timing chart useful in explaining cases 
according to the second embodiment, ie a case Where the 
burst length is set at 4 and data input/output operations using 
banks are interleaved, and a case Where the burst length is 
set at 4 and no data input/output operations using the banks 
are interleaved; 

[0035] FIG. 12 is a timing chart useful in explaining cases 
according to the second embodiment, ie a case Where the 
burst length is set at 8 and data input/output operations using 
banks are interleaved, and a case Where the burst length is 
set at 8 and no data input/output operations using the banks 
are interleaved; 

[0036] FIGS. 13A, 13B and 13C are vieWs illustrating a 
connection relationship betWeen I/O terminals and data 
buses in an SDRAM in normal mode, reduction test mode 
and search mode; 

[0037] FIG. 14 is a timing chart useful in explaining an 
example of a test executed using both the reduction test 
mode and the search mode; 
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[0038] FIG. 15 is a vieW illustrating a connection rela 
tionship between I/O terminals and data buses; 

[0039] FIG. 16 is a vieW of banks and I/O terminals in the 
normal mode included in the left-hand block of FIG. 15; 

[0040] FIGS. 17A-17E are circuit diagrams illustrating 
sWitching of data buses for executing the normal mode, the 
reduction test mode and the search mode shoWn in FIG. 15; 

[0041] FIG. 18 is a circuit diagram shoWing a connection 
relationship betWeen banks A and C shoWn in FIG. 17A and 
data buses; 

[0042] FIG. 19 is a circuit diagram shoWing a connection 
relationship betWeen banks B and D shoWn in FIG. 17A and 
data buses; 

[0043] FIGS. 20A and 20B are vieWs illustrating the 
relationship betWeen data and a data burst operation 
executed in the structure of FIG. 15; 

[0044] FIG. 21 is a vieW shoWing another connection 
relationship betWeen I/O terminals and data buses; 

[0045] FIG. 22 is a circuit diagram shoWing part of a 
connection relationship betWeen banks A and C shoWn in 
FIG. 21 and data buses; 

[0046] FIG. 23 is a circuit diagram shoWing the other part 
of a connection relationship betWeen the banks A and C 
shoWn in FIG. 21 and the data buses; and 

[0047] FIGS. 24A and 24B are vieWs illustrating the 
relationship betWeen data and a data burst operation 
executed in the structure of FIG. 21. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0048] The present invention is applicable to a redundancy 
circuit that employs an electric fuse for permanently and 
electrically changing the state of a circuit, eg a usual fuse 
or an anti-fuse. The usual fuse is used to apply a high voltage 
to the circuit to thereby break its Wiring pattern and create 
a disconnected state. On the other hand, the anti-fuse is used 
to apply a high voltage to the circuit to thereby dielectrically 
break doWn an insulating ?lm betWeen Wire layers in the 
circuit and create a conductive state. 

[0049] [First Embodiment] 
[0050] Adescription Will noW be given of programming of 
anti-fuses and their state detection in a ?rst embodiment. 

[0051] FIG. 2 is a circuit diagram illustrating basic anti 
fuses and a state detection circuit for the anti-fuses, 
employed in the ?rst embodiment. 

[0052] As shoWn in FIG. 2, a fuse unit comprising the 
anti-fuses and the state detection circuit incorporates capaci 
tors C1 and C2 used as the anti-fuses, a comparator 11 and 
n-channel MOS transistors TR1-TR4. 

[0053] One end of the capacitor C1 is connected to one 
end of the current path of the transistor TR1. The other end 
of the current path of the transistor TR1 is connected to a 
poWer voltage VDD. The other end of the capacitor C1 is 
connected to one end of the current path of the transistor 
TR2. The other end of the current path of the transistor TR2 
is connected to a reference potential (e.g. ground potential) 
GND. 
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[0054] One end of the capacitor C2 is connected to one 
end of the current path of the transistor TR3. The other end 
of the current path of the transistor TR3 is connected to the 
poWer voltage VDD. The other end of the capacitor C2 is 
connected to one end of the current path of the transistor 
TR4. The other end of the current path of the transistor TR4 
is connected to the reference potential (e. g. ground potential) 
GND. 

[0055] Further, the comparator 11 is connected betWeen 
the one end of the capacitor C1 and the one end of the 
capacitor C2. 

[0056] In the fuse unit comprising the anti-fuses and their 
state detection circuit, the comparator 11 compares the 
outputs of the capacitors C1 and C2 as the anti-fuses. This 
single fuse unit programs one-bit data such as a redundancy 
address. 

[0057] In the circuit constructed as shoWn in FIG. 2, load 
such as a high voltage is applied to only one of the capacitors 
C1 and C2 to be compared by the comparator 11, thereby 
dielectrically breaking doWn the one capacitor. This break 
age is not necessarily a complete one, but it is suf?cient if the 
leak current slightly increases. In other Words, it is suf?cient 
if a small potential difference, Which can be detected by the 
comparator 11, occurs betWeen the capacitor to Which elec 
trical poWer is applied and the other capacitor to Which no 
electrical poWer is applied. 

[0058] Depending upon Whether the electrical poWer is 
applied to the capacitor C1 or C2, the programmed state of 
the fuse unit can be expressed by “0” or “1”. 

[0059] Thus, even if a high load that makes the resistance 
of an anti-fuse (the capacitor C1 or C2) close to 0 is not 
applied to the anti-fuse, the fuse programming can be made. 
This means that stable programming can be executed irre 
spective of variations in the breakdoWn state due to the load 
applied. 
[0060] The fuse unit having the anti-fuses and their state 
detection circuit Will be described. 

[0061] FIG. 3 is a block diagram shoWing the structure of 
the fuse unit. 

[0062] As seen from FIG. 3, anti-fuse circuits f0 and f1 
are connected to a comparator 11, Which is connected to a 
latch circuit 12. The anti-fuse circuits f0 and f1 are also 
connected to a programming control circuit 13 and a fuse 
enable-control circuit 14. The fuse-enable-control circuit 14 
is also connected to the latch circuit 12. 

[0063] The operation of the fuse unit shoWn in FIG. 3 Will 
be described. 

[0064] The comparator 11 compares the outputs of the 
anti-fuse circuits f0 and f1. The latch circuit 12 latches the 
comparison result output from the comparator 11. The 
programming control circuit 13 is designed to program the 
anti-fuse circuits f0 and f1. The fuse-enable-control circuit 
14 is designed to execute control for detecting the pro 
grammed results of the anti-fuse circuits f0 and f1. The 
outputs 0 out and 1 out are used for redundancy address 
control. 

[0065] FIG. 4 shoWs in more detail the anti-fuse circuits 
f0 and f1, the comparator 11 and the latch circuit 12, Which 
appear in FIG. 3. 
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[0066] Fuses e-fuse 0 and e-fuse 1 are formed of elements, 
such as capacitors, Which degrade and increase their leak 
currents When electrical power is applied thereto. In order to 
compare its leak current using data items “0” and “1”, the 
fuse e-fuse 0 is connected to the poWer voltage VDD and the 
ground potential GND respectively via n-channel MOS 
transistors TR1 and TR2 for converting the leak current into 
a voltage. Similarly, in order to compare its leak current 
using data items “0” and “1”, the fuse e-fuse 1 is connected 
to the poWer voltage VDD and the ground potential GND 
respectively via n-channel MOS transistors TRS and TR4 for 
converting the leak current into a voltage. 

[0067] When comparing the leak currents of the anti-fuse 
circuits f0 and f1, both the VDD-side and GND-side tran 
sistors TR1-TR4 are turned on. Voltage levels based on the 
leak currents of the fuses e-fuse 0 and e-fuse 1 are used as 
the input levels of the comparator 11. 

[0068] A signal FW is input to the gates of the VDD-side 
transistors TR1 and TRS, While a signal /PRG is input to the 
gates of the GND-side transistors TR2 and TR4. The signal 
FW is at “H” While the comparator 11 compares the states 
of the fuses e-fuse 0 and e-fuse 1 and the latch circuit 12 
latches the comparison result. The signal /PRG is at “L” only 
When electrical poWer is applied to the fuse e-fuse 0 or 
e-fuse 1 for programming. 

[0069] The comparator 11 is a differential ampli?er having 
transistors TR5 and TR6. The comparator 11 also includes 
transistor TR7 using signal Vbias as its gate input and used 
to How a constant current, and GND-side transistor TR8 
serving as a sWitch for operating the comparator 11 only 
When signal FON1 is at “H”. The comparator 11 further 
includes pass transistors PT1 and PT2. 

[0070] The latch circuit 12 comprises transistors TR9 
TR14 and transistors TR15 and 16 for connecting it to the 
comparator 11 and disconnecting it therefrom. 

[0071] The circuit constructed as shoWn in FIG. 4 oper 
ates as folloWs: 

[0072] The comparator 11 compares the levels of the 
anti-fuse circuits f0 and f1 and ampli?es the comparison 
result. The ampli?ed comparison result is output from the 
comparator 11 and latched by the latch circuit 12. At this 
time, the comparator 11 and the latch circuit 12 are sWitched 
by the transistors TR15 and TR16 that use signal /FONS as 
their gate input. After the latch circuit 12 latches data from 
the comparator 11, the signal /FONS is at “L”, thereby 
disconnecting the latch circuit 12 from the comparator 11. 

[0073] The latch circuit 12 is a dynamic latch circuit for 
latching the output of the comparator 11 When signal FON2 
is at “H” and signal /FON2 is at “L”, While amplifying the 
output. In accordance With the comparator output, it is 
determined Whether the output Oout (or 1out) of the latch 
circuit 12 is the poWer voltage or the ground potential. 

[0074] A description Will be given of the fuse-enable 
control circuit 14 that generates a signal for controlling the 
circuit of FIG. 4. 

[0075] FIGS. 5A, 5B and 5C are circuit diagrams shoWing 
the fuse-enable-control circuit 14 appearing in FIG. S. 

[0076] As shoWn in FIG. 5A, the fuse-enable-control 
circuit 14 receives signals PWON and ENBL and outputs 
signals FON1, FON2, FONS and FW. 
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[0077] Referring then to FIGS. 5B and 5C, the fuse 
enable-control circuit 14 Will be described in more detail. As 
shoWn in FIG. 5B, the signals PWON and ENBL are input 
to an AND circuitAD1. Signal FONO output from the AND 
circuit AD1 is delayed by delay circuit DL1, thereby out 
putting signal FON1. The signal FON1 is inverted by 
inverter IV1, thereby outputting complementary signal/ 
FON1. 

[0078] The signal FON1 is also delayed by delay circuit 
DL2, thereby outputting signal FON2. The signal FON2 is 
inverted by inverter IV2, thereby outputting complementary 
signal /FON2. 

[0079] The signal FON2 is also delayed by delay circuit 
DLS, thereby outputting signal FONS. The signal FONS is 
inverted by inverter IVS, thereby outputting complementary 
signal /FONS. 

[0080] Furthermore, as shoWn in FIG. 5C, the signals 
FONS and FONO are input to AND circuit AD2. The output 
of the AND circuit AD2 is input to a ?rst terminal of NOR 
circuit NR1, While the complementary signal /ENBL of the 
signal ENBL is input to a second terminal of the NOR circuit 
NR1. The signal FW is output from the NOR circuit NR1. 

[0081] The fuse-enable-control circuit 14 operates as fol 
loWs: 

[0082] The programmed states of the fuses e-fuse are 
detected When the device chip is turned on. At this time, the 
detection of the programmed states is started at a point in 
time at Which the signal PWON, Which is arranged to rise 
after the voltage applied to the chip is substantially stabi 
liZed, rises. The signal ENBL is set at “H” When detecting 
the programmed bit and using it as redundancy information. 
Accordingly, after the signals PWON and ENBL are raised 
to “H”, the fuse-enable-control circuit 14 starts to operate. 

[0083] As aforementioned, in the fuse-enable-control cir 
cuit 14, the signal FON0 is converted by the delay circuit 
DL1 into the signal FON1, Which is converted by the 
inverter IV1 into the signal /FON1. The signal FON1 is 
converted by the delay circuit DL2 into the signal FON2, 
Which is converted by the inverter IV2 into the signal/ 
FON2. Furthermore, the signal FON2 is converted by the 
delay circuit DLS into the signal FONS, Which is converted 
by the inverter IVS into the signal /FONS. 

[0084] The signal FW is set at “H” When the signal ENBL 
is at “H” and the signals FON0 and FONS are at “L”. At this 
time, the bit data items of the fuses e-fuse 0 and e-fuse 1 are 
output to the comparator 11. After the signal FONS rises to 
thereby disconnect the comparator 11 from the latch circuit 
12, the signal FW is set at “L” and the signal input to the 
comparator 11 is set at the GND level. In this state, no 
current ?oWs into the comparator 11, i.e., no poWer is 
consumed in the comparator 11. 

[0085] To create a fuse system for detecting, from the fuse 
unit shoWn in FIG. S, an address assigned to a failed cell to 
be replaced With a spare cell (hereinafter referred to as a 
“redundancy address” or a “failed address”), one fuse unit is 
necessary for each bit of one address. Further, since the bit 
of each fuse is alWays “0” or “1”, another bit that indicates 
a case Where no address is set is necessary. Referring noW to 
FIG. 6, an eXample of a fuse system having these elements 
Will be described. 




















