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SEMCONDUCTOR MEMORY DEVICE HAVING 
PROGRAM CIRCUIT 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a semiconductor 
memory device, and more particularly, it relates to a Semi 
conductor memory device including a spare memory cell 
repairing a faulty memory cell. 
0003 2. Description of the Prior Art 
0004. In general, there is a semiconductor memory 
device having a Spare memory cell for repairing a faulty 
memory cell (hereinafter the term “spare” stands for “redun 
dancy'). Such a conventional Semiconductor memory 
device requires an internal circuit having a programming 
element for previously programming a faulty address (repair 
address) indicating a faulty memory cell position. This 
internal circuit detects that the programmed repair address is 
input in actual use, thereby using the Spare memory cell in 
place of the faulty memory cell. 
0005 The conventional internal circuit uses a fuse blown 
with a laser beam as the programming element. The fuse 
Serving as the programming element is laser-blown in accor 
dance with the repair address, thereby programming the 
repair address. 
0006. However, a high-priced laser cutter is required for 
laser blowing with a heavy process burden for the laser 
blowing, while the blowing accuracy is dispersed. Further, 
the employment of the laser beam restricts the arrangement 
of components and wires. When employing the laser blow 
ing, further, the program State may be fixed to restrict the 
repair efficiency. 

SUMMARY OF THE INVENTION 

0007 Accordingly, an object of the present invention is to 
provide a Semiconductor memory device which can effi 
ciently perform repair employing a spare with no laser 
blowing. 
0008 According to an aspect of the present invention, a 
Semiconductor memory device comprises a memory cell 
array including a plurality of memory cells arranged in the 
form of a matrix and a plurality of Spare memory cells for 
repairing faulty memory cells, and a plurality of address 
program circuits. Each of the plurality of address program 
circuits can program a repair address for repairing the faulty 
memory cell by a program Voltage. The Semiconductor 
memory device further comprises a pad externally receiving 
the program Voltage and a Voltage Supply circuit Selectively 
Supplying the program Voltage to each of the plurality of 
address program circuits. 
0009 Preferably, the voltage supply circuit of the semi 
conductor memory device includes a plurality of Supply 
Switches provided in correspondence to the respective ones 
of the plurality of address program circuits, each of the 
plurality of Supply Switches Supplies the program Voltage to 
the corresponding address program circuit in response to a 
control Signal, and each of the plurality of address program 
circuits includes a program Structure circuit including an 
electric fuse blown by the program Voltage and a comparator 
circuit comparing match/mismatch of an input address and 
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the repair address on the basis of the input address and the 
program State of the electric fuse for determining whether or 
not to perform repair. 
0010. Accordingly, a principal advantage of the present 
invention resides in that the Semiconductor memory device 
comprises the plurality of address program circuits capable 
of performing programming with the program Voltage and 
the Voltage Supply circuit Selectively Supplying the program 
Voltage thereto, for enabling reliable programming while 
Suppressing influence on a peripheral circuit. 
0011 Particularly when applying the program voltage 
every repair program, programming can be efficiently per 
formed while Suppressing influence on the peripheral circuit. 
Programming can be performed by blowing the electric fuse, 
whereby working Steps are simplified and no laser cutter or 
the like is required. 
0012 Particularly when comprising a latch holding the 
program State, program information can be held with a 
Simple circuit Structure. 
0013 In particular, the address program circuit programs 
an address Signal and a bank address Signal. When having a 
plurality of banks, therefore, the banks can share the address 
program circuit. 
0014. In particular, a mode for checking the program 
State is provided in a program mode. Thus, programming can 
be reliably performed. 

0015. In particular, a chip enable signal is input as a 
trigger for reading the program State. Thus, high-Speed Spare 
determination and high-speed repair are enabled. 
0016. In particular, the program state is dividedly read a 
plurality of times. Thus, the electric fuse can be prevented 
from application of unnecessary StreSS. 

0017. In particular, a failure detection circuit is provided 
for detecting a failure of the electric fuse. Thus, initial failure 
of the electric fuse or the program State can be confirmed. 
0018. In particular, a fixing circuit is provided for arbi 
trarily Setting the program State held in the latch. Thus, the 
Spare memory cell can be tested independently of the 
program State. 

0019 Particularly when comprising a comparator circuit 
comparing a reference current with a current flowing 
through the electric fuse, the program State can be detected 
in high accuracy. 

0020 Particularly by employing a transfer circuit, the 
number of wires between the program Structure circuit and 
the latch holding the program State can be reduced. 
0021. In particular, the semiconductor memory device 
collectively sends spare information. Thus, the number of 
wires connecting the address program circuit and a redun 
dancy control circuit can be reduced. 
0022. In particular, the address program circuits include 
that capable of programming a row direction repair address 
and that capable of programming a column direction repair 
address, and read timings for the program State vary with the 
row direction and the column direction. Thus, a high-speed 
repair operation can be performed while reducing current 
consumption. 
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0023. In particular, the address program circuit performs 
Spare determination in parallel with an address Setup opera 
tion. Thus, a high-speed repair operation is enabled. 
0024. According to another aspect of the present inven 
tion, a Semiconductor memory device comprises a memory 
cell array including a plurality of memory cells arranged in 
the form of a matrix and a spare memory cell for repairing 
a faulty memory cell, and a plurality of address program 
circuits. Each of the plurality of address program circuits 
includes an electric fuse and can program a repair address 
for repairing the faulty memory cell by blowing the electric 
fuse with a program Voltage, each of the plurality of memory 
cells includes a memory cell transistor having a pair of 
Source/drain regions formed in a first impurity region and a 
gate electrode formed on a channel region between the pair 
of Source/drain regions with an insulator film therebetween 
and a memory cell capacitor electrically connected with one 
of the pair of Source/drain regions, and the electric fuse 
includes a pair of third impurity regions formed in the 
Second impurity region, having the Same conductivity type 
as the Second impurity region and corresponding to the pair 
of Source/drain regions of the memory cell transistor and a 
programming element, electrically connected to one of the 
pair of third impurity regions, corresponding to the memory 
cell capacitor. 
0.025 Accordingly, another advantage of the present 
invention resides in that the Semiconductor memory device 
comprises the electric fuse having a memory cell Structure 
and programmed by the program Voltage, whereby the 
electric fuse can be readily formed between wires or the like. 
0026. In particular, portions corresponding to the 
memory cell capacitors are connected to form a decoupling 
capacitor. Thus, a programming element having a large 
capacity can be formed in a Small area. 
0.027 According to still another aspect of the present 
invention, a Semiconductor memory device comprises a 
memory cell array including a plurality of memory cells 
arranged in the form of a matrix and a plurality of Spare 
memory cell columns each for repairing a faulty memory 
cell column including a faulty memory cell, a plurality of 
pairs of data lines for transferring data of the memory cell 
array, a plurality of pairs of Spare data lines for transferring 
data of the plurality of Spare memory cell columns, a data 
bus for transferring data between an external device and the 
memory cell array and a plurality of address program 
circuits. Each of the plurality of address program circuits can 
program a repair column address for repairing the faulty 
memory cell column by a program Voltage. The Semicon 
ductor memory device further comprises a Switching circuit 
Switching electrical connection between each of the plurality 
of pairs of data lines and the data bus So that a pair of data 
lines for transferring data of the faulty memory cell column 
are disconnected from the data bus in response to the 
program States of the plurality of address program circuits 
and a Selection circuit Selectively connecting each of the 
plurality of pairs of Spare data lines to the data bus in 
response to the connection between the plurality of pairs of 
data lines and the data bus. 

0028. Accordingly, still another advantage of the present 
invention resides in that the Semiconductor memory device 
Switches the connection between the data lines and a global 
data line on the basis of Spare determination for connecting 
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the spare data lines to the data bus by the number of lost data 
lines, whereby repair in the Spare direction can be efficiently 
performed. 

0029. In particular, the semiconductor memory device 
comprises the address program circuit capable of performing 
programming with the program Voltage. Thus, programming 
for spare repair can be reliably performed while Suppressing 
influence on a peripheral circuit. 
0030. In particular, the semiconductor memory device 
Switches the data lines by turning on/off the electric fuse 
(transistor). Thus, also when the Semiconductor memory 
device has a plurality of banks, connection of the data lines 
can be properly changed on the basis of Spare determination. 
0031. The foregoing and other objects, features, aspects 
and advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0032 FIG. 1 is a diagram for illustrating a semiconduc 
tor memory device according to a first embodiment of the 
present invention; 
0033 FIG. 2 is a diagram for illustrating the structure of 
a logic circuit block 1001 shown in FIG. 1; 
0034 FIG. 3 is a diagram for illustrating the structure of 
a memory core part 1000 shown in FIG. 1; 
0035 FIG. 4 is a diagram for illustrating the structure of 
a Voltage Supply part 30, 

0036 FIGS. 5 and 6 are diagrams for illustrating the 
Structure of a program part 20, 

0037 FIG. 7 is a block diagram for illustrating a transfer 
Signal TG and a reset Signal RST 

0038 FIG. 8 is a diagram for illustrating a circuit gen 
erating a precharge Signal /ZPRE; 

0039 FIG. 9 is a timing chart for illustrating operations 
of the circuit shown in FIG. 8: 

0040 FIG. 10 is a timing chart for illustrating operations 
in programming in the program part 20, 

0041 FIG. 11 is a timing chart for illustrating reading of 
a program State in the program part 20 and transfer to a latch; 
0042 FIG. 12 is a timing chart for illustrating operations 
in access to a memory cell array; 

0043 FIG. 13 is a diagram for illustrating an initial 
failure check circuit 130 for checking an initial failure of an 
electric fuse 120; 

0044 FIGS. 14 and 15 are diagrams for illustrating a 
circuit Structure for removing a faulty programming ele 
ment, 

004.5 FIG. 16 is a diagram for illustrating the structure of 
a test circuit for testing spare memory cells, 
0046 FIG. 17 is a diagram for illustrating an exemplary 
Structure of a program Structure circuit; 
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0047 FIG. 18 is a diagram for illustrating a structure for 
improving detection accuracy for the program State for the 
structure shown in FIG. 17; 
0.048 FIG. 19 is a diagram for illustrating an array 
Structure in a Second embodiment of the present invention; 
0049 FIG. 20 is a diagram for illustrating a detailed 
Structure of a Sub word driver part of a memory cell array 
shown in FIG. 19; 
0050 FIG. 21 is a diagram for illustrating an exemplary 
array structure of a column system in FIG. 19; 
0051 FIG.22 is a diagram for illustrating the structure of 
a spare row part 2300 shown in FIG. 19; 
0.052 FIG. 23 is a diagram for illustrating a circuit 
Structure for inactivating a write driver in a write mask 
operation; 

0.053 FIG.24 is a diagram for illustrating the structure of 
a memory cell array end portion related to the write mask 
operation; 

0054 FIG. 25 is a sectional view for illustrating the 
Structure of electric fuses in the Second embodiment of the 
present invention; 
0055 FIG. 26 is a sectional view for illustrating another 
exemplary use of a memory cell Structure; 
0056 FIG. 27 is a diagram for illustrating an exemplary 
circuit of generating a precharge Signal controlling a holding 
circuit 143; 

0057 FIG. 28 is a diagram for illustrating column 
System Spares in a third embodiment of the present inven 
tion; 

0.058 FIG. 29 is a conceptual diagram for illustrating 
operations performed when failures are detected in two 
portions of pairs of main I/O lines, 

0059 FIG. 30 illustrates another exemplary shift redun 
dancy Structure; 

0060 FIG.31 is a flow chart for illustrating operations of 
a circuit shown in FIG. 30 in detail; 

0061 FIG. 32 illustrates an exemplary structure of a shift 
part 5040; 

0.062 FIG.33 illustrates a structure for repairing a faulty 
memory cell column; 

0.063 FIG. 34 illustrates another exemplary structure of 
the shift part 5040; 

0.064 FIG. 35 illustrates a state turning off an electric 
fuse 4122 in FIG. 34; 

0065 FIG. 36 is a diagram for illustrating control of shift 
parts in a multi-bank Structure; 
0.066 FIG. 37 is a diagram for illustrating an exemplary 
Structure of a program part in a fourth embodiment of the 
present invention; 

0067 FIGS. 38 and 39 are diagrams for illustrating 
exemplary Structures of the program part in the fourth 
embodiment of the present invention; 
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0068 FIG. 40 is a diagram for illustrating an exemplary 
Set path for spare replacement information in a fifth embodi 
ment of the present invention; 
0069 FIG. 41 is a diagram for illustrating another exem 
plary Set path for spare replacement information in the fifth 
embodiment of the present invention; 
0070 FIG. 42 is a flow chart for illustrating exemplary 
operations of address compare determination in a sixth 
embodiment of the present invention; 
0.071) 
42; 
0072 FIG. 44 is a diagram for illustrating a structure for 
address compare determination in the Sixth embodiment of 
the present invention; 
0073 FIG. 45 illustrates the structure of a memory cell 
array; and 

0074 FIG. 46 is a sectional view for illustrating the 
memory cell Structure. 

FIG. 43 is a block diagram corresponding to FIG. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0075) First Embodiment 
0076 A semiconductor memory device according to a 

first embodiment of the present invention is described with 
reference to FIGS. 1 to 3. In the following description, it is 
assumed that signals headed with "/" are those obtained by 
inverting Signals not headed with "/". 
0.077 Referring to FIG. 1, a memory core part 1000 and 
a logic circuit block 1001 are formed on a chip 1002. As 
described later, the memory core part 1000 sends/receives 
signals through the logic circuit block 1001 and nodes 2a to 
2O. 

0078 Referring to FIGS. 2 and 3, the logic circuit block 
1001 includes external terminals 1a, 1b, 1c and 1d. The 
external terminal 1a receives a built-in self test signal BIST, 
a built-in self repair signal BISR and a built-in self program 
signal BISP. The external terminal 1b receives a clock signal 
CLK. The external terminal 1c receives a command Signal 
CMD. The external terminal 1d inputs/outputs data DATA. 
The logic circuit block 1001 performs logical processing on 
the input signals, and outputs corresponding Signals to the 
nodes 2a to 2m. The logic circuit block 1001 further receives 
data output from the memory core part 1000 from the node 
2n and outputs the corresponding data DATA to the external 
terminal id. 

007.9 The memory core part 1000 includes the nodes 2a 
to 20. The node 2a is supplied with a signal PRGV from the 
logic circuit block 1001 on the basis of the command signal 
CMD received in the external terminal 1c. The node 2b is 
supplied with the signals BIST, BISR and BISP input from 
5k and a write address latch 5l. The buffers operate receiving 
the reference potential Vref. 
0080. The buffer 3c receives the clock signals CLK and 
/CLK and outputs internal clock Signals Int. CLK and /In 
t. CLK. The buffer 3d receives the clock enable signal CKE. 
The buffer 3e operates in response to the signal CKE. The 
mode decoder 4 receives the control signals (the signals 
ROWA, PC, READ, WRITE, APC, REF, SRI and SRO) 
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from the node 2e through the buffer 3e, and outputs the 
signals ROWA, COLA, PC, READ, WRITE, APC and SR. 

0081. The act bank latch 5f latches the bank address 
signals AB0 to AB7 received in the node 2f through the 
buffer 3f. The precharge bank latch 5g latches the bank 
precharge signals PB0 to PB7 received in the node 2g 
through the buffer 3g. The read bank latch 5h receives the 
bank read signals RB0 to RB7 received in the node 2h 
through the buffer 3h. The write bank latch 5i latches the 
bank write signals WB0 to WB7 received in the node 2i 
through the buffer 3i. The row address latch 5i latches the 
row address signals AAO to AA10 received in the node 2.j 
through the buffer 3i. The read address latch 5k latches the 
read address signals RA0 to RA5 received in the node 2k 
through the buffer 3k. The write address latch 5l latches the 
write address signals WA0 to WA5 received in the node 21 
through the buffer 31. 
0082) The memory core part 1000 further includes a self 
refresh timer 6, a refresh address counter 7, a multiplexer 8, 
predecoders 9, 10 and 11 and a mode register 12. 

0083) The self refresh timer 6 receives the signal SR 
output from the mode decoder 4 and Starts its operation. The 
refresh address counter 7 generates an address for perform 
ing a refresh operation in accordance with an instruction 
from the self refresh timer 6. The multiplexer 8 selects and 
outputs an output from the row address latch 5i in a normal 
operation, while Selecting and outputting an output from the 
refresh address counter 7 in a self refresh operation. The 
predecoder 9 predecodes a row address received from the 
multiplexer 8. The predecoder 10 predecodes a column 
address received from the read address latch 5k. The pre 
decoder 11 the external terminal 1a. The node 2c is supplied 
1001 with the clock signals CLK and /CLK from the logic 
circuit block 1001. The node 2d is supplied with a clock 
enable signal CKE from the logic circuit block 1001. 
0084. The node 2e is supplied with internal control 
signals (signals ROWA, PC, READ, WRITE, APC, REF, 
SRI and SRO) from the logic circuit block 1001. The signal 
ROW indicates that a row System is accessed, and the Signal 
PC instructs a precharge operation for instructing termina 
tion of a circuit operation of the row System. The Signal 
READ instructs a read operation to a column-System circuit, 
and the signal WRITE instructs a write operation to the 
column-System circuit. The Signal APC instructs an auto 
precharge operation. When the auto precharge operation is 
Specified, the precharge operation is automatically started 
upon termination of a burst cycle. The signals SRI and SRO 
are related to a Self refresh mode. 

0085. The node 2f is supplied with bank address signals 
AB0, AB1,..., AB7 from the logic circuit block 1001. The 
bank address Signals specify banks accessed when the row 
and column Systems are accessed respeclively. The node 2g 
is supplied with bank precharge signals PB0, PB1,..., PB7 
from the logic circuit block 1001. 
0.086 The node 2h is supplied with bank read signals 
RB0, RB1,..., RB7 from the logic circuit block 1001. The 
node 2i is supplied with bank write signals WB0, WB1,..., 
WB7 from the logic circuit block 1001. The node 2i is 
supplied with row address signals AAO, AA1, . . . , AA10 
from the logic circuit block 1001. The node 2k is supplied 
with read address signals RA0, RA1, . . . , RA5 from the 
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logic circuit block 1001. The node 21 is supplied with write 
address signals WA0, WA1, ..., WA5 from the logic circuit 
block 1001. The node 2m is supplied with write data D10, 
D11, D12, ..., D1511 from the logic circuit block 1001. 
From the node 2n, read data DQ0, DO1, ..., DO510 and 
DQ511 are output from the memory core part 1000. The 
node 20 is supplied with a reference potential Vref from the 
logic circuit block 1001. 
0087. The memory core part 1000 further includes buff 
ers 3c to 3o, a mode decoder 4, an act bank latch 5f, a 
precharge bank latch 5g, a read bank latch 5h, a write bank 
latch 5i, a row address latch 5i, a read address latch 
predecodes a column address received from the write 
address latch 5l. The mode register 12 holds information 
(data for a burst length or the like) for a prescribed operation 
mode in response to the output of the row address latch 5i. 
0088. The memory core part 1000 further includes banks 
0, 1,..., 7, a write global data bus GIO2, a read global data 
bus GIO1 and a data input/output circuit 15. 
0089. Each bank can independently perform a read/write 
operation. Each of the banks 0 to 7 includes a memory cell 
array 1500, a row decoder 13 for selecting a row (word line) 
of the corresponding bank in response to an output of the 
predecoder 9, a column decoder 14 for Selecting a column 
(pair of bit lines) of the corresponding bank in response to 
outputs of the predecoders 10 and 11, and an I/O port 2152. 
0090 The memory cell array 1500 includes a plurality of 
memory cells arranged in the form of a matrix, a plurality of 
word lines and a plurality of bit lines. The structure of the 
memory cell array 1500 is described with reference to FIG. 
45. FIG. 45 shows word lines WL1 and WL2, bit lines BL 
and /BL and memory cells MC. The memory cells MC are 
formed by memory cell transistors 900 and memory cell 
capacitors 901. The memory cell transistors 900 have gate 
electrodes connected with the corresponding word lines 
(WL1 and WL2 in FIG. 45), first conducting terminals 
connected with the corresponding bit lines (BL and /BL in 
FIG. 45) and second conducting terminals connected with 
first terminals of the memory cell capacitors 901. Second 
terminals of the memory cell capacitors 901 receive a 
prescribed Voltage. 
0091 Referring again to FIG. 3, the I/O port 2152 
Supplies data read from a Selected memory cell to the global 
data bus GIO1 in the read operation, while Supplying data 
transmitted through the global data bus GIO2 to the corre 
sponding bank in the write operation. 
0092. The data input/output circuit 15 receives the write 
data DIO to DDI511 from the node 2m through the buffer 3m, 
performs Serial-parallel conversion and outputs the results to 
the global data bus G102. The data input/output circuit 15 
further outputs the read data output to the global data bus 
GIO1 to the node 2n through the buffer 3n. 
0093. The memory core part 1000 further includes a 
program part 20, a Voltage Supply part 30, an automatic 
program control part 40 and a BIST/redundancy determina 
tion circuit 50. The memory core part 1000 automatically 
tests the memory cell array in response to the Signal BIST. 
After termination of the test in response to the signal BIST, 
the BIST/redundancy determination circuit 50 automatically 
generates a repair address (program address) corresponding 
to a faulty memory cell in accordance with the signal BISR. 
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The automatic program control circuit 40 outputs the pro 
gram address and a transfer Signal TG described later in 
accordance with the signal BISP. 
0094. The program part 20 includes a plurality of pro 
gram Structure parts 22, a plurality of latch parts 24 and a 
plurality of address compare parts 26. The plurality of 
program Structure parts 22, the plurality of latch parts 24 and 
the plurality of address compare parts 26 are split into a 
plurality of program blocks. For example, a set (program 
block) of program Structure part 22, latch part 24 and 
address compare part 26 corresponds to a single program 
address. 

0.095 The automatic program control part 40 outputs the 
program address and the transfer Signal TG to each program 
block The program Structure part 22 includes an electric fuse 
(not shown) blown (programmed) in accordance with the 
program address. The program State in the program Structure 
part 22, i.e., program information is transferred to the latch 
part 24 in response to the transfer Signal TG output from the 
automatic program control part 40. 
0096. The multiplexer 29 Selectively outputs the program 
address output from the automatic program control part 40 
or the address received through the logic circuit block 1001 
to the address compare part 26. The address compare part 26 
compares the input address output from the multiplexer 29 
with the program information latched in the latch part 24 and 
outputs a spare determination result. The Spare determina 
tion result indicates whether or not to repair the faulty 
memory cell with a spare memory cell. When accessing the 
memory cell array 1500, the faulty memory cell is repaired 
with the Spare on the basis of the Spare determination result. 
0097. The voltage Supply part 30 is connected with the 
node 2a. The Voltage Supply part 30 Selectively Supplies a 
high Voltage (program voltage) to each of the plurality of 
program blocks on the basis of the Signal PRG and Signals 
PRG0 to PRGN output from the automatic program control 
part 40. The signal PRG transmits the program voltage to the 
program part 20. The signals PRG0 to PRGN correspond to 
the respective ones of the program blockS. 
0098. The voltage supply part 30 is now described with 
reference to FIG. 4. 

0099 Referring to FIG. 4, the voltage supply part 30 
includes a self boost circuit 32, control circuits 35 corre 
sponding to the program blocks and transistors T6 and T7#0, 
T7#1, T7#2, T7#3, . . . . The self boost circuit 32 includes 
transistors T1 to T5 and an invertor 33. The transistors T1 
and T2 are PMOS transistors, and the transistors T3 to T5 are 
NMOS transistors. 

0100. The transistor T1 has a first conducting terminal 
connected with a power Supply Voltage and a Second con 
ducting terminal connected with a first terminal of the 
transistor T3 and a gate electrode of the transistor T2. The 
transistor T3 has a Second conducting terminal connected 
with a ground potential and a gate electrode receiving the 
signal PRG. The invertor 33 inverts the signal PRG. The 
transistor T2 has a first conducting terminal connected with 
the power Supply Voltage and a Second conducting terminal 
connected with first conducting terminals of the transistors 
T4 and T5 and a gate electrode of the transistor T1. The 
transistor T4 has a Second conducting terminal connected 
with the ground potential and a gate electrode receiving an 
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output of the invertor 33. A gate electrode of the transistor 
T5 receives the power supply potential. When the signal 
PRG is at a high level, a Second conducting terminal of the 
transistor T5 goes high. When the signal PRG is at a low 
level, the second conducting terminal of the transistor T5 
goes low. 

0101 The transistor TG has a first conducting terminal 
connected with the node 2a and a Second conducting ter 
minal connected with first conducting terminals of the 
transistors T7#0, T7#1, T7#2, T7#3, ... The control circuits 
35 output signals for turning on the corresponding transis 
tors T7#0, T7#1, T7#2, T7#3, . . . by the corresponding 
signals PRG0, PRG1, PRG2, PRG3, ... respectively. Each 
of the transistors T7#1, T7#2, T7#3, ... is selectively turned 
on the basis of the output of the corresponding control circuit 
35. The output of the control circuit 35 is stepped up to a 
Voltage higher than the power Supply potential So that each 
of the transistors T7#0, T7#1, T7#2, T7#3, ... can transmit 
a high Voltage. 

0102) Thus, second conducting terminals of the transis 
tors T7#0, T7#1, T7#2, T7#3, selectively output high volt 
age Signals Vg0, Vg1, Vg2, Vg3, . . . . These signals are 
employed for blowing (programming) electric fuses, as 
described later. 

0103) The high voltage signals may be generated in the 
chip. When the Signals are applied from outside the chip, the 
number of pins of the chip can be reduced by Sharing pads 
for receiving other normally used signals and those receiv 
ing the signals for applying the high voltages. In this case, 
an internal Signal is output through a buffer 34 in relation to 
the Signal received in the node 2a. A dedicated pin can be 
provided. 

0104. The structure of the program part 20 is now 
described with reference to FIGS. 5 and 6. FIGS. 5 and 6 
show a circuit structure corresponding to a Single program 
block. 

0105. A circuit (referred to as a program block 100) 
shown in FIG. 5 has a program unit 101 including program 
circuits 102a, 102b, 102c, . . . , 102n. The program circuits 
102a, . . . are hereinafter generically referred to as program 
circuits 102. Each program circuit 102 includes an electric 
fuse Serving as a programming element. The electric fuse is 
blown by a program Voltage Vg on the basis of a program 
address signal forming the program address. The following 
description is made with reference to a row direction address 
(row address). The description is also applicable to a column 
direction address. 

0106 The program circuit 102 further includes a com 
parator circuit comparing the input address with the program 
address Signal. The potential of a common node Z changes 
in response to the result of the comparison in the comparator 
circuit. The potential of the common node Z is output from 
a node 104 as a spare determination result OUT. A holding 
circuit 103 is arranged between the common node Z and the 
output node 104. 

0107 The holding circuit 103 is used for rendering the 
potential of the common node Z constant. The holding 
circuit 103 includes transistors T8 and T9 and a NAND 
circuit N1. The transistors T8 and T9 are PMOS transistors. 
The transistors T8 and T9 are connected between the power 
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supply potential and the common node Z. The NAND circuit 
N1 is connected between the common node Z and the output 
node 104. 

0108. The program block 100 further includes a program 
recognition circuit 105 for recognizing whether or not 
programming has been performed. The program recognition 
circuit 105 includes a program structure circuit 106, a Switch 
107, NAND circuits N2 and N3 and invertors 110, 109 and 
108. The program structure circuit 106 receives the same 
high Voltage Vg as the program unit 101. The program 
structure circuit 106 includes the electric fuse. 

0109 The program structure circuit 106 outputs a high 
level signal when the electric fuse is blown, while otherwise 
outputting a low-level Signal. The invertor 110 is arranged 
between the Switch 107 and the program structure circuit 
106. The Switch 107 is switched in response to the transfer 
signal TG. The invertor 107 and the NAND circuit N2 form 
a latch circuit. A first input terminal of the NAND circuit N2 
receives a power on reset Signal IPOR and an output of the 
invertor 109. An input node of the invertor 109 is connected 
with the Switch 107 and an output node of the NAND circuit 
N2. Upon power supply, the power on reset signal /POR 
resets the latch circuit (the invertor 107 and the NAND 
circuit N2). 
0110. The invertor 108 inverts a precharge signal ZPRE 
and outputs the inverted signal. The NAND circuit N3 
receives the outputs of the invertors 109 and 108. A gate 
electrode of the transistor T8 receives the output of the 
NAND circuit N3. The NAND circuit N1 has a first input 
node receiving the output of the invertor 109 and a second 
input node connected with the common node Z. When the 
electric fuse is not blown in the program structure circuit 106 
(the program unit is unprogrammed), the common node Z is 
not precharged. 

0111. An exemplary structure of the program unit 101 is 
now described with reference to FIG. 6. Referring to FIG. 
6, the program unit 101 is formed by program/latch circuits 
112a, 112b, 112c, . . . and a plurality of comparator circuits 
114. The program/latch circuits 112a, 112b, 112c, . . . are 
hereinafter generically referred to as program/latch circuits 
112. The program circuit 102 includes the program/latch 
circuits 112 and the comparator circuits 114. 
0112 The following description is made with reference to 
the program/latch circuit 112a (the remaining program/latch 
circuits 112 have similar structures). The program/latch 
circuit 112a includes a program Structure circuit 116, a 
Switch 117 and latches 118 and 119. The program structure 
circuit 116 corresponds to the program Structure part 22 in 
FIG. 3. The latch 118 formed by invertors 118a and 118b 
corresponds to the latch part 24 in FIG. 3. Each comparator 
circuit 114 corresponds to the address compare part 26 in 
FIG 3. 

0113. The program structure circuit 116 includes a volt 
age node 125 receiving the high Voltage Signal Vg from the 
voltage supply part 30, transistors T15, T16 and T17, an 
electric fuse 120 and a diode 121. The voltage of the node 
125 is referred to as the program voltage Vg. The transistor 
T15 is connected between the node 125 and a node Y. The 
electric fuse 120 is connected between the node Yand a node 
X. The transistor T16 is connected between the node X and 
the ground potential. 

Aug. 16, 2001 

0114. A gate electrode of the transistor T16 receives a 
row direction bank address signal RACTB forming the 
program address. In other words, the program/latch circuit 
112a recognizes the corresponding bank. Thus, a plurality of 
banks can Share the program block. The remaining program/ 
latch circuits 112 receive row address Signals forming the 
program address. AS described above, the automatic pro 
gram control part 40 outputs the program address (generi 
cally referred to as a program address AddB). 
0115 The diode 121 is connected between the nodes 125 
and X. A gate electrode of the transistor T15 is connected 
with the node X. The transistor T17 is connected between 
the nodes 126 and 125. Agate electrode of the transistor T17 
receives a reset Signal RST. The program Structure circuit 
106 has a structure similar to that of the program structure 
circuit 116. 

0116 Stress is electrically supplied to the electric fuse 
120 thereby breaking a dielectric. The electric fuse 120 is 
formed by a gate oxide film, an ON film, a TaC) film, a PST 
film, a capacitor dielectric film or the like. While a capacitor 
is employed as the electric fuse 120 in this embodiment, the 
present invention is not restricted to this So far as the electric 
fuse 120 is a programming element blown by application of 
a high Voltage but a gate-Source/drain edge or a gate-to-wire 
film holding a gate Side wall may be blown, for example. 
0.117) When blowing the electric fuse 120, a high voltage 
is applied to the node Y to turn on the transistor T16. When 
blowing the electric fuse 120, the current quantity of the 
node X changes. The transistor T15 adjusts the amount of 
Voltage Supply on the basis of the State of the node X. 
0118. The reset signal RST is used for stopping applica 
tion of the high voltage to the transistor T17. Thus, no stress 
is electrically applied to the film of the electric fuse 120 
except prescribed timings (except timings for programming 
and reading the program information, for example). Thus, 
reliability of the film improves. 
0119) The switch 117 connects the node X with the latch 
118 in response to the transfer Signal TG. Thus, the program 
information is transferred to the latch 118. The latch 118 
outputs a signal al. The invertor 119 inverts the signal of the 
latch 118 and outputs a Signal a2. 
0120 Each of the comparator circuits 114 includes serial 
transistors (transistors T12, T11 and T10) serially connected 
between the common node Z and the ground potential. A 
gate electrode of the transistor T12 is connected with the 
power Supply potential. 

0121 Gate electrodes of the transistors T10 receive row 
direction bank address signals RACT and /RACT, row 
address signals AddR0, /AddR0, AddR1, /AddR1 and the 
like. As described above, the multiplexer 29 outputs these 
addresses (hereinafter generically referred to as input 
addresses AddR). 
0122) Agate electrode of each transistor T11 receives the 
Signal a1 or a2 output from the corresponding program/latch 
circuit 112. Each comparator circuit 114 changes the poten 
tial of the common node Z in response to the output (the 
Signal a1 or a2) of the corresponding program/latch circuit 
112 and the input address AddR. 
0123 Generation of the transfer signal TG and the reset 
signal RST is now described with reference to FIG. 7. The 
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automatic program control part 40 includes the Structure 
shown in FIG. 7. The circuit shown in FIG. 7 includes a /2 
divider circuit 130, a counter/multiplexer 131, a flip-flop 132 
and a delay circuit 134. The % divider circuit 130 divides the 
clock signal CLK received after the clock enable signal CKE 
is input. The counter/multiplexer 131 counts an output of the 
/2 divider circuit 130 and Sequentially outputs clock signals. 
The first clock signal output from the counter/multiplexer 
131 decides the timing for increasing the Voltage level of the 
high voltage Signal Vg (reading the blow State of the electric 
fuse). Each of a second clock TG1, a third clock TG2, ... 
, an (N+1)-th clock TGN is used as the transfer signal TG. 
When generating the clock signal TGN, the counter/multi 
plexer 131 stops its operation. The flip-flop 132 is set in 
response to the clock signal TGN. The flip-flop 132 outputs 
the reset signal RST. The delay circuit 134 delays and 
outputs the reset signal RST. The flip-flop 132 is reset in 
response to the output of the delay circuit 134. 
0.124. A precharge signal /ZPRE is described with refer 
ence to FIGS. 8 and 9. 

0125. A circuit shown in FIG. 8 includes an OR circuit 
135, an AND circuit 136 and a one-shot pulse generation 
circuit 137. A control circuit related to row access or column 
access includes the circuit shown in FIG. 8. The OR circuit 
135 receives a command related to column access or row 
access. The AND circuit 136 receives the clock signal CLK 
and an output of the OR circuit 135. The one-shot pulse 
generation circuit 137 receives an output of the AND circuit 
136 and outputs a one-shot pulse signal (the precharge signal 
/ZPRE). 
0.126 Referring to FIG. 9, the clock signal CLK rises at 
times to, t1 and t2, and commands are fetched at the times 
t0, t1 and t2. The precharge signal /ZPRE rises to a high 
level after lapses of small periods from the times to and t2. 
A period t when the precharge Signal /ZPRE is at a high level 
(or the precharge signal ZPRE is at a low level) defines the 
determination time for redundancy (spare) determination. 
0127 Operations of the program part according to the 

first embodiment of the present invention are now described 
with reference to timing charts shown in FIGS. 10 to 12. 
0128 FIG. 10 is a timing chart for illustrating operations 
in programming in the program part 20. Referring to FIG. 
10, power is Supplied at a time to. A program cycle is Set at 
a time t1. The signal PRG and the signals PRG0 to PRGn 
Supply the high Voltage Signals to a Selected program block 
(a Single program address). The program voltage Vg 
increases. The program address AddB Serving as the repair 
address is Supplied. 

0129. A high voltage VPP is applied to the node Y. For an 
already blown one, the potential of the node X rises to a high 
level immediately after the time t1 (b in FIG. 10). For that 
to be blown, the Voltage of the node X gradually goes high 
(a in FIG. 10). 
0130. A program check cycle is set N times at prescribed 
internals (times t2, tak, . . . ). The precharge signal ZPRE is 
Set low and the common node Z is Set high every time. The 
transfer Signal TG is activated to transfer the program 
information (the state of the node X) to the latch 118. 
0131 Through the multiplexer 29, the program address 
AddB is Supplied to the comparator circuit 114 as the input 
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address AddR. When the electric fuse 120 is blown (com 
pletely programmed State), the common node Z is pre 
charged and thereafter maintains a high level, and the Spare 
determination result OUT maintains a low level. When the 
electric fuse 120 is not blown (unprogrammed State), no 
precharging is performed and the Spare determination result 
OUT is at a high level. Program determination is made at a 
time tS, to end the program cycle if the program is com 
pleted. 

0132 FIG. 11 is a timing chart for illustrating reading of 
program information in the program part and transfer to the 
latch. The operation for reading the program information is 
executed once in chip enabling, bank activation or power 
supply. Referring to FIG. 11, the operation for reading the 
program information is executed after the clock enable 
Signal CKE is input (activated to a high level). In the read 
operation, the program Voltage Vg is increased. Then, the 
transfer signal TG is activated to transfer the program 
information to the latch. 

0.133 When the read operation is terminated, the program 
voltage Vg is set low by the reset signal RST. Thus, the 
electric fuse 120 is prevented from application of StreSS. 

0.134 Under control of the automatic program control 
part 40, the program information is dividedly read a plurality 
of times. In other words, the program information is not read 
from all of the plurality of program Structure parts 22 but a 
prescribed number of program information (e.g., from a 
Single program block) is read in a single read operation. 
Thus, influence exerted on the peripheral elements following 
generation of the high Voltage is Suppressed. If the number 
of Spares is Small, the program information may be Simul 
taneously read. Referring to FIG. 11, the read operation is 
executed every Second cycle. 

0.135 Power is supplied at a time to. The clock enable 
Signal CKE is input at a time t1. At a time t2, a read 
operation (PRG READ1) for the program information is 
Specified for one program block. At a time t1, a read 
operation (PRG READ2) for the program information is 
Specified for one program block. After the time t1, an 
initialization cycle for a clock recovery circuit (not shown) 
or the like may be concurrently performed and there is a 
possibility that the internal clock Signal is not yet completely 
waveform-shaped. In this case, therefore, the external clock 
Signal CLK is employed as the clock signal. The external 
clock signal CLK is employed as the internal clock signal 
until the clock recovery circuit or the like is completely 
initialized, and an output clock from the clock recovery 
circuit is utilized as the internal clock Signal when the clock 
recovery circuit is locked. In this case, the multiplexer 
Switches the clock Signal. 
0.136 When the clock signal CKE is input, the program 
voltage Vg rises. In the read operation (times t2 and ta), the 
program address AddB is entirely Set high to initialize the 
node X at a low level. When the electric fuse 120 is blown, 
the voltage of the node X rises from the low level to a high 
level. The transfer signal TG is activated for transferring the 
program information to the latch 118. 
0.137 FIG. 12 is a timing chart for illustrating operations 
in access to the memory cell array. With reference to FIG. 
12, the case where commands Such as a write command 
(WRITE) and a read command (READ) are input in 
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response to leading edges of the clock signal CLK. Referring 
to FIG. 12, the write command WRITE is input at a time t1 
and the read command READ is input at times t3 and t5. 

0.138. In this case, the program address AddB and the 
program Voltage Vg are set low. No electric StreSS is applied 
to the electric fuse 120 due to the low-level state of the 
program Voltage Vg. 

0.139. At the command input timing, the precharge signal 
ZPRE is set low and the common node Z is temporarily 
charged to a high level. Thereafter the input address AddR 
is compared with the program State. The Spare determination 
result OUT changes in response to the result of the com 
parison. In this case, the input address AddR is based on the 
output of the logic circuit block 1001. 

0140. When programmed (redundancy use), the spare 
determination result OUT goes low. Otherwise (redundancy 
nonuse) the spare determination result OUT is at a high 
level. 

0.141. If the electric fuse 120 is faulty, programming 
cannot be performed and hence no normal operation is 
guaranteed. An initial failure check circuit checking an 
initial failure of the electric fuse 120 is described with 
reference to FIG. 13. Each of program/latch circuits 122a, 
122b, 122c, ... shown in FIG. 13 includes a Switch 123 in 
addition to the circuit structure of the program/latch circuit 
122. The program/latch circuits 122a, 122b, 122c, . . . are 
hereinafter generically referred to as program/latch circuits 
122. The Switch 123 is connected to the node X. The Switch 
123 receives a decode Signal when checking the initial 
failure. The Switch 123 is Switched by this decode signal. 

0142. An initial failure check circuit 130 includes tran 
sistors T20, T21, T22 and T23, a constant current source 131 
and an invertor 133. The transistors T22 and T23 are NMOS 
transistors forming a current mirror circuit. The transistors 
T20 and T21 are PMOS transistors. The transistor T20 is 
connected between the power Supply potential and the 
constant current Source 131. The transistor T21 is connected 
between the power Supply potential and a node 132. Gate 
electrodes of the transistors T20 and T21 are connected with 
the constant current Source 131. 

0143. The transistor T22 is connected between the Switch 
123 and the ground potential. The transistor T23 is con 
nected between the node 132 and the ground potential. Gate 
electrodes of the transistors T22 and T23 are both connected 
with the Switch 123. The constant current source 131 gen 
erates a constant current on the basis of a reference Voltage 
Source. The current may alternatively be Supplied by exter 
nal Sweep. 

0144. The current mirror circuit formed by the transistors 
T22 and T23 compares the current of the constant current 
Source 131 with the current of the node X received through 
the Switch 123. The voltage level of the node 132 varies with 
the result of the comparison. An output node 134 of the 
initial failure check circuit 130 varies with the voltage of the 
node 132 through the invertor 133. 

0145 Before executing the program, the current quantity 
of the node X depends on whether the electric fuse 120 is 
faulty or normal. When closing the Switch 123 in accordance 
with the decode Signal, therefore, it follows that the output 
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node 134 of the initial failure check circuit 130 changes its 
Voltage level in response to the normal/faulty State of the 
electric fuse. 

0146 The initial failure check circuit 130 can also check 
whether or not the electric fuse 120 is normally blown. The 
constant current Source 131 generates a Small quantity of 
current for checking the initial failure, while the same 
Sweeps a larger current for checking the blown State. For 
example, a Switching circuit is provided So that a plurality of 
currents can be Selectively Switched and used. 

0147 The Switching circuit is provided between the 
initial failure check circuit 130 and each program/latch 
circuit 122 for Selectively connecting any program/latch 
circuit 122 with the initial failure check circuit 130. Thus, 
the plurality of program/latch circuits 122 can share the 
initial failure check circuit 130. 

0.148. A structure for removing a faulty programming 
element detected by the initial failure check circuit 130 is 
now described with reference to FIGS. 14 and 15. Each of 
program units 101a, 101b, 101c and 101d shown in FIG. 14 
has a circuit Structure Similar to that of the aforementioned 
program unit 101, and each corresponds to a set of program 
address. 

0149) Holding circuits 143a to 143d (hereinafter referred 
to as holding circuits 143) are arranged in correspondence to 
the program units 101 a to 101d respectively. The holding 
circuits 143a to 143d precharge common nodes Za to Zd 
respectively. Each holding circuit 143 is formed by transis 
tors T8 and T9 and an invertor 144. 

0150. The transistors T8 and T9 are connected between 
the power Supply potential and the corresponding common 
node. The invertor 144 is connected with the common node. 
Agate electrode of the transistor T9 receives an output of the 
invertor 144. A gate electrode of the transistor T8 receives 
the precharge signal (ZPREa to ZPREd). The transistor T8 
Supplies a voltage to the corresponding common node in 
response to the precharge Signal. 

0151. An exemplary circuit generating the precharge 
signal controlling the holding circuit 143 is described with 
reference to FIG. 27. The circuit shown in FIG. 27 has the 
program structure circuit 106 and an AND circuit 149. The 
AND circuit 149 receives the bank address signal received 
by the corresponding program unit, the output of the pro 
gram structure circuit 106 and the precharge signal /ZPRE, 
and outputs the precharge Signal ZPREa. Thus, power is 
independently Supplied to the common node every bank. 

0152 Referring to FIG. 14, a selection circuit 145 is 
arranged for the common nodes Za to Zd. The Selection 
circuit 145 includes Switches 147a, 147b, 147c and 147d. 
The selection circuit 145 receives a selection signal SEL or 
an all Selection Signal ALL. When the all Selection signal 
ALL is input, all Switches 147a to 147d are turned on. Thus, 
respective outputs from the common nodes Za to Zd are 
transmitted to a shift register 148 described later. 

0153. When the selection signal SEL is input, the corre 
sponding one of the Switches 147a to 147d is turned on. The 
Voltage of the corresponding common node is transmitted to 
the shift register 148 described later through the ON-state 
Switch. 
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0154) The shift register 148 receives the output of the 
selection circuit 145. The shift register 148 transmits the 
input signal to output nodes OUTa, OUTb and OUTc in 
response to a shift signal SFT. Referring to FIG. 14, the 
Switches 147a to 147c are connected with the output nodes 
OUTa to OUTc respectively. 
O155 The case where a failure of the programming 
element is detected in the program unit 101c shown in FIG. 
14 is described with reference to FIG. 15. Referring to FIG. 
15, the Switches 147a, 147b and 147d excluding the Switch 
147c are turned on by the selection signal SEL. In response 
to the shift signal SFT, the shift register 148 connects the 
Switch 147d with the output node OUTc in place of the 
Switch 147c. Consequently, it follows that the program unit 
101d operates in place of the program unit 101c. The shift 
register 148 may have a circuit structure Similar to that 
described later with reference to FIG. 32 and others. 

0156 Acircuit structure for testing the spare memory cell 
is now described with reference to FIG. 16. Referring to 
FIG. 16, a test circuit 150 is provided for the switch 117. 
The test circuit 150 includes Switches 151 and 152. The 
Switch 151 has a first terminal connected to the node 
between the Switch 117 and the latch 118 and a second 
terminal connected to the power Supply potential. The 
Switch 152 has a first terminal connected to the node 
between the Switch 117 and the latch 118 and a second 
terminal connected to the ground potential. 
O157 The program information latched in the latch 118 
can be forcibly rewritten (fixed) by turning on the Switch 151 
or 152. In other words, a program State can be arbitrarily 
created regardless of the program State of the electric fuse 
120. In order to return the program structure circuit 116 to 
an unprogrammed State, for example, the Switch 152 is 
turned on. Thus, the Spare memory cell can be arbitrarily 
tested. AS to the program recognition circuit 105 deciding 
precharging, a Signal Specifying a reset mode is further input 
in the NAND circuit N3 in order to attain complete nonuse 
of redundancy. 
0158 When the spare memory cell is not tested, both 
Switches 151 and 152 are turned off. In this case, each of the 
program/latch circuits 112a, 112b, 112c, . . . operates as 
described above. 

0159. Another exemplary program structure circuit is 
now described with reference to FIG. 17. Each of program/ 
latch circuits 155a, 155b and 155c shown in FIG. 17 
includes a program Structure circuit 157. The program 
structure circuit 157 includes a self boost circuit 156 in place 
of the diode 121. 

0160 The self boost circuit 156 includes transistors T25, 
T26, T27, T28 and T29 and an invertor 157. The transistors 
T25 and T26 are PMOS transistors, and the transistors T27 
to T29 are NMOS transistors. A gate electrode of the 
transistor T27 and the invertor 157 receive the program 
address (the bank address signal RACTB or the row address 
signal AddR). Agate electrode of the transistor T28 receives 
an output of the invertor 157. 
0.161 The transistor T25 has a first conducting terminal 
connected with the power Supply Voltage and a Second 
conducting terminal connected with a first conducting ter 
minal of the transistor T27 and a gate electrode of the 
transistor T26. A Second conducting terminal of the transis 
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tor T27 is connected with the ground potential. The transis 
tor T26 has a first conducting terminal connected with the 
power Supply Voltage and a Second conducting terminal 
connected with first conducting terminals of the transistors 
T26 and T29 and a gate electrode of the transistor T25. The 
transistor T28 has a Second conducting terminal connected 
with the ground terminal and a gate electrode receiving the 
output of the invertor 157. 
0162. In this case, an NMOS transistor T30 is connected 
between nodes 125 and Y in place of the transistor T15. The 
self boost circuit 156 completely transmits the externally 
input address signal to a gate electrode of the transistor T30. 
0163 A structure for improving detection accuracy for 
the program state for the structure shown in FIG. 17 is now 
described with reference to FIG. 18. Referring to FIG. 18, 
each of program/latch circuits 160a, 160b and 160c includes 
a program Structure circuit 162. The program Structure 
circuit 162 further includes transistors T31, T32 and T33 in 
addition to the components of the aforementioned program 
Structure circuit 157. The transistors T31 and T32 are NMOS 
transistors forming a current mirror circuit. The transistor 
T31 has a first conducting terminal connected with a node X 
and a Second conducting terminal connected with the ground 
potential. The transistor T32 has a first conducting terminal 
connected with a Switch 117 and a Second conducting 
terminal connected with the ground potential. The transistor 
T33 is a PMOS transistor, which is connected between the 
first conducting terminal of the transistor T32 and the power 
Supply potential. A reference current generation circuit 164 
is connected to a gate electrode of the transistor T33. 
0164. The reference current generation circuit 164 
includes Switches 165 and 166, transistors T34 and T35 and 
constant current Sources 167 and 168. The Switch 165 is 
connected between gate electrodes of the transistors T33 and 
T34. The Switch 166 is connected between the gate electrode 
of the transistor T33 and that of the transistor T35. The 
transistors T34 and T35 are PMOS transistors. The transistor 
T34 is connected between the power Supply potential and 
the constant current Source 167, and its gate electrode is 
connected with the constant current Source 167. The tran 
sistor T35 is connected between the power Supply potential 
and the constant current Source 168, and its gate electrode is 
connected with the constant current Source 168. 

0165. When turning on the switch 165, the transistor T33 
is rendered conductive. Thus, the current (reference current) 
flowing through the transistor T33 is compared with the 
quantity of current at the node X. The potential of the node 
between the transistors T33 and T32 is decided in response 
to the result of the comparison. Consequently, change of the 
current at the node X can be detected in high accuracy. 
Referring to FIG. 18, one of the two constant current 
Sources 167 and 168 Supplies a small current for checking 
the initial failure while the other one Supplies a large current 
for blow confirmation after termination of the program and 
the read operation. When providing difference between the 
reference current for blow confirmation and the reference 
current in the read operation (reference current for blow 
confirmation>reference current in read operation), a con 
Stant current Source and a Switch are further added to use 
three reference currents. 

0166 Second Embodiment 
0.167 An array structure according to a second embodi 
ment of the present invention is now described with refer 
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ence to FIG. 19. The overall structure of the second embodi 
ment is basically identical to that shown in FIG. 1. A 
memory cell array shown in FIG. 19 is subdivided into 
memory cell array units (banks) enclosed with Sense ampli 
fier Zones 2148 and Sub word driver Zones 2150. The 
memory cell array is activated every memory cell array unit 
A main row decoder and a main word driver group are 
provided in correspondence to each row, and an I/O Sector 
2152 is provided in correspondence to each column. 

0168 A main word line MWL is provided over the 
memory cell array units and activates a corresponding Sub 
word driver. In response to the activation of the Sub word 
driver, a corresponding Sub word line SWL is activated. 
Sense amplifiers are alternately arranged through the 
memory cell array units. A Sense amplifier belonging to an 
area where a selection line of an activated area (bank) and 
a Sense Selection line interSect with each other is activated. 

0169 YS lines selecting a column have a hierarchical 
structure (a main YS line MYS and a sub YS line SYS). The 
main YS line MYS and the sub YS line SYS are arranged 
acroSS the Sense amplifier Zones along the row direction of 
the memory cell array units. 
0170 The main YS line MYS arranged along the row 
direction and a sub YS decoder 2210 controlled in response 
to an output from a YS segment driver 2160 activate the Sub 
YS line SYS. Consequently, a gate circuit 2162 selects the 
column direction, i.e., Selectively connects a Sense amplifier 
amplifying the potential levels of a pair of bit lines con 
nected with a selected memory cell and a pair of main data 
lines M-I/O (I/O stands for input/output). A read line and a 
write line, which are isolated to be capable of independently 
transferring read data/write data, are generically referred to 
as a pair of data lines. The write/read data are Sent/received 
through global data buss GIO (including GIO1 and GIO2) 
and an interface 2336. 

0171 The main YS line MYS and the sub YS line SYS 
are activated thereby activating an area (bank) where the YS 
lines MYS and SYS and an activated bank selection line 
intersect with each other. From the activated area (bank), 
Single data is read every fourth Sense amplifier, for example. 
This read data is transmitted to a read/wlite amplifier (here 
inafter referred to as R/W amplifier) 2154 through the pair 
of main data lines M-I/O arranged on the memory cell array 
perpendicularly to word lines. Thereafter the read data is 
transmitted to the data input/output circuit 15 shown in FIG. 
3, for example, through a peripheral circuit or a data bus 
area. Further, the read data is transmitted to the logic circuit 
block 1001 in the memory/logic system shown in FIG. 1. 

0172 Row system selection is now described. In 
response to a row address Signal, a main word driver 2156 
selectively activates the main word line MWL. Then, a sub 
word driver 2168 is activated. The Sub word line SWL is 
responsively activated So that an acceSS transistor connected 
to the Selected memory cell is rendered conductive. Conse 
quently, data is outputted to a pair of bit lines 2158 provided 
in correspondence to the Selected memory cell row. 

0173 Column selection is now described. The segment 
YS driver 2160 activates the main YS line MYS. The Sub YS 
decoder 2210 activates the Sub YS line SYS. Consequently, 
the corresponding gate circuit 2162 is Selectively activated 
to output read data through the pair of main data lineSM-I/O. 
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0.174. A spare row part 2300 which is a row-direction 
Spare structure is arranged on an area separate from the 
normal banks. The spare row part 2300 includes a spare 
memory cell row repairing a memory cell row including a 
faulty memory cell. The memory cell row including the 
faulty memory cell is repaired by Selecting the Spare 
memory cell row in response to program information in a 
program part 20. 
0.175. In relation to the column direction, a spare struc 
ture is provided in a spare column part 2500 which is 
separate from the memory cell array units MCAU. The spare 
column part 2500 includes a spare memory cell column 
repairing a memory cell column including the faulty 
memory cell. The memory cell column including the faulty 
memory cell is repaired in response to the program infor 
mation in the program part 20. 
0176 Referring to FIG. 19, the spare column part 2500 
is shown on one side of a memory cell array unit MCAUO. 
Alternatively, the memory cell array units MCAU may be 
symmetrically arranged through the spare column part 2500. 
0177. In the spare column part 2500, the sub word line 
SWL is activated in response to a Sub word driver 2168b 
activated in response to activation of the main word line 
MWL and a bank selection line. A spare YS driver 2200b 
and a spare Sub YS line Select the Spare memory cell column. 
A gate circuit 2162b is activated by the spare Sub YS line. 
The gate circuit 2162b Selectively connects the Spare 
memory cell column Selected in the Spare column part with 
a pair of spare I/O lines SM-I/O. 
0.178 Read data output from the spare column part 2500 
is Selectively transmitted to the pair of Spare I/O lines 
SM-I/O in accordance with activation of the gate circuit 
2162b. The connection between the pair of main I/O lines, 
the pair of Spare I/O lines and the global data buses is 
changed in response to a result of Spare determination. Spare 
repair information (program information) for the column 
System can be Stored in the program part 20 Similarly to the 
row System, for example. 
0179 The spare sub YS line can be regularly activated 
regardless of a result of comparison of a repair address and 
an input address, whereby the Speed for access in reading 
can be increased. 

0180 A detailed structure of the Sub word driver part of 
the memory cell array shown in FIG. 19 is now described 
with reference to FIG. 20. Referring to FIG. 20, a single 
main word line MWL controls four Sub word lines in each 
bank. One of four selection lines SL is activated thereby 
selecting one of the four Sub word lines SWL. 
0181. A sub word driver 8000 includes a selection tran 
sistor 8100 and transistors 8102, 8104 and 8166. The selec 
tion transistor 8100 is provided between the main word line 
MWL and an internal node n1. The transistor 8102, having 
a gate connected to the node n1, is connected between any 
one selection line SL and any one Sub word line SWL. The 
transistor 8104 is provided between the Sub word line SWL 
and the node n1, with a gate electrode connected to the 
Selection line SL connected with the transistor 8102. The 
transistor 8106 is provided between the Sub word line SWL 
and a ground potential, with a gate electrode connected to 
any one of reset lines RSL Similar structures are provided 
for the remaining main word lines MWL and Sub word lines. 
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0182. When the main word line MWL and a bank selec 
tion line BSL as well as any one of the selection lines SL are 
activated, the corresponding Sub word line SWL is activated 
(high potential VPP). When any one of the reset lines RSL 
is Selectively activated, the corresponding Sub word line 
SWL is discharged to the ground potential GND. The 
selection line SL and the reset line RSL are complementary 
to each other. 

0183 In a standby state, the bank selection line BSL and 
the selection line SL are at the ground potential GND while 
the reset line RSL is at a power Supply potential VCC. 
0184. In activation, the corresponding reset line RSL is 
Set at the ground potential GND for activating (step-up 
potential VPP) the bank selection line BSL corresponding to 
the Sub word line SWL to be activated. Then, the main word 
line MWL is activated (VPP). The potential of any one of the 
Selection lines SL is Stepped up to the Step-up potential level 
VPP. The voltage of the corresponding Sub word line SWL 
changes to the step-up potential level VPP. After activation 
of the Sub word line SWL, the bank selection line BSL 
reaches a ground potential VSS and latches the State. 
0185. In a reset operation, the bank selection line BSL is 
Set at the power Supply potential VCC, and the Selection line 
SL is set at the ground potential GND. Further, the reset line 
RSL is set at the power supply potential VCC, thereby 
discharging charges stored in the Sub word line SWL. Thus, 
the Sub word driver 8000 can be formed by four transistors 
(NMOS transistors), for reducing the number of elements. 
0186 The main word line MWL is activated by a one 
shot pulse signal. In other words, the active State of the main 
word line is temporarily held by the transistors 8102 and 
8104 in the sub word driver 8000 corresponding to the 
Selected word line, and thereafter the main word line is reset. 
In Such a structure, the potential level of the main word line 
exerts no influence on the Sub word driver 8000 unless the 
bank selection line BSL is activated, also when a plurality of 
banks are arranged along the main word line direction. Thus, 
two banks adjacent to each other along the row direction can 
operate independently of each other. 
0187. The details of the column-system array structure 
shown in FIG. 19 are now described with reference to FIG. 
21. Referring to FIG. 21, data lines are formed by read data 
lines RIO and write data lines WIO. The read data lines RIO 
are twisted for reducing noise. 
0188 Each sense amplifier circuit part 3010 is selected 
by a bank address and a Sub bank address. The Sense 
amplifier circuit part 3010 is provided with a sense amplifier 
formed by a cross-coupled structure of a PMOS transistor 
and an NMOS transistor (not shown) and a equalized 
transistor equalizing a pair of bit lines. 
0189 Referring to FIG. 21, the sense amplifiers are 
located at central portions between the bit lines. Thus, a read 
time for reading data from a memory cell to a Sense amplifier 
node is reduced and the Speed for equalization can be 
increased. The Sense amplifiers are located at the central 
portions between the bit lines, for reducing resistance 
between the Sense amplifier nodes and ends of the bit lines. 
0190. An input/output node of the sense amplifier circuit 
part 3010 is connected with gate electrodes of read gate 
transistors 8400 and 8402 respectively. Sources of the tran 
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sistors 8400 and 8402 are selectively set at the ground 
potential by a read sub source line SRG.L. Drains of the 
transistors 8400 and 8402 are connected to the correspond 
ing read data lines RIO respectively. 
0191) A read sub source line SRGL layering read source 
lines is employed for a read operation. The potential of the 
read sub source line SRGL is decided by AND logic of a 
Selected column bank address and a main YS line deciding 
from which one of the four sense amplifier circuit parts 3010 
to read data. If prescribed range Specification is necessary, 
AND processing is performed inclusive of a signal indicat 
ing the range Specification. 

0.192 In this case, the sources of the transistors 8400 and 
8402 are selectively set at the ground potential by the read 
Sub Source line SRGL. The Sources of the transistors 8400 
and 8402 are driven from a precharge level to the ground 
potential level, thereby taking a read gate Structure trans 
mitting data to the read data lines RIO. 
0193 A write sub YS line RSYS layering write YS lines 
is employed for a write operation. The potential of the write 
sub YS line RSYS is decided by AND logic of the selected 
column bank address and a main YS line deciding in which 
one of the four Sense amplifiers to write data. If range 
Specification is necessary, the potential level of the write Sub 
YS line RSYS is decided by AND logic inclusive of a signal 
indicating the range Specification. 

0194 Then, transistors 3000, 3002, 3004 and 3006 are 
operated. The transistors 3000 and 3002 are rendered con 
ductive by the write sub YS line RSYS. First conducting 
terminals of the transistors 3000 and 3002 are connected 
with the corresponding write data line WIO respectively. 
Gate electrodes of the transistors 3004 and 3006 are con 
nected with a write control line WCL. The transistor 3004 is 
connected between the sense amplifier circuit part 3010 and 
a second conducting terminal of the transistor 3000. The 
transistor 3006 is connected between the sense amplifier 
circuit part 3010 and a second conducting terminal of the 
transistor 3002. 

0195 When the transistors 3004 and 3006 are rendered 
conductive by the write control line WCL, it follows that 
data of the write data line WIO is transmitted to the sense 
amplifier circuit part 3010. 

0196) The transistors 3004 and 3006 are transfer gates for 
performing a write mask operation. In a normal State, the 
write control line WCL is precharged at a high level, thereby 
turning on the transistors 3004 and 3006. Thus, data is 
written in the selected sense amplifier circuit part 3010 in 
accordance with the write sub YS line RSYS. When per 
forming the write mask operation terminating the data write 
operation in the sense amplifier circuit part 3010, the write 
control line WCL is changed to a low level. Thus, the 
aforementioned operation is forcibly Stopped. The write 
mask operation and the write driver Structure are described 
later in detail. 

0.197 Contrarily to the aforementioned technique, it is 
also possible to terminate data writing in the Sense amplifier 
3010 regardless of the write sub YS line RSYS by precharg 
ing the write control line WCL to a low level (turning off the 
transistors 3004 and 3006) in a normal state and enable the 
write operation by changing the write control line WCL to 
a high level at a necessary timing. 
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0198 The details of the structure of the spare row part 
2300 shown in FIG. 19 are now described with reference to 
FIG. 22. In the structure shown in FIG. 22, a pair of read 
data lines RIO in a normal memory cell array part are 
repetitively twisted to reach an end portion of the array. A 
sense amplifier 3005 is arranged on the spare row part 2300 
as a storage element. A pair of spare bit lines BLS and /BLS 
are provided for the sense amplifier 3005. 

0199 The sense amplifier 3005 is connected with a data 
I/O line SIO through a transistor turned on/off by the spare 
Sub YS line. The pair of spare bit lines BLS and/BLS, which 
are short with extremely Small resistance and capacitance, 
have relatively strong drivability for the sense amplifier 
3005. Therefore, the spare row part 2300 takes not the 
aforementioned read gate Structure but an I/O common 
structure using the data I/O line SIO for the read/write 
operation. 

0200. By forming data input/output lines independently 
of the normal memory cell array part, parasitic capacitance 
and parasitic resistance of the data input/output lines can be 
reduced thereby enabling control in a short time. Conse 
quently, the drivability for the sense amplifier 3005 can be 
relatively strengthened. 

0201 Even in first reading after bank activation, for 
example, the sense amplifier 3005 can increase the potential 
difference between the pair of bit lines at a high Speed due 
to the Small bit line capacitance. Even if an input/output 
node of the sense amplifier is connected with the data I/O 
line SIO while the potential difference is not yet Sufficiently 
increased, no influence is exerted on the potential of the 
input node of the Sense amplifier due to the Small parasitic 
capacitance of the data I/O line SIO. Also in relation to the 
write mask operation, it follows that the transfer gates 
controlled by the write control line WCL may not be serially 
connected but driving of the write driver on the array end 
portion may be terminated to bring the data I/O line SIO into 
a floating State. 

0202) In order to prevent the sense amplifier node from a 
malfunction in the write mask operation immediately after 
bank activation, the timing for activating the Sub YS line in 
the spare row part 2300 is delayed as compared with that for 
activating the Sub YS line in the normal memory cell array 
part. Also in this case, the timing margin is large due to the 
small parasitic capacitance of the data I/O line SIO. 

0203 A circuit structure for inactivating the write driver 
in the write mask operation is now described with reference 
to FIG. 23. The structure shown in FIG. 23 is arranged on 
the array end portion. Data transmitted from the write global 
data bus G102 is written in a pair of write data lines WIO 
and WIO through a write driver 3020 shown in FIG.23. The 
write data lines WIO and /WIO are connected to the sense 
amplifier through Selectors (not shown) respectively. 
0204. A data latch 3012, a mask data latch 3014, an 
invertor 3016 and an AND circuit 3018 are arranged for the 
write driver 3020. The data latch 3012 latches write data 
transmitted from the global data bus G102. The mask data 
latch 3014 latches mask data MSK. The mask data MSK is 
set high when writable, or set low in the write mask 
operation. The AND circuit 3018 receives a write pulse and 
an output of the mask data latch 3014. The invertor 3016 
inverts an output of the AND circuit 3018. 
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0205 The write driver 3020 includes transistors T40 to 
T44 and T45 to T49. The transistors T40, T41, T44, T45, 
T46 and T49 are PMOS transistors. The transistors T42, 
T43, T47 and T48 are NMOS transistors. 

0206. The transistor T44 is connected between the power 
supply potential and the write data line WIO, with a gate 
electrode receiving a precharge Signal /PC. The transistor 
T49 is connected between the power supply potential and 
the write data line /WiO, with a gate electrode receiving the 
precharge Signal /PC. The precharge Signal /PC is set low in 
the write operation. The precharge Signal precharges the 
write data lines at the power Supply potential. 
0207. The transistors T40 to T43 are serially connected 
between the power Supply potential and the ground poten 
tial. Gate electrodes of the transistors T41 and T42 receive 
an output of the data latch 3012. The transistors T45 to T48 
are Serially connected between the power Supply potential 
and the ground potential. Gate electrodes of the transistors 
T46 and T47 receive the output of the data latch 3012. The 
node between the transistorST41 and T42 is connected to the 
write data line WIO. The node between the transistors T46 
and T47 is connected to the write data line /WIO. 

0208 Gate electrodes of the transistors T40 and T45 
receive the output of the invertor 3016. Gate electrodes of 
the transistors T43 and T48 receive the output of the AND 
circuit 3018. 

0209 The write data and the mask data MSK are simul 
taneously held in the data latch 3012 and the mask data latch 
3014 at the same timing respectively. The write pulse is 
transmitted in the same cycle as these data. The write driver 
3020 is inactivated due to input of the write pulse. Thus, it 
follows that data writing in the pair of write data lines is 
forcibly terminated. 

0210. The write driver 3020 may be slightly activated due 
to racing between the write pulse and the mask data MSK. 
When completely inhibiting the write driver from activation, 
therefore, the write pulse is made to arrive after the mask 
data latch 3014 holds the mask data MSK. 

0211 The structure of a memory cell array part related to 
the write mask operation is now described with reference to 
FIG. 24. FIG. 24 shows only a write system. No spare 
system is shown in FIG. 24 either. 
0212 Referring to FIG. 24, four pairs of bit lines BLP1 
to BLP4 and sense amplifiers SA1 to SA4 connected with 
these pairs of bit lines respectively are arranged as a Single 
repeating unit. The Sense amplifier SA1 is connected with 
the write driver 3020 through transistors T50 and T51. The 
sense amplifiers SA2, SA3 and SA4 are connected with the 
write driver 3020 through the transistor T50 and a transistor 
T52, the transistor T50 and a transistor T53 and the transistor 
T50 and a transistor T54 respectively. The transistor T50 is 
turned on/off by the write pulse of a low level received from 
the write control line WCL. 

0213. As described above, the write diver 3020 is con 
nected with the write global data bus GIO2 through the data 
latch 3012. Decoders 2600.1 to 2600 n (n: natural number) 
decode a bank address signal BA and a Sub bank address 
signal SBA. Any one of the sense amplifiers SA1 to SA4 is 
connected with the write driver 3020 in response to decode 
signals from the decoders 2600.1 to 2600.n. 
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0214) A NAND circuit 2400 receives the mask data 
MSK. The NAND circuit 2400 is connected with a write 
mask line MSKL. The write driver 3020 is inactivated by the 
voltage level (i.e., by the mask data) of the write mask line 
MSKL. 

0215. In the normal state, the state of the main I/O line 
M-I/O or the write data line changes on the basis of the write 
data latched in the data latch 3012. In the write mask 
operation, on the other hand, the write driver 3020 is 
inactivated in accordance with the write mask data MSK. At 
the same time, the aforementioned write control line WCL 
turns off the array Side transfer gates. 
0216) The structure of electric fuses in the second 
embodiment of the present invention is now described. 
According to the Second embodiment of the present inven 
tion, the electric fuses Serving as programming elements 
have a memory cell Structure. 
0217. The memory cell structure is now described with 
reference to FIG. 46. Referring to FIG. 46, a P well 902 is 
formed on a major Surface of a Substrate. N-type impurity 
regions 903 and 904 are formed on a major surface of the P 
well 902 at a prescribed interval. The N-type impurity 
regions 903 and 904 form a pair of source/drain regions in 
a memory cell transistor. A wire 906 (bit line BL) is formed 
to be electrically connected with the impurity region 904. 
Gate electrodes 905 (word lines WL) are formed above the 
impurity regions 903 and 904 through an insulator film. 
Each memory cell transistor 900 shown in FIG. 45 is formed 
by a pair of Source/drain regions (the impurity regions 903 
and 904) and the gate electrodes 905 formed above the pair 
of Source/drain regions. 
0218 Storage nodes 907 are formed to be electrically 
connected to the impurity regions 903. A cell plate 908 is 
formed on the storage nodes 907 through a dielectric. Each 
memory cell capacitor 901 shown in FIG. 45 is formed by 
the pair of storage nodes 907, the cell plate 908 and the 
dielectric. 

0219. The structure of the electric fuses according to the 
Second embodiment of the present invention is now 
described with reference to FIG. 25. Referring to FIG. 25, 
N wells 204 are formed on a major surface of a substrate at 
prescribed intervals. Trench isolation members 206 are 
formed between the N wells 204. N-type impurity regions 
210 and 212 are formed on major surfaces of the N wells 204 
at prescribed intervals. The N-type impurity regions 210 and 
212 correspond to pairs of Source/drain regions in memory 
cells. The N wells 204 and the impurity regions 210 and 212 
are at the same potential (in the case of memory cells, P 
wells 902 are formed in place of the N wells 204 as 
described above). 
0220 Wires (corresponding to bit lines) 220 are formed 
to be electrically connected with the impurity regions 212. 
Wires (corresponding to word lines) 214 are formed above 
the impurity regions 210 and 212 through an insulator film. 
Storage nodes 202 are formed to be electrically connected 
with the impurity regions 210. A cell plate 200 is formed on 
the Storage nodes 202 through a dielectric. 
0221) The storage nodes 202 and the cell plate 200 
correspond to memory cell capacitors. Programming ele 
ments formed by the storage nodes 202 and the cell plate 200 
are used as the electric fuses. A wire 208 applies a program 

Aug. 16, 2001 

voltage Vg to the cell plate 200. The wire 208 is shared by 
a plurality of programming elements. For example, a low 
level voltage is supplied to the wires 220 shown in FIG. 25, 
thereby Setting the Storage nodes 202 at a low potential. The 
wire 208 applies a high voltage to the cell plate 200. Thus, 
the electric fuses can be selectively blown (programmed). 
0222 Dummy memory cells are arranged at prescribed 
intervals, in order not to break the memory cell shape. Wires 
221 for the dummy memory cells are not connected with the 
N-type impurity regions 212. In the dummy memory cells, 
the cell plate 200, the storage nodes 202 and the word lines 
214 are at the same potential. 
0223) Another use of the memory cell capacitor structure 
is described with reference to FIG. 26. The memory cell 
Structure, which is utilized as a power-to-GND decoupling 
capacitor in FIG. 26, can be freely utilized as a capacitor 
between arbitrary two nodes in practice. When utilized as 
the power-to-GND decoupling capacitor, two capacitors are 
Serially connected to prevent end nodes of the memory cell 
capacitor Structure part from application of an electric field 
exceeding the withstand Voltage of the capacitor. 

0224. As shown in FIG. 26, a substrate for nodes (cor 
responding to the Source/drain regions) on active layer sides 
of the capacitors is formed by the N well 204, and nodes 210 
and 212 on the active layer sides and the N well 204 are 
electrically Set at the same potential. 
0225. In the structure shown in FIG. 26, a plurality of 
memory cell capacitor Structure parts sharing a cell plate 
200a and a plurality of memory cell capacitor structure parts 
sharing a cell plate 200b are serially connected. The cell 
plate 200a is set at a power supply potential VCC. The cell 
plate 200b is set at the ground potential GND. 
0226. At this time, the N well 204 electrically reaches the 
intermediate potential between the power Supply potential 
VCC and the ground potential GND. In order to prevent the 
memory cell capacitor Structure parts from application of a 
high potential, the intermediate potential is Supplied to the N 
well 204. For example, a voltage of /2VCC is supplied from 
wires 220 corresponding to bit lines. The intermediate 
potential may be /2VCC. 
0227 Wires corresponding to word lines are set at the 
power Supply potential VCC, to be utilized as channel 
capacitors. Wires 214 serving as gate parts of NMOS 
transistors are provided on the N well, whereby efficiency of 
the capacitors can be improved. 
0228 Thus, it follows that two programming elements 
corresponding to memory cell capacitors are Serially con 
nected between the power supply potential VCC and the 
ground potential GND (decoupling capacitor). Thus, Voltage 
resistance is improved as compared with a Single memory 
cell capacitor. 

0229. The structure shown in FIG. 26 is usable also as 
programming elements. In this case, a high Voltage is 
applied to the cell plate 200a. On the other hand, the cell 
plate 200b is supplied with the ground potential GND or 
brought into a floating State in accordance with a program 
address. 

0230. Each of the structures shown in FIGS. 25 and 26 
can be readily embedded in an area having no transistors or 
under a wire. While no wires can be generally formed on 
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laser-blown fuses, wires can be formed on electric fuses 
when employing the memory cell capacitor Structure for the 
electric fuses. 

0231 While a general decoupling capacitor is formed by 
a MOS capacitor, the decoupling capacitance can be 
increased while reducing the area by forming the decoupling 
capacitor in the three-dimensional memory cell Structure 
shown in FIG. 26. 

0232) Third Embodiment 
0233 Column-system spares are described with refer 
ence to a third embodiment of the present invention. FIG.28 
is a diagram for illustrating the column-System Spares 
according to the third embodiment of the present invention. 
Referring to FIG. 28, replacement in a column direction is 
performed by shift-setting data lines. 

0234. A first shift part 5050 and a second shift part 5060 
are controlled independently of each other. The first shift 
part 5050 and the second shift part 5060 sequentially switch 
connection between pairs of main I/O lines M-I/O and 
global data buses GIO. In other words, this embodiment has 
a shift redundancy Structure. 

0235 Data read on the main I/O lines respectively are 
held in latches 5020 through a shift part 5040 (the first and 
second shift parts 5050 and 5060). The data of the latches 
5020 are transmitted to any of the corresponding global data 
buses GIO by amplifiers 5030 provided in correspondence to 
the latches 5020 respectively. 

0236) Selection circuits 5600 selectively connect drivers 
5030 corresponding to a spare column part 2500 to the 
global data buses GIO. In this structure, no shift operation is 
performed but the selection circuits 5600 are used with 
respect to spare I/O lines. 

0237) The shift part 5040 disconnects pairs of main I/O 
lines corresponding to a faulty memory cell column from the 
latches 5020. Spare I/O lines in the spare column part 2500 
are connected to the global data buses GIO by the number 
of the pairs of main I/O lines corresponding to the faulty 
memory cell column. 

0238 For example, operations in the case where failures 
are detected in two pairs of main I/O lines are described with 
reference to FIG. 29. In the example shown in FIG. 29, 
memory cells corresponding to pairs of main I/O lines 
M-I/O1 and M-I/02 among pairs of normal main I/O lines 
M-I/O0 to M-I/05 are faulty. In this case, the first shift part 
5050 and the second shift part 5060 perform shift operations 
respectively, so that the two pairs of main I/O lines M-I/O1 
and M-I/O2 are not connected to the global data buses GIO. 
In Substitution, the pair of main I/O lines M-I/03 are 
connected with the global data bus having been connected 
with the pair of main I/O lines M-I/O1. Further, the pair of 
main I/O lines M-I/04 are connected with the global data bus 
having been connected with the pair of main I/O lines 
M-I/02. Following this, the remaining pairs of main I/O lines 
are also Sequentially shifted by the shift parts, to be con 
nected with the global data buses. Thus, pairs of main I/O 
lines corresponding to faulty memory cells are not con 
nected with the data buses but spare replacement can be 
performed. In this case, it follows that two spare I/O lines are 
connected to the global data buses. 
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0239 Thus, data read from the faulty memory cells, for 
example, are not output to the data buses. On the other hand, 
it follows that data to be repaired by the Spare column part 
2500 are output to the global data buses GIO through the 
pair of Spare I/O lines. 

0240 When YS lines (column selection lines) are in a 
hierarchical Structure, Spares can be efficiently used due to 
the aforementioned Structure. Shift operations can be inde 
pendently controlled every YS line of the hierarchical struc 
ture, whereby spare I/O lines can compensate for data in all 
hierarchical I/O lines (when shifting the whole, inconve 
nience may result in boundary portions between the hierar 
chical I/O lines). 
0241 Another exemplary shift redundancy structure is 
described with reference to FIG. 30. The structure shown in 
FIG. 30 is different from that shown in FIG. 29 in the 
following points: First, multiplexers 5100 are arranged for 
pairs of normal main I/O lines M-I/O. Each multiplexer 
5100 selectively supplies data from the pair of normal main 
I/O lines M-I/O or data from a pair of I/O lines M-I/OR in 
a spare row part 2300 to a latch 5020. An amplifier 5030 
outputs the data fetched in the latch 5020 to a global data bus 
GIO. 

0242 Further, a multiplexer 5100 is arranged for each 
pair of spare I/O lines S-I/OA or S-I/OB in a spare column 
part 2500. The multiplexer 5100 selects data from the pair of 
spare I/O lines or the pair of I/O lines M-I/OR in the spare 
row part. 

0243 The multiplexer 5100 holds a spare determination 
result related to a row direction. If the Spare determination 
result indicates normal use, the multiplexer 5100 recognizes 
the normal use when accessing a bank in column access, and 
selectively outputs the data of the pair of normal main I/O 
lines to the latch 5020. When the spare determination result 
indicates spare use, on the other hand, the multiplexer 5100 
recognizes the Spare use when accessing the bank in the 
column access, and Selectively outputs the data read from 
the spare row part 2300 to the latch 5020. 

0244 AS to the pair of normal main I/O lines, access is 
made regardless of the Spare determination result in an 
initial Stage of the acceSS operation, while whether to 
continue or terminate the acceSS is decided by output of the 
Spare determination result. 
0245. In a write operation, an amplifier 5040 receives 
data of the global data bus GIO and thereafter the latch 5020 
fetches the data. In response to the data fetched in the latch 
5020, a write driver 5110 drives the pair of normal main I/O 
lines M-I/O. The write driver 5110 drives the pair of I/O 
lines M-I/OR in the spare row part at the same time. 

0246. On the basis of the spare determination result in the 
row direction held as a flag, whether to activate a YS line of 
a normal memory cell array part and write data or to Stop 
activating the YS line of the normal memory cell array part 
and connect the same to a row of the Spare row part for 
Writing data is decided. AS to the Spare row and a pair of I/O 
lines on the Spare row, if a flag for a bank Subjected to 
column acceSS indicates spare use, a Sub YS line correspond 
ing to the Spare is activated in response to the flag holding 
the Spare determination result for a row address and the bank 
in column access. 
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0247 For the spare I/O lines, no shift parts are present but 
replacement logic circuits 6000 and 6100 for replacement of 
connection with the global data buses are provided. The 
normal main I/O lines are shifted by the shift redundancy 
Structure (two-stage shifting), whereby lines located on 
endmost parts of the pairs of normal main I/O lines are 
disconnected from global data buses Bn and Bn-1. At this 
time, the replacement logic circuits 6000 and 6100 connect 
the pairs of spare I/O lines S-I/OA and S-I/OB serving as 
column direction Spares to the global data buses Bn and 
Bn-1. 

0248. In a read operation, the two pairs of spare I/O lines 
transmit data to latches 5020b. The replacement logic cir 
cuits 6000 and 6100 decide whether or not to connect the 
corresponding latches 5020b to the global data buses on the 
basis of the spare determination result. When setting either 
pair of I/O lines to be already replaced with a pair of main 
I/O lines of another bank, replacement must be performed 
with the remaining pair of Spare I/O lines. Thus, repair can 
be performed with the same spares between different banks, 
whereby the degree of freedom of repair with the Spares is 
improved while reducing the number of Spares arranged in 
the overall unit and the yield is improved. 
0249. The spare I/O lines can replace faulty portions in 
units of Sub YS lines, whereby repair can be made in units 
of pairs of bit lines. Thus, the yield is improved. While FIG. 
30 shows two stages of shift parts, the shift parts may be 
provided in three Stages, for example. 
0250 Operations of the circuit shown in FIG.30 are now 
described in detail with reference to FIG. 31. Referring to 
FIG. 31, an input row address and a faulty row address 
(program address) are compared in the read operation. In 
parallel with this, a bank address and a row address are 
decoded. In the normal memory cell array part, a Signal YS 
for column Selection is generated on the basis of the results 
of the decoding. 
0251 On the other hand, an input column address and a 
faulty column address (program address) are compared. 
When a Spare column I/O line corresponding to a spare 
column is Selected in response to the result of the compari 
Son, column Selection in the normal memory cell array part 
with the signal YS is terminated. Further, the shift part is 
completely set so that the second shift part 5060 performs a 
shift operation and then the first shift part 5050 performs a 
shift operation. 
0252) Then, the multiplexer 5100 selectively supplies 
either data read from the spare row part 2300 or that fetched 
from a spare I/O to a data bus DBS. 
0253) In the write operation, a supplied row address is 
compared with a faulty row address. In parallel with this, a 
bank address and a column address are decoded. Further, a 
Supplied column address is compared with a faulty column 
address. In parallel with this, write data is transmitted to the 
latch 5020 through the data bus DBS, and amplified by the 
write driver 5110. Thus, the write data is transmitted to the 
shift part 5040 and the pair of I/O lines in the spare row part. 
0254. When a spare row is selected in response to the 
comparison of the row address and the faulty row address, 
the column Selection Signal YS of the Spare row part is 
activated and column Selection for the normal memory cell 
array part is terminated. 
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0255. When the pair of spare I/O lines are selected in 
response to the result of comparison of the column address 
and the faulty column address, on the other hand, the first 
shift part 5050 performs a shift operation and then the 
second shift part 5060 performs a shift operation. Thus, data 
is written in the normal memory cell array part by the pair 
of normal main I/O lines MI/O and data is written in the 
spare column part 2500 by the pair of spare I/O lines S-I/O. 
0256 Exemplary structures of the shift part are now 
described with reference to FIGS. 32 to 35. FIG. 32 illus 
trates an exemplary structure of the shift part 5040. In order 
to simplify the illustration, it is assumed that electric fuses 
are formed by NMOS transistors, and a shift operation 
between pairs of complementary data lines DX1 to DX4 
(generically referred to as pairs of data lines DX) on a 
memory cell array Side and pairs of complementary data 
lines DY1 to DY4 (generically referred to as pairs of data 
lines DY) on a global data bus side is described. 
0257 Before repair, or there is no need for repair, initial 
connection (the pairs of data lines DX and the pairs of data 
lines DY are connected in one-to-one correspondence) is 
maintained. Electric fuses 4072, 4074, 4076 and 4078 are 
Serially connected between a node 4081 receiving a signal 
TR and a ground potential. Electric fuses 4073, 4075, 4077 
and 4079 are serially connected between a node 4081 
receiving the Signal TR and a power Supply potential. 
0258. In shifting by redundancy, the signal TR goes high 
and a current flows through transistors 4082 and 4083 
controlled by a redundancy control circuit 4080. The redun 
dancy control circuit 4080 outputs a signal for turning on/off 
the electric fuses 4072 to 4079 on the basis of the spare 
determination result in the program part 20, the repair 
address and the bank address. 

0259 When the electric fuses are in ON states (not 
disconnected), a wire connecting the electric fuses 4072, 
4074,4076 and 4078 is at the ground potential GND and a 
wire connecting the electric fuses 4073, 4075, 4077 and 
4079 goes high. Thus, the connection state shown in FIG.32 
is maintained in response to the states of transistors 4056 to 
4071. For example, the transistors 4056 and 4057 are turned 
on to connect the pair of data lines DX1 on the memory cell 
array side and the pair of data lines DY1 on the global data 
bus side. The transistors 4058 and 4059 are in OFF States to 
cut off connection between the pair of data lines DX2 and 
the pair of data lines DY1. 
0260 FIG. 33 is a diagram showing a structure for 
performing repair in the case where a faulty memory cell 
column is present. FIG.33 shows electric fuses in the form 
of Switches, for the purpose of simplification. For the faulty 
memory cell column, a pair of data lines DX2 corresponding 
to the faulty portion are disconnected from a pair of data 
lines DY. In this case, electric fuses 4076 and 4077 are 
turned off. Thus, data lines DX3 are electrically discon 
nected from every pair of data lines DY. In substitution, 
Structure change shifting the connection upward by one 
Stage is performed. In other words, a pair of data lines DX4 
are connected with a pair of data lines DY3. 
0261 FIG. 34 shows another exemplary structure of the 
shift part 5040. Referring to FIG. 34, transfer gates con 
necting pairs of data lines are formed by pairs of NMOS 
transistors and PMOS transistors, thereby aligning electric 
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fuses 4120, 4121, 4122 and 4123 with each other. A redun 
dancy control circuit 4080 (not shown) controls ON/OFF 
states of the electric fuses 4120 to 4123. 

0262. As shown in FIG. 34, a resistive element 4125 is 
arranged in place of the redundancy control circuit 4080 for 
performing current limitation. Further, transfer gates 4085 to 
4115 of a connection part are formed by CMOS transistors, 
thereby reducing resistance of the pairs of data lines. 
0263 FIG. 35 shows such a state that the electric fuse 
4122 is turned off in FIG. 34. FIG. 35 shows the electric 
fuses in the form of Switches, for the purpose of Simplifi 
cation. Thus, the data lines DX3 are electrically discon 
nected from every pair of data lines DY. In substitution, 
Structure change shifting the connection upward by one 
Stage is performed. In other words, the pair of data lines 
DX4 are connected with the pair of data lines DY3. 
0264. The structures shown in FIGS. 32 to 35 are also 
applicable to the shift register 148 described with reference 
to the first embodiment. 

0265 Control for dynamically changing connection in a 
multi-bank structure is described with reference to FIG. 36. 
FIG. 36 is a diagram for illustrating control of a shift part 
in the multi-bank structure. In the case of the multi-bank 
(multi-mat) structure, I/O lines are arranged over other 
banks (mats). When repaired I/O lines vary with the banks 
(mats), therefore, shift relation (connection mode) in the 
shift part must be changed. In accordance with an input bank 
address (mat address), therefore, shift information for a first 
shift part and that for a second shift part are changed. 
0266 The shift information (program information) for 
the first shift part and the Second shift part is Stored in a 
common program Structure part 450. The program Structure 
part 450 may be identical in basic structure to the program 
structure part 22. The shift information is read after power 
Supply or chip enabling, and transferred to and latched in a 
latch and address compare part 452. The information is 
transferred between a point when power on reset (a chip 
enable signal or a bank activation signal) is generated and a 
column operation requiring comparison. The latch and 
address compare part 452 may be basically identical in 
Structure to the latch part 24 and the address compare part 
26. 

0267 As described above, the programming element 
programming the repair address may have any Structure Such 
as that of a nonvolatile memory employing a ferroelectric 
film or a nonvolatile RAM structure with a flash ROM or the 
like. 

0268. The information may be transferred to the latch 
part in parallel or Serially transferred through a shift register. 
0269. When transferring the information through the shift 
register, the latch part of the address compare part is also 
included in the shift register. Thus, the transfer operation is 
Simplified. A transfer clock may be internally generated 
from a ring oscillator having a proper cycle, or may be 
generated on the basis of an external clock. 
0270. The address compare part compares the bank 
address (mat address) with transferred ROM information, 
and outputs repair information in accordance with a result of 
match/mismatch. The repair information is output as an 
encode Signal prepared by encoding a shift portion, and this 
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Signal is further decoded to change the shift State. At this 
time, electric fuses in the shift part are formed by MOS 
transistors as described above. The decode signal ON-OFF 
controls the MOS transistors which are Switches. 

0271 While the above description has been made with 
reference to the first shift part, the Second shift part basically 
has the Same Structure. The difference resides in a point that 
the spare I/O part is switchable upward as well as downward 
In order to Satisfy this, if all encode Signals of shift portions 
above spare I/O lines S-I/OA are at low levels, immediate 
leftward connection is maintained while the connection is 
shifted also downward. When all encode signals of shift 
portions under the spare I/O lines S-I/OB are at low levels, 
immediate leftward connection is maintained while the 
connection is shifted also upward. 
0272 Fourth Embodiment 
0273. In relation to a fourth embodiment of the present 
invention, an exemplary improvement of a program part is 
described. Depending on the layout, positions of a program 
Structure part 22, a latch part 24 and an address compare part 
26 may be separated from that of a redundancy control part 
(e.g., a redundancy control circuit 4080) controlling replace 
ment by Spare determination Further, the position of the 
program Structure part 22 may be separated from those of the 
latch part 24, the address compare part 26 and the redun 
dancy control part. In any case, the number of wires 
increases if a plurality of Spares are present, leading to 
reduction of processing efficiency. Exemplary Structures for 
solving this problem are described with reference to FIGS. 
37 to 39. 

0274. An exemplary structure for the program structure 
part 22 and the latch part 24 physically Separated from each 
other is described with reference to FIG. 37. In this case, 
multiplexers are arranged thereby reducing the number of 
wires connecting program Structure parts and latch parts. 
Referring to FIG. 37, Switches 400 are arranged in corre 
spondence to program Structure circuits 116 respectively. 
The Switches 400 sequentially open/close in accordance 
with a transfer signal TG. The Switches 400 serve as the 
multiplexers. The Switches 400 are connected with a latch 
404. An output of the latch 404 is transferred to a bus BS 
through an invertor 406. 
0275 Switches 402, latches 118 and invertors 119 cor 
responding to the program Structure circuits 116 respectively 
are arranged on the end point of the bus BS. The Switches 
402 Sequentially open/close in accordance with a transfer 
signal /TG. The transfer signals/TG and TG are out of phase 
to each other (i.e., when one of the Signals/TG and TG goes 
high, the other one goes low). Each latch 118 (forming a 
latch part 24) receives program information from the Switch 
402. An address compare part 26 (not shown) receives an 
output of the latch 118 through the invertor 119. 
0276 When the transfer signal TG goes high, the respec 
tive switches 400 on the sending end are sequentially turned 
on. Thus, read program information is sequentially latched 
in the latches 404. The program information is sequentially 
sent to the receiving end through the bus BS. When the 
transfer Signal TG goes low (the transfer Signal /TG goes 
high), the respective Switches 402 on the receiving end are 
Sequentially turned on. Thus, the program information is 
latched in the corresponding latches 118. On the basis of 
this, address comparison is performed. 
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0277 Another exemplary structure for the program struc 
ture part 22 and the latch part 24 physically Separated from 
each other is described with reference to FIG. 38. In this 
case, a shift register is arranged thereby reducing the number 
of wires connecting the program Structure part 22 and the 
latch part 24. Referring to FIG.38, latches 410 are provided 
for Switches 117 arranged for program structure circuits 116 
respectively. The Switches 117 open/close in accordance 
with a transfer signal TG. The respective latches 410 sequen 
tially latches outputs of the corresponding switches 117 in 
accordance with the transfer Signal TG. 
0278 Latches 118 and invertors 119 are arranged on the 
end point of a bus BS in correspondence to the program 
Structure circuits 116 respectively. An address compare part 
26 (not shown) receives outputs of the latches 118 through 
the invertors 119. 

0279 When the transfer signal TG goes high, the respec 
tive Switches 117 on the sending end are turned on. Read 
program information is Sequentially latched in the latches 
410. The program information is sequentially sent to the 
receiving end through the bus. Thus, the program informa 
tion is latched in the latches 118 respectively. Address 
comparison is performed on the basis of this. 
0280 Referring to FIG. 38, a latch train formed by the 
latches 410 and that formed by the latches 118 form shift 
registers (not shown) in the direction of the bus BS. 
0281 An exemplary structure for the address compare 
part 26 and the redundancy control part receiving the Spare 
determination result physically separated from each other is 
described with reference to FIG. 39. The following descrip 
tion is made with reference to program blocks 425 formed 
by program units 101 and holding circuits 125. 
0282. It is assumed that the number of the program 
blocks is the N-th power of two. An OR circuit 420 receives 
a Spare determination result output from each program 
block. The OR circuit 420 outputs a spare use signal. The 
Spare use signal is activated when receiving at least one 
Spare determination result of an active State. The Spare use 
Signal is transmitted to a redundancy control circuit through 
a single Signal line. 
0283 An encoder 422 converts spare position informa 
tion to bit information (N bits). Exemplary spare position 
information is Switching information (information related to 
the ON/OFF state of each electric fuse) in the aforemen 
tioned shift part. The bit information is transmitted to the 
redundancy control circuit through N Signal lines. The 
redundancy control circuit receiving comparison results 
decodes the bit information. 

0284 Thus, it follows that spare information is transmit 
ted through (N+1) signal lines. The structures shown in 
FIGS. 37 to 39 are also applicable to column direction 
Spares. 

0285) Fifth Embodiment 
0286. In a fifth embodiment of the present invention, set 
paths for spare information of a row System and a column 
system are described with reference to FIG. 40. The basic 
structure is identical to that described with reference to the 
first embodiment. FIG. 40 shows the relation between 
replacement by a spare row part and replacement of the 
column System through a shift part. 
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0287. A program structure part 454 stores program infor 
mation for the row system as ROM information. The pro 
gram Structure part 454 may be basically identical in Struc 
ture to the program Structure part 22. More specifically, an 
electric fuse of the program structure part 454 is blown on 
the basis of a repair row address of the row system (the ROM 
information may be stored by laser blowing). 
0288 Similarly, a program structure part 456 stores pro 
gram information for the column System, i.e., shift informa 
tion for a first shift part as ROM information, and a program 
structure part 458 stores shift information for a second shift 
part as ROM information. The program structure parts 456 
and 458 may be basically identical in structure to the 
program Structure part 22. More Specifically, electric fuses 
of the program structure parts 456 and 458 are blown on the 
basis of the shift information (repair column address) (the 
ROM information may be stored by laser blowing). 
0289. The row-system ROM information in the program 
structure part 454 is read before a row cycle. More specifi 
cally, the row-system ROM information in the program 
Structure part 454 is read in power on reset (when a chip 
enable signal or a clock enable signal CKE is activated to a 
high level or the like) and transferred to a corresponding 
latch and address compare part 460. At this time, program 
information Stored in all program Structure parts 454 is 
transferred. 

0290 The latch and address compare part 460 compares 
the transferred ROM information with a bank address (or a 
mat address) and a row address, and encodes and outputs a 
result of match/mismatch. The latch and address compare 
part 460 may be basically identical in structure to the latch 
part 24 and the address compare part 26. The encode Signal 
is decoded. A corresponding spare word line is activated on 
the basis of the decode Signal. 
0291) On the other hand, the ROM information (shift 
information) for the column System in the program structure 
parts 456 and 458 is read when the row cycle is started and 
transferred to the latch and address compare parts 462 and 
464 corresponding to the column System. The corresponding 
latch and address compare parts 462 and 464 compare the 
bank address (or the mat address) and a column address with 
the transferred ROM information and encode and output 
results of match/mismatch. The encode signals for the first 
shift part and the Second shift part are decoded respectively. 
The corresponding Switch is turned off on the basis of the 
decode Signals By reading the program information related 
to the row System and thereafter reading the program 
information related to the column System, current consump 
tion can be reduced. The latch and address compare parts 
462 and 464 may be basically identical in structure to the 
latch part 24 and the address compare part 26. 
0292 Another exemplary Setting of spare replacement 
information according to the fifth embodiment of the present 
invention is now described with reference to FIG. 41. The 
example shown in FIG. 41 is different from that shown in 
FIG. 40 in a point that a program structure part 476 stores 
shift information for a first shift part as ROM information 
and a program structure part 478 stores shift information for 
a second shift part as ROM information. The program 
Structure part 476 has a part (corresponding to the program 
structure part 22) storing the shift information for the first 
shift part and a part Storing a flag indicating a bank. The 
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program Structure part 478 has a part (corresponding to the 
program structure part 22) Storing the shift information for 
the Second shift part and a part Storing the flag indicating the 
bank. 

0293 Thus, in bank activation, only program information 
for an activated bank is read from the program Structure part 
476 and transferred to a corresponding latch and address 
compare part 482 while only the program information for 
the activated bank is read from the program Structure part 
487 and transferred to a corresponding latch and address 
compare part 484. 
0294) ROM information for a row system stored in a 
program Structure part 454 is read in power on reset and 
transferred to a corresponding latch and address compare 
part 460. As described above, the address compare part 460 
corresponding to the row System performs comparison and 
encodes and outputs a result of match/mismatch. The encode 
Signal is decoded. A corresponding spare word line is 
activated on the basis of the decode Signal. 
0295). On the other hand, ROM information (shift infor 
mation) for a column System Stored in the program structure 
parts 476 and 478 is read on the basis of an activated bank 
address (row bank address) in the row direction when a row 
cycle is started. The read ROM information is transferred to 
the latch and address compare parts 482 and 484 corre 
sponding to the column System. The latch and address 
compare part 482 compares a bank address (or a mat 
address) in the column direction and a column address with 
the transferred ROM information, and encodes and outputs 
a result of match/mismatch. The latch and address compare 
part 484 compares the bank address (or the mat address) in 
the column direction and the column address with the 
transferred ROM information, and encodes and outputs the 
result of match/mismatch. The encode Signals for the first 
shift part and the Second shift part are decoded respectively. 
The corresponding Switch is turned off on the basis of the 
decode Signals. 
0296 By employing the aforementioned structure, 
unnecessary program information may not be read in both of 
the row System and the column System but a current and a 
processing time can be reduced. In particular, Structures 
(including the latch and address compare parts 482 and 484) 
following the latch and address compare parts 482 and 484 
may be shared by a plurality of banks, whereby the struc 
tures following the latch parts 482 and 484 can be reduced 
with respect to the number of the program Structure parts 
476 and 478. 

0297 Sixth Embodiment 
0298 An exemplary improvement as to comparison of a 
repair address and an input address according to a sixth 
embodiment of the present invention is described. When a 
time related to column access is reduced, the ratio of an 
address comparison determination time occupying the col 
umn access time increases. An exemplary improvement of 
address comparison determination is described with refer 
ence to FIGS. 42 and 43. 

0299 Referring to FIG. 42, a clock signal CLK is input 
at times to, t1, t2 and t3. A common node Z in a program part 
is precharged at the input timings of the clock signal CLK. 
Addresses are compared/determined in address Setup peri 
ods. For example, an address Signal Addis input at a time t1a 
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(t1a-t1). Address comparison determination (match) is 
made in a period t1b to t1 (t1a-t1b<t1) of the address setup 
period (t1a to t1). Similarly, the address signal Add is input 
at a time t3a (t3a<t3). Address comparison determination 
(match) is made at a time t3b to t3 (t3a<t3b<t3) in the 
address setup period (t3a to t3). 
0300 Referring to FIG. 42, a command CMD is fetched 
every Second cycle (times t1 and t3). An address comparison 
determination result at the point when the command CMD 
is input is regarded as effective, and Subsequent operations 
are performed in response to the address comparison deter 
mination result. Therefore, Spare determination results at the 
times t1 and t3 are regarded as effective, while that at the 
time to is regarded as invalid. 
0301 Referring to FIG. 43, the input address Add 
received in a pad 6000 is transmitted to an address fetch 
Switch 6002 and a program part 6006 through an address 
buffer 6002. The program part 6006 compares/determines 
the address. The aforementioned OR circuit 420 outputs the 
OR (Spare use signal) of the spare determination result. An 
encoder 422 outputs a corresponding Spare encode address 
on the basis of the Spare determination result. 
0302) A switch 6004 is closed so that a latch 6008 latches 
the fetched input address. A predecoder 6010 decodes the 
latched input address. The predecoder 6010 stops its opera 
tion on the basis of the OR of the spare determination result. 
0303 Specifically, the program part 6006 has a similar 
Structure to the program part 20 including the program 
Structure part 22, the latch part 24 and the address compare 
part 26. In this case, the predecoder 6010 is similar in 
structure to the predecoders 9, 10 and 11 of the first 
embodiment, and connected to decoders 13 and 14 similarly 
to the first embodiment. 

0304. When a repair address matches with the input 
address Add, the predecoder 6010 stops its operation. On the 
basis of a spare encode address, a spare address correspond 
ing to the input address is transmitted to an array part. When 
the repair address mismatches with the input address Add, 
on the other hand, the output of the predecoder 6010 is 
transmitted through a general address transmission path. In 
other words, the input address is transmitted to the array 
part. 

0305 Another exemplary improvement of address com 
parison determination is described with reference to FIG. 
44. A general address input System and a Spare determination 
System are arranged in parallel. Referring to FIG. 44, an 
input address received in a pad 6000 is transmitted to 
address fetch Switches 6004 and 6005 through an address 
buffer 6002. A program part 6006 receives the input address 
through the Switch 6005 and compares/determines the 
address. The aforementioned OR circuit 420 outputs the OR 
of the Spare determination result. The aforementioned 
encoder 422 outputs a corresponding Spare encode address 
on the basis of the Spare determination result. 

0306 The switch 6004 is so closed that a latch 6008 
latches the fetched input address. A predecoder 6010 
decodes the input address latched in the latch 6008. 
0307 An address transmission part 6012 selectively out 
puts an output of the predecoder 6010 or the spare encode 
address on the basis of the OR of the spare determination 
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result. In the case of spare use (repair), a spare address 
corresponding to the input address is transmitted to an array 
part on the basis of the Spare encode address. In the case of 
normal use, on the other hand, the output of the predecoder 
6010 is transmitted through a general address transmission 
path. In other words, the input address is transmitted to the 
array part. 

0308 The array part causes no overhead of the access 
time Since spare control is executed in the rear half of a read 
cycle in a read operation. In the case of a write operation, 
overhead is hidden by performing delayed writing. 
0309 Thus, spare determination is performed in parallel 
with a general address Set operation, thereby guaranteeing a 
high-Speed operation. 
0310 Although the present invention has been described 
and illustrated in detail, it is clearly understood that the same 
is by way of illustration and example only and is not to be 
taken by way of limitation, the Spirit and Scope of the present 
invention being limited only by the terms of the appended 
claims. 

What is claimed is: 
1. A Semiconductor memory device comprising: 
a memory cell array including a plurality of memory cells 

arranged in the form of a matrix and a plurality of spare 
memory cells for repairing faulty memory cells, 

a plurality of address program circuits, each of Said 
plurality of address program circuits being capable of 
programming a repair address for repairing Said faulty 
memory cell with a program Voltage; 

a pad externally receiving Said program Voltage; and 
a Voltage Supply circuit Selectively Supplying Said pro 
gram Voltage to each of Said plurality of address 
program circuits. 

2. The Semiconductor memory device in accordance with 
claim 1, wherein Said Voltage Supply circuit includes a 
plurality of Supply Switches provided in correspondence to 
Said plurality of address program circuits respectively, each 
of Said plurality of Supply Switches Supplying Said program 
Voltage to a corresponding address program circuit in 
response to a control Signal, and 

each of Said plurality of address program circuits 
includes: 

a program Structure circuit including an electric fuse 
blown by Said program Voltage, and 

a comparator circuit comparing, on the basis of an input 
address and the program State of Said electric fuse, 
match/mismatch of Said input address and Said repair 
address for determining whether or not to perform Said 
repairing. 

3. The Semiconductor memory device in accordance with 
claim 2, wherein each of Said plurality of address program 
circuits further includes a latch provided between said 
program Structure circuit and Said comparator circuit for 
holding the program State of Said electric fuse. 

4. The Semiconductor memory device in accordance with 
claim 1, wherein Said memory cell array is split into a 
plurality of banks, 
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Said repair address includes: 
a plurality of repair address Signals, and 
a bank address signal indicating the corresponding one of 

Said plurality of banks, 
each of Said plurality of address program circuits 

includes: 

a plurality of electric fuses blown by Said program Volt 
age, and 

each of Said plurality of electric fuses is provided in 
correspondence to each of Said plurality of repair 
address Signals and Said bank address Signal. 

5. The Semiconductor memory device in accordance with 
claim 2, further comprising a control circuit for executing a 
program mode for blowing Said electric fuse, wherein 

Said control circuit Supplies said repair address to Said 
comparator circuit as Said input address at a prescribed 
timing in Said program mode, thereby executes a pro 
gram check mode in which the program State of Said 
electric fuse is checked. 

6. The Semiconductor memory device in accordance with 
claim 2, further comprising: 

a circuit generating an internal clock controlling an inter 
nal operation on the basis of an external clock, 

a signal pad receiving a chip enable signal enabling Said 
internal clock, and 

a control circuit for executing a read mode in which the 
program State of Said electric fuse is read in response to 
Said chip enable signal. 

7. The Semiconductor memory device in accordance with 
claim G, wherein Said control circuit So operates that a 
plurality of read operations are executed in Said read mode, 
and 

the program State of Said electric fuse is read from each of 
a prescribed number of Said plurality of address pro 
gram circuits in each of Said plurality of read opera 
tions. 

8. The Semiconductor memory device in accordance with 
claim 2, further comprising a failure detection circuit detect 
ing a failure of Said electric fuse, wherein 

each of Said address program circuits further includes a 
detection Switch connecting Said program Structure 
circuit to Said failure detection circuit in response to a 
prescribed Signal. 

9. The semiconductor memory device in accordance with 
claim 3, further comprising a fixing circuit fixing the poten 
tial of Said latch. 

10. The Semiconductor memory device in accordance 
with claim 2, wherein each of Said plurality of address 
program circuits further includes a circuit provided between 
Said electric fuse and Said comparator circuit for comparing 
a reference current with a current flowing through Said 
electric fuse and outputting a result of Said comparing as the 
program State of Said electric fuse. 

11. The Semiconductor memory device in accordance 
with claim 1, wherein Said repair address includes a plurality 
of repair address Signals, 

each of Said plurality of address program circuits includes 
a plurality of program Structure circuits provided in 
correspondence to Said plurality of repair address Sig 
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nals respectively, each of Said program Structure cir 
cuits including an electric fuse blown by Said program 
Voltage, 

Said Semiconductor memory device further comprises: 
a bus, 
a transfer circuit Sequentially transferring the program 

States of Said electric fuses read from Said plurality of 
program Structure circuits to Said bus, and 

a plurality of latches provided in correspondence to Said 
plurality of program Structure circuits respectively, Said 
plurality of latches Sequentially receiving the program 
States of Said electric fuses from Said bus. 

12. The Semiconductor memory device in accordance 
with claim 2, further comprising: 

a Spare use signal generation circuit generating a Spare use 
Signal activated when at least one of outputs of Said 
comparator circuits in Said plurality of address program 
circuits is activated, and 

an encoder encoding repair position information corre 
sponding to the program States in Said plurality of 
address program circuits. 

13. The Semiconductor memory device in accordance 
with claim 1, wherein Said repair address includes: 

a repair row address corresponding to a faulty memory 
cell row including Said faulty memory cell, and 

a repair column address corresponding to a faulty memory 
cell column including Said faulty memory cell, 

Said plurality of address program circuits are split into a 
first group capable of programming Said repair row 
address and a Second group capable of programming 
Said repair column address, 

each of Said plurality of address program circuits includes 
an electric fuse blown by Said program Voltage, and 

the program State of Said electric fuse corresponding to 
Said repair row address and the program State of Said 
electric fuse corresponding to Said repair column 
address are read at different timings in access to Said 
memory cell array. 

14. The Semiconductor memory device in accordance 
with claim 2, further comprising: 

a pad externally receiving an input address, 
a decoder decoding Said input address, and 
a Selection circuit for Selecting a memory cell correspond 

ing to Said input address on the basis of an output of 
Said decoder, wherein 

Said decoder Stops decoding on the basis of a determina 
tion result of Spare use output from Said comparator 
circuit. 

15. A Semiconductor memory device comprising: 
a memory cell array including a plurality of memory cells 

arranged in the form of a matrix and a spare memory 
cell for repairing a faulty memory cell; 

a plurality of address program circuits, each of Said 
plurality of address program circuits including an elec 
tric fuse and being capable of programming a repair 
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address for repairing Said faulty memory cell by blow 
ing Said electric fuse with a program Voltage, wherein 

each of Said plurality of memory cells includes: 
a memory cell transistor having a pair of Source/drain 

regions formed in a first impurity region and a gate 
electrode formed on a channel region between Said pair 
of Source/drain regions with an insulator film therebe 
tween, and 

a memory cell capacitor electrically connected with one 
of Said pair of Source/drain regions, and 

Said electric fuse includes: 

a pair of third impurity regions formed in a Second 
impurity region, having the same conductivity type as 
Said Second impurity region and corresponding to Said 
pair of Source/drain regions of Said memory cell tran 
Sistor, and 

a programming element, electrically connected to one of 
Said pair of third impurity regions, corresponding to 
Said memory cell capacitor. 

16. The Semiconductor memory device in accordance 
with claim 15, wherein Said programming element includes: 

a storage node electrically connected to one of Said pair of 
third impurity regions, and 

a cell plate formed on Said Storage node with a dielectric 
film therebetween, and 

said cell plate is Supplied with Said program Voltage while 
the other one of Said pair of third impurity regions is 
Supplied with a low Voltage in a program mode. 

17. The Semiconductor memory device in accordance 
with claim 15, wherein Said programming element includes: 

a storage node electrically connected to one of Said pair of 
third impurity regions, and 

a cell plate formed on Said Storage node with a dielectric 
film therebetween, 

Said electric fuses are present in plural, 
Said plurality of Said Storage nodes are electrically con 

nected, 
Said plurality of Said electric fuses are split into Such a first 

group that Said cell plate receives a power Supply 
potential and Such a Second group that Said cell plate 
receives a ground potential. 

18. A Semiconductor memory device comprising: 
a memory cell array including a plurality of memory cells 

arranged in the form of a matrix and a plurality of Spare 
memory cell columns each for repairing a faulty 
memory cell column including a faulty memory cell; 

a plurality of pairs of data lines for transferring data of 
Said memory cell array; 

a plurality of pairs of Spare data lines for transferring data 
of Said plurality of Spare memory cell columns, 

a data bus for transferring data between an external device 
and Said memory cell array; 

a plurality of address program circuits, each of Said 
address program circuits being capable of program 
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ming a repair column address for repairing Said faulty 
memory cell column with a program Voltage; 

a Switching circuit Switching electrical connection 
between each of Said plurality of pairs of data lines and 
Said data bus So that a pair of data lines for transferring 
data of Said faulty memory cell column are discon 
nected from Said data bus, and 

a Selection circuit Selectively connecting each of Said 
plurality of pairs of Spare data lines to Said data bus in 
response to connection between Said plurality of pairs 
of data lines and Said data bus. 

19. The semiconductor memory device in accordance 
with claim 18, further comprising: 

a pad externally receiving Said program Voltage, and 
a Voltage Supply circuit Selectively Supplying Said pro 
gram Voltage to Said address program circuit in 
response to a control Signal, wherein 
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each of Said plurality of address program circuits 
includes: 

a program Structure circuit including an electric fuse 
blown by Said program Voltage, and 

a circuit comparing, on the basis of an input address and 
the program State of Said electric fuse, match/mismatch 
of Said input address and Said repair column address 
and outputting spare determination. 

20. The Semiconductor memory device in accordance 
with claim 19, wherein Said Switching circuit includes a 
plurality of transistors provided in correspondence to Said 
plurality of pairs of data lines respectively, and each of Said 
plurality of transistors is turned on/off on the basis of said 
Spare determination in Said address program circuit and Said 
repair column address. 


