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(57) ABSTRACT 

In a semiconductor memory device comprising a redun 

dancy circuit for saving a faulty memory cell, there are 
provided a plurality of fuse sets to Which a ?exible mapping 
redundancy technique is applied. For at least one of these 
plurality of fuse sets, there is used a roW/column common 
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SEMICONDUCTOR MEMORY DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
memory device. In particular, the present invention relates to 
a semiconductor memory device comprising a redundancy 
circuit for saving a faulty memory cell. 

[0003] 2. Description of the Related Art 

[0004] In a semiconductor memory device, in the case 
Where a faulty memory cell has been detected, there is 
adopted a redundancy circuit system (redundancy system) in 
Which the faulty memory cell is replaced With a redundancy 
cell, that is, a redundancy cell is used in place of a faulty 
memory cell, thereby improving the yield of the semicon 
ductor storage device. Currently, in a generally employed 
redundancy system, one or plural roWs of memory cell 
arrays or one or plural columns are de?ned as a replacement 
unit (namely, a saving unit). The replacement unit of 
memory cells including a faulty memory cell, in a sub-block 
called a saving block unit for saving such faulty memory 
cells is replaced With a redundancy saving unit (spare 
element) having the same siZe. In the case Where a faulty 
sub-block containing such faulty memory cell has been 
detected, a spare element is used in place of such faulty cell 
block. 

[0005] In order to store an address information of a 
replacement unit containing a faulty memory cell, it is 
required to employ a nonvolatile storage element. Currently, 
a fuse is generally used. Address information is generally 
composed of a plurality of bits, and thus, a fuse set of plural 
fuses that correspond to such plurality of bits becomes a unit 
of storage of address information on one sub-block. In 
general, the number of spare elements corresponds to that of 
fuse sets one by one, and thus, the fuse sets Whose number 
is the same as that of spare elements are arranged in a 
memory chip. In the case of using such spare element, the 
fuse in the fuse sets that correspond to the spare elements is 
disconnected according to address information on a faulty 
cell. This system is simple in con?guration, and is currently 
Widely used. 

[0006] In a semiconductor memory, memory cells are 
arranged in a planar (tWo dimensional) manner. Currently, it 
is Well knoWn to store “0” or “1” bit information in one 
memory cell. As address information for designating one 
memory cell, there are used tWo addresses, roW address and 
column address. That is, tWo coordinates, i.e., an X-coordi 
nate (roW address) and a Y-coordinate (column address) are 
used in order to designate one memory cell. In order to save 
a faulty memory cell, tWo circuits, i.e., a roW redundancy 
circuit and a column redundancy circuit are mounted so as 
to use any of a method for saving the faulty memory cell 
With a roW spare element and a method for saving the faulty 
memory cell With a column spare element. HoWever, the 
number of faults that can be saved With the roW spare 
element is independent of the number of faults that can be 
saved With the column spare element. 

[0007] As described above, a redundancy system requires 
a redundancy circuit such as spare element and fuse set. In 
a conventional redundancy system in Which the spare ele 
ment corresponds to the fuse set in number one by one, the 
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number of fuse sets increases With an increased number of 
spare elements, and a memory chip area also increases. In 
this case, the fuse set generally requires a larger area than the 
spare element, and thus, the area ef?ciency of the redun 
dancy circuit is signi?cantly loWered. 

[0008] In order to solve this problem, there are proposed 
a variety of redundancy systems that improve the area 
ef?ciency of the redundancy circuit. For example, there is 
knoWn a ?exible redundancy system (refer to “Fault-Toler 
ant Design for 256 Mb DRAM” (IEEE JOURNAL OF 
SOLID-STATE CIRCUITS, VOL. 31, No. 4, April 1996) 
proposed by Kirihata et al. for example. In this system, one 
spare element covers a Wide cell array region. Thus, even in 
the case Where faulty cells locally, i.e. collectively, exist at 
a portion of a memory chip, such faulty cells can be saved 
in a manner similar to a case in Which faults are distributed 

uniformly in a cell array. Because of this, this system 
reduces the number of spare elements, Whereby the area 
ef?ciency of the redundancy circuit can be improved. In 
addition, this system is effective in the case Where the 
average number of faulty cells per memory chip is identi?ed 
or can be predicted. 

[0009] On the other hand, in recent years, there has been 
developed a memory chip on Which a memory cell array is 
divided into a plurality of sections. For example, there is a 
memory chip having a plurality of banks, Wherein these 
banks are activated at the same time. In such a memory chip, 
it is impossible to use a roW spare element in a bank, for 
saving faulty memory cells in units of roWs as a roW spare 
element in another bank. Thus, a spare element is unavoid 
ably provided for each bank. More banks increase the 
number of divisions in memory cell arrays in a memory 
chip, and thus, one spare element can cover only a small cell 
array area. Even in the case Where the spare element can 
cover only such small cell array region or even in the case 
Where faults locally exist at a portion of a memory cell array, 
the spare element must be provided for such each small cell 
array region in order to save faulty cells. Therefore, the total 
number of spare elements signi?cantly increases, resulting 
in a signi?cant increase in required memory chip area. That 
is, in vieW of the entire memory chip, the number of spare 
elements that signi?cantly exceeds the average number of 
faulty cells per memory chip is incorporated in one memory 
chip, and thus, the area ef?ciency of the memory chip is 
degraded. 

[0010] In addition, in a semiconductor memory device 
required to transfer a large amount of data at one time due 
to the pursuit of high speed, a column is divided in ?ne units. 
Thus, a column spare element for saving a faulty memory 
cell in units of columns is unavoidably provided for each 
column unit. Therefore, the area ef?ciency of the memory 
chip is signi?cantly loWered. 

[0011] In vieW of such a circumstance, there has been 
proposed a ?exible mapping redundancy technique in Which 
the number of fuse sets that exceeds the assumed number of 
faulty cells in the entire cell array is reduced to be smaller 
than the total number of spare elements in a semiconductor 
memory device disclosed in S. Takase et al., “A 1.6-Gbyte/s 
DRAN With Flexible Mapping Redundancy Technique and 
Additional Refresh Scheme” IEEE JSSC, VOL 34, No. 11, 
pp. 1600-1605, November 1999 and US. Pat. No. 6,188, 
618. 
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[0012] In the ?exible mapping redundancy of the semi 
conductor memory device disclosed in US. Pat. No. 6,188, 
618, a plurality of spare elements for replacing faulty cells 
are arranged in a memory cell array contained in a memory 
chip. A fuse set contains a faulty address. The fuse set also 
contains mapping information indicating a correspondence 
betWeen the fuse set and a spare element. In the case Where 
a faulty address coincides With an input address, a signal for 
activating the corresponding spare element is outputted. 
There is no need to associate each fuse set With a spare 
element one by one. 

[0013] Hereinafter, a ?exible mapping redundancy tech 
nique disclosed in US. Pat. No. 6,188,618 Will be brie?y 
described With reference to matters related to the present 
invention. 

[0014] In a memory cell array of the semiconductor 
memory device, a plurality of spare elements for saving 
faulty cells are disposed in a memory chip, and there are fuse 
sets feWer than the total number of spare elements. These 
fuse sets each contain a faulty address and mapping infor 
mation indicating a correspondence betWeen and the fuse set 
and the spare element. In the case Where a faulty address 
coincides With an input address, an arrangement is provided 
so as to output a signal for activating the corresponding 
spare element. 

[0015] FIG. 12 schematically shoWs a con?guration of a 
fuse set that contains the mapping information. In a fuse set 
shoWn in FIG. 12, a fail address detector circuit (Fail 
Address Detector) 121 receives an address acquisition signal 
“strb”. In the case Where an input address (sometimes 
including address or bank address) coincides With a faulty 
element address, When the address acquisition signal “str ” 
is activated after input address determination, an address 
match signal “match” is activated. 

[0016] A spare element selector circuit (Spare Element 
Selector) 122 stores in advance information on Which spare 
element is replaced by using this fuse set, by fuse, for 
eXample. When the address match signal “match” is acti 
vated, a spare hit signal “sprhit” for selecting a spare 
element is outputted. 

[0017] NoW, a case in Which the ?eXible mapping redun 
dancy technique is applied to save a roW Will be described 
hereinafter. For clarity, as shoWn in FIG. 13, for eXample, 
assume that 8 (=23) banks, i.e., bank 0 to bank 7 are arranged 
on a memory chip, and one bank is comprised of one cell 
array. HoWever, the present invention is applicable even if 
one bank is comprised of a plurality of sub-cell arrays. 

[0018] Assume that one bank has 512 normal Word lines 
and 16 spare Word lines, and that tWo Word lines are units of 
replacement (spare elements). 
[0019] In the case Where a faulty element eXists in a 
normal elements, such faulty element is replaced With a 
spare element, Whereby a roW saving is carried out. 

[0020] In order to designate a faulty element, it must be 
speci?ed as to Which normal element is faulty, of 256 normal 
elements obtained by dividing the total number of Word lines 
for one bank, 512 by the number of Word lines in units of 
replacement, 2. When an address required for such desig 

nation is obtained, 8 bits are obtained from log (256)/log On the other hand, it must be speci?ed as to Which spare 
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element is used for replacement, of 8 spare elements 
obtained by dividing all of 16 spare Word lines by the 
number of Word lines in units of replacement, 2. When an 
address required for this designation, 3 bits are obtained 
from log (8)/log 

[0021] Therefore, it is required that each fuse set used for 
roW saving contains a total of 15 fuses, one enable control 
fuse (Enable Fuse); eight faulty address designation fuses 
(Addresses for roW decoders), three bank address designa 
tion fuses (Address for banks), and three bank spare element 
designation fuses (Selector for mapping spare roW element 
Within a bank). 

[0022] FIG. 14 schematically shoWs a con?guration of a 
fuse set used for roW saving as described above. 

[0023] Here, a fail address match detector 141 receives a 
roW address acquisition signal “rstrb”. In the case Where a 
roW address input “Address for roW detectors” and a bank 
address input “Address for banks” coincide With a faulty 
element address, an output signal, i.e., an address match 
signal “match” of the fail address match detector 141 is 
activated When the address acquisition signal “strb” is 
activated after input address determination. 

[0024] A decoder 142 for a spare roW element selector 
circuit stores in advance information indicating Which spare 
roW element is used for faulty element replacement by this 
fuse set, for eXample, by fuse, “Selector for mapping spare 
roW element Within a bank”. When the address match signal 
“match” is activated, “rron” (Which denotes “roW redun 
dancy on”) and sra <0 : 2> are outputted as spare hit signals 
for selecting a spare element. 

[0025] FIG. 15 shoWs a Wired OR circuit as an eXample 
of circuit for performing logical processing (Wired OR) of a 
plurality of identical outputs for a plurality of fuse sets 
shoWn in FIG. 14. 

[0026] In the ?gure, reference numeral 151 denotes a 
PMOS transistor in Which a source is connected to a poWer 
supply node, a drain is connected to a Wired OR output node, 
and a gate is supplied With a roW precharge signal “rprch”. 
Reference numeral 152 denotes a NMOS transistor in Which 
a drain is connected to a Wired OR output node, a source is 
connected to ground, and a gate is supplied With one bit of 
the signals “rron” and sra <0 : 2> of a corresponding fuse set. 

[0027] Referring noW to FIG. 14 and FIG. 15, a descrip 
tion Will be given With respect to an operation for, in the case 
Where inputted roW address and roW bank address corre 
spond to a faulty element address, replacing such a faulty 
element With a spare element. 

[0028] In this eXample, one memory chip has 8 banks, and 
each bank has 256 normal elements and spare elements 8. A 
total of 64 (8x8) spare elements are provided. 

[0029] In the case Where an address programmed by a fuse 
in one fuse set coincides With an input address, a roW 
redundancy signal “rron” is activated, and a Wired OR node 
signal “bRRON” is set to LoW (“L”). In addition, a logic of 
a signal “sra <0 : 2> is determined depending on information 
on mapping fuse of this fuse set, and further, a logic of a 
Wired OR node signal “bSRA <0 : 2> is determined. 

[0030] When the signal “bRRON” is set to “L”, a normal 
roW decoder of a bank designated by the inputted bank 
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address is deactivated. Then, any of eight spare elements 
contained in that bank is designated by 3 bits of the signal 
“bSRA <0 : 2>, and is activated. 

[0031] NoW, a case in Which the ?exible mapping redun 
dancy technique is applied to column saving Will be 
described here. 

[0032] For example, as shoWn in FIG. 16, assume that 8 
banks, i.e., bank 0 to bank 7 are arranged on a memory chip, 
each bank is divided into 8 segments, i.e., seg 0 to seg 7 in 
a column direction, and 4-bit data (the number of bits are 
arbitrarily set) is outputted from such each segment. 

[0033] Each segment has 64 normal column selection lines 
“normal CSL”. In each column cycle, one of 64 normal 
column selection lines “normal CSL” in each segment is 
activated. 

[0034] Further, assume that each segment has 2 spare 
column selection lines “spare CSL”, and a replacement 
element in each column is one column selection line. In the 
case Where a replacement element (that is, one normal 
column selection line “normal CSL”) is faulty, this faulty 
element is replaced With one spare element (i.e., spare 
column selection line “spare CSL”), Whereby column saving 
is carried out. 

[0035] Here, let us consider a case in Which one normal 
element is faulty, and the replacement of the faulty element 
is made in the segment containing the faulty element. That 
is, let it be considered a case Where one normal element is 
faulty, and it is needed that the faulty element is replaced 
With one of the tWo spare column select lines arranged in the 
segment containing the faulty element. It is required that 
each fuse set used for column saving contains a total of 14 
fuses, one enable control fuse (Enable Fuse), six faulty 
address designation fuses (Address for column select line), 
three bank address designation fuses (Address for banks), 
three segment designation fuses (segment select), and one 
segment spare address designation fuses (Selector for map 
ping spare column element Within each segment). 

[0036] FIG. 17 schematically shoWs a con?guration of a 
fuse set used for column saving as described above. 

[0037] FIG. 18 shoWs a Wired OR circuit as an example 
of circuit for performing logic processing of identical out 
puts of a plurality of fuse sets shoWn in FIG. 17. 

[0038] In the ?gures, reference numeral 181 denotes a 
PMOS transistor in Which a source is connected to a poWer 
supply node, a drain is connected to a Wired OR output node, 
and a gate is supplied With a column precharge signal 
“cprch”. Reference 182 denotes a NMOS transistor in Which 
a drain is connected to a Wired OR output node, a source is 
connected to ground, and a gate is supplied With one bit of 
chit <0 : 15> from a corresponding fuse set. 

[0039] Referring noW to FIG. 17 and FIG. 18, a descrip 
tion Will be given With respect to an operation for, in the case 
Where an inputted address corresponds to a faulty element 
address, replacing such faulty element With a spare element. 

[0040] In this example, one memory chip has eight seg 
ments, one segment has tWo spare elements, and there exist 
a total of 16 (8x2) spare elements. In the case Where an 
inputted column address and a column bank address corre 
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spond to a faulty element, such faulty element must be 
replaced With a spare element. 

[0041] In the case Where an address programmed address 
by a fuse in one fuse set coincides With an input address, 
column redundancy is used. Based on information on a 4-bit 
mapping fuse contained in this fuse set, only one of the 
signals “chit <0 : 15 > is activated, and further, any one of the 
Wired OR node signals “bSCSLE <0 : 15> is set to “L”. This 
signal “bSCSLE <0 : 15>corresponds to 16 spare elements, 
and determines Which spare column selection lines “spare 
CSL <0 : 15> is activated. 

[0042] Of course, address match may be obtained in 
different fuse sets in the same column cycle. HoWever, in 
that case, it is assumed that, although a plurality of signals 
“bSCSLE <0 : 15> are set to “L”, a normal column selection 
line “normal CSL” is permitted as long as the line is replaced 
With a spare column selection line “spare CSL” Within the 
same segment as the faulty “normal CSL”. HoWever, this 
assumption is not essential. 

[0043] For example, When one signal “bSCSLE” is set to 
“L”, the normal column decoder of the corresponding seg 
ment is deactivated. Then, activation of the normal; column 
selection line “normal CSL” is restricted, and either one of 
the tWo spare column selection lines “spare CSL” in that 
segment is activated. 

[0044] In the meantime, in the semiconductor memory 
device disclosed in Us. Pat. No. 6,188,618 as described 
above, in the case Where each fuse set is applied for column 
saving, the maximum number enabling column saving is 
determined depending on the number of column fuse sets. In 
the case Where each fuse set is applied for roW saving, the 
maximum number enabling roW saving is determined 
depending on the number of roW fuse sets. 

[0045] In the above fuse sets, conventionally, a fuse set 
used for roW saving, and con?guring a portion of a roW 
redundancy circuit, is independent of a fuse set used for 
column saving, and con?guring a portion of a column 
redundancy circuit. Thus, the number of faults enabling roW 
saving has been independent of the number of faults 
enabling column saving. For example, in one memory chip, 
if a number of faults occur in one roW, in general, such faults 
are handled as roW faults, and roW saving is carried out. If 
a number of faults occur in one column, in general, such 
faults are handled as column faults, column saving is carried 
out. 

[0046] HoWever, in a memory chip, the number of roW 
faults or the number of column faults greatly depends on 
process, lot, Wafer, or memory chip. For example, in the case 
Where roW faults are large in number, and column faults are 
small in number, the number of faults that can be replaced 
is restricted depending on the number of fuse sets for roW 
saving. Even if an unused fuse remains in a fuse set for 
column saving, it has been impossible to apply this fuse to 
roW saving. That is, there has been a problem that the degree 
of freedom for replacement is small, and the yields of the 
device are degrated. 

[0047] As described above, in a conventional semicon 
ductor memory device having a fuse set to Which a ?exible 
mapping redundancy technique is applied, a fuse set applied 
to roW saving is independent of a fuse set applied to column 
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set. Thus, there has been a problem that the degree of 
freedom for replacement is small, and the yields of the 
device are degraded. 

BRIEF SUMMARY OF THE INVENTION 

[0048] The present invention has been made in order to 
solve the foregoing disadvantage. It is an object of the 
present invention to provide a semiconductor memory 
device capable of achieving high replacement efficiency and 
high degree of freedom for replacement With a small area by 
applying a ?exible mapping redundancy technique and 
sharing a storage element and a redundancy circuit for roW 
saving and a storage element and a redundancy circuit for 
column saving, the semiconductor memory device compris 
ing a redundancy system capable of contributing to improve 
ment of yields. 

[0049] According to an aspect of the present invention, 
there is provided a semiconductor memory device compris 
ing: a memory cell array comprising a plurality of memory 
cells arranged in a plurality of roWs and in a plurality of 
columns, the memory cell array being divided into a plu 
rality of sub-cell arrays; a roW redundancy element and a 
column redundancy element disposed in correspondence to 
each of the sub-cell arrays; a normal roW decoder for 
selecting a roW of the memory cell array according to an 
input address; a normal column decoder for selecting a 
column of the memory cell array according to an input 
address; a plurality of information storing circuits each 
storing an address of a faulty memory cell contained in each 
memory cell array and storing mapping information indi 
cating a correspondence betWeen the each storing circuit and 
the roW redundancy element or a correspondence betWeen 
the each storing circuit and the column redundancy element, 
the information storing circuits being adopted to output a 
roW saving control signal for replacing the faulty memory 
cell With the roW redundancy element or a column saving 
control signal for replacing the faulty memory cell With the 
column redundancy element based on the mapping infor 
mation and a match result in the case Where the address of 
the faulty memory cell coincides With an input address; a 
control circuit for deactivating the normal roW decoder 
according to the roW saving control signal supplied from the 
information storing circuit; a spare roW decoder activated 
according to the roW saving control signal supplied from the 
information storing circuit, the spare roW decoder lo select 
ing the roW redundancy element; a control circuit for deac 
tivating the normal column decoder according to the column 
saving control signal supplied from the information storing 
circuit; and a spare column decoder activated according to 
the column saving control signal supplied from the infor 
mation storing circuit, the spare column decoder selecting 
the column redundancy element, Wherein at least one of the 
plurality of information storing circuits is a roW/column 
common information storing circuit that contains a ?rst 
nonvolatile storage element capable of programming infor 
mation on Whether roW saving or column saving is carried 
out by using the information storing circuit, and that is 
selectable for use in either one of the roW saving and column 
saving. 
[0050] According to another aspect of the present inven 
tion, there is provided a semiconductor memory device 
comprising: a memory cell array comprising a plurality of 
memory cells arranged in a plurality of roWs and in a 
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plurality of columns, the memory cell array being divided 
into a plurality of sub-cell arrays; a roW redundancy element 
and a column redundancy element disposed in correspon 
dence to each of the sub-cell array, and a plurality of 
information storing circuits each storing an address of a 
faulty memory cell contained in each memory cell array and 
storing mapping information indicating a correspondence 
betWeen the each storing circuit and the roW redundancy 
element or a correspondence betWeen the each storing 
circuit and the column redundancy element, the information 
storing circuits being adopted to output a roW saving control 
signal for replacing the faulty memory cell With the roW 
redundancy element or a column saving control signal for 
replacing the faulty memory cell With the column redun 
dancy element based on the match result and the mapping 
information in the case Where the address of the faulty 
memory cell coincides With an input address; Wherein at 
least one of the plurality of information storing circuits is a 
roW/column common information storing circuit that con 
tains a ?rst nonvolatile storage element capable of program 
ming information on Whether roW saving or column saving 
is carried out by using the information storing circuit, and 
that is selectable for use in either one of the roW saving and 
column saving. 

[0051] Additional objects and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0052] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
presently embodiments of the invention, and together With 
the general description given above and the detailed descrip 
tion of the embodiments given beloW, serve to eXplain the 
principles of the invention. 

[0053] FIG. 1 is a schematic diagram of a DRAM bank 
con?guration according to a ?rst embodiment of the present 
invention; 
[0054] FIG. 2 is a schematic diagram of a DRAM segment 
con?guration according to the ?rst embodiment of the 
present invention; 

[0055] FIG. 3 is a detailed con?guration of one of roW/ 
column common saving fuse sets used in the con?guration 
of FIG. 2; 

[0056] FIG. 4 is a diagram of a Wired OR circuit as an 
eXample of a circuit for performing logic processing of the 
same outputs of a plurality of the roW/column common 
saving fuse sets shoWn in FIG. 3; 

[0057] FIG. 5 is a detailed con?guration of one of fuse 
units in the fuse sets shoWn in FIG. 3; 

[0058] FIG. 6 is a circuit diagram of an eXample of a fail 
address match detector & logic circuit (Fail Address Match 
Detector & LOGIC) in the fuse sets shoWn in FIG. 3; 

[0059] FIG. 7 is a circuit diagram of an eXample of a 
detailed con?guration of a decoder & logic circuit 
(DECODER & LOGIC) in the fuse sets shoWn in FIG. 3; 




















