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(57) ABSTRACT 
A semiconductor memory device comprises a memory cell 
array, a defective address programming means, a redundant 
enable signal generating means, an output means, and a 
mode control signal setting means. The memory cell array 
comprises a plurality of memory cells. The defective address 
programming means programs a redundant control signal 
and a defective address of a defective memory cell among 
the plurality of the memory cells at a package level in 
response to a ?rst control signal and an address signal 
applied from an external portion. The redundant enable 
signal generating means generates a comparison coincident 
signal in response to the redundant control signal When the 
address is consistent With the defective address. The output 
means outputs the comparison coincident signal to an exter 
nal portion in response to a second control signal during a 
test operation. The mode control signal setting means sets a 
state of the ?rst and second control signals in response to a 
command signal and a mode setting signal applied from an 
external portion. 
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SEMICONDUCTOR MEMORY DEVICE AND 
METHOD OF IDENTIFYING PROGRAMMED 

DEFECTIVE ADDRESS THEREOF 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of Korean 
Patent Application No. 2000-70039, ?led on Nov. 23, 2000, 
under 35 U.S.C. §119, the disclosures of Which are incor 
porated by reference herein in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The invention relates to a semiconductor memory 
device, and more particularly, to a semiconductor memory 
device and a method of identifying programmed defective 
addresses thereof. 

[0004] 2. Description of Related Art 

[0005] Typically, semiconductor memory device are 
manufactured With redundant memory cells to replace defec 
tive memory cells identi?ed during the manufacturing pro 
cess, thereby improving manufacturing yield. 

[0006] The memory cell array of a typical semiconductor 
memory device Will generally comprise a plurality of 
memory cell array blocks each containing normal memory 
cell array blocks and redundant memory cell array blocks. 
When a defective memory cell is found in the memory cell 
array block, the address of the defective memory cell is 
programmed to access a redundant memory cell instead of 
the defective one, usually by use of a fuse circuit, Wherein 
fuses representing individual bits are cut by laser as needed 
to divert the data bus to read and Write to the redundant cell. 

[0007] HoWever, even though defective memory cells may 
be detected and replaced at the Wafer-level of manufacture, 
defective memory cell arrays are still occasionally found 
later at the package level. Of defects at the package level, 
more than about 80% comes from failure of no more than 
one or tWo 1-bit or 2-bit memory cells. Thus, if the defective 
memory cells of 1-bit or 2-bit can be repaired, manufactur 
ing yield of semiconductor memory devices can be signi? 
cantly improved. To correct the problem at the package 
level, typical semiconductor memory devices also comprise 
a redundant fuse circuit to repair the defective memory cells 
at a package level. Such redundant fuse circuits program 
defective addresses not by laser-bloWing a fuse directly, but 
by electrically bloWing an electrical fuse. 

[0008] HoWever, because the redundant fuse program cir 
cuit performs its program operation at a package level, it 
cannot be externally observed Whether defective addresses 
are exactly programmed or not or Whether the redundant 
fuse program circuit is in use. 

SUMMARY OF THE INVENTION 

[0009] Disclosed is a semiconductor memory device com 
prising a memory cell array comprising a plurality of 
memory cells, a plurality of redundant fuse program circuits 
adapted to program a redundant control signal and a defec 
tive address of a defective memory cell among the plurality 
of the memory cells at a package level in response to a ?rst 
control signal and an address signal applied from an external 
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portion and generate a comparison coincident signal in 
response to the redundant control signal When the address is 
consistent With the defective address and outputting the 
comparison coincident signal to an external portion in 
response to a second control signal during a test operation, 
and a mode setting register adapted to set a state of the ?rst 
and second control signals in response to a command signal 
and a mode setting signal applied from an external portion. 

[0010] In another aspect of the invention, a signal output 
circuit is adapted to receive a redundant control signal from 
said fuse program circuit outputted by said fuse program 
circuit in response to the second control signal. 

[0011] In another aspect of the invention, the mode setting 
register is adapted to set a state of the ?rst control signal, a 
test mode signal, and a normal mode signal in response to 
the command signal and the mode setting signal during a test 
operation at a package level; and further comprises a control 
signal generating circuit adapted to generate a signal applied 
from an external portion in response to the test mode signal 
as the second control signal and disabling the second control 
signal in response to the normal mode signal. 

[0012] In another aspect of the invention, the control 
signal generating circuit comprises a CMOS transmission 
gate for transmitting the signal applied from the external 
portion in response to the test mode signal, a ?rst latch for 
inverting and latching an output signal of the CMOS trans 
mission gate, an inverter for inverting an output signal of the 
?rst latch to generate the second control signal, and a reset 
transistor for resetting the second control signal in response 
to the normal mode signal. 

[0013] In another aspect of the invention, the redundant 
fuse program circuit comprises a redundant control signal 
generating circuit for generating a redundant control signal 
in response to the ?rst control signal, and a defective address 
programming circuit for receiving the address in response to 
the ?rst control signal to program a fuse, so that the defective 
address is programmed. 

[0014] In another aspect of the invention, the redundant 
control signal generating circuit comprises a ?rst fuse con 
nected betWeen a poWer voltage and a ?rst node, a ?rst 
NMOS transistor serially connected betWeen the ?rst node 
and a ground voltage and receiving the address and the ?rst 
control signal, and a second latch for inverting and latching 
an output signal of the ?rst node to be outputted. 

[0015] In another aspect of the invention, the defective 
address programming circuit comprises a second fuse con 
nected betWeen a poWer voltage and a second node, second 
and third NMOS transistors serially connected betWeen the 
second node and a ground voltage and receiving the address 
and the ?rst control signal, and a third latch for inverting and 
latching an output signal of the second node to be outputted. 

[0016] In another aspect of the invention, a data output 
buffer for buffering and outputting a signal outputted from 
the signal output circuit to an external portion during a test 
operation. 

[0017] Disclosed is a memory cell array comprising a 
plurality of memory cells, a defective address programming 
means for programming a redundant control signal and a 
defective address of a defective memory cell among the 
plurality of the memory cells at a package level in response 
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to a ?rst control signal and an address signal applied from an 
external portion, an output means for outputting the defec 
tive address outputted from the defective address program 
ming means to an external portion in response to a second 
control signal during a test operation, and a mode control 
signal setting means for setting a state of the ?rst and second 
control signals in response to a command signal and a mode 
setting signal applied from an external portion. 

[0018] In another aspect of the invention, the output 
means further outputs the redundant control signal in 
response to the second control signal. 

[0019] In another aspect of the invention, the mode control 
signal setting means comprises a mode setting register for 
setting a state of the ?rst control signal, a test mode signal 
and a normal mode signal in response to the command signal 
and the mode setting signal during a test operation at a 
package level, a control signal generating means for gener 
ating a signal applied from an external portion in response 
to the test mode signal as the second control signal and 
disabling the second control signal in response to the normal 
mode signal. 

[0020] In another aspect of the invention, the control 
signal generating means comprises a CMOS transmission 
gate for transmitting the signal applied form the external 
portion in response to the test mode signal, a ?rst latch for 
inverting and latching an output signal of the CMOS trans 
mission gate, an inverter for inverting an output signal of the 
?rst latch to generate the second control signal, and a reset 
transistor for resetting the second control signal in response 
to the normal mode signal. 

[0021] In another aspect of the invention, the defective 
address programming means comprises a redundant control 
signal generating circuit for generating a redundant control 
signal in response to the ?rst control signal, and a defective 
address programming circuit for receiving the address in 
response to the ?rst control signal to program a fuse, so that 
the defective address is programmed. 

[0022] In another aspect of the invention, the redundant 
control signal generating circuit comprises a ?rst fuse con 
nected betWeen a poWer voltage and a ?rst node, a ?rst 
NMOS transistor serially connected betWeen the ?rst node 
and a ground voltage and receiving the address and the ?rst 
control signal, and a second latch for inverting and latching 
an output signal of the ?rst node to be outputted. 

[0023] In another aspect of the invention, the defective 
address programming circuit comprises a second fuse con 
nected betWeen a poWer voltage and a second node, second 
and third NMOS transistors serially connected betWeen the 
second node and a ground voltage and receiving the address 
and the ?rst control signal, and a third latch for inverting and 
latching an output signal of the second node to be outputted. 

[0024] In another aspect of the invention, the output 
means comprises a signal output means for outputting the 
redundant control signal and the defective address in 
response to the second control signal, and a data output 
buffer for buffering and outputting a signal outputted from 
the signal output circuit to an external portion during a test 
operation. 

[0025] Disclosed is a method of identifying a programmed 
defective address in a semiconductor memory device having 

May 23, 2002 

a memory cell array comprising a plurality of memory cells 
and a defective address programming means for program 
ming a defective address of a defective memory cell among 
the plurality of the memory cells at a package level in 
response to a ?rst control signal and an address signal 
applied from an external portion, the method comprising 
generating a ?rst control signal in response to a command 
signal and a mode setting signal applied from an external 
portion, programming the defective address programming 
means in response to the ?rst control signal and a defective 
address applied from an external portion to generate a 
redundant control signal and a defective address, generating 
a second control signal in response to the command signal 
and the mode setting signal, and outputting a comparison 
coincident signal to an external portion in response to the 
second control signal When an address applied from an 
external portion is consistent With the defective address. 

[0026] In another aspect of the invention, the method 
further comprises outputting the redundant control signal to 
an external portion in response to the second control signal. 

[0027] Disclosed is a method of identifying a programmed 
defective address in a semiconductor memory device having 
a memory cell array comprising a plurality of memory cells 
and a defective address programming means for program 
ming a defective address of a defective memory cell among 
the plurality of the memory cells at a package level in 
response to a ?rst control signal and an address signal 
applied from an external portion, the method comprising 
generating a ?rst control signal in response to a command 
signal and a mode setting signal applied from an external 
portion, programming the defective address programming 
means in response to the ?rst control signal and a defective 
address applied from an external portion to generate a 
redundant control signal and a defective address, generating 
a second control signal in response to the command signal 
and the mode setting signal, and outputting the defective 
address to an external portion in response to the second 
control signal. 

[0028] In another aspect of the invention, the method 
further comprises outputting the redundant control signal to 
an external portion in response to the second control signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1 is a block diagram illustrating a con?gu 
ration of a conventional semiconductor memory device. 

[0030] FIG. 2 is a block diagram illustrating a con?gu 
ration of roW and column redundant fuse program circuits of 
the conventional semiconductor memory device of FIG. 1. 

[0031] FIG. 3 is a circuit diagram illustrating a con?gu 
ration of a fuse circuit of the roW and column redundant fuse 
program circuits of FIG. 2. 

[0032] FIG. 4 is a circuit diagram illustrating a con?gu 
ration of the master fuse circuit of the roW and column 
redundant fuse program circuits of FIG. 2. 

[0033] FIG. 5 is a block diagram illustrating a con?gu 
ration of a semiconductor memory device according to a 
preferred embodiment of the invention. 

[0034] FIG. 6 is a circuit diagram of a circuit for gener 
ating control signals of the semiconductor memory device of 
FIG. 5. 



US 2002/0060934 A1 

[0035] FIG. 7 is a circuit diagram illustrating a con?gu 
ration of the data output buffer of the semiconductor 
memory device of FIG. 5. 

[0036] FIG. 8 is a block diagram illustrating a semicon 
ductor memory device according to another preferred 
embodiment of the invention. 

[0037] FIG. 9 is a block diagram illustrating a con?gu 
ration of roW and column redundant fuse program circuit of 
the semiconductor memory device of FIG. 8. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0038] Referring to FIG. 1, there is shoWn a conventional 
semiconductor memory device having a conventional 
memory cell array 10, a column redundant memory cell 
array 12, a roW redundant memory cell array 14, a roW 
decoder 16, a column decoder 18, a redundant roW decoder 
20, a redundant column decoder 22, a roW redundant fuse 
program circuit 24, a column redundant fuse program circuit 
26, an address buffer 28, a multiplexer 30, a roW redundant 
fuse program circuit 32, a column redundant fuse program 
circuit 34, and a mode setting register 36. 

[0039] The roW and column redundant fuse program cir 
cuits 24 and 26 serve to repair defective memory cells at 
Wafer level, and the roW and column redundant fuse program 
circuits 32 and 34 are to repair defective memory cells at 
package level. 

[0040] The conventional memory cell array 10 comprises 
a plurality of memory cells MC connected betWeen an m 
number of Word lines WL1 to WLm and an n number of bit 
line pairs BL1/BL1B . . . BLn/BLnB and receives or outputs 

data through the bit line pairs BL1/BL1B . . . BLn/BLnB. 

The column redundant memory cell array 12 comprises 
redundant memory cells (not shoWn) connected betWeen the 
m number of the Word lines WL1 to WLm and a set of 
redundant bit line pairs (not shoWn) and receives or outputs 
data therethrough. By this arrangement, the column redun 
dant memory cell array 12 may replace defective memory 
cells With the memory cells connected to the redundant bit 
line pairs When defects are found in the memory cells of the 
conventional memory cell array 10. 

[0041] The roW redundant memory cell array 14 com 
prises redundant memory cells (not shoWn) connected 
betWeen a set of redundant Word lines (not shoWn) and the 
n number of the bit line pairs BL1/BL1B . . . BLn/BLnB and 

receives or outputs data through the n number of the bit line 
pairs BL1/BL1B . . . BLn/BLnB. The roW redundant 

memory cell array 14 replaces defective memory cells With 
the memory cells connected to the redundant Word lines 
RWLa When defects are found in the memory cells of the 
conventional memory cell array 10. The roW decoder 16 
decodes a roW address RAj to generate a signal to choose the 
n number of the Word lines WL1 to WLm and is disabled in 
response to roW redundant enable signals PREX and PRRE. 
The column decoder 18 decodes a column address CAi to 
generate an n number of column selecting signals Y1 to Yn 
and is disabled in response to the column redundant enable 
signals PCEy and PRCE. The redundant roW decoder 20 
decodes the roW redundant enable signals PREX and PRRE 
to generate a signal so as to choose an a number of redundant 
Word lines RWLa. The redundant column decoder 22 
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decodes the column redundant enable signals PCEy and 
PRCE to generate a b number of redundant column selecting 
signals RYb. The roW redundant fuse program circuit 24 
generates the roW redundant enable signal RREX When a 
defective address is programmed in a Wafer level and the 
roW address RAj applied during a normal operation is the 
programmed defective address. The column redundant fuse 
program circuit 26 generates the column address enable 
signal RCEy When a defective address is programmed in a 
Wafer level, and the column address CAj applied during a 
normal operation is the programmed defective address. The 
address buffer 28 buffers an address Ak. The multiplexer 30 
generates an address received from the address buffer 28 as 
the roW address RAj When an inverted roW address strobe 
signal RASB becomes active and as the column address CAj 
When an inverted column address strobe signal CASB 
becomes active. The package level roW redundant fuse 
program circuit 32 is enabled in response to a control signal 
MRSO at package level, receives the defective roW address 
Ak to program a defective roW address, and generates the 
roW redundant enable signal PRRE When the roW addressAk 
is detected to be a defective roW address. The package level 
column redundant fuse program circuit 34 is enabled in 
response to a control signal MRS1 at package level, receives 
the defective column address Ak to program defective 
column address, and generate the column redundant enable 
signal PRCE When the column address Ak is detected to be 
a defective column address. The mode setting register 36 
sets and outputs mode control signals PTMRS and PMRS 
and the control signals MRSO and MRS1 in response to a 
signal inputted through a pin (not shoWn) of applying an 
address Ak When an inverted chip selecting signal CSB, an 
inverted roW address strobe signal RASB, inverted column 
address strobe signal CASB, and an inverted Write enable 
signal WEB, Which all have a logic “loW” level, are applied. 

[0042] FIG. 2 is a block diagram illustrating a con?gu 
ration of the package level roW and column redundant fuse 
program circuits 32 and 34 of FIG. 1. The roW redundant 
fuse program circuit 32 portion comprises fuse circuits 40-1 
to 40-k, comparison circuits 44-1 to 44-k, an AND circuit 
48, and a master fuse circuit 52. The column redundant fuse 
program circuit 34 portion comprises fuse circuits 42-1 to 
42-k, comparison circuits 46-1 to 46-k, an AND circuit 50, 
and a master fuse circuit 54. 

[0043] The fuse circuits 40-1 to 40-k are programmed by 
defective roW addresses applied to the addresses A0 to Akin 
response to the control signal MRSO to output defective roW 
addresses PRO to PRk at a package level. The fuse circuits 
42-1 to 42-k are programmed by defective column addresses 
applied to the addresses A0 to Ak in response to the control 
signal MRS1 to output defective column addresses PCO to 
PCk at a package level. 

[0044] The comparison circuits 44-1 to 44-k compare the 
address A0 to Ak With the output signals PRO to PRk of the 
fuse circuits 40-1 to 40-k and generate a comparison coin 
cident signal, respectively, When the address A0 to Ak are 
identical to the output signal PRO to PRk of the fuse circuits 
40-1 to 40-k. LikeWise, comparison circuits 46-1 to 46-k 
compare the address A0 to Ak With the output signals PCO 
to PCk of the fuse circuits 42-1 to 42-k and generate a 
comparison coincident signal, respectively, When the 
addresses A0 to Ak are identical to the output signals PCO to 
PCk of the fuse circuits 42-1 to 42-k. 



US 2002/0060934 A1 

[0045] The master fuse circuit 52 generates the roW redun 
dant control signal RRE in response to the control signal 
MRSO. The master fuse circuit 54 generates the column 
redundant control signal RCE in response to the control 
signal MRS1. 

[0046] The AND circuit 48 generates the roW redundant 
enable signal PRRE by ANDing the comparison coincident 
signal from the comparison circuits 44-1 to 44-k and the roW 
redundant control signal RRE. The AND circuit 50 generates 
the column redundant enable signal PRCE by ANDing the 
comparison coincident signals from the comparison circuits 
46-1 to 46-k and the column redundant control signal RCE. 

[0047] FIG. 3 is a circuit diagram illustrating a con?gu 
ration of the conventional fuse circuit of FIG. 2. The fuse 
circuit comprises a fuse F1, NMOS transistors N1 and N2, 
a latch LA1 having inverters I1 and I2, and inverters I3 and 
I4. 

[0048] An operation of the fuse circuit of FIG. 3 is as 
folloWs. In the case of programming the defective address, 
When the control signal MRSO (MRS1) having a logic 
“high” level is applied, the NMOS transistor N2 is turned on. 
When a signal having a logic “high” level is applied to the 
address A0 (A1 to Ak), the NMOS transistor N1 is turned on. 
As a result, a node A becomes a logic “loW” level, and a 
current flows along the fuse F1. At this moment, When a 
current of higher than a rated current flows along the fuse F1, 
the fuse F1 is bloWn. The latch LA1 inverts and latches the 
signal having a logic “loW” level to generate a signal having 
a logic “high” level. The circuit having inverters I3 and I4 
buffers the signal having a logic “high” level to generate the 
defective roW address signal PRO (PR1 to PRk, PCO to PCk) 
having a logic “high” level. 

[0049] On the other hand, When a signal having a logic 
“loW” level is applied to the address A0 (A1 to Ak), the fuse 
F1 is not disconnected. Therefore, the node A remains at a 
logic “high” level. The latch LA1 inverts and latches the 
signal having a logic “high” level to generate a signal having 
a logic “loW” level. The circuit having inverters I3 and I4 
buffers the signal having a logic “loW” level to generate the 
defective roW address signal PRO (PR1 to PRk, PCO to PCk) 
having a logic “loW” level. 

[0050] That is, When the control signal MRSO (MRS 1) 
having a logic “high” level and the address A0 (A1 to Ak) 
having a logic “high” level are applied, the fuse circuit 
generates the defective roW address signal PRO (PR1 to PRk, 
PCO to PCk) having a logic “high” level. When the control 
signal MRSO (MRSI) having a logic “high” level and the 
address A0 (A1 to Ak) having a logic “loW” level are 
applied, the fuse circuit generates the defective roW address 
signal PRO (PR1 to PRk, PCO to PCk) having a logic “loW” 
level. 

[0051] FIG. 4 is a circuit diagram illustrating a con?gu 
ration of the master fuse circuit of FIG. 2. As shoWn in FIG. 
4, the master fuse circuit comprises a fuse F2, an NMOS 
transistor N3, a latch LA2 having inverters 15 and 16, and 
inverters 17 and 18. 

[0052] An operation of the fuse circuit of FIG. 4 is as 
folloWs. In the case of programming the defective address, 
When the control signal MRSO (MRS1) having a logic 
“high” level is applied, the NMOS transistor N3 is turned on. 
As a result, a node B becomes a logic “loW” level, and a 
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current flows along the fuse F2 and the fuse is thus bloWn if 
the supplied current is higher than rated. The latch LA2 
inverts and latches the signal having a logic “loW” level to 
generate a signal having a logic “high” level. Inverters 17 
and 18 buffer the signal having a logic “high” level to 
generate the redundant control signal RRE (RCE) having a 
logic “high” level. 

[0053] On the other hand, When the control signal MRSO 
(MRS 1) having a logic “loW” level is applied, the NMOS 
transistor N3 is turned off, and the master fuse circuit 
generates the redundant control signal RRE (RCE) having a 
logic “loW” level. 

[0054] Hence, the master fuse circuit generates the redun 
dant control signal RRE (RCE) having a logic “high” level 
When the control signal MRSO (MRS1) having a logic 
“high” level is applied, and generates the redundant control 
signal RRE (RCE) having a logic “loW” level When the 
control signal MRSO (MRS 1) having a logic “loW” level is 
applied. 

[0055] Referring generally to FIGS. 1 through 4 as an 
eXample of package level redundancy of the conventional 
art, assume that defective memory cells are found among the 
memory cells connected to the Word line WL1 of the 
conventional memory cell array 10 by a test at a package 
level, and the defective memory cells connected to the 
corresponding Word line WLI are replaced With the redun 
dant memory cells connected to the redundant Word line 
RWLa of the roW redundant memory cell array 14. In this 
eXample, for simplicity, assume the defective roW address is 
the Zeroth address, namely “00 . . . 0”. 

[0056] Command signals CSB, CASB, RASB, and WEB 
are brought to logic “loW” level and applied to the mode 
setting register 36, so that the test mode signal PTMRS goes 
to a logic “high” level, and the control signal MRSO goes to 
a logic “high” level, and the control signal MRS1 goes to a 
logic “loW” level. As a result, the roW redundant fuse 
program circuit 32 goes into a programmable state, and the 
column redundant fuse program 34 remains non-program 
mable. In this state, When the defective roW address 
“00 . . . 0” as the inverted roW address strobe signal RASB 

having a logic “loW” level and the address Ak are inputted, 
the defective roW address “00 . . . 0” is programmed. 

[0057] As another eXample, assume that defective 
memory cells are found among the memory cells connected 
to the bit line pair BL2 and BL2B of the conventional 
memory cell array 10 by a test at a package level, and the 
defective memory cells connected to the corresponding bit 
line pair BL2 and BL2B are replaced With the redundant 
memory cells connected to the redundant bit line pair BL2 
and BL2B of the column redundant memory cell array 12. 
In this example, the defective column address is found to be 
“00 . . . 1”. The command signals CSB, CASB, RASB, and 
WEB are brought to logic “loW” level and again applied to 
the mode setting register 36, the test mode signal PTMRS 
goes to a logic “high” level, and the control signal MRSO 
goes to a logic “loW” level, and the control signal MRS1 
goes to a logic “high” level. As a result, the roW redundant 
fuse program 32 enters a state Which can be programmed, 
While the column redundant fuse program 34 remains unpro 
grammable. In this state, When the inverted column address 
strobe signal CASB having a logic “loW” level and the 
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defective column address “00 . . . 1” as the address Ak are 

inputted, the defective column address “00 . . . 1” is 

programmed. 
[0058] In a normal operation of the conventional semi 
conductor memory device, the command signals CSB, 
CASB, RASB, and WEB are applied to the mode setting 
register 36, and the mode setting signals are inputted to the 
pins for applying the address Ak so that a normal mode 
signal PMRS may be set to a logic “high” level, and the 
control signals MRSO and MRS1 may be set to a logic “loW” 
level. 

[0059] Thereafter, When the detected defective address 
“00 . . . 0” is inputted to the pins for applying the roW address 
Ak in response to the inverted roW address strobe signal 
RASB having a logic “loW” level, the roW redundant fuse 
program circuit 32 generates the roW redundant enable 
signal PRRE, thereby disabling the roW decoder 16. The 
redundant roW decoder 20 decodes the redundant enable 
signals PREx and PRRE to generate a signal so as to choose 
the redundant Word line RWLa. Therefore, the redundant 
memory cell is selected, Which is connected to the selected 
Word line of the roW redundant memory cell array 14. 

[0060] When an address “00 . . . 0” is inputted to the pins 
for applying the address Ak in response to the inverted 
column address strobe signal CASB having a logic “loW” 
level, the column redundant fuse program circuit 34 does not 
generate the column redundant enable signal PRCE because 
the control signal MRS1 is at logic “loW”. Hence, the 
inputted column address “00 . . . 0” is inputted to the column 

decoder 18 through the address buffer 28 and the multiplexer 
30. The column decoder 18 decodes the signal CAi that the 
column address “00 . . . 0” is buffered to choose the column 

selecting signal Y1. As a result, the memory cells that are 
connected betWeen the selected redundant Word line of the 
roW redundant memory cell array 14 and the bit line pair 
BL1 and BL1B are accessed. 

[0061] Typically, after the conventional semiconductor 
memory device programs the defective address at a package 
level using the roW and column redundant fuse program 
circuits 32 and 34, the operation of the device is tested again. 
HoWever, although the defective address is programmed, the 
semiconductor memory device may be detected as a defec 
tive device during a test operation. The tester then cannot 
identify from the outside Whether the defective address is 
properly programmed or not nor Whether the redundant fuse 
program circuits 32 and 34 are in use or not. 

[0062] FIG. 5 is a block diagram illustrating a con?gu 
ration of a semiconductor memory device according to a 
preferred embodiment of the invention. In addition to the 
conventional semiconductor memory device of FIG. 1, the 
inventive semiconductor memory device further comprises 
roW and column redundant enable signal output circuits 60-1 
and 60-2, roW and column redundant control signal output 
circuits 62-1 and 62-2, and data output buffers 64-1 and 
64-2. Also, a mode setting register 36‘ substitutes for the 
mode setting register 36 of FIG. 1. The data output buffer 64 
of FIG. 5 is not a neWly added feature, but rather a feature 
provided in a data I/O terminal of the conventional semi 
conductor memory device that Was not shoWn in FIG. 1. 

[0063] Like references of FIGS. 1 and 5 denote like 
components that perform like operations, thus their expla 
nation is omitted. 
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[0064] As With the conventional device, the mode setting 
register 36‘ generates the test mode signal PTMRS and the 
control signals MRSO and MRS 1 at logic “high” in response 
to a mode setting signal inputted to the pins (not shoWn) for 
applying the address Ak When the command signals CSB, 
CASB, RASB, and WEB having a logic “loW” level are 
applied. Also, in order to identify Whether the defective 
address are properly programmed, When the command sig 
nals CSB, CASB, RASB, and WEB having a logic “loW” 
level are applied, the mode setting register 36‘ generates the 
control signals MRS2 and MRS3 having a logic “high” level 
in response to the mode setting signal inputted to the pins 
(not shoWn) for applying the address Ak. 

[0065] The roW redundant enable signal output circuit 
60-1 receives the roW redundant enable signal PRRE from 
the package level roW redundant fuse program circuit 32 and 
generates it as a signal PEFD1 in response to the control 
signal MRS2 having a logic “high” level. The column 
redundant enable signal output circuit 60-2 receives the 
column redundant enable signal PRCE from the column 
redundant fuse program circuit 34 and generates it as a 
signal PEFD2 in response to the control signal MRS3 having 
a logic “high” level. 

[0066] The roW redundant control signal output circuit 
62-1 generates a signal PEF1 from the redundant control 
signal RRE in response to the control signal MRS2 having 
a logic “high” level. The column redundant control signal 
output circuit 62-2 generates a signal PEF2 from the redun 
dant control signal RCE in response to the control signal 
MRS3 having a logic “high” level. 

[0067] The data output buffer 64-1 receives and buffers a 
data output signal DO0 from memory in response to a clock 
signal CLKDQ during normal operation and outputs it as the 
data output DQO. During package level testing, the data 
output buffer 64-1 buffers and outputs signals PEFD1 and 
PEFD2 as the data DQO. The data output buffer 64-2 
receives and buffers a data output signal DO1 from memory 
in response to the clock signal CLKDQ during normal 
operation and outputs it as data output DQ1. During package 
level testing, the data output buffer 64-2 buffers and outputs 
signals PEF1 and PEF2. 

[0068] As can be seen in FIG. 5, the semiconductor 
memory device of the invention outputs the redundant 
output enable signals PRRE, RRE, PRCE, and RCE output 
ted from the redundant fuse program circuits 32 and 34 to 
the external data bus, and thus it can be identi?ed externally 
Whether the defective address is properly programmed or 
not. Also, because the redundant control signal is outputted 
to the outside, it can be identi?ed externally Whether the 
redundant fuse program circuits 32 and 34 are in use or not. 

[0069] In the semiconductor memory device of FIG. 5, the 
mode setting register 36‘ directly generates the control 
signals MRS2 and MRS3. In general, the mode setting 
register 36‘ generates signals PTMRS and PMRS to dis 
criminate Whether the semiconductor memory device is in 
the test mode or the normal mode. Therefore, the semicon 
ductor memory device can be con?gured to generate the 
control signals MRS2 and MRS3 using the signals PTMRS 
and PMRS. 

[0070] FIG. 6 is a circuit diagram illustrating a control 
signal generating circuit for generating the control signals 
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MRS2 and MRS3 and is a sub-component of the mode 
setting register 36‘ of FIG. 5. The control signal generating 
circuit comprises a CMOS transmission gate C1, inverters I9 
and I12, an NMOS transistor N4, and a latch LA3 having 
inverters I10 and I11. 

[0071] An operation of the control signal generating cir 
cuit of FIG. 6 is as folloWs. The CMOS transmission gate 
C1 transmits the address bit A0 under control of test mode 
signal PTMRS. In this embodiment, A0 is transmitted When 
PTMRS is at a logic “high” level. The latch LA3 inverts and 
latches the address A0. The inverter 112 inverts an output 
signal of the latch LA3 to be outputted as the control signal 
MRS2 (MRS3). 

[0072] That is, When the test mode signal PTMRS having 
a logic “high” level is applied, and the address A0 having a 
logic “high” level is applied, the control signal generating 
circuit generates the control signal MRS2 (MRS3) having a 
logic “high” level. When the test mode signal PTMRS 
having a logic “loW” level is applied, and the address A0 
having a logic “loW” level is applied, the control signal 
generating circuit generates the control signal MRS2 
(MRS3) having a logic “loW” level. Further, When the 
normal mode signal PMRS having a logic “high” level is 
generated during the normal operation, the NMOS transistor 
N4 is turned on, so that a node C becomes a logic “loW” 
level. The latch LA3 inverts and latches the signal having a 
logic “loW” level to generate a signal having a logic “high” 
level. The inverter 112 inverts the signal having a logic 
“high” level to generate the control signal MRS2 (MRS3) 
having a logic “loW” level. 

[0073] FIG. 7 is a circuit diagram illustrating a con?gu 
ration of the data output buffer of FIG. 5. The data output 
buffer comprises inverters I13, I14, I17, I18, and I21, a NOR 
gate, NAN D gates NA1 and NA2, CMOS transmission gates 
C2 and C3, a latch LA4 having inverters I15 and I16, a latch 
LA5 having inverters I19 and I20, and NMOS transistors N5 
and N6. 

[0074] An operation of the data output buffer of FIG. 7 is 
as folloWs. When the combined signal PEFD1, PEFD2 
(PEF1, PEF2) having a logic “high” level is applied during 
a test operation at a package level, the NAN D gates NA1 and 
NA2 generate a signal having a logic “high” level, and the 
NOR gate NOR generates a signal having a logic “loW” 
level, regardless of the logic levels at D00 or CLKDQ. The 
CMOS transmission gates C2 and C3 are turned on in 
response to the signal having a logic “loW” level to transmit 
the logic “high” from the NAND gates NA1 and NA2. The 
latches LA4 and LA5 invert and latch the signal having a 
logic “high” level to generate a signal having a logic “loW” 
level. The inverters 117 and 118 buffer the signal having a 
logic “loW” level to generate a signal having a logic “loW” 
level. The inverter 121 inverts and buffers the signal having 
a logic “loW” level to generate a signal having a logic “high” 
level. The NMOS transistor N5 is turned off, and the NMOS 
transistor N6 is turned on, so that data DQ0 (DQ1) having 
a logic “loW” level is generated. 

[0075] Hence, When data DQ0 (DQ1) having a logic 
“loW” level is generated, this indicates that the defective 
address is properly programmed in the roW and column 
redundant fuse program circuits 32 and 34 because it shoWs 
PEFD1, PEFD2 (PEF1,PEF2) is high. When data DQ0 
(DQ1) having a logic “high” level is generated, this indicates 
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that the defective address is not properly programmed in the 
roW and column redundant fuse program circuits 32 and 34. 

[0076] During the normal operation, because the signals 
PEFD1 and PEFD2 (PEFI and PEF2) are not generated, the 
data D00 (D01) are buffered in response to the clock signal 
CLKDQ and outputted as the data signal DQ0 (DQ1). 

[0077] Though not shoWn, roW and column redundant 
enable signal output circuits 60-1 and 60-2 and the roW and 
column redundant control signal output circuits 62-1 and 
62-2 may be con?gured by an AND circuit for ANDing tWo 
input signals or by a CMOS transmission gate for transmit 
ting the signals PRRE, PRCE, RRE, and RCE in response to 
the control signals MRS2 and MRS3 having a logic “high” 
level. 

[0078] FIG. 8 is a block diagram illustrating a semicon 
ductor memory device according to another preferred 
embodiment of the invention. As shoWn in FIG. 8, there are 
provided roW and column address output circuits 70-1 and 
70-2, roW and column redundant control signal output 
circuits 72-1 and 72-2, and data output buffers 74 and 76 are 
added, and the mode setting register 36‘ substitutes for the 
mode setting register 36. Like references of FIGS. 1, 5, and 
8 denote like components that perform like operations, and 
thus their explanation is omitted. 

[0079] The defective roW address output circuit 70-1 gen 
erates a defective roW address signal PRk received from the 
roW redundant fuse program circuit 32 as a signal PPRk in 
response to the control signal MRS2. The defective column 
address output circuit 70-2 generates a defective column 
address signal PCk received from the column redundant fuse 
program circuit 34 as a signal PPCk in response to the 
control signal MRS3. 

[0080] The data output buffer 74 buffers data D00 and 
Dok and outputs them as DQk in response to the clock signal 
CLKDQ during normal operations, and buffers and outputs 
the signal PPRk, PPCk during testing operations at package 
level. 

[0081] The roW and column redundant control signal 
output circuits 72-1 and 72-2 and the data output buffer 76 
perform the same operation as performed by the roW and 
column redundant control signal output circuits 62-1 and 
62-2 and the data output buffer 64-2 of FIG. 5. 

[0082] Because the semiconductor memory device of 
FIG. 8 outputs the programmed defective address through 
the data output buffer 74 during a test operation at a package 
level, the tester can identify externally Whether the defective 
address is properly programmed. Also, like the semiconduc 
tor memory device of FIG. 5, it can be identi?ed from the 
outside Whether the roW and column redundant fuse program 
circuits 32 and 34 are in use or not. 

[0083] Also, the semiconductor memory device of FIG. 8 
may be con?gured to generate the control signals MRS2 and 
MRS3 using signals PTMRS and PMRS, as in FIG. 5. 

[0084] FIG. 9 is a block diagram illustrating a con?gu 
ration of the roW and column redundant fuse program 
circuits 32‘, 34‘ and the redundant enable signal output 
circuits 70-1, 70-2, and their connection to the data output 
buffer 74 according to another preferred embodiment of the 
invention. The fuse circuits 40-1 to 40-k of FIG. 9 are 
identical to the fuse circuits arranged in the roW redundant 
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fuse program circuit 32 of. FIG. 2, and the fuse circuits 42-1 
to 42-k are identical to the fuse circuits arranged in the 
column redundant fuse program circuit 34 of FIG. 2. 

[0085] The defective roW address output circuit 70-1 com 
prises CMOS transmission gates C4-1 to C4-k, and the 
defective column address output circuit 70-2 comprises the 
CMOS transmission gates C5-1 to C5-k. 

[0086] An operation of the circuitry of FIG. 9 is as 
folloWs. The CMOS transmission gates C4-1 to C4-k trans 
mit output signals PRO to PRk of the fuse circuits 40-1 to 
40-k in response to the control signal MRS2, meaning the 
output signals PRO to PRk constitute the defective roW 
address. The CMOS transmission gates C5-1 to C5-k gen 
erate output signals PCO to PCk of the fuse circuits 42-1 to 
42-k in response to the control signal MRS3. That is, the 
output signals PCO to PCk constitute the defective column 
address. The data output buffers 74-1 to 74-k buffer and 
output the output signals PRO to PRk or the output signals 
PCO to PCk during a test operation, and buffer the data D00 
and DOk and outputs the data D00 and DOk as the data 
output signals DQO and DQk. That is, the programmed 
defective roW and column addresses are outputted through 
the data output buffers 74-1 to 74-k. 

[0087] Because the semiconductor memory device 
according to another preferred embodiment of the invention 
outputs the programmed defective address to the roW and 
column redundant fuse program circuit through the data 
output buffer during a test operation, the tester can identify 
Whether the defective address is properly programmed or 
not. Also, because the redundant control signal is output to 
the outside, it can be identi?ed from the outside Whether the 
redundant fuse program circuits 32 and 34 are in use or not. 
Therefore, if the device is improperly programmed such that 
a memory cell is detected as defective, because the defective 
address can be re-programmed using an additional fuse 
circuit, the defective semiconductor memory device can be 
repaired. 

[0088] Such additional fuse circuits are not shoWn in the 
Figures. They Will be substantially identical to those 
described and con?gured in such a Way as to be controlled 
by control signals in addition to the control signals MRSO 
and MRS1 and generated by the mode setting register 36. 
Such additional fuse circuits are arranged in the roW and 
column redundant fuse program circuits 32 and 34 (32‘, 34‘). 

[0089] It is to be understood that all physical quantities 
disclosed herein, unless explicitly indicated otherWise, are 
not to be construed as exactly equal to the quantity dis 
closed, but rather about equal to the quantity disclosed. 
Further, the mere absence of a quali?er such as “about” or 
the like, is not to be construed as an explicit indication that 
any such disclosed physical quantity is an exact quantity, 
irrespective of Whether such quali?ers are used With respect 
to any other physical quantities disclosed herein. 

[0090] While the invention has been particularly shoWn 
and described With reference to preferred embodiments 
thereof, it Will be understood by those skilled in the art that 
the foregoing and other changes in form and details may be 
made therein Without departing from the spirit and scope of 
the invention. 
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What is claimed is: 
1. A semiconductor memory device, comprising: 

a memory cell array comprising a plurality of memory 
cells; 

a plurality of redundant fuse program circuits adapted to 
program a redundant control signal and a defective 
address of a defective memory cell among the plurality 
of the memory cells at a package level in response to a 
?rst control signal and an address signal applied from 
an external portion and generate a comparison coinci 
dent signal in response to the redundant control signal 
When the address is consistent With the defective 
address and outputting the comparison coincident sig 
nal to an external portion in response to a second 
control signal during a test operation; and 

a mode setting register adapted to set a state of the ?rst 
and second control signals in response to a command 
signal and a mode setting signal applied from an 
external portion. 

2. The device of claim 1 further comprising a signal 
output circuit adapted to receive a redundant control signal 
from said fuse program circuit in response to the second 
control signal. 

3. The device of claim 1, Wherein the mode setting 
register is adapted to set a state of the ?rst control signal, a 
test mode signal, and a normal mode signal in response to 
the command signal and the mode setting signal during a test 
operation at a package level; and further comprises a control 
signal generating circuit adapted to generate a signal applied 
from an external portion in response to the test mode signal 
as the second control signal and disabling the second control 
signal in response to the normal mode signal. 

4. The device of claim 3, Wherein the control signal 
generating circuit comprises: 

a CMOS transmission gate for transmitting the signal 
applied from the external portion in response to the test 
mode signal; 

a ?rst latch for inverting and latching an output signal of 
the CMOS transmission gate; 

an inverter for inverting an output signal of the ?rst latch 
to generate the second control signal; and 

a reset transistor for resetting the second control signal in 
response to the normal mode signal. 

5. The device of claim 1, Wherein the redundant fuse 
program circuit comprises: 

a redundant control signal generating circuit for generat 
ing a redundant control signal in response to the ?rst 
control signal; and 

a defective address programming circuit for receiving the 
address in response to the ?rst control signal to pro 
gram a fuse, so that the defective address is pro 
grammed. 

6. The device of claim 5, Wherein the redundant control 
signal generating circuit comprises: 

a ?rst fuse connected betWeen a poWer voltage and a ?rst 

node; 
a ?rst NMOS transistor serially connected betWeen the 

?rst node and a ground voltage and receiving the 
address and the ?rst control signal; and 

a second latch for inverting and latching an output signal 
of the ?rst node to be outputted. 
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7. The device of claim 5, wherein the defective address 
programming circuit comprises: 

a second fuse connected betWeen a poWer voltage and a 
second node; 

second and third NMOS transistors serially connected 
betWeen the second node and a ground voltage and 
receiving the address and the ?rst control signal; and 

a third latch for inverting and latching an output signal of 
the second node to be outputted. 

8. The device of claim 2, further comprising: 

a data output buffer for buffering and outputting a signal 
outputted from the signal output circuit to an external 
portion during a test operation. 

9. A semiconductor memory device, comprising: 

a memory cell array comprising a plurality of memory 
cells; 

a defective address programming means for programming 
a redundant control signal and a defective address of a 
defective memory cell among the plurality of the 
memory cells at a package level in response to a ?rst 
control signal and an address signal applied from an 
external portion; 

an output means for outputting the defective address 
outputted from the defective address programming 
means to an external portion in response to a second 
control signal during a test operation; and 

a mode control signal setting means for setting a state of 
the ?rst and second control signals in response to a 
command signal and a mode setting signal applied from 
an external portion. 

10. The device of claim 9, Wherein the output means 
further outputs the redundant control signal in response to 
the second control signal. 

11. The device of claim 9, Wherein the mode control 
signal setting means comprises: 

a mode setting register for setting a state of the ?rst 
control signal, a test mode signal and a normal mode 
signal in response to the command signal and the mode 
setting signal during a test operation at a package level; 

a control signal generating means for generating a signal 
applied from an external portion in response to the test 
mode signal as the second control signal and disabling 
the second control signal in respone to the normal mode 
signal. 

12. The device of claim 11, Wherein the control signal 
generating means comprises: 

a CMOS transmission gate for transmitting the signal 
applied form the external portion in response to the test 
mode signal; 

a ?rst latch for inverting and latching an output signal of 
the CMOS transmission gate; 

an inverter for inverting an output signal of the ?rst latch 
to generate the second control signal; and 

a reset transistor for resetting the second control signal in 
response to the normal mode signal. 
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13. The device of claim 9, Wherein the defective address 
programming means comprises: 

a redundant control signal generating circuit for generat 
ing a redundant control signal in response to the ?rst 
control signal; and 

a defective address programming circuit for receiving the 
address in response to the ?rst control signal to pro 
gram a fuse, so that the defective address is pro 
grammed. 

14. The device of claim 13, Wherein the redundant control 
signal generating circuit comprises: 

a ?rst fuse connected betWeen a poWer voltage and a ?rst 

node; 
a ?rst NMOS transistor serially connected betWeen the 

?rst node and a ground voltage and receiving the 
address and the ?rst control signal; and 

a second latch for inverting and latching an output signal 
of the ?rst node to be outputted. 

15. The device of claim 13, Wherein the defective address 
programming circuit comprises: 

a second fuse connected betWeen a poWer voltage and a 
second node; 

second and third NMOS transistors serially connected 
betWeen the second node and a ground voltage and 
receiving the address and the ?rst control signal; and 

a third latch for inverting and latching an output signal of 
the second node to be outputted. 

16. The device of claim 10, Wherein the output means 
comprises: 

a signal output means for outputting the redundant control 
signal and the defective address in response to the 
second control signal; and 

a data output buffer for buffering and outputting a signal 
outputted from the signal output circuit to an external 
portion during a test operation. 

17. A method of identifying a programmed defective 
address in a semiconductor memory device having a 
memory cell array comprising a plurality of memory cells 
and a defective address programming means for program 
ming a defective address of a defective memory cell among 
the plurality of the memory cells at a package level, the 
method comprising: 

generating a ?rst control signal in response to a command 
signal and a mode setting signal applied from an 
external portion; 

programming the defective address programming means 
in response to the ?rst control signal and a defective 
address applied from an external portion to generate a 
redundant control signal and a defective address; 

generating a second control signal in response to the 
command signal and the mode setting signal; and 

outputting a comparison coincident signal to an external 
portion in respone to the seocnd control signal When an 
address applied from an external portion is consistent 
With the defective address. 

18. The method of claim 17, further comprising, output 
ting the redundant control. signal to an external portion in 
respsonse to the second control signal. 

19. A method of identifying a programmed defective 
address in a semiconductor memory device having a 



US 2002/0060934 A1 

memory cell array comprising a plurality of memory cells 
and a defective address programming means for program 
ming a defective address of a defective memory cell among 
the plurality of the memory cells at a package level, the 
method comprising: 

generating a ?rst control signal in response to a command 
signal and a mode setting signal applied from an 
external portion; 

programming the defective address programming means 
in response to the ?rst control signal and a defective 
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address applied from an external portion to generate a 
redundant control signal and a defective address; 

generating a second control signal in response to the 
command signal and the mode setting signal; and 

outputting the defective address to an external portion in 
respone to the seocnd control signal. 

20. The method of claim 19, further comprising, output 
ting the redundant control signal to an external portion in 
respsonse to the second control signal. 

* * * * * 


