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MEMORY DEVICE AND MEMORY SYSTEM
INCLUDING THE SAME, AND OPERATION
METHOD OF MEMORY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority of Korean
Patent Application No. 10-2013-0042204, filed on Apr. 17,
2013, which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] 1. Field

[0003] Exemplary embodiments of the present invention
relate to integrated circuit design, and more particularly, to a
post package repair for an Integrated circuit.

[0004] 2. Description of the Related Art

[0005] FIG.11isablock diagram illustrating a conventional
memory device performing a repair operation.

[0006] Referring to FIG. 1, the memory device includes a
memory cell array 110, a row circuit 120, a column circuit
130, a row fuse circuit 140, and a row comparison unit 150.
[0007] The memory cell array 110 includes a plurality of
memory cells, the row circuit 120 activates a row (or a word
line) selected by a row address R_ADD, and the column
circuit 130 accesses, for example, reads or writes, data of a
column (or a bit line) selected by a column address C_ADD.
The row fuse circuit 140 stores a row address corresponding
to a defective memory cell within the memory cell array 110
as a repair row address REPAIR_R_ADD. A row comparison
unit 150 compares the repair row address REPAIR_R_ADD
stored in the row fuse circuit 140 to a row address R_ADD
inputted from the outside of the memory device. When the
repair row address REPAIR_R_ADD is identical with the row
address R_ADD, the row comparison unit 150 controls the
row circuit 120 to access a redundancy row (or a redundancy
word line) instead of a row designated with the row address
R_ADD. That is, the row (or the word line) corresponding to
the repair row address REPAIR_R_ADD stored in the row
fuse circuit 140 is substituted with a redundancy row (or a
redundancy word line).

[0008] For reference, in the FIG. 1, “ACT” denotes an
active command, “PRE” denotes a precharge command,
“RD” denotes a read command, “WT” denotes a write com-
mand, and “DQs” denotes data or data pads.

[0009] Conventionally, laser fuses have been mainly used
in the fuse circuit 140. The laser fuse stores a logic high data
oralogic low data depending on whether the fuse is cut or not.
The laser fuse may be programmed in a wafer state, but the
fuse may not be programmed after a wafer is mounted in a
package. Furthermore, the laser fuses may not be designed in
a small area due to the limit in a line pitch.

[0010] In order to overcome such concerns, as disclosed in
U.S. Pat. No. 6,904,751, U.S. Pat. No. 6,777,757, U.S. Pat.
No. 6,667,902, U.S. Pat. No. 7,173,851, and U.S. Pat. No.
7,269,047, one of storage units, such as an e-fuse array cir-
cuit, a NAND flash memory, a NOR flash memory, a magne-
toresistive random access memory (MRAM), a spin transfer
torque magnetic random access memory (STT-MRAM), a
resistive random access memory (ReRAM), and a phase
change random access memory (PCRAM), is included into
the memory device. Repair information, including, for
example, fail addresses, is stored in the storage unit.
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[0011] FIG. 2is a block diagram illustrating a conventional
memory device including storage unit for storing repair infor-
mation.

[0012] Referring to FIG. 2, it may be seen that the fuse
circuit 140 is removed from the memory device shown in FIG.
1 and a storage unit 210 and a register unit 220 are added.
[0013] The row fuse circuit 140 is substituted with the
storage unit 210. Here, a row address corresponding to a
defective memory cell in the memory cell array 110 is stored
as a repair row address. The storage unit 210 may include an
e-fuse array circuit, a NAND flash memory, a NOR flash
memory, an MRAM, an STT-MRAM, a ReRAM, or a
PCRAM.

[0014] The register unit 220 receives and stores repair
information, for example, a fail address, programmed in the
storage unit 210. The repair information stored in the register
unit 220 is used for a repair operation. The register unit 220
may include latch circuits and may store the repair informa-
tion only while power is supplied. An operation for transmit-
ting the repair information from the storage unit 210 to the
register unit 220 is referred to as a boot-up operation.

[0015] Since the storage unit 210 is configured in an array
form, it takes some time to call internally stored data. Because
calling for data may not be performed takes some time, it may
not be possible to perform a repair operation immediately
using the data stored in the storage unit 210. Accordingly,
after the boot-up operation is performed to transmit the repair
information stored in the storage unit 210 to the register unit
220 and to store the repair information, the repair operation is
performed using the data stored in the register unit 220.
[0016] Whenthe fuse circuit 140 including the laser fuses is
substituted with the storage unit 210 and the register unit 220,
it may be possible to repair an additional defect found in a
package state. On the other hand, in recent years, technolo-
gies for accessing the storage unit 210 even after manufac-
turing of a memory device, for example, after selling of a
product, and for repairing a defect occurring after the manu-
facturing of the memory device have been studied.

SUMMARY

[0017] Various embodiments are directed to a technology
for generating and utilizing available capacity information
denoting an amount of an available storage capacity within a
storage unit included in a memory device and an integrated
circuit.

[0018] Inan embodiment, a memory device may include a
memory cell array having a plurality of memory cells, a
storage unit suitable for storing a fail address corresponding
to a fail memory cell in the memory cell array, an available
storage capacity determination unit suitable for generating
available capacity information indicating an available storage
capacity in the storage unit, and an output circuit suitable for
outputting the available capacity information.

[0019] Inan embodiment, a memory device may include a
memory cell array having a plurality of memory cells, a
storage unit suitable for storing a fail address corresponding
to a fail memory cell within the memory cell array, an avail-
able storage capacity determination unit suitable for generat-
ing occupied amount information indicating a storage capac-
ity occupied in the storage unit, and a control unit suitable for
controlling the storage unit to be programmed with an addi-
tional fail address inputted from the outside at an available
position of the storage unit determined using the occupied
amount information.
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[0020] Inanembodiment, a memory system may include a
memory device with a memory cell array storing data and a
storage unit storing a fail address corresponding to a fail
memory cell within the memory cell array, and suitable for
outputting available capacity information indicating a storage
capacity available in the storage unit, and a memory control-
ler suitable for transmitting an additional fail address to the
memory device based on the available capacity information,
and controlling the memory device such that the additional
fail address is programmed in the storage unit.

[0021] Inanembodiment, anintegrated circuit may include
an e-fuse array having a plurality of fuse sets, wherein each of
the fuse sets is suitable for storing respective program validity
information denoting program validity of the corresponding
fuse set and a boot-up data required for an operation of the
integrated circuit, and an available capacity determination
unit suitable for generating available capacity information
denoting an amount of an available storage capacity within
the e-fuse array by counting the activated program validity
information, when the boot-up operation is performed.
[0022] Inanembodiment, an operating method of memory
device with a programmable storage unit storing a fail
address, the operating method may include generating avail-
able capacity information for the programmable storage unit,
transmitting the available capacity information to a memory
controller, entering a post package repair mode under the
control of the memory controller, receiving an additional fail
address from the memory controller, temporarily storing the
additional fail address, programming the temporarily stored
additional fail address in the programmable storage unit, and
exiting from the post package repair mode under the control
of the memory controller.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG.11isablock diagram illustrating a conventional
memory device performing repair operation.

[0024] FIG.2isablock diagram illustrating a conventional
memory device including storage unit for storing repair infor-
mation.

[0025] FIG. 3 is a block diagram illustrating a memory
device according to an embodiment of the present invention.
[0026] FIG. 4 is adetailed diagram illustrating an available
storage capacity determination unit shown in FIG. 3.

[0027] FIG.5is a detailed diagram illustrating an available
capacity information generator shown in FIG. 4.

[0028] FIG. 6 is a block diagram illustrating a memory
system according to another embodiment of the present
invention.

[0029] FIG.7 is a flow chart illustrating an operation of the
memory system shown in FIG. 6.

DETAILED DESCRIPTION

[0030] Hereinafter, embodiments of the present invention
will be described with reference to the accompanying draw-
ings to make detailed description such that those skilled in the
art may easily embody the technical spirit and essence of the
present invention. In the description of the present invention,
known configurations irrelevant to the gist of the present
invention may be omitted. Throughout the disclosure, refer-
ence numerals correspond directly to the like numbered parts
in the various figures and embodiments of the present inven-
tion. In addition, a singular form may include a plural form as
long as it is not specifically mentioned in a sentence.
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[0031] FIG. 3 is a block diagram illustrating a memory
device 300 according to an embodiment of the present inven-
tion.

[0032] Referring to FIG. 3, the memory device 300 may
include a command input unit 301, an address input unit 302,
a data input unit 303, a data output unit 304, an output circuit
305, a command decoder 310, a control unit 320, a storage
unit 330, an available storage capacity determination unit
340, and a memory core 350.

[0033] The command input unit 301 receives command
signals CMDs inputted from the outside of the memory
device 300, for example, from a memory controller. The
command signals CMDs may include a chip select signal CS,
an active signal ACT, a row address strobe signal RAS, a
column address strobe signal CAS, and a write enable signal
WE.

[0034] The address input unit 302 receives address signals
ADDs configured by multi-bits inputted from the outside of
the memory device 300. The address signals ADDs may
include not only normal address meaning row and column
addresses but also bank group addresses and bank addresses.
The row and column addresses may be inputted through the
same pad, addresses inputted in synchronization with the row
address strobe signal RAS are recognized as the row
addresses by the memory device, and addresses inputted in
synchronization with the column address strobe signal CAS
are recognized as the column addresses by the memory device
300.

[0035] The data input unit 303 receives multi-bit data DQs
inputted from the outside of the memory device 300, and the
data output unit 304 outputs the data to the outside of the
memory device 300. For example, data to be written on the
memory device 300 is inputted through the data input unit
303, and data to be read in the memory device 300 is output
through the data output unit 304.

[0036] Thecommand decoder 310 generates command sig-
nals by decoding the command signals inputted through the
command input unit 301. The command signals may include
an active command ACT, a precharge command PRE, a read
command RD, and a write command WT. These commands
(ACT, PRE, RD, and WT) are transmitted to the memory core
350. On the other hand, the command decoder 310 may
perform various setting operations and a mode entrance
operation by combining some of the command signals CMDs
inputted through the command input unit 301 and the address
signals ADDs inputted through the address input unit 302,
and thus may enter a repairable mode (also referred to as a
post package repair mode, meaning that repairing may be
performed after a memory is manufactured) through these
operations. When the active command is inputted combining
the command signals CMDs after the entrance into the repair-
able mode, the command decoder 310 activates a repair active
command F_ACT, instead of the active command ACT. When
the write command is inputted combining the command sig-
nals CMDs, the command decoder 310 activates a repair write
command F_WT, instead of the write command WT. That is,
in a normal mode (which is a mode rather than the post
package repair mode), the command decoder 310 generates
the commands ACT, PRE, RD, and WT used to control the
memory core 350 by decoding the command signals CMDs.
When entering the repairable mode, the command decoder
310 generates the command signals F_ACT and F_WT to be
transmitted to the control unit 320 by decoding the command
signals CMD:s.
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[0037] The memory core 350 may include the memory cell
array 110, the row circuit 120, the column circuit 130, the row
comparison unit 150, and the register unit 220 illustrated in
FIG. 2. The memory core 350 performs an operation of read-
ing/writing data from/into the memory cell array 110 accord-
ing to an instruction of the command decoder 310. A defect
inside the memory cell array 110 is substituted (or repaired)
using repair information (or boot-up data) BOOTUP_DATA
transmitted from the storage unit 330 to the register unit 220.

[0038] The storage unit 330 stores a fail address indicating
the position of a defect in the memory cell array 110. The
storage unit 330 includes a plurality of storage sets, for
example, a plurality of fuse sets. When the boot-up operation
of transmitting data of the storage unit 330 to the register unit
220 is performed, a read operation of reading data stored in
the storage unit 330 is repeatedly performed. The data in one
storage set may be read whenever one read operation is per-
formed. Each storage set stores use information (or validity
information) EN and a fail address A<0:N> of the corre-
sponding storage set. The use information indicates whether
the corresponding storage set is occupied (or programmed) or
not. An information form stored in the storage unit 330 may
be illustrated as in Table 1.

TABLE 1

INFORMATION TO BE STORED

STOR A<
AGE A< A< A< A< A< A< A< A< A< N- A<
SET EN 0> 1> 2> 3> 4> 5> 6> 7> 8> > N>
1 1 1 1 0 1 0 0 0 1 1 0o 1
2 1 0 1 0 1 1 1 0 1 0 1 0
31 0 1 1 0 0 1 0 1 1 0 0
4 1 1 0 1 0 1 0 0 0 0 11
5 1 1 0 0 0 0 1 1 0 1 0o 1
27 1 0 0 1 1 0 o0 1 1 1 0o 1
22 1 1 0 1 0 1 0 1 1 0 11
29 1 0 1 0 1 0 1 0 0 1 0 0
3 0 0 0 0 0 0 0 0 0 0 0 0
3.0 0 0 0 0 0 0 0 0 0 0 0
[0039] Referring to Table 1, there are a total of 31 storage

sets in the storage unit 330. Accordingly, in the boot-up opera-
tion, the read operation has to be performed 31 times to
transmit all of the information stored in the storage unit 330 to
the register unit 220. The validity information EN indicates
whether a fail address A<Q:N> stored in the corresponding
storage set is valid or not. That is, when the validity informa-
tion ENis ‘1, a fail address A<Q:N> stored in the correspond-
ing storage set is valid. When the validity information EN is
‘0,” a fail address stored in the corresponding storage set is
invalid. In Table 1, the 1st to 29th storage sets of the total of 31
storage sets indicate occupied storage sets. That is, the fail
addresses stored in the 1st to 29th storage sets indicate the
addresses of defective memory cells in the memory cell array.
In Table 1, the 30th and 31st storage sets indicate available
storage sets. That is, the 30th and the 31st storage sets may be
additionally programmed with additional fail addresses.

[0040] The available storage capacity determination unit
340 generates occupied amount information XF<0:4> indi-
cating a storage capacity occupied (or programmed) in the
storage unit 330 and available capacity information XFR<0:
1> indicating a storage capacity available (or non-pro-
grammed) in the storage unit 330. The available storage
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capacity determination unit 340 generates the occupied
amount information XF<0:4> and the available capacity
information XFR<0:1> in the boot-up operation of transmit-
ting boot-up data BOOTUP_DATA from the storage unit 330
to the register unit 220 of the memory core 350. When the
information in Table 1 is stored in the storage unit 330, the
read operation is sequentially performed from the 1st storage
set to the 3 1st storage set in the boot-up operation. The avail-
able storage capacity determination unit 340 may generate
the occupied amount information XF<0:4> indicating the
number of storage sets (how many storage sets) occupied in
the storage unit 330 by counting the number of the validity
information EN activated, for example, having a value of °1°,
among the boot-up data BOOTUP_DATA read from the stor-
age unit 340 in the boot-up operation and may generate the
available capacity information XFR<0:1> indicating the
number of storage sets available (or non-programmed) in the
storage unit 330.

[0041] The control unit 320 controls the storage unit 330 so
that a fail address (which is an address indicating a defective
position in the memory cell array 110) inputted from the
outside of the memory device 300 is recorded on the storage
unit330. When a repair active command F_ACT noticing that
a fail address is inputted from the outside of the memory
device is activated, the control unit 320 latches the address
inputted through the address input unit 302. The address
latched by the control unit 320 is a fail address to be recorded
on the storage unit 330. When a repair write command F_WT
to program the fail address inputted from the outside of the
memory device is activated, the control unit 320 controls the
storage unit 330 so that the address latched at the time of the
activation of the repair active command F_ACT is pro-
grammed in the storage unit 330. The control unit 320 con-
firms whether Oth data (DQO) among multi-bit data DQs (for
example, DQs=DQO0 to DQ15) maintains a ‘low’ level, when
a write latency WL (WL (Write Latency)=CWL (Cas Write
Latency)+AL (Additive Latency)+PL (Parity Latency)) has
passed from the time of the activation of the repair write
command F_WT. When the Oth data DQO maintains the ‘low’
level, the control unit 320 controls the storage unit 330 so that
an operation of programming the latched address in the stor-
age unit 330 is performed. However, when the Oth data DQO
is in a ‘high’ level, the control unit 320 controls the storage
unit 330 so that the latched address is not programmed. The
control unit 320 also determines a place in which the address
is programmed in the storage unit 330. Here, the occupied
amount information XF<0:4>is used. For example, when the
occupied amount information XF<0:4> represents 28, it is
meant that storage sets are occupied up to the 28th storage set
among 31 storage sets in the storage unit 330. Therefore, the
control unit 320 controls the storage unit 330 so that the
address is programmed in the 29th storage set.

[0042] The output circuit 305 outputs the available capacity
information XFR<0:1> generated in the available storage
capacity determination unit 340 to the outside of the memory
device 300. In the embodiment of the present invention, the
example has been described in which the available capacity
information XFR<0:1> is outputted to the outside of the
memory device 300 via a separate pad configured to output
only the available capacity information XFR<0:1>. However,
the available capacity information XFR<0:1> may be output-
ted to the outside of the memory device via the same pad as a
pad configured to output data from the memory device 300.
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That is, the available capacity information XFR<0: 1> may be
output via the data output circuit 304.

[0043] FIG.4 is adetailed diagram illustrating the available
storage capacity determination unit 340 shown in FIG. 3.
[0044] Referring to FIG. 4, the available storage capacity
determination unit 340 may include a counter 410 and an
available capacity information generator 420.

[0045] The counter 410 receives the validity information
EN among the boot-up data BOOTUP_DATA outputted from
the storage unit 330 and generates the occupied amount infor-
mation XF<0:4> by counting how many validity information
EN is activated. In the end, the occupied amount information
XF<0:4>becomes a binary code that indicates the number of
storage sets in which the use information En has the value of
1> among the plurality of storage sets provided in the storage
unit 330.

[0046] The available capacity information generator 420
generates available capacity information XFR<0:1> indicat-
ing the number of storage sets available in the storage unit 330
using the occupied amount information XF<0:4> generated
by the counter 410. When the number of storage sets already
occupied among the total number of storage sets in the storage
unit 330 is excluded, the available capacity information
XFR<0:1> is obtained. Therefore, the available capacity
information generator 420 may generate the available capac-
ity information XFR<0:1> using the occupied amount infor-
mation XF<0:4>.

[0047] FIG.5is adetailed diagram illustrating the available
capacity information generator 420 shown in FIG. 4.

[0048] Referring to FIG. 5, the available capacity informa-
tion generator 420 may include NAND gates 511, 513, and
514 and an inverter 512.

[0049] When the occupied amount information XF<0:4>1is
31(1,1,1,1,1),thatis, all of the 31 storage sets are occupied,
the available capacity information generator 420 generates
(0, 0) as the available capacity information XFR<0:1>. When
the occupied amount information XF<0:4>is30(1,1,1,1,0),
the available capacity information generator 420 generates
(0, 1) as the available capacity information XFR<0:1>. When
the occupied amount information XF<0:4>is29 (1,1, 1,0, 1),
the available capacity information generator 420 generates
(1, 0) as the available capacity information XFR<0:1>. When
the occupied amount information XF<0:4> is equal to or less
than 28 (1, 1, 1, 0, 0), the available capacity information
generator 420 generates (1, 1) as the available capacity infor-
mation XFR<0:1>. That is, available capacity information
XFR<0:1>indicates whether the number of storage sets addi-
tionally programmable in the storage unit 300 is 0, 1, 2, or 3
or more.

[0050] FIG. 6 is a block diagram illustrating a memory
system according to another embodiment of the present
invention.

[0051] Referring to FIG. 6, the memory system includes a
memory controller 600 and the memory device 300.

[0052] The memory controller 600 controls general opera-
tions of the memory device 300. The main role of the memory
controller 600 causes the memory device 300 to perform
write and read operations. The memory controller 600 trans-
mits address signals ADDs and data DQs to the memory
device 300 together with a write command CMDs (which is
transmitted by combination of signals) in the write operation
and stores data in a position designated in the memory cell
array 110 of the memory device 300. The memory controller
600 transmits the address signals ADDs to the memory device
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300 together with a read command CMDs (which is transmit-
ted by combination of signals) in the read operation and calls
for the data stored at the position designated in the memory
cell array 110 of the memory device 300.

[0053] The memory controller 600 controls the memory
device 300 so that a defective cell in the memory cell array
110 of the memory device 300 may be repaired, and the fail
address is programmed in the storage unit 330. The relevant
details of an operation for repairing memory device 300 will
be described with reference to FIG. 7.

[0054] FIG. 7 is a flow chart illustrating an example of an
operation relevant to the repairing of the memory device 300
during an operation of the memory system shown in FIG. 6.

[0055] Referring to FIG. 7, first, the memory device 300 is
initialized, the boot-up is performed, and the occupied
amount information XF<0:4> and the available capacity
information XFR<0:1> are generated (S710). Power is sup-
plied to the memory device 300 and various initialization
operations are simultaneously performed in the memory
device 300. The initialization operation of the memory device
300 and the boot-up operation for transmitting the boot-up
data BOOTUP_DATA, for example, the fail address, from the
storage unit 330 in the memory device 300 to the register unit
220 are simultaneously performed. The boot-up operation is
performed by sequentially performing an operation of read-
ing the storage sets in the storage unit 330. The available
storage capacity determination unit 340 generates the occu-
pied amount information XF<0:4> in accordance with a
method of counting the number of storage sets in which the
validity information EN has the value of ‘1” among the stor-
age sets. Then, the available storage capacity determination
unit 340 generates the available capacity information
XFR<0:1>using the occupied amount information XF<0:4>.

[0056] The available capacity information XFR<0:1> gen-
erated in the memory device 300 is transmitted from the
memory device 300 to the memory controller 600 (S720). Itis
determined whether subsequent repair-relevant operations
are performed using the available capacity information
XFR<0:1> transmitted to the memory controller 600 (S730).
When there is no available capacity in the storage unit 300 and
XFR<0:1>=(0, 0), the repair operation may no longer be
performed. Therefore, the subsequent repair-relevant opera-
tions (S730 to S780) are not performed. Conversely, when
there is an available capacity and XFR<0:1>=(0, 0), the
repair-relevant operations (S740 to S790) are performed.

[0057] To repair the memory device 300, the memory con-
troller 600 controls the memory device 300 to enter into a
repairable mode (also referred to as a post package repair
mode) (S740). Combination of the address signals ADDs and
the command signals CMDs applied to the memory device
300 by the memory controller 600 may lead to the repairable
mode.

[0058] The memory controller 600 transmits the fail
address indicating the position of a defective cell in the
memory cell array 110 of the memory device 300 to the
memory device 300 using the address signals ADDs. Then, a
command notifying that the fail address is transmitted using
the address signals ADDs is applied to the memory device
300 (S750). The memory controller 600 may apply the com-
mand to the memory device 300 by combining the same
command signals CMDs as those indicating the active com-
mand the memory device 300 when the memory device 300
enters the repairable mode.
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[0059] The command decoder 310 of the memory device
300 activates the repair active command F_ACT based on the
control (S750) of the memory controller 600. The control unit
320 latches the address signals ADDs transmitted from the
memory controller 600 based on the repair active command
F_ACT (S760). Here, the temporarily stored address signals
directly become the fail addresses to be stored in the storage
unit 330.

[0060] The memory controller 600 transmits a command to
program the additional fail address to the memory device 300
(8770). The memory controller 600 may apply the command
to the memory device 300 by combining the same command
signals CMDs as those indicating the write command when
the memory device 300 enters the repairable mode.

[0061] The command decoder 310 of the memory device
300 activates the repair write command F_WT based on the
control (S770) of the memory controller 600. The control unit
320 confirms whether the logic value of the Oth data pad DQO
is ‘0’ after a time of a write latency WL has elapsed from the
time of the activation of the repair write command F_WT.
When the logic value of the Oth data pad DQO is ‘0, the
control unit 320 programs the temporarily stored fail address
in the storage unit 330. When the logic value of the Oth data
pad DQO is ‘1, the control unit 320 does not program the
additional fail address in the storage unit 330 (S780). Here,
the reason why the control unit 320 confirms the logic value
of the Oth data pad DQO is to identify a memory device to be
controlled by the memory controller 600 among a plurality of
memory devices when the memory controller 600 controls
multiple memory devices. When the additional fail address
temporarily stored in step S780 is programmed in the storage
unit 330, the storage set in which the additional fail address is
to be programmed among the storage sets in the storage unit
330 is determined using the occupied amount information
XF<0:4> transmitted to the control unit 320.

[0062] Since the repair operation of programming the addi-
tional fail address in the storage unit 330 is completed, the
memory controller 600 controls the memory device 300 so
that the memory device 300 exits from the repairable mode
(8790). The memory device 300 may exit from the repairable
mode by appropriately combining the address signals ADDs
and the command signals CMDs applied to the memory
device 300 by the memory controller 600. When the memory
device 300 is initialized again, the additional fail address
newly programmed in the storage unit 330 is transmitted from
the storage unit 330 to the register unit 220 through the
boot-up operation, and thus, a defective cell is repaired (or
substituted).

[0063] According to the embodiments of the present inven-
tion, the number of storage sets that are available and remain
in the storage unit 330 is transmitted from the memory device
300 to the memory controller 600. Accordingly, the memory
controller 600 may easily comprehend how much the repair-
ing may be additionally performed in the memory device 300.
Further, the repairing in the memory device 300 may be
performed at any time by combining the address signals
ADDs and the command signals CMDs applied to the
memory device 300. Therefore, it may be possible to obtain
the advantage that users of the memory device may repair
defects found after the memory device 300 is manufactured.
[0064] In the above-described embodiments, the example
has been described in which only 31 storage sets are present
in the storage unit 330 in the memory device 300. The number
of storage sets in the storage unit 330 may, of course, be
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hundreds to tens of thousands. The embodiments have been
described in which it is assumed that a fail row address is
stored in the storage unit 300 and the row repairing is per-
formed to repair a row using the fail row address. However, an
embodiment may be also realized in which a column is
repaired using a fail column address. The example has been
described in which the active command is used to latch the fail
address after the entrance into the repairable mode and the
write command is used to program the latched fail address.
However, the commands used to perform these operations
may be other commands.

[0065] In the above-described embodiments, it has been
indicated that the number of available storage sets is 0, 1, 2, or
3 or more. However, even when the number of available
storage sets is over 3, exact number of the available storage
sets may be indicated according to a circuit design.

[0066] According to the embodiments of the present inven-
tion, it may be possible to easily comprehend a remaining
capacity available in the storage unit and store the repair
information. Therefore, it may be possible to know how much
repairing may be further performed. Further, it may be pos-
sible to obtain an advantage of easily designating a place in
which additional repair information may be stored in the
storage unit.

[0067] Although wvarious embodiments have been
described for illustrative purposes, it will be apparent to those
skilled in the art that various changes and modifications may
be made without departing from the spirit and scope of the
invention as defined in the following claims.

What is claimed is:

1. A memory device comprising:

a memory cell array having a plurality of memory cells;

a storage unit suitable for storing a fail address correspond-

ing to a fail memory cell in the memory cell array;
an available storage capacity determination unit suitable
for generating available capacity information indicating
an available storage capacity in the storage unit; and

an output circuit suitable for outputting the available
capacity information.

2. The memory device of claim 1, wherein the storage unit
includes a plurality of storage sets, each storing respective
validity information and a respective fail address.

3. The memory device of claim 2, wherein a boot-up opera-
tion for transmitting all of the respective fail addresses stored
in the storage unit to a register unit is performed in an initial
operation of the memory device.

4. The memory device of claim 3, wherein the available
storage capacity determination unit determines the number of
the activated validity information and generates the available
capacity information based on the number of the activated
validity information, when the boot-up operation is per-
formed.

5. The memory device of claim 1, wherein the storage unit
includes any one of an e-fuse array, a NAND flash memory, a
NOR flash memory, a magnetic random access memory, a
spin transfer magnetic random access memory, a resistive
random access memory, and a phase change random access
memory.

6. A memory device comprising:

a memory cell array having a plurality of memory cells;

a storage unit suitable for storing a fail address correspond-
ing to a fail memory cell within the memory cell array;
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an available storage capacity determination unit suitable
for generating occupied amount information indicating
a storage capacity occupied in the storage unit; and

a control unit suitable for controlling the storage unit to be
stored with an additional fail address inputted from the
outside at an available position of the storage unit deter-
mined using the occupied amount information.

7. The memory device of claim 6, wherein the available
storage capacity determination unit generates available
capacity information indicating a storage capacity available
in the storage unit.

8. The memory device of claim 7, further comprising an
output circuit suitable for outputting the available capacity
information.

9. The memory device of claim 8, wherein the storage unit
includes a plurality of storage sets, each storing respective
validity information and a respective fail address.

10. The memory device of claim 9, wherein a boot-up
operation for transmitting all of the respective fail addresses
stored in the storage unit to a register unit is performed in an
initial operation of the memory device.

11. The memory device of claim 10, wherein the available
storage capacity determination unit includes:

a counter suitable for counting the number of activated
validity information and generating the occupied
amount information, when the boot-up operation is per-
formed; and

an available capacity information generator suitable for
generating the available capacity information using the
occupied amount information.

12. The memory device of claim 6, wherein the storage unit
includes any one of an e-fuse array, a NAND flash memory, a
NOR flash memory, a magnetic random access memory, a
spin transfer magnetic random access memory, a resistive
random access memory, and a phase change random access
memory.
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13. A memory system comprising:

amemory device with a memory cell array storing data and
a storage unit storing a fail address corresponding to a
fail memory cell within the memory cell array, and suit-
able for outputting available capacity information indi-
cating a storage capacity available in the storage unit;
and

a memory controller suitable for transmitting an additional
fail address to the memory device based on the available
capacity information, and controlling the memory
device such that the additional fail address is stored in
the storage unit.

14. The memory system of claim 13, wherein a method for
operating the memory system includes:

generating the available capacity information for the stor-
age unit in the memory device;

transmitting the available capacity information from the
memory device to the memory controller;

transmitting the additional fail address from the memory
controller to the memory device; and

causing the memory device to store the transmitted addi-
tional fail address in the storage unit according to a
command from the memory controller to the memory
device.

15. The memory system of claim 14, wherein the transmit-
ting the additional fail address is performed when the avail-
able capacity information indicates that there is an available
capacity in the storage unit.

16. The memory system of claim 14, wherein the generat-
ing of the available capacity information is performed by
counting the number of valid information stored in the storage
unit.



